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agcagtgcta

caagggcaga

atcaaagctyg

tteggecacta

gaaagcaacc

accttcaatg

ttcctagatg

tagcaactca

tgcttatcat
ctcttatttg
attgtgaaat
tcaaagcatt
aaggatatcc
aaacggtaac
ttctactacg

gagtccatta

<210> SEQ ID NO 2

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Granulocytic Ehrlichia
<220> FEATURE:
<223> OTHER INFORMATION: S22 of Granulocytic Ehrlichia

PRT

<400> SEQUENCE:

Met Phe Glu His

1

Gly Ser

Phe Thr

Asp Pro

50

Arg Phe

Ser Pro

Pro Asp

Gln Asn

Pro Cys

130

Leu Ser
145

Thr Thr

Lys Cys

Val Glu

Glu Pro

210
Val Glu
225
Val Leu

His Phe

Met Leu

Pro

Arg

35

Gly

Leu

Tyr

Ile

Asn

115

Asn

Arg

Asp

Thr

Val

195

Gln

Ser

Glu

Ser

Leu
275

Gly

20

Asp

Tyr

Asp

Asn

Ile

100

Val

Pro

Ile

Thr

Ser

180

Gln

Asn

Ser

Asp

Asp

260

Asp

619

2

Asn

5

Leu

Phe

Ile

Val

Asn

85

Glu

Glu

Val

Ile

Ala

165

Ala

Pro

Ala

Ile

Thr

245

Ile

Glu

Ile

Ala

Thr

Ser

Tyr

70

Asp

Pro

Glu

Pro

Gln

150

Glu

Ser

Ser

Val

Ile

230

Thr

Ala

Ala

Pro

Gly

Ile

Phe

55

Val

Arg

Ser

Ala

Ala

135

Ala

Asp

Ser

Val

Val

215

Val

Glu

Ser

Asp

ggagaattce
ttaaaataac
aatggcattyg
tacgatatte
gtacatggta
tgttgctgac
tttatceggt

ggaattc

Asp

Gly

Glu

40

Arg

Ala

Met

Ala

Val

120

Glu

Phe

Ser

Glu

Leu

200

Asn

Pro

Thr

Gly

Phe
280

tgeggttete
aaaatttcte
agtattttte
tccattatcect
gcttacatac
agcttgcaca

actaatatta

Thr Tyr Thr
10

Asp Phe Ser

Ser His Arg

Asp Gln Asp

Asn Phe Ser

75

Glu Thr Ala
90

Leu Leu Gln
105

Gln Val Thr

Glu Val Ala

Leu Trp Leu

155

Lys Cys Asn
170

Ser Leu Glu
185

Met Ser Thr

Gln Val Asn

Glu Ser Gln

235

Ile Thr Val
250

Glu His Asn
265

Thr Met Leu

ttcaaaattc tettttecey

tacaggaagc gacatttcat

tcgecectaga agataatcat

tgtaatcaga tggctatctt

tgctatcaat ctectatacyg

tgctgtgatt caattcctgg

ttetttggeg ctetattatce

Gly

Leu

Gly

Gly

60

Leu

Ala

Glu

Ala

Pro

140

Phe

Ser

Gln

Ala

Thr

220

His

Asp

Asn

Leu

Thr

Ser

Ser

45

Asn

Arg

Phe

Ser

Leu

125

Gln

Thr

Ser

Gln

Pro

205

Thr

Thr

Gly

Asp

Ala
285

Thr Ala Glu
Ser Ile Asp
30

Ser Ala Asp

Val Met Ser

Cys Lys His

Ser Leu Thr

95

His Ser Thr
110

Glu Cys Pro

Pro Ser Phe

Pro Ser Ser

160

Asp Thr Ser
175

Gln Glu Ser
190

Ile Ala Thr

Ala Val Gln

Asp Val Thr

240

Glu Tyr Gly
255

Leu Pro Ala
270

Asn Glu Glu

2760

2820

2880

2940

3000

3060

3120

3147
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Ser

Gln

305

Gly

Gly

Ser

Ser

Ile

385

Ile

Glu

Ile

Gln

Thr

465

Ser

Val

Ser

Leu

545

Gln

Ser

Val

Asp

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Lys

290

Glu

Asn

Val

Glu

Val

370

Val

Asn

Val

Ser

Glu

450

Asn

Ser

Thr

His

Leu

530

Glu

Asp

Thr

Ser

Arg
610

Thr

Leu

Thr

Ser

Val

355

Gly

Ser

Thr

Glu

Gln

435

Val

Ile

Gln

Asn

Ser

515

Ser

Ala

Ser

Asp

Thr

595

Asp

ggatcccceg

agattgtgeg

caatgttgac

gagattacga

Leu

Gly

Arg

Thr

340

Ser

Val

Glu

Val

Thr

420

Asp

Glu

Ser

Glu

Ile

500

Gln

Thr

His

Leu

Leu

580

Gln

Ser

SEQUENCE :
ggctgcagga
cgctaagata
agaagaagaa

gagtgttcag

Glu

Thr

Glu

325

Asp

Thr

Ser

Gly

Glu

405

Val

Ser

Ile

Gln

Val

485

Ser

Glu

Asn

Ser

Ser

565

Glu

Asp

Asp

SEQ ID NO 3
LENGTH ::
TYPE: DNA
ORGANISM: Granulocytic Ehrlichia
FEATURE:
OTHER INFORMATION: S2 of Granulocytic

4724

3

Ser

Leu

310

Ser

Leu

Gln

Thr

Gly

390

Ser

Ser

Val

Val

Asp

470

Glu

Gln

Val

Ile

Lys

550

Ala

Ala

Ala

Asp

Met

295

Pro

Leu

Glu

Asp

Asp

375

Thr

Glu

Glu

Gly

Ser

455

Ser

Thr

Asp

Glu

Ser

535

Gly

Asp

His

Pro

Asp
615

Pro

Leu

Pro

Ala

Ser

360

Leu

Gln

Ser

Phe

Val

440

Glu

Val

Val

Ser

Ile

520

Gln

Val

Phe

Ser

Ser

600

Val

attcctaaaa
ggtttagtaa
aagaaaaaga

gegteegtte

Ser

Gln

Thr

His

345

Leu

Glu

Asp

Thr

Thr

425

Ser

Gly

Gly

Ser

Val

505

Val

Asp

Glu

Pro

Pro

585

Thr

Leu

Asp

Glu

Asp

330

Ser

Ser

Ala

Ser

Asp

410

Gln

Thr

Gly

Val

Glu

490

Gly

Ser

Ser

Ile

Ile

570

Glu

Gly

Ala

Ser

Gly

315

Val

Gln

Thr

His

Leu

395

Leu

Asp

Asp

Thr

Ser

475

Phe

Val

Glu

Val

Val

555

Asn

Gly

Val

Leu

agatctggeg

gacgtgtttt

gegecggtge

agggaattte

Leu

300

Glu

Ser

Glu

Asn

Ser

380

Ser

Glu

Ser

Leu

Gln

460

Thr

Thr

Ser

Gly

Gly

540

Ser

Thr

Glu

Glu

Glu Asp Asn Val

Thr

Gln

Val

Ile

365

Lys

Ala

Ala

Leu

Glu

445

Asp

Asp

Gln

Thr

Gly

525

Val

Glu

Val

Ile

Ile
605

Val

Asp

Glu

350

Ser

Gly

Asp

His

Ser

430

Val

Ser

Leu

Asp

Asp

510

Thr

Ser

Gly

Glu

Val

590

Arg

Ehrlichia

cctgagegte

ttattgaata

tctgcaagee

ttecegaagac

Ser Glu
320

Ser Val
335

Thr Val

Gln Asp

Val Glu

Phe Pro

400

Ser Gln
415

Thr Asn

His Ser

Leu Ser

Glu Ala
480

Ser Leu
495

Leu Glu

Gln Asp

Thr Asp

Gly Thr
560

Ser Glu
575

Ser Glu

Phe Met

tgctacagge
aaggccccaa
attatcacag

ttaatactcce

60

120

180

240
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cgttgattat gaggggagaa cactactgca ctatgcagct tcatcccgta atggtaattt 300
ctatggcatt ctggttgaaa gaggatgtgt tactaatatc agagatgctt atggatttac 360
tccagaacaa gcacgtgaga aggcagggta tgcacgcaca cagtggtatg gagcagatgt 420
aaatgaccct ggtgtatcta ggcagttaat gacgcaagct gttcagcagt ctgcgaaagg 480
taacatgtat gctgctctcg ctatattaga ccttgtgcgt aatgacgatg caaaacattc 540
aggtcaatga ggaaaggggc atagtgtttt gcatctagca tgtattgaag gcagtaatcce 600
atctttcact tcatccctca tgctaaaggg ttgttcttta aacattaagg atgtagatgg 660
taatacgcca ttacatacag ctgcgttttce agtaggcaaa aatgctttag gcaatcttga 720
tgtactatgc gacaagctct tatagcagat gttaatgcta agggaccggg tggaaacact 780
ccgcettcata ttgctacgga gegtatggcet caccagaaag tagagcatct tctctcaagg 840
ttaagtgata ttagcgttgc aaatcgatgc tggtgaaacc gtttgccaca ttgttgcaaa 900
gcaatggcca aggcgggatg ttttaccata cattgacaag atgcaagaag cggtgtcgtce 960
aaatattgag ggcaatcgcg agtgtgcaga ggcactaata ttcccggata aaaaagggat 1020
gagtgcagta cagtatgcta ttagaaggca tataccggag ctgagaagat cttcgagaag 1080
gccattaaca ttgcagataa agtgtatggce ttagcttctt cagaagtaga atctctcttt 1140
acatgtccta atccagagga cgcatcaacg ctggtgcatt ttgtatcttce taatgggacc 1200
ccaaattttg attctcttgc gaaaagggta ttggaggaag catatcatag gtatggagag 1260
aaacctttta ctaatttaga tgttgcaggt aatgcaccta tacatgctgc agcacaaaaa 1320
tcaacagtgg gggtttttga gcaggtggta agatacactc ctgagtctgt tgtaaactca 1380
attagcaccg aatggcaaag cgcctattca catgatagtt gaggatgagc caagccataa 1440
aagcgtaagc attaaattgc agatgttgat tgggaatgtg cgtaatattc catcaatcaa 1500
tgtaccatcc ccagtgacag gtgaaacgct gcggtagcetg cgtataaagg gggcaacact 1560
gaggatgtta agactatgtt acgctgtaat agcatggacg tagatgctcg gtcacatgat 1620
ggtagaacta taatacatta cgcagcaaag gatggaaatt tagagatatt gcagcaggct 1680
cttggaagga agagtagtta ttctaagttt cctgtaaagg atggtgttcc tactccaggt 1740
gtatatgcga ttcgtgaagc aagtggtgta aaagtatcgc tacaagcact tgacatgtta 1800
atgagatatg agcctcaccc gcagcatgtt gctgtcgagg cagtaagaac aggtgcagta 1860
ggtgtattgg agcaccttat taccactgaa gtgattagtg taaatgaaga aattacaact 1920
cctgaaggaa aaaagacaac tttgaccgct gaagcactaa ctagtggtaa atatggtgta 1980
gtgaaggcgt taattaaaaa cagtgctgat gtaaatgcgt ctccagaacc agctattact 2040
ttgggtatac aaggaaggtg ctttcagggg agtaaagcta taaagcattt aaagcgtgtt 2100
gtagaagctg gggcacatat aaatactcct accggatcta tgagcccttt agctgcetgea 2160
gttcaagcgg caaatgaggc aagtaacctt aaagaggcta ataagattgt aaatttcctt 2220
ttacataggg gtgcagatct ttcgtctacg gaacacactg gaactccagc cttgcattta 2280
gcaacagctg ctggcaacca taggactgct atgttgctcet tggataaagg ggctccagca 2340
acgcagagag atgctagggg taggacggct ttacatatag cagctgctaa tggtgacggt 2400
aagctatata ggatgattgc gaaaaaatgc ccagatagct gtcaaccact ctgttctgat 2460
atgggagata cagcgttaca tgaggcttta tattctgata atgttacaga aaaatgcttt 2520
ttaaagatgc ttaaagagtc tcgaaagcat ttgtcaaact catctttttt cggagacttg 2580
cttaatactc ctcaagaagc aaatggtgac acgttactgc atctggctgce atcgcgtggt 2640
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ttcggtaaag catgtaaaat actactaaag gctggggcegt cagtatcagt cgtgaatgta 2700
gagggaaaaa caccggtaga tgttgcggat ccatcattga aaactcgtcce gtggtttttt 2760
ggaaagtccg ttgtcacaat gatggctgaa cgtgttcaag ttcctgaagg gggattccca 2820
ccatatctgce cgcctgaaag tccaactcct tctttaggat ctatttcaag ttttgcgagt 2880
gtctectgege tatcatcctt gggtagtgge ctagatactg caggagctga ggagtctatce 2940
tacgaagaaa ttaaggatac agcaaaaggt acaacggaag ttgaaagcac atatacaact 3000
gtaggagctg aggagtctat ctacgaagaa attaaggata cagcaaaagg tacaacggaa 3060
gttgaaagca catatacaac tgtaggagct gaaggtccga gaacaccaga aggtgaagat 3120
ctgtatgcta ctgtgggagce tgcaattact tccgaggcgc aagcatcaga tgcggegtca 3180
tctaagggag aaaggccgga atccatttat gctgatccat ttgatatagt gaaacctagg 3240
caggaaaggc ctgaatctat ctatgctgac ccatttgctg cggaacgaac atcttctgga 3300
gtaacgacat ttggccctaa ggaagagccg atttatgcaa cagtgaaaaa gggtcctaag 3360
aagagtgata cttctcaaaa agaaggaaca gcttctgaaa aagtctgctc aacaataact 3420
gtgattaaga agaaagtgaa acctcaggtt ccagctagga caagtagttt gcctactaaa 3480
gaaggtatag gttctgataa agacctgagt tcaggaacta gtagctcttt tgcagctgag 3540
ctgcaagcac aaaggggtaa attgcgtcct gtgaagggag gtgctccgga ttctaccaaa 3600
gacaaaacag ctacttctat attctccagt aaagagttca aaaaggaact aacaaaagct 3660
geccgaaggat tacagggagce agttgaagaa gctcagaagg gtgatggagg agctgcaaag 3720
gcaaagcaag atcttggcat ggaatctggt gccccaggat ctcaaccaga agctcctcaa 3780
agtgaaggcc ctaagtctgt aaaaggaggt cgcggtaggt agaattatac cgaaaaatcg 3840
ctgaggtact ttgatcaata taattcgcge ttctgagtat ttaggcgatg atctcgccac 3900
tttaataata ccccttttag agtacataac gctctaaagg gggcagatta ttttaagtag 3960
tagggttttg attctgagat cttttgagta caactattcc ttagtgtttt tttggaatgce 4020
tatgtgcttg ataaagaaaa aacttgctct ggggtgggat gcactcttga gtactttccg 4080
cgctctgtat attccttttt ttgcatctge ataatctgect gcatatgtga ttatgtgata 4140
atgacggaat tacccagaaa agccttagcg tgtgaggcct atcattctca gaaagtcaca 4200
gtaggaaact tgcattttca tcttgtattt ttgtaagttg gctaagagca ctagctataa 4260
caaatgcatc tatggcattt tttgagagtt ataataatga gagcaacaaa gggtggtact 4320
attgttcaaa atttgtttat gtgctttgtc tcacaatgga gtttaaagtc atctccgagt 4380
agtactacga ctttaagtag agaatacttt gtattttctt tatagagctc agagatatac 4440
ttcagtatgt gtcggaggtt gttcccttgg gaaaaagggc attttatcaa ctgtgaacta 4500
tcgectactat ggctgaggaa aagtagatag caacaaagat agtattctgg ttttataatc 4560
aaaccgtaat ctttcaacat gttcgaagat cgctttcact ttataatcct ttttgactge 4620
cctgctgaaa gggctttttt gttatgaaac tatcctcget cgattttcectt atctttggat 4680
tctattacca cggataatgt ttgttggaat tattttagaa gaag 4724

<210> SEQ ID NO 4
<211> LENGTH: 748

<212> TYPE:

PRT

<213> ORGANISM: Granulocytic Ehrlichia
<220> FEATURE:
<223> OTHER INFORMATION: S22 of Granulocytic Ehrlichia

<400> SEQUENCE: 4



59

US 8,461,323 B2

-continued

60

Met

Arg

Gln

Asp

Gly

65

Val

Ile

Thr

Asp

145

Arg

Glu

Ala

Thr

225

Gln

Gly

Cys

Leu

305

Glu

Ser

Ser

Asp

385

Thr

Tyr

Leu

Thr

Gln

Gly

Lys

Pro

Leu

Thr

Ser

130

Val

Cys

Ala

Ala

Lys

210

Glu

His

Arg

Asp

Gln

290

Tyr

Ser

Thr

Arg

Val

370

Pro

Met

Leu

Arg

Ile

Ala

35

Val

Val

Gln

Glu

Thr

115

Gly

Asn

Phe

Gly

Ala

195

Ile

His

Arg

Asp

Gly

275

Pro

Ser

Arg

Pro

Gly

355

Ser

Ser

Met

Pro

Cys

Ile

Leu

Pro

Ser

His

His

100

Pro

Lys

Ala

Gln

Ala

180

Val

Val

Thr

Thr

Ala

260

Lys

Leu

Asp

Lys

Gln

340

Phe

Val

Leu

Ala

Pro

Asn

His

Gly

Thr

Leu

Val

85

Leu

Glu

Tyr

Ser

Gly

165

His

Gln

Asn

Gly

Ala

245

Arg

Leu

Cys

Asn

His

325

Glu

Gly

Val

Lys

Glu

405

Glu

Ser

Tyr

Arg

Pro

Gln

70

Ala

Ile

Gly

Gly

Pro

150

Ser

Ile

Ala

Phe

Thr

230

Met

Gly

Tyr

Ser

Val

310

Leu

Ala

Lys

Asn

Thr

390

Arg

Ser

Met

Ala

Lys

Gly

Ala

Val

Thr

Lys

Val

135

Glu

Lys

Asn

Ala

Leu

215

Pro

Leu

Arg

Arg

Asp

295

Thr

Ser

Asn

Ala

Val

375

Arg

Val

Pro

Asp

Ala

Ser

40

Val

Leu

Glu

Thr

Lys

120

Val

Pro

Ala

Thr

Asn

200

Leu

Ala

Leu

Thr

Met

280

Met

Glu

Asn

Gly

Cys

360

Glu

Pro

Gln

Thr

vVal
Lys
25

Ser

Tyr

Asp

Ala

Glu

105

Thr

Lys

Ala

Ile

Pro

185

Glu

His

Leu

Leu

Ala

265

Ile

Gly

Lys

Ser

Asp

345

Lys

Gly

Trp

Val

Pro

Asp

10

Asp

Tyr

Ala

Met

Val

90

Val

Thr

Ala

Ile

Lys

170

Thr

Ala

Arg

His

Asp

250

Leu

Ala

Asp

Cys

Ser

330

Thr

Ile

Lys

Phe

Pro

410

Ser

Ala

Gly

Ser

Ile

Leu

75

Arg

Ile

Leu

Leu

Thr

155

His

Gly

Ser

Gly

Leu

235

Lys

His

Lys

Thr

Phe

315

Phe

Leu

Leu

Thr

Phe

395

Glu

Leu

Arg

Asn

Lys

Arg

Met

Thr

Ser

Thr

Ile

140

Leu

Leu

Ser

Asn

Ala

220

Ala

Gly

Ile

Lys

Ala

300

Leu

Phe

Leu

Leu

Pro

380

Gly

Gly

Gly

Ser

Leu

Phe

45

Glu

Arg

Gly

Val

Ala

125

Lys

Gly

Lys

Met

Leu

205

Asp

Thr

Ala

Ala

Cys

285

Leu

Lys

Gly

His

Lys

365

Val

Lys

Gly

Ser

His

Glu

30

Pro

Ala

Tyr

Ala

Asn

110

Glu

Asn

Ile

Arg

Ser

190

Lys

Leu

Ala

Pro

Ala

270

Pro

His

Met

Asp

Leu

350

Ala

Asp

Ser

Phe

Ile

Asp

15

Ile

Val

Ser

Glu

Val

95

Glu

Ala

Ser

Gln

Val

175

Pro

Glu

Ser

Ala

Ala

255

Ala

Asp

Glu

Leu

Leu

335

Ala

Gly

Val

Val

Pro

415

Ser

Gly

Leu

Lys

Gly

Pro

80

Gly

Glu

Leu

Ala

Gly

160

Val

Leu

Ala

Ser

Gly

240

Thr

Asn

Ser

Ala

Lys

320

Leu

Ala

Ala

Ala

Val

400

Pro

Ser
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62

Phe Glu Ser

435

Ala Gly Ala
450

Gly Thr Thr

465

Ser Ile Tyr

Glu Ser Thr

Gly Glu Asp

515

Gln Ala Ser
530

Tyr Ala Asp

545

Ser Ile Tyr

Thr Thr Phe

Gly Pro Lys

595

Lys Val Cys
610

Val Pro Ala

625

Asp Lys Asp

Gln Ala Gln

Ser Thr Lys

675

Lys Lys Glu
690

Glu Ala Gln

705

Gly Met Glu

Glu Gly Pro

<210>
<211>
<212>
<213>
<220>
<223>

<400>

420

Val

Glu

Glu

Glu

Tyr

500

Leu

Asp

Pro

Ala

Gly

580

Lys

Ser

Arg

Leu

Arg

660

Asp

Leu

Lys

Ser

Lys
740

Ser

Glu

Val

Glu

485

Thr

Tyr

Ala

Phe

Asp

565

Pro

Ser

Thr

Thr

Ser

645

Gly

Lys

Thr

Gly

Gly

725

Ser

SEQ ID NO 5

LENGT:
TYPE:

H:
DNA

3998

Ala

Ser

Glu

470

Ile

Thr

Ala

Ala

Asp

550

Pro

Lys

Asp

Ile

Ser

630

Ser

Lys

Thr

Lys

Asp

710

Ala

Val

Leu

Ile

455

Ser

Lys

Val

Thr

Ser

535

Ile

Phe

Glu

Thr

Thr

615

Ser

Gly

Leu

Ala

Ala

695

Gly

Pro

Lys

Ser

440

Tyr

Thr

Asp

Gly

Val

520

Ser

Val

Ala

Glu

Ser

600

Val

Leu

Thr

Arg

Thr

680

Ala

Gly

Gly

Gly

425

Ser

Glu

Tyr

Thr

Ala

505

Gly

Lys

Lys

Ala

Pro

585

Gln

Ile

Pro

Ser

Pro

665

Ser

Glu

Ala

Ser

Gly
745

Leu

Glu

Thr

Ala

490

Glu

Ala

Gly

Pro

Glu

570

Ile

Lys

Lys

Thr

Ser

650

Val

Ile

Gly

Ala

Gln

730

Arg

ORGANISM: Granulocytic Ehrlichia

FEATUI

RE:

Gly

Ile

Thr

475

Lys

Gly

Ala

Glu

Arg

555

Arg

Tyr

Glu

Lys

Lys

635

Ser

Lys

Phe

Leu

Lys

715

Pro

Gly

OTHER INFORMATION: S7 of Granulocytic

SEQUENCE :

gaattcctga

acttgttatc

aaatatgcat

cacttaaaca

tagtatttta
atcgtcctta
attgtatgta

aatgctggtyg

5

gaggatagta
tttgtgetta
taggtgtgea

aacgtagagg

ggcaatatgg

gttggtcgga

agatatcatc

gattaaagga

Ser

Lys

460

Val

Gly

Pro

Ile

Arg

540

Gln

Thr

Ala

Gly

Lys

620

Glu

Phe

Gly

Ser

Gln

700

Ala

Glu

Arg

Gly

445

Asp

Gly

Thr

Arg

Thr

525

Pro

Glu

Ser

Thr

Thr

605

Val

Gly

Ala

Gly

Ser

685

Gly

Lys

Ala

430

Leu

Thr

Ala

Thr

Thr

510

Ser

Glu

Arg

Ser

Val

590

Ala

Lys

Ile

Ala

Ala

670

Lys

Ala

Gln

Pro

Ehrlichia

tttaggggat

tatttgtgca

tetttaggty

ggatttgegt

Asp

Ala

Glu

Glu

495

Pro

Glu

Ser

Pro

Gly

575

Lys

Ser

Pro

Gly

Glu

655

Pro

Glu

Val

Asp

Gln
735

ttcttegeat
agttgttgta
tatcgtgtag

atatgtatgg

Thr

Lys

Glu

480

val

Glu

Ala

Ile

Glu

560

Val

Lys

Glu

Gln

Ser

640

Leu

Asp

Phe

Glu

Leu

720

Ser

60

120

180

240
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tatagatata gagctaagtyg attacagaat tggtagtgaa accatttcca gtggagatga 300
tggctactac gaaggatgtg cttgtgacaa agatgccagc actaatgcgt actcgtatga 360
caagtgtagg gtagtacggg gaacgtggag accgagcgaa ctggttttat atgttggtga 420
tgagcatgtg gcatgtagag atgttgcttc gggtatgcat catggtaatt tgccagggaa 480
ggtgtatttt atagaggcag aagcgggcag agctgctact gctgaaggtg gtgtttatac 540
taccgttgtg gaggcattat cgetggtgca agaggaagag ggtacaggta tgtacttgat 600
aaacgcacca gaaaaagcgg tcgtaaggtt tttcaagata gaaaagagtg cagcagagga 660
acctcaaaca gtagatccta gtgtagttga gtcagcaaca gggtcgggtg tagatacgca 720
agaagaacaa gaaatagatc aagaagcacc agcaattgaa gaagttgaga cagaagagca 780
agaagttatt ctggaagaag gtactttgat agatcttgag caacctgtag cgcaagtacc 840
tgtagtagct gaagcagaat tacctggtgt tgaagctgca gaagcgattg taccatcact 900
agaagaaaat aagcttcaag aagtggtagt tgctccagaa gcgcaacaac tagaatcagc 960
tcctgaagtt tcectgcgccag cacaacctga gtctacagtt cttggtgttg ctgaaggtga 1020
tctaaagtct gaagtatctg tagaagctaa tgctgatgta ccgcaaaaag aagtaatctce 1080
tggtcaacaa gagcaagaaa ttgcagaagc actagaggga actgaagctc ctgtagaagt 1140
aaaagaagaa acagaagttc ttctaaagga agatactttg atagatcttg agcaacctgt 1200
agcacaagta cctgtagtag ctgaagcaga attacctggt gttgaagctg cagaagcgat 1260
tgtaccatca ctagaagaaa ataagcttca agaagtggta gttgctccag aagcgcaaca 1320
actagaatca gctcctgaag tttctgcgec agcacaacct gagtctacag ttcttggtgt 1380
tactgaaggt gatctgaagt ctgaagtatc tgtagaagct gatgctggta tgcagcaaga 1440
agcaggaatc tctgatcaag agacacaagc aactgaagaa gttgaaaagg ttgaagtatc 1500
tgtagaaaca aaaacggaag agccagaagt tattctagaa gaaggtactt tgatagatct 1560
tgagcaacct gtagcgcaag tacctgtagt agctgaagca gaattacctg gtgttgaagce 1620
tgcagaagcg attgtaccat cactagaaga aaataagctt caagaagtgg tagttgctcc 1680
agaagcggaa caactagaat cagctcctga agtttctgeg ccagtacaac ctgagtctac 1740
agttcttggt gttactgaag gtgatctgaa gtctgaagta tctgtagaag ctgatgctgg 1800
tatgcagcaa gaagcaggaa tctctgatca agagacacaa gcaactgaag aagttgagaa 1860
ggttgaagta tctgtagaac ctgatcctgg tatgcagcaa gagttagtag atgttccgac 1920
tgctttgccg ttaaaggatc ctgacgatga agatgttcta agttattagg atatctttcet 1980
cgtgaaaagt atggggaagg ttcgatgtgt tgaaccgtge cccatgettt ttctttaaga 2040
tttcttcaaa aagaggtaaa actctcctat gttttttgtg agcagtaatt tcttgcagtt 2100
ttgcgactga gttgtgtgtt attgcgaagt ttttcttetg attattggac gaaggtggtg 2160
cttgtcatgt ctgtggtgcg tgctttccat gecttgataga gctcctgatt attttettta 2220
tacgcaagcc aggtaaatcg tgtatgtgge gacttttcga atcagtgttt agattacata 2280
gaagtaattg tggcttatac gctgttaatt gcgctgcaat ctgtcaaaag tgatgcagta 2340
acttcctcta tatgtcctaa tgctgttaca tgacatgggt aatgcatagce attatcaatg 2400
gtcatggtgt ctttagtagg cataccagcg gttttatata ccagtgatgc gcgagcecttg 2460
ttctecgett tcataaaaga tttattactce aagatattgg tatacctagce gattcacgtg 2520
taatttgagt acttacctgc gtatttcgaa ggtaacgtac taatagcgta tggtaaaact 2580
atctattatc ccaatcccta agaataacta tgctgttttg gagctgttge atgctgaaag 2640
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atgtcttata gcatcgcggt tatatatttt cacattttag agattttaag agtataactt 2700
tctagcatct tagagaacta tactcaaagt taaacacaat aaaaacatga agcattaaaa 2760
ctcaagtata ctaaaccagc cttagacctt aaaggaaagt aaggaatgct tatctatgtt 2820
caattgtgcc attacttaaa aagcgaacct aacaccgaat tccccaccga cataagccat 2880
ggagaaatta gcaatagcag tatccttagt acgacccgcc ggactagtat catctacaag 2940
acgttgagcc ggcagatcat cataaacgcc atctccaaca acgcgatgat agaatccacc 3000
cgcaaaagcg gagatttcag gtgagagctg ataactcaag ccagcecttta acctcaagcet 3060
taggagtgat gttctagaca ccatccgtat tagtcacaga ttagcttcecct ctcgaagtac 3120
agataacctc tggaaagttt tagaaaggac ggaatgtgta acgccgctec gtgccatcaa 3180
ccacgccaac gaagttaccyg cctaaaccaa cacaagcata aggaacaaca cctaaacctt 3240
cactaagaag atcataacaa gcattaacca ttacagatgt agaagaaaca gctctgatct 3300
caacaacctc tccccecttceca atagttttag caagtaatcce tgctactatg gttttttcat 3360
cacgattaag acctaatagg tctttagcca tagcgtttge attactatta ggttctcect 3420
cgacgttttg actgctgcca ttactcccte gtcccctagg ccagttttta ccttcaccga 3480
ctttcacagt attaacaaaa ccactcaacg tctttggtcc tgtcgcccce gtcgtattte 3540
ccaaaccgcet acactgtgtt gtctcecctegt tgecegtgtgt cgtcgacaac tccgcaacat 3600
acttcttecece cttagectta gttatagcag catgatcccce actacaaacc ttcccatcaa 3660
tttcagggct ggaaattttc acagcattgg caaactgaac gatgtctttce ccagaggttt 3720
tggcaagagc agcggcaagg ttatcagtct gcccagtaac aacatcataa gctaactcct 3780
tagctagtag atatactgta tcagcttcat cttccttact accactatct ctaataccct 3840
tggtcttecct tttaataata agagttattg cataggatat tgatatacct atcgatttat 3900
aggcagttga gccggaagat catcttaaac accatctccc acaacacgat ggtaaaagcce 3960
acccgcagga attccggaat tccggaattce cggaatte 3998
<210> SEQ ID NO 6
<211> LENGTH: 578
<212> TYPE: PRT
<213> ORGANISM: Granulocytic Ehrlichia
<220> FEATURE:
<223> OTHER INFORMATION: S7 of Granulocytic Ehrlichia

<400>

SEQUENCE: 6

Met Tyr Gly Ile Asp Ile Glu Leu Ser Asp Tyr

1

Thr Il

Lys As

Arg Gl

His Va

65

Pro GI1

Ala G1

Gln G1

5 10

e Ser Ser Gly Asp Asp Gly Tyr Tyr Glu
20 25

P Ala Ser Thr Asn Ala Tyr Ser Tyr Asp
35 40

vy Thr Trp Arg Pro Ser Glu Leu Val Leu
1 Ala Cys Arg Asp Val Ala Ser Gly Met
70 75

y Lys Val Tyr Phe Ile Glu Ala Glu Ala
85 90

u Gly Gly Val Tyr Thr Thr Val Val Glu
100 105

u Glu Glu Gly Thr Gly Met Tyr Leu Ile
115 120

Arg Ile Gly
Gly Cys Ala
30

Lys Cys Arg
45

Tyr Val Gly
60

His His Gly

Gly Arg Ala

Ala Leu Ser
110

Asn Ala Pro
125

Ser Glu

15

Cys Asp

Val Val

Asp Glu

Asn Leu

80

Ala Thr

Leu Val

Glu Lys
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-continued

68

Ala

Gln

145

Asp

Glu

Ile

Glu

Glu

225

Glu

Leu

Glu

Glu

305

Gln

Val

Gln

Glu

Glu

385

Gln

Val

Val

Gln

Glu

465

Val

Pro

Lys

Gly

Glu
545

Val

130

Thr

Thr

Val

Asp

Leu

210

Asn

Ser

Gly

Ala

Ile

290

Glu

Pro

Glu

Glu

Val

370

Gly

Gln

Glu

Ile

Val

450

Ala

Ala

Val

Ser

Ile

530

Val

Val

Val

Gln

Glu

Leu

195

Pro

Lys

Ala

Val

Asp

275

Ala

Thr

Val

Ala

Val

355

Ser

Asp

Glu

Lys

Leu

435

Pro

Ile

Pro

Gln

Glu

515

Ser

Ser

Arg

Asp

Glu

Thr

180

Glu

Gly

Leu

Pro

Ala

260

Val

Glu

Glu

Ala

Ala

340

Val

Ala

Leu

Ala

Val

420

Glu

Val

Val

Glu

Pro

500

Val

Asp

Val

Phe

Pro

Glu

165

Glu

Gln

Val

Gln

Glu

245

Glu

Pro

Ala

Val

Gln

325

Glu

Val

Pro

Lys

Gly

405

Glu

Glu

Val

Pro

Ala

485

Glu

Ser

Gln

Glu

Phe

Ser

150

Gln

Glu

Pro

Glu

Glu

230

Val

Gly

Gln

Leu

Leu

310

Val

Ala

Ala

Ala

Ser

390

Ile

Val

Gly

Ala

Ser

470

Gln

Ser

Val

Glu

Ala
550

Lys

135

Val

Glu

Gln

Val

Ala

215

Val

Ser

Asp

Lys

Glu

295

Leu

Pro

Ile

Pro

Gln

375

Glu

Ser

Ser

Thr

Glu

455

Leu

Gln

Thr

Glu

Thr

535

Asp

Ile

Val

Ile

Glu

Ala

200

Ala

Val

Ala

Leu

Glu

280

Gly

Lys

Val

Val

Glu

360

Pro

Val

Asp

Val

Leu

440

Ala

Glu

Leu

Val

Ala

520

Gln

Ala

Glu

Glu

Asp

Val

185

Gln

Glu

Val

Pro

Lys

265

Val

Thr

Glu

Val

Pro

345

Ala

Glu

Ser

Gln

Glu

425

Ile

Glu

Glu

Glu

Leu

505

Asp

Ala

Gly

Lys

Ser

Gln

170

Ile

Val

Ala

Ala

Ala

250

Ser

Ile

Glu

Asp

Ala

330

Ser

Gln

Ser

Val

Glu

410

Thr

Asp

Leu

Asn

Ser

490

Gly

Ala

Thr

Met

Ser

Ala

155

Glu

Leu

Pro

Ile

Pro

235

Gln

Glu

Ser

Ala

Thr

315

Glu

Leu

Gln

Thr

Glu

395

Thr

Lys

Leu

Pro

Lys

475

Ala

Val

Gly

Glu

Gln
555

Ala

140

Thr

Ala

Glu

Val

Val

220

Glu

Pro

Val

Gly

Pro

300

Leu

Ala

Glu

Leu

Val

380

Ala

Gln

Thr

Glu

Gly

460

Leu

Pro

Thr

Met

Glu

540

Gln

Ala Glu Glu

Gly

Pro

Glu

Val

205

Pro

Ala

Glu

Ser

Gln

285

Val

Ile

Glu

Glu

Glu

365

Leu

Asp

Ala

Glu

Gln

445

Val

Gln

Glu

Glu

Gln

525

Val

Glu

Ser

Ala

Gly

190

Ala

Ser

Gln

Ser

Val

270

Gln

Glu

Asp

Leu

Asn

350

Ser

Gly

Ala

Thr

Glu

430

Pro

Glu

Glu

Val

Gly

510

Gln

Glu

Leu

Gly

Ile

175

Thr

Glu

Leu

Gln

Thr

255

Glu

Glu

Val

Leu

Pro

335

Lys

Ala

Val

Gly

Glu

415

Pro

Val

Ala

Val

Ser

495

Asp

Glu

Lys

Val

Pro

Val

160

Glu

Leu

Ala

Glu

Leu

240

Val

Ala

Gln

Lys

Glu

320

Gly

Leu

Pro

Thr

Met

400

Glu

Glu

Ala

Ala

Val

480

Ala

Leu

Ala

Val

Asp
560
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70

Val Pro Thr Ala Leu Pro Leu Lys Asp Pro Asp Asp Glu Asp Val Leu

Ser Tyr

565

<210> SEQ ID NO 7
<211> LENGTH: 5570

<212> TYPE:

DNA

570

<213> ORGANISM: Granulocytic Ehrlichia
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 7

gaattccetg
aaacttggaa
cttatggaaa
acgtgtetgyg
caaggtatta
aggttctect
ctttacaatt
ggatcaagac
gcgatgcaag
tecccgacata
agaagaggca
ggaagtaget
cacgcettet
aaaatgtacc
accatctgta
ccaagtaaac
cactgacgtt
acattttagt
tgaagcagac
ttectgatage
aacagtttet
tggtgtaagt
cacacaagat
tgaagttcat
cactaacatt
agttgaaata
cacagttgaa
tgaggtcagce
ttttgatgat
aaagacatct
tgtgcatgat

ggtttcggac

tggttattag
aaaataatga
agcegttaggyg
gacttcacga
taattgtttg
ggcttageag
gaatcacata
ggaaacgtca
cattctcecct
atagagcctt
gtacaagtta
cctcaacegt
tctactacey
tctgctagea
cttatgtcta
actactgcag
accgtgeteg
gacattgett
ttcactatgt
ctagaagaca
gagggcaaca
acagatcttyg
tcactatcca
tctcaagaag
tcacaagact
gtttctgagy
agtgaaagta
acacaagatg
gacgtgceteg
ttgatgactt
cattgeecect

taccactttt

gegtggttte
aaaaccctece
agttgcetteg
aaactcgacyg
aacacaatat
gcggggattt
gaggaagcte
tgtcacgttt
ataacaacga
ctgctttatt
cagetettga
cttttctaag
acactgctga
gtgagtcatt
ctgecectat
tacaagtaga
aagatactac
caggtgaaca
tattagcgaa
atgttcagga
cacgagagte
aagctcatte
ctaacattte
ttgaaatagt
cagttggtgt
gcggeacaca
cagatcttga
cgccatecac
cgttgtgaag
gtettgegty
aaggaaagca

ggtgttttaa

gectgataat
ttagtgecte
cttgtcacge
caggcggatt
tcctgataca
tagtttaagt
agctgatgac
tcttgatgtyg
cagaatggaa
gcaagaatca
gtgcecteca
cagaataatt
agacagcaag
agagcagcaa
agcaacagag
atcatccatt
tgagacgata
caataacgat
cgaggagtca
actaggtaca
actacccact
tcaagaagtt
acaagactca
ttctgaggge
aagtacagat
aaattcacta
agctcattce
tggagtagag
tgatcatggt
aataagtagt
gtactaatgg

aacgtcttat

S$23 of Granulocytic Ehrlichia

aaagatactt
ceegtttttyg
gtgegttagg
ttgtactatg
tacacaggaa
tetattgact
ccaggttaca
tacgtagcta
acagctgegt
catagtacac
tgtaatccag
caggegttet
tgtaatagta
caagaatcag
cctcaaaatg
attgtgccag
actgttgatg
ctgecctgeca
aagaccctgyg
ttgcctttac
gacgtttcac
gaaacagttt
gttggtgtaa
ggcacacaag
cttgaagete
tcegetgatt
ccagaaggtg
atcagattta
aggggaaaca
gcaagttttt

tagtctaaga

thCgttggg

575

tagagggtat

acaacatact
ttttacgtat
tttcacttaa
caactgcaga
ttacaaggga
tcagectttag
atttcagett
tctectectaac
aaaacaatgt
tcectgecga
tgtggttatt
gcgatactte
tggaagtgca
cggttgttaa
aatcgcaaca
gggaatatgg
tgttgttaga
agtctatgcece
aagaaggtga
aagactcagt
ctgaggtcag
gtacagatct
attcactate
attctaaagg
ttccaataaa
aaatagttte
tggatcgtga
gttatggegt
tatgcattga
tcttatacag

tgcttgetta

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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caatgtacct gtacgtgccc aacactaaaa atggtcagta ttacttaggg gagttcgtag 1980
acgaggcatc tcgatttact cttggtaagc tacaaataac tcagtcatat caaggtagtt 2040
caagatgaaa gcagtcctat gcttatcatg gagaattcct gecggttctet tcaaaattcet 2100
cttttceccge aagggcagac tcttatttgt taaaataaca aaatttctct acaggaagcg 2160
acatttcata tcaaagctga ttgtgaaata atggcattga gtatttttct cgccctagaa 2220
gataatcatt tcggcactat caaagcattt acgatattct ccattatctt gtaatcagat 2280
ggctatcttg aaagcaacca aggatatccg tacatggtag cttacatact gctatcaatc 2340
tcctatacga ccttcaatga aacggtaact gttgectgaca gecttgcacat gctgtgatte 2400
aattcctggt tcctagatgt tctactacgt ttatccggta ctaatattat tctttggege 2460
tctattatct agcaactcag agtccattat tggatctcta ataccaaggg tataagggaa 2520
agtggaagag tattattaga gagaagaagc aaatacagta tatctactag ctaaggagtt 2580
agcttatgat gttgttactg gacagactga taagcttgct gctgctcttg ccaagacctce 2640
cgggaaagat atcgttcagt ttgctaaggc agttgagatt tcggctccta agatcgataa 2700
gcaagtttgt gtgactaata agaatgggga tagcggaaca agatatgcta agtacctcga 2760
agaagctgga acgtctagca atgctggcac gtcecgttgtgt ggtggtaaaa acctaaagac 2820
gactgactcc aacacaggag tagagaaagg acaggtgtta catgactttg tttctggaac 2880
gttgagtggg ggtactaaga actggccgac atctagtgaa agtactaaag aaaataacga 2940
caacgcaggg aaggtagcta aagacctgac aaaactaacc cctgaggaaa aaaccatagt 3000
agcagggtta ctagctaaga ctattgaagg gggtgaagtt gttgagatca gggcggttte 3060
ttctacttect gtgatggtta atgcttgtta tgatcttctt agtgaaggtt taggtgtcegt 3120
teccttacget tgtgttggte ttgggggtaa cttegtgggg ggttgttgat ggcacggege 3180
agcgttacac aatccgtect tgacctgaat actctagtta agcactaggce aaaattagtg 3240
ctggatcact tacgcaacat actacggtca gcgattttcc atactgagca ggtacgtaca 3300
gtggctttat actcttacce agcatgaaat tacttgttat ctaagaatct ccacagctga 3360
ccttagaaag gttatctgtc cttcgagaga aagctaatct gtgtcttatg cggatggegt 3420
tgaacgtatt acaggtccca agctgtcttg caagtttcta aggatattat aagggcacac 3480
ctataaaact gcgcaatata tcacctgcaa tacggtcccg attcgaaaac actgggaagt 3540
gcgectcatta tctatgaatce gctagctagg cataaataag agtatacgca ataacgctta 3600
ttattaaaaa caagaccaag ggtattagag atagtggtag taaggaagat gaagctgata 3660
cagtatatct actagctaag gagttagctt atgatgttgt tactgggcag actgataacc 3720
ttgctgctge tcecttgccaag acttctggta aagatattgt tcagtttgct aagactctta 3780
atatttctca ctctaatatc gatgggaagg tttgtaggag ggaaaagcat gggagtcaag 3840
gtttgactgg aaccaaagca ggttcgtgtg atagtcagec acaaacggcg ggtttcgatt 3900
ccatgaaaca aggtttgatg gcagctttag gcgaacaagg cgctgaaaag tggcccaaaa 3960
ttaacaatgg tggccacgca acaatttata gtagtagcgc aggtccagga aatgcgtatg 4020
ctagagatgc atctactacg gtagctacag acctaacaaa gctcactact gaagaaaaaa 4080
ccatagtagc agggttacta gctagaacta ttgaaggggg tgaagttgtt gagattaggg 4140
cagtttecttce tacttctgtg atggttaatg cttgttatga tcttectgaag ggaaacgcat 4200
cacattattt atctggttgc tgtaatctga tcttcecegtt getatgateg catctccccce 4260
tcacttctet cgcaaactcect ggattaacct ctggatgcga ataatgttta tcagctttga 4320
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gaaaaacata ttagagtttt atacagcacc aatgataagc gtgggcactt aaataaaggt 4380
tcatatccect agaaatttat cccactaget aaaattattg aagggggtga ggtcgttgag 4440
ataagggcag tttcttctac ttctgtgatg gttaatgett gttatgatct tcecttagtgaa 4500
ggtttaggcg ttgttcctta tgcttgegtg ggtcttggtg ggaacttegt gggcegtggtt 4560
gatgggcata tcacaaacca ctccatctct gaccctgtat gcactagcaa gtaactaggce 4620
aaaattattg ctgcatcact ttgaaacaaa ctacgatcag caatgttcaa tacttagcag 4680
gtctgtacag tggctttaca ctcttaccca gcatgaaata cttgctatct aagaatctcce 4740
tctaaaactt tccagaggtt atctgtactt tgagggaagc taatctgtgg ctaatgagga 4800
tggtgtctag aatatcactc ctaagcttgc ttataggtta aaggctgggt tgagttatca 4860
gctttctect gaaatctctg cttttgtagg tggtttctat cattggtttg ttggttatgg 4920
tgtttatgat gatcttccgg ctcaacgtcect tgtagatgat actagtccecgg cgggtcgtac 4980
taaggatact gctattgcta acttctccat ggcectatgtt ggtgcatcat ttcagccata 5040
ttacgcagtt cttctagtag aactgtatga gtatcgataa aaagatatac gacgcagcat 5100
gctctgaaaa agtgacaggg tgaacagcag tgcagcatac attagcctgt ctgtatcagt 5160
gtgcaatctg ttacaaaact actaggatca ttcttttaac acctatcggg ttcatcaaga 5220
aaatgagtgc atacgtgacg gcaagcgcta aaacgctaaa gctgatgcat cacattaaaa 5280
tgtgttgacg ttagaccttc caagcactgt aaagtgtggc gattcccccg catacgttcet 5340
tatgcgtgat tttgaaaaac ccggcegtctg caacttcecgga agagaattgt ttttgtgtgg 5400
gaaaagctct tatgctttca actaagtagg aatatgcatc aatatccccg gctactattt 5460
tgccaatttt cggtataaca aagaaagaat acaggtcata agctgttttg aatgcactgt 5520
cttcgagtat aggagaaaac tccaagcata aaaacctacc acatggtttce 5570

<210> SEQ I
<211> LENGT!
<212> TYPE:

D NO 8
H: 484
PRT

<213> ORGANISM: Granulocytic Ehrlichia

<220> FEATUI

RE:

<223> OTHER INFORMATION: S23 of Granulocytic Ehrlichia

<400> SEQUENCE: 8

Met Phe Glu
1

Gly Ser Pro

Phe Thr Arg
35

Asp Pro Gly
50

Arg Phe Leu

Ser Pro Tyr

Pro Asp Ile

Gln Asn Asn
115

Pro Cys Asn
130

Leu Ser Arg

His Asn Ile
5

Gly Leu Ala
20

Asp Phe Thr

Tyr Ile Ser

Asp Val Tyr
70

Asn Asn Asp
85

Ile Glu Pro
100
Val Glu Glu

Pro Val Pro

Ile Ile Gln

Pro

Gly

Ile

Phe

55

Val

Arg

Ser

Ala

Ala

135

Ala

Asp

Gly

Glu

40

Arg

Ala

Met

Ala

Val

120

Glu

Phe

Thr Tyr Thr
10

Asp Phe Ser
25

Ser His Arg

Asp Gln Asp

Asn Phe Ser
75

Glu Thr Ala
90

Leu Leu Gln
105
Gln Val Thr

Glu Val Ala

Leu Trp Leu

Gly Thr Thr
Leu Ser Ser
30

Gly Ser Ser
45

Gly Asn Val

Leu Arg Cys

Ala Phe Ser

Glu Ser His
110

Ala Leu Glu
125

Pro Gln Pro
140

Phe Thr Pro

Ala Glu

Ile Asp

Ala Asp

Met Ser

Lys His

Leu Thr

95

Ser Thr

Cys Pro

Ser Phe

Ser Ser
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-continued

76

145

Thr Thr Asp Thr

Lys Cys Thr Ser

180

Val Glu Val Gln

195

Glu Pro Gln Asn
210

Val Glu Ser Ser

225

Val Leu Glu Asp

His Phe Ser Asp

260

Met Leu Leu Asp

275

Ser Lys Thr Leu
290

Gln Glu Leu Gly

305

Gly Asn Thr Arg

Gly Val Ser Thr

340

Ser Glu Val Ser

355

Ser Val Gly Val
370

Ile Val Ser Glu

385

Gln Asp Ser Val

Val Glu Ile Val

420

Phe Pro Ile Asn

435

Ser Pro Glu Gly
450

Ser Thr Gly Val

465

Val Leu Ala Leu

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO
LENGTH: 33
TYPE: PRT

Ala

165

Ala

Pro

Ala

Ile

Thr

245

Ile

Glu

Glu

Thr

Glu

325

Asp

Thr

Ser

Gly

Gly

405

Ser

Thr

Glu

Glu

9

150

Glu

Ser

Ser

Val

Ile

230

Thr

Ala

Ala

Ser

Leu

310

Ser

Leu

Gln

Thr

Gly

390

Val

Glu

Val

Ile

Ile
470

Asp

Ser

Val

Val

215

Val

Glu

Ser

Asp

Met

295

Pro

Leu

Glu

Asp

Asp

375

Thr

Ser

Gly

Glu

Val

455

Arg

Ser

Glu

Leu

200

Asn

Pro

Thr

Gly

Phe

280

Pro

Leu

Pro

Ala

Ser

360

Leu

Gln

Thr

Gly

Ser

440

Ser

Phe

Lys

Ser

185

Met

Gln

Glu

Ile

Glu

265

Thr

Ser

Gln

Thr

His

345

Leu

Glu

Asp

Asp

Thr

425

Glu

Glu

Met

Cys

170

Leu

Ser

Val

Ser

Thr

250

His

Met

Asp

Glu

Asp

330

Ser

Ser

Val

Ser

Leu

410

Gln

Ser

Val

Asp

ORGANISM: Granulocytic Ehrlichia

FEATURE:

OTHER INFORMATION: proposed ankyrin repeat

SEQUENCE :

9

155

Asn

Glu

Thr

Asn

Gln

235

Val

Asn

Leu

Ser

Gly

315

Val

Gln

Thr

His

Leu

395

Glu

Asp

Thr

Ser

Arg
475

Ser

Gln

Ala

Thr

220

His

Asp

Asn

Leu

Leu

300

Glu

Ser

Glu

Asn

Ser

380

Ser

Ala

Ser

Asp

Thr

460

Asp

Ser

Gln

Pro

205

Thr

Thr

Gly

Asp

Ala

285

Glu

Thr

Gln

Val

Ile

365

Gln

Thr

His

Leu

Leu

445

Gln

Ser

Asp

Gln

190

Ile

Ala

Asp

Glu

Leu

270

Asn

Asp

Val

Asp

Glu

350

Ser

Glu

Asn

Ser

Ser

430

Glu

Asp

Asp

Thr

175

Glu

Ala

Val

Val

Tyr

255

Pro

Glu

Asn

Ser

Ser

335

Thr

Gln

Val

Ile

Lys

415

Ala

Ala

Ala

Asp

160

Ser

Ser

Thr

Gln

Thr

240

Gly

Ala

Glu

Val

Glu

320

Val

Val

Asp

Glu

Ser

400

Gly

Asp

His

Pro

Asp
480

Asp Gly Arg Thr Ile Ile His Tyr Ala Ala Lys Asp Gly Asn Leu Glu

1

5

10

15

Ile Leu Gln Gln Ala Leu Gly Arg Lys Ser Ser Tyr Ser Lys Phe Pro

20

25

30
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78

Val

<210> SEQ ID NO 10

<211> LENGTH: 33

<212> TYPE: PRT

<213> ORGANISM: Granulocytic Ehrlichia

<220> FEATURE:

<223> OTHER INFORMATION: proposed ankyrin repeat

<400> SEQUENCE: 10

Lys Lys Thr Thr Leu Thr Ala Glu Ala Leu Thr Ser Gly Lys Tyr Gly
1 5 10 15

Val Val Lys Ala Leu Ile Lys Asn Ser Ala Asp Val Asn Ala Ser Pro
20 25 30

Glu

<210> SEQ ID NO 11

<211> LENGTH: 33

<212> TYPE: PRT

<213> ORGANISM: Granulocytic Ehrlichia

<220> FEATURE:

<223> OTHER INFORMATION: proposed ankyrin repeat

<400> SEQUENCE: 11

Ala Val Gln Ala Ala Asn Glu Ala Ser Asn Leu Lys Glu Ala Asn Lys
1 5 10 15

Ile Val Asn Phe Leu Leu His Arg Gly Ala Asp Leu Ser Ser Thr Glu
20 25 30

<210> SEQ ID NO 12

<211> LENGTH: 33

<212> TYPE: PRT

<213> ORGANISM: Granulocytic Ehrlichia

<220> FEATURE:

<223> OTHER INFORMATION: proposed ankyrin repeat

<400> SEQUENCE: 12

Thr Gly Thr Pro Ala Leu His Leu Ala Thr Ala Ala Gly Asn His Arg
1 5 10 15

Thr Ala Met Leu Leu Leu Asp Lys Gly Ala Pro Ala Thr Gln Arg Asp
20 25 30

Ala

<210> SEQ ID NO 13

<211> LENGTH: 33

<212> TYPE: PRT

<213> ORGANISM: Granulocytic Ehrlichia

<220> FEATURE:

<223> OTHER INFORMATION: proposed ankyrin repeat

<400> SEQUENCE: 13

Arg Gly Arg Thr Ala Leu His Ile Ala Ala Ala Asn Gly Asp Gly Lys
1 5 10 15

Leu Tyr Arg Met Ile Ala Lys Lys Cys Pro Asp Ser Cys Gln Pro Leu
20 25 30

Cys

<210> SEQ ID NO 14

<211> LENGTH: 33

<212> TYPE: PRT

<213> ORGANISM: Granulocytic Ehrlichia
<220> FEATURE:
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-continued

<223> OTHER INFORMATION: proposed ankyrin repeat
<400> SEQUENCE: 14

Met Gly Asp Thr Ala Leu His Glu Ala Leu Tyr Ser Asp Asn Val Thr
1 5 10 15

Glu Lys Cys Phe Leu Lys Met Leu Lys Glu Ser Arg Lys Arg Leu Ser
20 25 30

<210> SEQ ID NO 15

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Granulocytic Ehrlichia

<220> FEATURE:

<223> OTHER INFORMATION: proposed ankyrin repeat

<400> SEQUENCE: 15

Asn Gly Asp Thr Leu Leu His Leu Ala Ala Ser Arg Gly Phe Gly Lys
1 5 10 15

Ala Cys Lys Ile Leu Leu Lys Ala Gly Ala Ser Val Ser Val Val Ala
20 25 30

Ser Asn Val
35

<210> SEQ ID NO 16

<211> LENGTH: 33

<212> TYPE: PRT

<213> ORGANISM: Granulocytic Ehrlichia

<220> FEATURE:

<223> OTHER INFORMATION: proposed ankyrin repeat

<400> SEQUENCE: 16

Glu Gly Lys Thr Pro Val Asp Val Ala Asp Pro Ser Leu Lys Thr Arg
1 5 10 15

Pro Trp Phe Phe Gly Lys Ser Val Val Thr Met Met Ala Glu Arg Val
20 25 30

Gln

<210> SEQ ID NO 17

<211> LENGTH: 33

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 1, 3, 9, 12, 13, 16, 21, 25, 27, 29, 30, 31, 32, 33
<223> OTHER INFORMATION: Xaa = Any Amino Acid

<220> FEATURE:

<223> OTHER INFORMATION: Consensus sequence of ankyrin repeats

<400> SEQUENCE: 17

Xaa Thr Xaa Ser Thr Pro Leu His Xaa Ala His Xaa Xaa Thr Thr Xaa
1 5 10 15

Thr His His Thr Xaa Leu Leu Thr Xaa Thr Xaa Thr Xaa Xaa Xaa Xaa
20 25 30

Xaa

<210> SEQ ID NO 18

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: E. chaffeensis

<400> SEQUENCE: 18

Ser Gly Thr Asp Leu Thr Leu Glu Ser Ala Val His Ser Gln Lys Gln
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82

1

5

10

Pro Glu Gly Val Asp Gly Glu Ile Thr Val Ser Glu Gln

20

<210> SEQ ID NO
<211> LENGTH: 28
<212> TYPE: PRT

19

25

<213> ORGANISM: Granulocytic Ehrlichia

<400> SEQUENCE:

19

15

Gln Pro Ser Val Ser Ala Leu Ser Gln Glu Val Pro Phe Val Val Ala

1

5

10

Glu Ser Ala Glu Val Leu Ser Pro Lys Gly Val Glu

20

<210> SEQ ID NO
<211> LENGTH: 24
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

20

E.

20

chaffeensis

25

15

Glu Ser Ala Gly Val Ile Ser Asp Gln Pro Glu Ala Thr Gln Val Ala

1

5

Val Thr Thr Glu Glu Arg Val Glu

20

<210> SEQ ID NO
<211> LENGTH: 40
<212> TYPE: PRT

21
6

10

<213> ORGANISM: Granulocytic Ehrlichia

<220> FEATURE:

<223> OTHER INFORMATION: Cé6.1 of Granulocytic Ehrlichia

<400> SEQUENCE:

Met Gly Asp Ala
1

Ile Leu Glu Ala
20

Ser Ala Glu Asp
35

Glu Ile Ser Ala

Asp Glu Glu Val

65

Gln Gly Glu Ala

Glu Glu Val Pro
100

Lys Pro Gln Glu
115

Thr Val Glu Asp
130

Ala Leu Gly Met
145

Ser Gln Pro Ser

Glu Arg Arg Val
180

Leu Lys Glu Ser

21

Val

5

Pro

Val

Pro

Ile

Thr

85

Ala

Lys

Phe

Ser

Lys

165

Lys

Gln

Glu

Ile

Leu

Val

Thr

70

Ala

Gln

Thr

Val

Ala

150

Asp

Met

Asn

Val

Arg

Phe

Ala

55

Lys

Glu

Pro

Ile

Ala

135

Lys

Leu

Ser

Thr

Arg

Val

Ile

40

Gly

Gly

Gly

Val

Ile

120

Gly

Ser

Met

Lys

Ser

Ala

Met

25

Val

Val

Gln

Val

Val

105

Glu

Ile

Glu

Ser

Ile

185

Ala

Glu

10

Lys

Glu

Leu

Val

Asn

90

Ala

Gly

Asn

Gln

Cys

170

Arg

Thr

Asn

Lys

Thr

Thr

Leu

75

Lys

Gln

Lys

Thr

Asp

155

His

Gln

Leu

Leu

Val

Asp

Glu

60

Ala

Glu

Ala

Gly

Thr

140

Lys

Gly

Val

Ser

Gly

Gly

Lys

45

Leu

Ile

Pro

Val

Leu

125

Pro

Lys

Asp

Ile

Thr

Gly

Asp

30

Thr

Arg

Ile

Glu

Ser

110

Val

Thr

Ile

Val

Ala

190

Phe

15

Glu

15

Thr

Ser

Val

Arg

Ser

95

Thr

Thr

Ser

Val

Val

175

Ala

Asn

Ser

Val

Leu

Ala

Pro

80

Lys

Gln

Pro

Arg

Ala

160

Gly

Arg

Glu
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84

Val As
21

195

P Met
0

Phe Val Lys

225

Arg Al

a Val

Ile Ser Gly

Ala Val Gly

275

Glu Thr Met

29

o]

Thr Lys Ala

305

Thr Phe Thr

Pro Il

Gln G1

e Ile

n Arg
355

Met Tyr Leu

37

0

Ala Val Thr

385

Arg Leu Ala

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Ser

Arg

Val

Asp

260

Thr

Ser

Arg

Ile

Asn

340

Pro

Ala

Phe

Leu

Lys

Tyr

Leu

245

Asp

Asp

Leu

Ser

Thr

325

Pro

Val

Leu

Leu

Gly
405

SEQ ID NO 22

LENGTH:

TYPE:

PRT

264

Val

Asp

230

Val

Ile

Lys

Ala

Gly

310

Asn

Pro

Ala

Ser

Val

390

Ile

Met

215

Val

Leu

Val

Gly

Glu

295

Lys

Gly

Gln

Val

Tyr

375

Arg

200

Glu

Lys

Ser

Tyr

Leu

280

Met

Leu

Gly

Ser

Asp

360

Asp

Val

Leu

Leu

Glu

Arg

265

Val

Glu

Ser

Val

Gly

345

Gly

His

Lys

Arg

Gly

Ile

250

Asp

Val

Gln

Val

Tyr

330

Ile

Lys

Arg

Gln

ORGANISM: Granulocytic Ehrlichia
FEATURE:
OTHER INFORMATION: Cé6.2 of Granulocytic Ehrlichia

SEQUENCE :

Met Gly Arg Gly

1

Met Ar

Pro Hi

His As

Arg Gl

His G1

Ile As

g Arg

s Val

P Phe

y Tyr

y Ile

p Val

Met Tyr Trp

Glu Al
13

115

a Ser
0]

Gly Lys Lys

145

Ala

20

Val

Ile

Pro

Pro

Thr

100

Val

Tyr

Leu

22

Thr

Gly

Pro

Ile

Lys

Asp

85

Val

Gly

Lys

Asn

Ile

Met

Gly

Ser

Ser

70

Asp

Ile

Asp

Ala

Ser
150

Thr

Leu

Val

Ala

Ile

Ile

Leu

Asn

Leu

135

Ile

Ile

Ala

Thr

40

Gly

Cys

Ala

Asp

Val

120

Met

Gly

His

Ala

25

Thr

Ala

Thr

Leu

Gly

105

Ser

Ala

Leu

Ser

10

Lys

Asn

Ile

Ser

Lys

90

Trp

Ile

Ala

Ala

Ala

Phe

235

Pro

Tyr

Pro

Ala

Ser

315

Gly

Leu

Val

Ile

Tyr
395

Lys

Val

Ala

Pro

Lys

75

Asn

His

Lys

Ile

Ile
155

Lys

220

Met

Val

Cys

Val

Leu

300

Asp

Ser

Gly

Glu

Val

380

Ile

Glu

Leu

Leu

Ala

Asn

Gly

Gly

Ala

Gly

140

Glu

205

Tyr

Ser

Leu

Asn

Ile

285

Val

Met

Leu

Met

Ile

365

Asp

Glu

Asp

Asp

Asn

45

Pro

Phe

Asp

Asp

Lys

125

Val

Glu

Lys

Phe

Asn

Ile

270

Arg

Asp

Ser

Leu

His

350

Arg

Gly

Asp

Phe

Phe

30

Asp

Leu

Val

Ile

Thr

110

Arg

Ile

Glu

Asp

Phe

Ala

255

Gly

Arg

Leu

Gly

Ser

335

Ala

Pro

Gln

Pro

Ala

15

Ile

Leu

Gly

Val

Val

95

Ser

Ile

Gln

Ile

Ala

Ile

240

Glu

val

Ala

Ser

Ala

320

Thr

Ile

Met

Gly

Asn
400

Cys

Thr

Cys

Tyr

Cys

80

Asn

Arg

Cys

Pro

Arg
160
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Gly Tyr Gly Tyr Ser Ile Val Arg

Arg Glu Phe
Asp Asp Val
195

Ile Asn Ala
210

Thr Val Thr
225

Leu Gly Val

Asn Trp His

<210> SEQ I
<211> LENGT!
<212> TYPE:

165

His Ala Ala Pro Asn

180

Thr Ile Gln Glu Gly

200

Gly Lys Tyr His Thr

215

Thr Arg Asp Phe Ser
230

Thr Glu Thr Gly Val

245

Cys Pro Pro Tyr Leu

260

D NO 23
H: 2706
DNA

Asp Tyr Cys
170

Ile Val His
185

Met Phe Phe

Val Leu Asp

Leu Ser Ala
235

Glu Ile Phe
250

<213> ORGANISM: Granulocytic Ehrlichia
<220> FEATURE:
<223> OTHER INFORMATION: Cé of Granulocytic

<400> SEQUE!
gaattccgga
getgcaggtt
aggcctgecaa
gctgaaaatt
gacattagtyg
ggtttgtatt
ttctagaage
tgctetteat
ttctcacaga
tcatacggece
aggaggtgece
agacaattat
tcaacacaac
agatagttge
aaagacgcgt
aaaataccte
tcagagctaa
ccttetttat
tttcaggcga
ataaggggtt
agcaagcact
tgtetggtge
ctataatcaa

tggcagtaga

NCE: 23

attccggaat
cactgctcac
aatttctacyg
acatagegtt
tcttttggty
tatgggtgat
tcecgattegy
tgttgaaaca
gttgagagtt
acagggtgag
tgctcaacce
tgaaggcaaa
tcctacttet
tagccageeg
gaagatgagce
tgctacactc
gtacaaagat
cagagcggtt
tgatatagtc
agtggtgecct
tgttgactta
aacctttact
ccctectcaa

tggtaaggta

tcctatggat
taggggtaag
tatgatgact
atcgegtgga
attacactge
gctgtagaag
gtaatgaaaa
gacaagactt
gcagatgaag
gctactgcag
gttgttgcac
ggtctagtaa
agagctttgg
tctaaggatce
aaaatccgece
agcaccttta
geetttgtga
gtgctagtce
tacagggact
gttatcagaa
agtacaaaag
attaccaatg

tctggaatet

gagataaggce

cgtgcagtga
attgtaaaat
gaagaggaga
tacttataac
ctttcaatct
ttagggctga
aggtgggaga
ctecttgaaat
aagtgattac
agggtgttaa
aggcagtgag
ctcctactgt
gtatgagtge
tgatgagttyg
aagttatage
atgaagttga
agaggtatga
ttteccgaaat
attgtaacat
gagcggaaac
caagaagtgg
gtggtgtgta
tgggtatgea

ctatgatgta

Gly His Gly Ile Gly

Tyr Tyr Asp

175

Glu Glu

190

Thr Val Glu Pro Met

205

Lys Lys Asp Gly Trp

220

Gln Phe Glu His Thr

240

Thr Met Ser Pro Lys

Ehrlichia

tggaagaggy
ctggagagtt
ttttatacct
aaggtattca
gtgttttttg
gaatcttggt
tactgtatct
atcagcccct
caaggggcag
taaggagcca
cactcaaaaa
agaagatttt
taagagtgaa
ccatggegac
tgctaggett
tatgagcaaa
tgttaagett
tcetgtgetg
tggagtcgeg
tatgtcactt
caagctctet
tgggtcgeta
tgctatacag

tttggegeta

255

cagcatgtta
atgggcaggt
acaaaaatct
tctatggttt
ttttagttct
ggcgaatcca
gcagaagatg
gttgctggty
gtcttggeta
gagagcaagg
ccgcaggaaa
gttgcaggaa
caagacaaga
gtggtgggtyg
aaggagtcac
gtgatggage
gggtttatgt
aatgcggaga
gtaggtaccg
gctgaaatgyg
gtttctgata
ttgtctacce
cagegtectg

tcatatgate

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440
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atagaatagt tgacgggcaa ggtgctgtga cgtttttggt aagagtgaag cagtacatag 1500
aagatcctaa cagattggct ctaggaattt agggggtttt tatggggcgg ggtacaataa 1560
ccatccactc caaagaggat tttgcctgta tgagaagggce tgggatgcett gcagctaagg 1620
tgcttgattt tataacgccg catgttgttc ctggtgtgac tactaatgct ctgaatgatc 1680
tatgtcacga tttcatcatt tctgccgggg ctattccage gectttggge tatagagggt 1740
atcctaagtc tatttgtact tcgaagaatt ttgtggtttg ccatggcatt ccagatgata 1800
ttgcattaaa aaacggcgat atagttaaca tagacgttac tgtgatcctc gatggttgge 1860
acggggatac tagtaggatg tattgggttg gtgataacgt ctctattaag gctaagcgca 1920
tttgtgaggc aagttataag gcattgatgg cggcgattgg tgtaatacag ccaggtaaga 1980
agctcaatag catagggtta gctatagagg aagaaatcag aggttatgga tactccattg 2040
ttagagatta ctgcggacat gggataggtc gcgaatttca tgctgctcect aacatagttce 2100
actactatga cgaagaggat gatgttacga ttcaggaggg aatgtttttc actgttgagce 2160
caatgatcaa tgctggaaag tatcatactg tgctagataa gaaagacgga tggacagtta 2220
caacgagaga cttttccctt tcagcgcagt ttgaacatac cttgggtgta actgaaactg 2280
gcgttgagat ttttactatg tcgccaaaaa attggcattg tccgceccatac ctttaagtag 2340
gatatttttg ttatgtgtaa agcgtgtggc agggtaatgt taggtgcatg ttctgttgac 2400
gatgtgtgct gataagaaat tgtacaatca tactgcgttg gaagttagga atatgtactt 2460
atgagtgcta ataagcttgce tgtgttatta agcgaagccg cttcagtttt gaaaagagta 2520
ggaatagata caccggggtt agacgctcga ctaattgcgg gacatgtttt gggtttaagt 2580
gagcatgagg tgctaataaa tccagattta gttgttactg ctgctaaaac aaaagaattt 2640
tttgaagtta ttgcaagacg tttagccggg gtaccagttt cgcatatttt acgcagacga 2700
gaattc 2706

<210> SEQ I
<211> LENGT!
<212> TYPE:

D NO 24
H: 176
PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: amino a

product

<400> SEQUE!

NCE: 24

Thr Gly Gly Ala Gly Tyr Phe Tyr

1

Phe Ser Lys

Lys Ala Val
35

Ser His Lys

Asp Asn Met
65

Gly Ala Arg
Gly Ile Arg
Leu Leu Ala

115

Asn Leu Ala

Ile Arg Asp Phe Ser

20

Tyr Pro Tyr Leu Lys

40

Phe Asp Trp Asn Thr

55

Leu Val Ala Met Glu
70

Val Glu Leu Glu Ile

85

Asp Ser Gly Ser Lys

100

Lys Glu Leu Ala Tyr

120

Ala Ala Leu Ala Lys

cid sequence encoded by 550 bp PCR

Val Gly Leu
10

Ile Arg Glu
25

Asp Gly Lys

Pro Asp Pro

Gly Ser Val

75

Gly Tyr Glu
90

Glu Asp Glu
105

Asp Val Val

Thr Ser Gly

Asp Tyr Ser Pro Ala

15

Ser Asn Gly Glu Thr

30

Ser Val Lys

45

Leu Glu

Arg Ile Gly Phe Lys

Gly Tyr Gly Ile Gly

Arg Phe Lys

80

Thr Lys
95

Ala Asp Thr Val Tyr
110

Thr Gly Gln Thr Asp

125

Lys Asp Ile

Val Gln
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-continued

90

130 135 140

Phe Ala Lys Ala Val Gly Val Ser His Pro Gly Ile Asp Lys Lys Val
145 150 155 160

Cys Asp Gly Gly His Ala Arg Gly Lys Lys Ser Gly Asp Asn Gly Ser
165 170 175

<210> SEQ ID NO 25

<211> LENGTH: 181

<212> TYPE: PRT

<213> ORGANISM: A. marginale

<220> FEATURE:

<223> OTHER INFORMATION: Genbank accession number U07862
<400> SEQUENCE: 25

Gly Ala Gly Ala Gly Ser Phe Tyr Ile Gly Leu Asp Tyr Ser Pro Ala
1 5 10 15

Phe Gly Ser Ile Lys Asp Phe Lys Val Gln Glu Ala Gly Gly Thr Thr
20 25 30

Arg Gly Val Phe Pro Tyr Lys Arg Asp Ala Ala Gly Arg Val Asp Phe
35 40 45

Lys Val His Asn Phe Asp Trp Ser Ala Pro Glu Pro Lys Ile Ser Phe
50 55 60

Lys Asp Ser Met Leu Thr Ala Leu Glu Gly Ser Ile Gly Tyr Ser Ile
65 70 75 80

Gly Gly Ala Arg Val Glu Val Glu Val Gly Tyr Glu Arg Phe Val Ile
85 90 95

Lys Gly Gly Lys Lys Ser Asn Glu Asp Thr Ala Ser Val Phe Leu Leu
100 105 110

Gly Lys Glu Leu Ala Tyr His Thr Ala Arg Gly Gln Val Asp Arg Leu
115 120 125

Ala Thr Ala Leu Gly Lys Met Thr Lys Ser Glu Ala Lys Lys Trp Gly
130 135 140

Asn Ala Ile Glu Ser Ala Thr Gly Thr Thr Ser Gly Asp Glu Leu Ser
145 150 155 160

Lys Lys Val Cys Gly Lys Gly Thr Thr Ser Gly Ser Thr Asn Gln Cys
165 170 175

Gly Thr Thr Asp Ser
180

<210> SEQ ID NO 26

<211> LENGTH: 1840

<212> TYPE: DNA

<213> ORGANISM: Granulocytic Ehrlichia

<220> FEATURE:

<223> OTHER INFORMATION: E8 msp2 gene

<400> SEQUENCE: 26

gaggtcgacg gtatcgataa gettgatatc gaattectgg ctggagatgt tagagggggt
tagccecttga gtggaccgge tgaagtgagg agacgaagaa aaagaaggaa tttggagaag
ttgaaaagta tgagaaaagg aaagataatc ttaggaagcg taatgatgtc gatggctata
gtcatggctg ggaatgatgt cagggctcat gatgacgtta gcgctttgga gactggtggt
gcgggatatt tctatgttygg cttggattac agtccagegt ttagcaagat aagagatttt
agtataaggg agagtaacgg agagactaag gcagtatatc catacttaaa ggatggaaag

agtgtaaagce tagagtcaca caagtttgac tggaacactc ctgatcctceg gattgggttt

aaggacaaca tgcttgtage tatggaaggt agtgttggtt atggtattgg tggtgccagg

60

120

180

240

300

360

420

480
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HIOOWLDD0D
SLOLYYO0DL
LIDVIVOLYD
DIOYDYLIVDY
YIOOYIOLYY
HYYDOYDDLL
LI¥DDIDD.LO
LLJDLIDOYLL
SYDO0DULYL
TIVYLOYO0D
SYEOVDLLYD
DOYYYOLDIL
SYYYIYOIY0
YEOOLYYLLD
YYYIDDVILOY
YL LIOLLOLL
YOOV LOLYID
I90DIOLLID
IOOWYDDOND
\49) 10,316} S0 T
DLYLYYLOYL
LOOYIDLYLD
DLILYYDDOY
DDEL2DD0000
LLLLOIDOVD
DOD9LOLYIN

LODOYYYILD
IVDLIDLIYOY
YOLLYLOVO0
YIDOIDOYOD
IO9Y0SILDL
YIODIEYIYD
FOTEDILEIDD
DO9ILVIDLOY
YOOOYIOVLL
YOYODLDLIY
YIVOOULLLL
DDLNDOLNYY
Io99LYLI0D
LYOVODVIYL
DLLLLDODLD
ODOYYELODL
LLLLDIOWLY
YOULLYIYLD
I¥CLIOYoOD
YILHDOWIDOY
TOLDINVOOYD
YOOLOYLOUD
QLLODILDOD
YOYYYYYOTY
YYLOYLLIOD
YYIILODLLY

SYOYOLONIO
DOLIYYYLLY
DYYYIDDLYY
¥HLLELLDDD
TOCLLLEYLO
DOLIDLIOLEY
¥OOYDYOOLY
TELYOYDDLA
YLODLYLOYD
HIOVLYEIO0
SLYODD000V
IOLID0DYLL
YOOOYLODLL
LOLODYYEOYD
SYOELYOYLL
YOLIO33LYIL
D9DDHYINDD
ADLILIDLOD
YIDIYIDLOD
YOYDLODEID
YEYOLLODLO
YYOYDDDIYI
SYILIDLDYD
TYOYYIYVOT
YIYIVILOOD
YHOYDIDILOOD

DOLYIVYLIL
DEYE.LODOVY
HVOYIOVLIY
5OLOYIOTTEIL
FLLLLOOYYY
HLILLLYYIOD
YIODLDLYOY
YOVYLLYI0D
YIOYIDLOYD
R CNMAARA LS
YOOODLYYID
YLYDLOYELL
YILYDLLODOO
D9IYLOVYLOL
YOOOOYLVYEL
IOYDLLLOLY
YOLYYOLODY
TELOIVONYL
LODOUDLYVY
YYD IOL
LINDOOLYLO
IYLIYOLLOD
TOOYLINOYD
9} AMAINA ALY
DODLOLLUDY
5O000DLY0D

T0GT
184"
I8ET
Teel
19271
10271
IPTT
1801
Te01
186
106
178
184
12L
1983
108
194
8%
TV
I8¢
10t
1ve
181
TZ1
19
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92

gttgagcettyg
aaggaagatg
actgggcaga
cagtttgcta
ggtcatgcac
ggcgegtcac
aagagaggat
tggccaacgg
aacgccgaag
gtagcagggt
tcttctactt
gttecttatg
actcctaage
teegetttty
ceggcteaac
gctaacttet
tgcttatcta
gtacttcacc
cgttectatt
ggatttggeg
ttttggette
tgctattggt
gegettttygg
<210> SEQ I

<211> LENGT!
<212> TYPE:

agattggtta
aagctgatac
ctgataacct
aggcggttgg
ggggaaaaaa
agacgaataa
tgggcttgac
ggtacgttaa
cegtagetaa
tactagctaa
ccgtaatggt
cttgtgttgg
ttgcttatag
cgggtggatt
gtcttgtaga
ccatggcetta
aagagggggg
ctcttcctga
atttattttce
tgtttttata
aatgtctatt
cagattgaac
gcgtggatet
D NO 27

H: 435
PRT

cgagegette
agtatatcta
tgctgetget
ggtttceteat
gagtggagat
gacggctcag
tgagtttgtt
tgatggegac
agacctagta
gactattgaa
caatgettgt
tcttggeggt
attaaaggcet
ctaccatcge
tgatactagt
tgtcggtggy
ctaagggcte
cttettetgg
ttgetgetea
gtgcaaatcg
gttgagcagt
tgaaggacte

attatgaggce

aagaccaagg
ctagctaagyg
cttgccaaga
cceggtattyg
aatggctege
tgtagtggta
aacaaaacaa
aacgttaatg
caggagctaa
gggggtgaag
tatgatctte
aacttecgtgg
gggttgagtt
gttgtgggag
ceggegggte
gaatttggtyg
ccctttteta
ttcetgctace
ggttagaagg
categeteee
taaaattctt
ccectetgat

tgcagaatag

<213> ORGANISM: Granulocytic Ehrlichia

<220> FEATU

RE:

<223> OTHER INFORMATION: E8 msp2

<400> SEQUENCE: 27

Met Arg Lys
1

Ile Val Met
Leu Glu Thr
35

Pro Ala Phe

50

Glu Thr Lys

Leu Glu Ser

Phe Lys Asp

Ile Gly Gly
115

Gly Lys Ile Ile Leu

5

Ala Gly Asn Asp Val

20

Gly Gly Ala Gly Tyr

40

Ser Lys Ile Arg Asp

Ala Val Tyr Pro Tyr

70

His Lys Phe Asp Trp

85

Asn Met Leu Val Ala

100

Ala Arg Val Glu Leu

120

gene

Gly Ser Val
Arg Ala His
25

Phe Tyr Val
Phe Ser Ile
Leu Lys Asp

75

Asn Thr Pro
90

Met Glu Gly
105

Glu Ile Gly

gtattagaga tagtggtagt

agttagctta

cctetggtaa

ataagaaggt

tggccgacta

tgggaaccgg

aggttggaga

tgcteggega

ccectgaaga

ttgttgagat

ttagtgaagg

gegtggttga

atcagctcte

atggcgttta

gtactaagga

ttaggtttge

ctttaattct

attaattatt

tttctatcag

atttgtacaa

gtgataccce

aagcagcggg

Met

Asp

Gly

Arg

Gly

Asp

Ser

Tyr

Met

Asp

Leu

45

Glu

Lys

Pro

Val

Glu
125

Ser

Val

30

Asp

Ser

Ser

Arg

Gly

110

Arg

tgatgttgtt
agatattgtt
ttgtgatggy
tacggatggt
caaagccggce
aggtaagaat
tacgaatggt
aaaaaccata
cagggeggtt
tttaggtgtt
tggccatate
tcetgtaate
tgatgatctg
tactgetatt
tttttaaget
acttecctgeyg
actcecgtgac
tgettgatgg
atcttgacac
atggttgaaa

ctgttgatge

Met Ala

15

Ser Ala

Tyr Ser

Asn Gly

Val Lys

80

Ile Gly

Tyr Gly

Phe Lys

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1840
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94

Thr Lys Gly
130

Val Tyr Leu
145

Thr Asp Asn

Val Gln Phe

Lys Val Cys

195

Gly Ser Leu
210

Thr Ala Gln
225

Leu Gly Leu

Asn Trp Pro

Gly Asp Thr

275

Glu Leu Thr
290

Thr Ile Glu
305

Ser Val Met

Val Val Pro

Val Asp Gly

355

Leu Ser Tyr
370

Tyr His Arg
385

Arg Leu Val

Ile Ala Asn

Phe Ala Phe
435

<210> SEQ I
<211> LENGT!
<212> TYPE:

Ile Arg Asp Ser Gly

135

Leu Ala Lys Glu Leu
150

Leu Ala Ala Ala Leu

165

Ala Lys Ala Val Gly

180

Asp Gly Gly His Ala

200

Ala Asp Tyr Thr Asp

215

Cys Ser Gly Met Gly
230

Thr Glu Phe Val Asn

245

Thr Gly Tyr Val Asn

260

Asn Gly Asn Ala Glu

280

Pro Glu Glu Lys Thr

295

Gly Gly Glu Val Val
310

Val Asn Ala Cys Tyr

325

Tyr Ala Cys Val Gly

340

His Ile Thr Pro Lys

360

Gln Leu Ser Pro Val

375

Val Val Gly Asp Gly
390

Asp Asp Thr Ser Pro

405

Phe Ser Met Ala Tyr

420

D NO 28
H: 3435
DNA

Ser Lys Glu
Ala Tyr Asp
155

Ala Lys Thr
170

Val Ser His
185

Arg Gly Lys

Gly Gly Ala

Thr Gly Lys

235

Lys Thr Lys
250

Asp Gly Asp
265

Ala Val Ala

Ile Val Ala

Glu Ile Arg

315

Asp Leu Leu
330

Leu Gly Gly
345

Leu Ala Tyr

Ile Ser Ala

Val Tyr Asp

395

Ala Gly Arg
410

Val Gly Gly
425

<213> ORGANISM: Artificial Sequence

<220> FEATUI

RE:

Asp

140

Val

Ser

Pro

Lys

Ser

220

Ala

Val

Asn

Lys

Gly

300

Ala

Ser

Asn

Arg

Phe

380

Asp

Thr

Glu

Glu Ala Asp Thr

Val

Gly

Gly

Ser

205

Gln

Gly

Gly

Val

Asp

285

Leu

Val

Glu

Phe

Leu

365

Ala

Leu

Lys

Phe

Thr

Lys

Ile

190

Gly

Thr

Lys

Glu

Asn

270

Leu

Leu

Ser

Gly

Val

350

Lys

Gly

Pro

Asp

Gly
430

Gly Gln
160

Asp Ile
175

Asp Lys

Asp Asn

Asn Lys

Arg Gly

240

Gly Lys
255

Val Leu

Val Gln

Ala Lys

Ser Thr
320

Leu Gly
335

Gly Val

Ala Gly

Gly Phe

Ala Gln
400

Thr Ala
415

Val Arg

<223> OTHER INFORMATION: E46 gene inset in Lambda Zap II

<400> SEQUENCE: 28

tttttatatc
atattcaggc
ggagatagge
aagggagagt

aaagctagag

tggagetett
tctatcaacg
gatctagggt
aacggagaga

tcacacaagt

gtactgtgtt
cagctattca
tctattatta
ctaaggcagt

ttgactggaa

taccacggga
tggcattatt
ggaatctatt
atatccatac

cactcctgat

tttattattg

acagataaat

atttagatat

ttaaaggatg

ccteggattg

ggtaggcttg

ttggcatttt

atagggatat

gaaagagtgt

ggtttaagga

60

120

180

240

300
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caacatgctt gtagctatgg aaggcagtgt tggttatggt attggtggtg ccagggttga 360
gcttgagatt ggttacgagc gcttcaagac caagggtatt agagatagtg gtagtaagga 420
agatgaagca gatacagtat atctactagc taaggagtta gcttatgatg ttgttactgg 480
acagactgat aaccttgccg ctgctcttge caaaacctcg gggaaggaca tcgttcagtt 540
tgccaatgct gtgaaaattt cttaccctaa aattgatgag caggtttgta ataaaaatca 600
tacagtgttg aatacgggga aagggacaac ctttaatcca gatcccaaga caaccgaaga 660
taatacagcg cagtgcagtg ggttgaacac gaagggaacg aataagttta gcgattttge 720
tgaaggtgta ggtttgaaag ataataagaa ttggcctact ggtcaggctg ggaagagcag 780
tggtggtcct gtggtgggtyg catctaatag taatgccaac gctatggcta gagacctagt 840
agatcttaat cgagacgaaa aaaccatagt agcagggtta ctagctaaaa ctattgaagg 900
tggtgaggtt gttgagatta gggcggtttc ttctacttct gtaatggtca atgcttgtta 960
tgatcttctt agtgaaggtc taggcgttgt tccttacget tgtgtceggte ttggaggtaa 1020
cttegtggge gttgttgatg ggcatatcac tcctaagett gecttatagat taaaggctgg 1080
gttgagttat cagctctcte ctgaaatctc cgecttttget gggggattct atcatcgegt 1140
tgtgggagat ggtgtctatg atgatcttcc agctcaacgt cttgtagatg atactagtcc 1200
ggcgggtcegt actaaggata ctgctattge taacttctcec atggcttatg tcggtgggga 1260
atttggtgtt aggtttgctt tttaaggtgg tttgttggaa gcggggtaag tcaaacttac 1320
ccegetteta ttagggagtt agtatatgag atctagaagt aagctatttt taggaagegt 1380
aatgatgtcg ttggctatag taatggctgg gaatgatgtc agggctcatg atgacgttag 1440
cgctttggat actggtggtg cgggatattt ctatgttggt ttggattaca gtccagegtt 1500
tagcaagata agagatttta gtataaggga gagtaacgga gagactaagg cagtatatcc 1560
atacttaaag gatggaaaga gtgtaaagct agagtcacac aagtttgact ggaacactcc 1620
tgatcctegg attgggttta aggacaacat gcttgtaget atggaaggta gtgttggtta 1680
tggtattggt ggtgccaggg ttgagcttga gattggttac gagcgcttca agaccaaggg 1740
tattagagat agtggtagta aggaagatga agctgataca gtatatctac tagctaagga 1800
gttggcttat gatgttgtta ctgggcagac tgataacctt gccgctgctce tggccaaaac 1860
ctccggtaaa gactttgtec agtttgctaa ggeggttggg gtttetcate ctagtattga 1920
tgggaaggtt tgtaagacga aggcggatag ctcgaagaaa tttccgttat atagtgacga 1980
aacgcacacg aagggggcaa gtgaggggag aacgtctttg tgcggtgaca atggtagttce 2040
tacgataaca aacagtggtg cgaatgtaag tgaaactggg caggttttta gggattttat 2100
cagggcaacg ctgaaagagg atggtagtaa aaactggcca acttcaagcg gcacgggaac 2160
tccaaaacct gtcacgaacg acaacgccaa agccgtagct aaagacctag tacaggagct 2220
aacccctgaa gaaaaaacca tagtagcagg gttactaget aaaactattg aaggtggtga 2280
ggttattgaa atcagggcgg tttcttctac ttctgtgatg gtcaatgcectt gttatgatct 2340
tcttagtgaa ggtttaggtg ttgtccctta tgcttgtgtt ggtcteggtg gtaacttegt 2400
gggcgtggtt gatggaattc attacacaaa ccatctttaa ctctgaatac cctagttaag 2460
gtaagtgaag taactaggca aattagtgct gcaccactcg tgaaacaaac tacgatcagce 2520
gattcaccat acttagtaag tccgtacagt ggctttacge tcttacccat catgaaaaat 2580
acttgctatc taggaatctc ctctaaaact ttacagaggt tatctgtact tcgagaggaa 2640
gctaatctgt ggctcatgag gatggtattt agcgtatcac aggttccage tgtcttacag 2700
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tctctggaga tgttataagg gtgcacatat aaaactatgc aatatttcge tgcaatacga 2760
ttccgattecg aaaacactga aaagtattcc cattatctat gaatctctgt gtagatataa 2820
ataagggtat acgcagtaac tcttacttgt taaaaacaag accaatggta taaggaaaaa 2880
gcctcagtgt tgttcectcat gecttgcaget tacccgatge actcttattt aataaggttg 2940
aatgttaatc agtgtttctg ggaagggaat atcttattgc aaaaccctca gcagctgcett 3000
agatattgaa acaaatgcga tcatgccgtc agcacaatta tgacatctct taaggctctg 3060
tagtgcgctt atttagtcta acatgtggta aagctttgcc agttctttac cacatgttca 3120
ccatcagtta attgaaagca aatcttgctc ctatgttgaa gccgtaacta gctatatttg 3180
cctttacctt ggctgcagca ccacctgcta tgtttacacg gttactageg ggaatacctg 3240
catactgttc atcgaaaatt ccgtggtaaa aacctccagce tattaaagat atttcaggag 3300
taagcttgta acttacgcct acctttcecte tataagccaa cttacttgta acgtgatcgg 3360
cgatattaat aaagctcgcc cctaacccag cacacatgta aggagggaat tcgatatcaa 3420
gcttatcgat accgt 3435

<210> SEQ I
<211> LENGT!
<212> TYPE:

D NO 29
H: 326
PRT

<213> ORGANISM: Granulocytic Ehrlichia

<220> FEATU

RE:

<223> OTHER INFORMATION: E46#1

<400> SEQUENCE: 29

Met Leu Val
1

Arg Val Glu

Arg Asp Ser

Ala Lys Glu

50

Ala Ala Ala
65

Asn Ala Val

Lys Asn His

Asp Pro Lys

115

Thr Lys Gly
130

Lys Asp Asn
145

Gly Pro Val

Asp Leu Val

Leu Ala Lys
195

Ser Ser Thr
210

Gly Leu Gly
225

Ala Met Glu Gly Ser

Leu Glu Ile Gly Tyr

20

Gly Ser Lys Glu Asp

Leu Ala Tyr Asp Val

Leu Ala Lys Thr Ser

70

Lys Ile Ser Tyr Pro

85

Thr Val Leu Asn Thr

100

Thr Thr Glu Asp Asn

120

Thr Asn Lys Phe Ser

135

Lys Asn Trp Pro Thr
150

Val Gly Ala Ser Asn

165

Asp Leu Asn Arg Asp

180

Thr Ile Glu Gly Gly

200

Ser Val Met Val Asn

215

Val Val Pro Tyr Ala
230

Val Gly Tyr
10

Glu Arg Phe
25

Glu Ala Asp

Val Thr Gly

Gly Lys Asp

75

Lys Ile Asp
90

Gly Lys Gly
105

Thr Ala Gln

Asp Phe Ala

Gly Gln Ala

155

Ser Asn Ala
170

Glu Lys Thr
185

Glu Val Val

Ala Cys Tyr

Cys Val Gly
235

Gly Ile Gly
Lys Thr Lys
30

Thr Val Tyr
45

Gln Thr Asp

Ile Val Gln

Glu Gln Val

Thr Thr Phe

110

Cys Ser Gly
125

Glu Gly Val
140

Gly Lys Ser

Asn Ala Met

Ile Val Ala
190

Glu Ile Arg
205

Asp Leu Leu
220

Leu Gly Gly

Gly Ala
15

Gly Ile

Leu Leu

Asn Leu

Phe Ala

80

Cys Asn
95

Asn Pro

Leu Asn

Gly Leu

Ser Gly

160

Ala Arg
175

Gly Leu
Ala Val

Ser Glu

Asn Phe
240
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100

Val Gly Val

Lys Ala Gly

Gly Gly Phe

275

Pro Ala Gly
290

Asp Thr Ala
305

Gly Val Arg

Val

Leu

260

Tyr

Arg

Ile

Phe

Asp

245

Ser

His

Leu

Ala

Ala
325

<210> SEQ ID NO 30

<211> LENGTH:

<212> TYPE:

PRT

364

Gly

Tyr

Arg

Val

Asn

310

Phe

His

Gln

Val

Asp

295

Phe

Ile

Leu

Val

280

Asp

Ser

Thr

Ser

265

Gly

Thr

Met

Pro

250

Pro

Asp

Ser

Ala

<213> ORGANISM: Granulocytic Ehrlichia
<220> FEATURE:
<223> OTHER INFORMATION: E46#2

<400> SEQUENCE:

Met Arg Ser
1

Ala Ile Val
Ala Leu Asp
35

Ser Pro Ala
50

Gly Glu Thr

Lys Leu Glu

Gly Phe Lys

Gly Ile Gly

115

Lys Thr Lys
130

Thr Val Tyr
145

Gln Thr Asp

Phe Val Gln

Gly Lys Val

195

Tyr Ser Asp
210

Leu Cys Gly
225

Val Ser Glu

Lys Glu Asp

Arg

Met

20

Thr

Phe

Lys

Ser

Asp

100

Gly

Gly

Leu

Asn

Phe

180

Cys

Glu

Asp

Thr

Gly
260

30

Ser

Ala

Gly

Ser

Ala

His

85

Asn

Ala

Ile

Leu

Leu

165

Ala

Lys

Thr

Asn

Gly

245

Ser

Lys

Gly

Gly

Lys

Val

70

Lys

Met

Arg

Arg

Ala

150

Ala

Lys

Thr

His

Gly

230

Gln

Lys

Leu

Asn

Ala

Ile

Tyr

Phe

Leu

Val

Asp

135

Lys

Ala

Ala

Lys

Thr

215

Ser

Val

Asn

Phe

Asp

Gly

40

Arg

Pro

Asp

Val

Glu

120

Ser

Glu

Ala

Val

Ala

200

Lys

Ser

Phe

Trp

Leu

Val
25

Tyr

Asp

Tyr

Trp

Ala

105

Leu

Gly

Leu

Leu

Gly

185

Asp

Gly

Thr

Arg

Pro
265

Gly

Arg

Phe

Phe

Leu

Asn

90

Met

Glu

Ser

Ala

Ala

170

Val

Ser

Ala

Ile

Asp

250

Thr

Lys

Glu

Gly

Pro

Tyr
315

Ser

Ala

Tyr

Ser

Lys

75

Thr

Glu

Ile

Lys

Tyr

155

Lys

Ser

Ser

Ser

Thr

235

Phe

Ser

Leu

Ile

Val

Ala

300

Val

Val

His

Val

Ile

Asp

Pro

Gly

Gly

Glu

140

Asp

Thr

His

Lys

Glu

220

Asn

Ile

Ser

Ala

Ser

Tyr

285

Gly

Gly

Met

Asp

Gly

45

Arg

Gly

Asp

Ser

Tyr

125

Asp

Val

Ser

Pro

Lys

205

Gly

Ser

Arg

Gly

Tyr
Ala
270
Asp

Arg

Gly

Met

Asp

30

Leu

Glu

Lys

Pro

Val

110

Glu

Glu

Val

Gly

Ser

190

Phe

Arg

Gly

Ala

Thr
270

Arg

255

Phe

Asp

Thr

Glu

Ser

Val

Asp

Ser

Ser

Arg

95

Gly

Arg

Ala

Thr

Lys

175

Ile

Pro

Thr

Ala

Thr

255

Gly

Leu

Ala

Leu

Lys

Phe
320

Leu

Ser

Tyr

Asn

Val

Ile

Tyr

Phe

Asp

Gly

160

Asp

Asp

Leu

Ser

Asn

240

Leu

Thr
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Pro Lys Pro

Val Gl
29

Ala Ly
305

275

n Glu
o]

s Thr

Ser Thr Ser

Leu GI1

Gly Va

<210>
<211>
<212>
<213>
<220>
<223>

<400>

y Val

1 Val
355

Val

Leu

Ile

Val

Val

340

Asp

Thr

Thr

Glu

Met

325

Pro

Gly

SEQ ID NO 31

LENGTH:

TYPE:

PRT

409

Asn

Pro

Gly

310

Val

Tyr

Ile

Asp

Glu

295

Gly

Asn

Ala

His

Asn

280

Glu

Glu

Ala

Cys

Tyr
360

ORGANISM: A. marginale
FEATURE:
OTHER INFORMATION: msp-2 gene

SEQUENCE :

31

Met Ser Ala Val Ser

1

Ala Le

Ala Al

Ala G1

u Ala

a Gly

y Ser

Ile Lys Asp

65

Phe Pr

o Tyr

Asn Phe Asp

Met Le

Arg Va
13

u Thr
115

1 Glu
[0}

Lys Lys Ser

145

Leu Al

Leu GIL

Glu Se

Cys Gl

21
Asp Se
225
Ala Al

Met Al

Ala GI1

a Tyr

y Lys

r Ala
195

y Lys
0

r Thr
a Gln

a Asn

y Ala

Ala

20

Ala

Phe

Phe

Lys

Trp

100

Ala

Val

Asn

His

Met

180

Thr

Gly

Ala

Leu

Asn

260

Phe

5

Ala

Gly

Tyr

Lys

Arg

85

Ser

Leu

Glu

Glu

Thr

165

Thr

Gly

Thr

Thr

Ser

245

Ile

Ala

Asn

Val

Ala

Ile

Val

70

Asp

Ala

Glu

Val

Asp

150

Ala

Lys

Thr

Thr

Thr

230

Thr

Asn

Arg

Arg

Ala

Gly

Gly

Gln

Ala

Pro

Gly

Gly

135

Thr

Arg

Ser

Thr

Ser

215

Lys

Met

Ser

Ala

Lys

Pro

Gly

Leu

Glu

Ala

Glu

Ser

120

Tyr

Ala

Gly

Glu

Ser

200

Gly

Ile

Asp

Leu

Val

Ala

Lys

Val

Cys

Val

345

Thr

Leu

Ile

25

Glu

Asp

Ala

Gly

Pro

105

Ile

Glu

Ser

Gln

Ala

185

Gly

Ser

Ser

Asn

Thr

265

Glu

Lys

Thr

Ile

Tyr

330

Gly

Asn

Pro

10

His

Gly

Tyr

Gly

Arg

90

Lys

Gly

Arg

Val

Val

170

Lys

Asp

Thr

Ala

Thr

250

Lys

Gly

Ala

Ile

Glu

315

Asp

Leu

His

Leu

Ser

Leu

Ser

Gly

75

Val

Ile

Tyr

Phe

Phe

155

Asp

Lys

Glu

Asn

Val

235

Thr

Asp

Ala

Val

Val

300

Ile

Leu

Gly

Leu

Gly

Leu

Phe

Pro

Thr

Asp

Ser

Ser

Val

140

Leu

Arg

Trp

Leu

Gln

220

Phe

Ile

Glu

Glu

Ala

285

Ala

Arg

Leu

Gly

Gly

Leu

Ser

Ala

Thr

Phe

Phe

Ile

125

Ile

Leu

Leu

Gly

Ser

205

Cys

Thr

Asn

Lys

Val

Lys

Gly

Ala

Ser

Asn
350

Val

Ala

30

Gly

Phe

Arg

Lys

Lys

110

Gly

Lys

Gly

Ala

Asn

190

Lys

Gly

Glu

Thr

Ala

270

Ile

Asp

Leu

Val

Glu

335

Phe

Leu

15

Ala

Ala

Gly

Gly

Val

95

Asp

Gly

Gly

Lys

Thr

175

Ala

Lys

Thr

Asp

Thr

255

Ile

Glu

Leu

Leu

Ser

320

Gly

Val

Met

Pro

Gly

Ser

Val

80

His

Ser

Ala

Gly

Glu

160

Ala

Ile

Val

Thr

Ala

240

Gly

Val

Val
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-continued

104

275 280 285

Arg Ala Ile Gly Ser Thr Ser Val Met Leu Asn Ala Cys Tyr Asp Leu
290 295 300

Leu Thr Asp Gly Ile Gly Val Val Pro Tyr Ala Cys Ala Gly Ile Gly
305 310 315 320

Gly Asn Phe Val Ser Val Val Asp Gly His Ile Asn Pro Lys Phe Ala
325 330 335

Tyr Arg Val Lys Ala Gly Leu Ser Tyr Ala Leu Thr Pro Glu Ile Ser
340 345 350

Ala Phe Ala Gly Ala Phe Tyr His Lys Val Leu Gly Asp Gly Asp Tyr
355 360 365

Asp Glu Leu Pro Leu Ser His Ile Ser Asp Tyr Thr Gly Thr Ala Gly
370 375 380

Lys Asn Lys Asp Thr Gly Ile Ala Ser Phe Asn Phe Ala Tyr Phe Gly
385 390 395 400

Gly Glu Leu Gly Val Arg Phe Ala Phe
405

<210> SEQ ID NO 32

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 3, 18

<223> OTHER INFORMATION: n = A,T,C or G

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic nucleotide - degenerate primer

<400> SEQUENCE: 32

centtycaya tgtayccngg 20

<210> SEQ ID NO 33

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 3, 6, 15, 18

<223> OTHER INFORMATION: n = A,T,C or G

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic nucleotide - degenerate primer

<400> SEQUENCE: 33

ggnckngert aytencengce 20

<210> SEQ ID NO 34

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: amino acid sequence of 64 kDa protein generated
by using degenerate primers

<400> SEQUENCE: 34

Pro Phe His Met Tyr Pro Gly Ser Glu Asn Leu Phe Arg Ser Thr Arg
1 5 10 15

Asp Leu Arg Gly Val Ser Gly Val
20

<210> SEQ ID NO 35

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence



105

US 8,461,323 B2

-continued

106

<220> FEATURE:
<223> OTHER INFORMATION: amino acid
by using degenerate primers

<400> SEQUENCE: 35

Phe Arg Leu Ser Leu Ala Gly Glu Tyr
1 5

<210> SEQ ID NO 36

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: amino acid
by using degenerate primers

<400> SEQUENCE: 36

Glu Leu Val Val Gly Glu Asn Thr Leu
1 5

<210> SEQ ID NO 37

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

sequence of 64 kDa protein generated

Ala Arg Pro Lys

10

sequence of 64 kDa protein generated

<223> OTHER INFORMATION: amino acid sequence of 64 kDa protein generated

by using degenerate primers
<400> SEQUENCE: 37
Glu Asp Thr Val Arg Asp Gly Ile Ala

1 5

<210> SEQ ID NO 38
<211> LENGTH: 2097
<212> TYPE: DNA

Gly Phe Asp Ser Leu

10

<213> ORGANISM: Granulocytic Ehrlichia

<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (338)...(1972)

<223> OTHER INFORMATION: S11 of Granulocytic Ehrlichia

<400> SEQUENCE: 38

gaattcctag caacaagggt ggatatttca cgettgctag

gggtgagcta tgagatgtat aggggggaga gtatgcgetg

ataagatagc ggcgagctac agctttgcta cggggttegt

ataacactcg tgatgtatat catcgtgatg tcggttataa

ttaagcettt gaagtatgac tttggettga tggetttagg

gctgagtgat

cgtgettttt

agaaaagcgt

ggatcatgga

tgtgaagcetg

ttaggactga
actcagctte
tattgteget
tgtgctatgg

gtcttetaag

aagagtgtgg gtgtttgtgg atttttgaag gttttgt atg aga ggt tct ctg gta
Met Arg Gly Ser Leu Val

gtt gtg agt atg gcg atg ctt ctc ctg
Val Val Ser Met Ala Met Leu Leu Leu

gct gca tet tcet gga ggg ggg ttt gaa
Ala Ala Ser Ser Gly Gly Gly Phe Glu

ggt aag gtg tta tct tat gcc tgg ttg
Gly Lys Val Leu Ser Tyr Ala Trp Leu
40 45

ggg caa ggt aac agt gaa ggt cag aag
Gly Gln Gly Asn Ser Glu Gly Gln Lys
55 60

gca aag ttg gge tat aag ggt tat ggt

999
Gly

gga
Gly

ttg
Leu

cte
Leu

tat

1
tece

Ser

gag
Glu

agt
Ser

geg
Ala
65

cca

tct
Ser

cgt
Arg

gat
Asp
50

ctyg
Leu

dga

ggt
Gly

gcg
Ala

cgg
Arg

gaa
Glu

gtt

ggt
Gly
20

tcg
Ser

get
Ala

atg
Met

gga

5
gta gtt
Val Val

gta acg
Val Thr

gta aaa
Val Lys

tat ggc
Tyr Gly
70

gat gtc

60

120

180

240

300

355

403

451

499

547

595
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108

Ala

ttt
Phe

gat
Asp

acc
Thr

gga
Gly
135

gct
Ala

gag
Glu

gga
Gly

ggt
Gly

€99
Arg
215

aag
Lys

agg
Arg

<€gg
Arg

gect
Ala

gtt
Val
295

ggt
Gly

gag
Glu

gca
Ala

gaa
Glu

gge
Gly
375

tac

Lys

tct
Ser

gcg
Ala

caa
Gln
120

tect
Ser

gat
Asp

tca
Ser

agc
Ser

gta
Val
200

tect
Ser

gat
Asp

ttyg
Leu

gat
Asp

ggt
Gly
280

aag

Lys

ccg
Pro

tta
Leu

aga
Arg

gaa
Glu
360

tta
Leu

ctt

Leu

tcg
Ser

atg
Met
105

tat
Tyr

atg
Met

act
Thr

aaa
Lys

gct
Ala
185

cct
Pro

aca
Thr

gte
Val

ggt
Gly

gat
Asp
265

ttce

Phe

ttt
Phe

gta
Val

gce
Ala

ccg
Pro
345

att
Ile

gaa
Glu

999

Gly

ccg
Pro

tta
Leu

999
Gly

gtg
Val

tce
Ser

atg
Met
170

tgg
Trp

ttt
Phe

aga
Arg

tta
Leu

gge
Gly
250

atg
Met

gat
Asp

gge
Gly

tat
Tyr

gat
Asp
330

aag
Lys

tat
Tyr

ata
Ile

aag

Tyr
75

ttg
Leu

tct
Ser

gca
Ala

ttt
Phe

ttyg
Leu
155

aag
Lys

ggt
Gly

cac
His

gac
Asp

aat
Asn
235

ttg

Leu

tac
Tyr

tec
Ser

aaa
Lys

aaa
Lys
315

att
Ile

aag
Lys

gta
Val

gac
Asp

tect

Lys

gag
Glu

ctt
Leu

aat
Asn

cat
His
140

gga
Gly

gtg
Val

cgg
Arg

atg
Met

tta
Leu
220

tct
Ser

tct
Ser

aag
Lys

ttg
Leu

atg
Met
300

aac

Asn

gct
Ala

gct
Ala

gect
Ala

ttg
Leu
380

ggt

Gly

cat
His

gga
Gly

ttt
Phe
125

ggt
Gly

aat
Asn

gat
Asp

tac
Tyr

tat
Tyr
205

cg9
Arg

atg
Met

gtt
Val

ggt
Gly

ggt
Gly
285

att

Ile

ata
Ile

aag
Lys

agg
Arg

gat
Asp
365

ggt
Gly

agt

Tyr

ggt
Gly

ttg
Leu
110

tce
Ser

gcg
Ala

ttt
Phe

gte
Val

ttg
Leu
190

cca
Pro

ggt
Gly

ccg
Pro

ggt
Gly

gga
Gly
270

aca

Thr

gce
Ala

gta
Val

ttt
Phe

gat
Asp
350

tac
Tyr

agg
Arg

cct

Gly

ctt
Leu
95

cgt
Arg

ctt
Leu

cct
Pro

tct
Ser

tte
Phe
175

cgt
Arg

999
Gly

gtt
Val

ctg
Leu

ttt
Phe
255

gag
Glu

gta
Val

gtg
Val

agc
Ser

agg
335

ata
Ile

aat
Asn

ttg
Leu

aaa

Tyr
80

gat
Asp

acg
Thr

atg
Met

ggt
Gly

gtt
Val
160

ggt
Gly

ggc
Gly

ctt
Leu

agt
Ser

agg
Arg
240

agt

Ser

ttt
Phe

aat
Asn

gtg
Val

ggt
Gly
320

tta
Leu

gtg
Val

gat
Asp

cg9
Arg

atg

Pro

tct
Ser

ggt
Gly

gtt
Val

ata
Ile
145

ggt
Gly

gge
Gly

ttt
Phe

tac
Tyr

ggt
Gly
225

ttt
Phe

tac
Tyr

act
Thr

tta
Leu

cect
Pro
305

gct
Ala

tcg
Ser

cca
Pro

ttg
Leu

ttt
Phe
385

tac

Gly

tgg
Trp

cgt
Arg

cct
Pro
130

gag
Glu

tac
Tyr

tta
Leu

tta
Leu

agt
Ser
210

gtt
Val

tct
Ser

tct
Ser

gta
Val

tte
Phe
290

cct

Pro

geg
Ala

ctt
Leu

gaa
Glu

tece
Ser
370

gct
Ala

ata

Val

gga
Gly

gat
Asp
115

gcg
Ala

age
Ser

cag
Gln

tca
Ser

aag
Lys
195

gag
Glu

tct
Ser

ttt
Phe

cca
Pro

<¢gg
Arg
275

gcg
Ala

cgt
Arg

aat
Asn

get
Ala

gga
Gly
355

gcg
Ala

gtt
Val

tta

Gly

gct
Ala
100

gtg
Val

ggt
Gly

agg
Arg

gaa
Glu

ggt
Gly
180

tat
Tyr

aat
Asn

gcg
Ala

gag
Glu

acyg
Thr
260

gat

Asp

aag
Lys

ttt
Phe

tac

Tyr

ggt
Gly
340

aga
Arg

ttt
Phe

gge
Gly

aag

Asp
85

agc
Ser

cta
Leu

tct
Ser

gtt
Val

ggt
Gly
165

gaa
Glu

gcg
Ala

tta
Leu

aag
Lys

tct
Ser
245

gga
Gly

ggt
Gly

acg
Thr

gat
Asp

gag
Glu
325

gag
Glu

aga
Arg

tce
Ser

ggt
Gly

gat

Val

tat
Tyr

ggt
Gly

ggt
Gly

ttt
Phe
150

gte
Val

aat
Asn

aag
Lys

tte
Phe

aca
Thr
230

gct
Ala

tat
Tyr

att
Ile

999
Gly

tct
Ser
310

tac

Tyr

tat
Tyr

aag
Lys

agt
Ser

gga
Gly
390

gta

643

691

739

787

835

883

931

979

1027

1075

1123

1171

1219

1267

1315

1363

1411

1459

1507

1555
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Tyr Leu Gly Lys Ser Gly Ser Pro Lys Met Tyr Ile Leu Lys Asp Val

395 400 405
aga cat aag gta cct tat gtg aaa aag aag ggt ttg ccg tct cat tat 1603
Arg His Lys Val Pro Tyr Val Lys Lys Lys Gly Leu Pro Ser His Tyr

410 415 420
gtg act tca gcg gtt tcc tat acg att ggt tect tte tet get aca gtt 1651
Val Thr Ser Ala Val Ser Tyr Thr Ile Gly Ser Phe Ser Ala Thr Val
425 430 435
gct tac ttt atg agt agg tta acg cac att ccg cct gct acg gta tct 1699
Ala Tyr Phe Met Ser Arg Leu Thr His Ile Pro Pro Ala Thr Val Ser
440 445 450

cat aag atc cca ggg aag tat gag ttg gat tcc gtt gtg gat ggg gag 1747
His Lys Ile Pro Gly Lys Tyr Glu Leu Asp Ser Val Val Asp Gly Glu
455 460 465 470
aat acg ttg aag gat ttg gtt gta gga gtc ggt tat aac ctt ttt agt 1795
Asn Thr Leu Lys Asp Leu Val Val Gly Val Gly Tyr Asn Leu Phe Ser

475 480 485
aag gga agt acg agc tta gaa gta ttt cta aat tgt cac atg ttc tct 1843
Lys Gly Ser Thr Ser Leu Glu Val Phe Leu Asn Cys His Met Phe Ser

490 495 500
gtg caa cat aaa ttc aac atc cat gag tac aaa tct act gag agt agt 1891
Val Gln His Lys Phe Asn Ile His Glu Tyr Lys Ser Thr Glu Ser Ser
505 510 515
ggg ttt gta ttg aaa gaa ggt gga gag cgt gca aat act aat aat ggc 1939
Gly Phe Val Leu Lys Glu Gly Gly Glu Arg Ala Asn Thr Asn Asn Gly
520 525 530

get gtg geg tta tta gga atg aag ttt geg ttt taataacaag gggttgttge 1992
Ala Val Ala Leu Leu Gly Met Lys Phe Ala Phe
535 540 545
aagaatactc ttgtggttta tttagccaag tcttcttatt ggggcgtgta ctgaggtacg 2052
gcgcccecttt ttttgtggag agtctaaggt ttgttatgtt gtaga 2097

<210> SEQ ID NO

39

<211> LENGTH: 545

<212> TYPE: PRT

<213> ORGANISM: Granulocytic Ehrlichia

<220> FEATURE:

<223> OTHER INFORMATION: open reading frame

S11
<400> SEQUENCE:

Met Arg Gly Ser
1

Ser Ser Gly Gly
20

Glu Arg Ala Ser
Ser Asp Arg Ala
50

Ala Leu Glu Met
65

Pro Gly Val Gly
Ser Trp Gly Ala
100

Gly Arg Asp Val
115

Val Pro Ala Gly
130

Leu

Val

Val

Val

Tyr

Asp

85

Ser

Leu

Ser

Val

Val

Thr

Lys

Gly

70

Val

Tyr

Gly

Gly

Val

Ala

Gly

Gly

55

Ala

Phe

Asp

Thr

Gly
135

Val

Ala

Lys

40

Gln

Lys

Ser

Ala

Gln

120

Ser

Ser

Ser

25

Val

Gly

Leu

Ser

Met
105

Tyr

Met

Met

10

Ser

Leu

Asn

Gly

Pro

90

Leu

Gly

Val

Ala

Gly

Ser

Ser

Tyr

75

Leu

Ser

Ala

Phe

of Granulocytic Ehrlichia

Met Leu Leu Leu Gly
15

Gly Gly Phe Glu Gly
Tyr Ala Trp Leu Leu
Glu Gly Gln Lys Leu

60

Lys Gly Tyr Gly Tyr
80

Glu His Gly Leu Asp
95

Leu Gly Leu Arg Thr
110

Asn Phe Ser Leu Met
125

His Gly Ala Pro Gly
140
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112

Ile

145

Gly

Gly

Phe

Tyr

Gly

225

Phe

Tyr

Thr

Leu

Pro

305

Ala

Ser

Pro

Leu

Phe

385

Tyr

Gly

Ser

Pro

Ser

465

Gly

Lys

Ala

Phe
545

Glu

Tyr

Leu

Leu

Ser

210

Val

Ser

Ser

Val

Phe

290

Pro

Ala

Leu

Glu

Ser

370

Ala

Ile

Leu

Phe

Pro

450

Val

Tyr

Cys

Ser

Asn
530

Ser

Gln

Ser

Lys

195

Glu

Ser

Phe

Pro

Arg

275

Ala

Arg

Asn

Ala

Gly

355

Ala

Val

Leu

Pro

Ser

435

Ala

Val

Asn

His

Thr

515

Thr

Arg

Glu

Gly

180

Tyr

Asn

Ala

Glu

Thr

260

Asp

Lys

Phe

Tyr

Gly

340

Arg

Phe

Gly

Lys

Ser

420

Ala

Thr

Asp

Leu

Met

500

Glu

Asn

Val

Gly

165

Glu

Ala

Leu

Lys

Ser

245

Gly

Gly

Thr

Asp

Glu

325

Glu

Arg

Ser

Gly

Asp

405

His

Thr

Val

Gly

Phe

485

Phe

Ser

Asn

Phe

150

Val

Asn

Lys

Phe

Thr

230

Ala

Tyr

Ile

Gly

Ser

310

Tyr

Tyr

Lys

Ser

Gly

390

Val

Tyr

Val

Ser

Glu

470

Ser

Ser

Ser

Gly

Ala

Glu

Gly

Gly

Arg

215

Lys

Arg

Arg

Ala

Val

295

Gly

Glu

Ala

Glu

Gly

375

Tyr

Arg

Val

Ala

His

455

Asn

Lys

Val

Gly

Ala
535

Asp

Ser

Ser

Val

200

Ser

Asp

Leu

Asp

Gly

280

Lys

Pro

Leu

Arg

Glu

360

Leu

Leu

His

Thr

Tyr

440

Lys

Thr

Gly

Gln

Phe

520

Val

Thr

Lys

Ala

185

Pro

Thr

Val

Gly

Asp

265

Phe

Phe

Val

Ala

Pro

345

Ile

Glu

Gly

Lys

Ser

425

Phe

Ile

Leu

Ser

His

505

Val

Ala

Ser

Met

170

Trp

Phe

Arg

Leu

Gly

250

Met

Asp

Gly

Tyr

Asp

330

Lys

Tyr

Ile

Lys

Val

410

Ala

Met

Pro

Lys

Thr

490

Lys

Leu

Leu

Leu

155

Lys

Gly

His

Asp

Asn

235

Leu

Tyr

Ser

Lys

Lys

315

Ile

Lys

Val

Asp

Ser

395

Pro

Val

Ser

Gly

Asp

475

Ser

Phe

Lys

Leu

Gly Asn Phe

Val

Arg

Met

Leu

220

Ser

Ser

Lys

Leu

Met

300

Asn

Ala

Ala

Ala

Leu

380

Gly

Tyr

Ser

Arg

Lys

460

Leu

Leu

Asn

Glu

Gly
540

Asp

Tyr

Tyr

205

Arg

Met

Val

Gly

Gly

285

Ile

Ile

Lys

Arg

Asp

365

Gly

Ser

Val

Tyr

Leu

445

Tyr

Val

Glu

Ile

Gly

525

Met

Val

Leu

190

Pro

Gly

Pro

Gly

Gly

270

Thr

Ala

Val

Phe

Asp

350

Tyr

Arg

Pro

Lys

Thr

430

Thr

Glu

Val

Val

His

510

Gly

Lys

Ser

Phe

175

Arg

Gly

Val

Leu

Phe

255

Glu

Val

Val

Ser

Arg

335

Ile

Asn

Leu

Lys

Lys

415

Ile

His

Leu

Gly

Phe

495

Glu

Glu

Phe

Val

160

Gly

Gly

Leu

Ser

Arg

240

Ser

Phe

Asn

Val

Gly

320

Leu

Val

Asp

Arg

Met

400

Lys

Gly

Ile

Asp

Val

480

Leu

Tyr

Arg

Ala
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

113
SEQ ID NO 40
LENGTH: 18
TYPE: DNA
ORGANISM: Artificial Sequence

FEATURE:
OTHER INFORMATION: Synthetic primer

SEQUENCE: 40

ctgcaggttt gatecctgg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 41

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic primer

SEQUENCE: 41

ggatcctace ttgttacgac tt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 42

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic primer

SEQUENCE: 42

cacgccttet tctac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 43

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic primer

SEQUENCE: 43

ctetgttget atagggge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 44

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic primer

SEQUENCE: 44

gatgttgett cgggtatge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 45

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic primer

SEQUENCE: 45

cagagattac ttctttttge gg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 46

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic primer

SEQUENCE: 46

18

22

15

18

19

22
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gecgtetecag aaccag

<210> SEQ ID NO 47

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 47

cctatatagce ttaccg

<210> SEQ ID NO 48

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 48

caggcagtga gcactcaaaa acc

<210> SEQ ID NO 49

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 49

gcgactccaa tgttacaata gtcce

<210> SEQ ID NO 50

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 50

tgtgatccte gatggttgge

<210> SEQ ID NO 51

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 51

ccetectgaa tegtaacate atcc

<210> SEQ ID NO 52

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 52
catgcttgta gctatg
<210> SEQ ID NO 53
<211> LENGTH: 17

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

16

16

23

25

20

24

16
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<220>

FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400>

SEQUENCE: 53

gcaaactgaa caatatc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 54
LENGTH: 16
TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:
OTHER INFORMATION :

SEQUENCE: 54

gacctagtac aggagce

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 55
LENGTH: 16
TYPE: DNA

Synthetic primer

ORGANISM: Artificial Sequence

FEATURE:
OTHER INFORMATION:

SEQUENCE: 55

ctataagcaa gcttag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

gcgtcacaga cgaataagac gg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 56
LENGTH: 22
TYPE: DNA

Synthetic primer

ORGANISM: Artificial Sequence

FEATURE:
OTHER INFORMATION :

SEQUENCE: 56

SEQ ID NO 57
LENGTH: 24
TYPE: DNA

Synthetic primer

ORGANISM: Artificial Sequence

FEATURE:
OTHER INFORMATION:

SEQUENCE: 57

Synthetic primer

agcggagatt acaggagaga gctg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

tgttgaatac ggggaaaggg ac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 58
LENGTH: 22
TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:
OTHER INFORMATION :

SEQUENCE: 58

SEQ ID NO 59
LENGTH: 24
TYPE: DNA

Synthetic primer

ORGANISM: Artificial Sequence

FEATURE:
OTHER INFORMATION :

SEQUENCE: 59

Synthetic primer

agcggagatt tcaggagaga gctg

17

16

16

22

24

22

24
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<210> SEQ ID NO 60

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 60

tggtttggat tacagtccag cg 22

<210> SEQ ID NO 61

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 61

acctgcccag tttcacttac attce 24

<210> SEQ ID NO 62

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 62

ccggcatatg cttgtagcta tggaaggce 28

<210> SEQ ID NO 63

<211> LENGTH: 58

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 63

cecggctegag ctagtggtgg tggtggtggt gaaaagcaaa cctaacacca aattcccce 58

<210> SEQ ID NO 64

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 64

cceegggett tacagt 16
<210> SEQ ID NO 65

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 65

ccagcaagcg ataacc 16
<210> SEQ ID NO 66

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Granulocytic Ehrlichia

<400> SEQUENCE: 66

His Asp Asp Val Ser Ala Leu Glu Thr Gly Gly Ala Gly Tyr Phe
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1 5 10 15

<210> SEQ ID NO 67

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Granulocytic Ehrlichia

<400> SEQUENCE: 67

Ser Gly Asp Asn Gly Ser Leu Ala Asp Tyr Thr Asp Gly Gly Ala Ser
1 5 10 15

Gln Thr Asn Lys
20

<210> SEQ ID NO 68

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Granulocytic Ehrlichia

<400> SEQUENCE: 68

Ala Val Gly Val Ser His Pro Gly Ile Asp Lys
1 5 10

<210> SEQ ID NO 69

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Granulocytic Ehrlichia

<400> SEQUENCE: 69

Phe Asp Trp Asn Thr Pro Asp Pro Arg
1 5

<210> SEQ ID NO 70

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Granulocytic Ehrlichia

<400> SEQUENCE: 70

Leu Ser Tyr Gln Leu Ser Pro Val Ile Ser Ala Phe Ala Gly Gly Phe
1 5 10 15

Tyr His

<210> SEQ ID NO 71

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 3, 6, 9, 15

<223> OTHER INFORMATION: n = A, T,C or G

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic nucleotide - degenerate primer

<400> SEQUENCE: 71

acnggnggng cwggntaytt y 21

<210> SEQ ID NO 72

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 3, 9, 18

<223> OTHER INFORMATION: n = A,T,C or G

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic nucleotide - degenerate primer

<400> SEQUENCE: 72
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-continued

cecnecrteng trtartcenge 20

<210> SEQ ID NO 73

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: E. chaffeensis

<400> SEQUENCE: 73

Ser Gly Ile Thr Glu Ser His Gly Lys Glu Asp Glu Ile Val Ser Gln
1 5 10 15

<210> SEQ ID NO 74

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Granulocytic Ehrlichia

<400> SEQUENCE: 74

Ser Thr Asp Leu Glu Ala His Ser Gln Glu Val Glu Thr Val Ser Glu
1 5 10 15

<210> SEQ ID NO 75

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Granulocytic Ehrlichia

<400> SEQUENCE: 75

Ser Thr Asp Leu Glu Ala His Ser Lys Gly Val Glu Ile Val Ser Glu
1 5 10 15

<210> SEQ ID NO 76

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Granulocytic Ehrlichia

<400> SEQUENCE: 76
Ser Thr Asp Leu Glu Val His Ser Gln Glu Val Glu Ile Val Ser Glu

1 5 10 15

<210> SEQ ID NO 77

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Granulocytic Ehrlichia

<400> SEQUENCE: 77
Ser Thr Asp Leu Glu Ala His Ser Pro Glu Gly Glu Ile Val Ser Glu

1 5 10 15

<210> SEQ ID NO 78

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: E. chaffeensis

<400> SEQUENCE: 78

Gln Pro Ser Ile Glu Pro Phe Val Ala Glu Ser Glu Val Ser Lys Val
1 5 10 15

Glu

<210> SEQ ID NO 79

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: E. chaffeensis

<400> SEQUENCE: 79

Gln Ser Ser Ser Glu Pro Phe Val Ala Glu Ser Glu Val Ser Lys Val
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126

Glu

<210> SEQ ID NO
<211> LENGTH: 17
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

80

E.

80

chaffeensis

10

15

Gln Pro Ser Ser Glu Pro Phe Val Ala Glu Ser Glu Val Ser Lys Val

1

Glu

<210> SEQ ID NO

<211> LENGTH: 18
<212> TYPE: PRT

5

81l

10

<213> ORGANISM: Granulocytic Ehrlichia

<400> SEQUENCE:

81l

15

Gln Pro Val Ala Gln Val Pro Val Val Ala Glu Ala Glu Leu Pro Gly

1
Val Glu
<210> SEQ ID NO
<211> LENGTH: 16
<212> TYPE: PRT

<213> ORGANISM:

<400> SEQUENCE:

5

82

E.

82

chaffeensis

10

15

Glu Ser Gly Val Ser Asp Gln Pro Ala Gln Val Val Thr Glu Arg Glu

1

<210> SEQ ID NO
<211> LENGTH: 16
<212> TYPE: PRT

5

83

10

<213> ORGANISM: Granulocytic Ehrlichia

<400> SEQUENCE:

83

15

Glu Ala Gly Ile Ser Asp Gln Glu Thr Gln Ala Thr Glu Glu Val Glu

1

<210> SEQ ID NO
<211> LENGTH: 10
<212> TYPE: PRT

5

84
1

10

<213> ORGANISM: Granulocytic Ehrlichia

<400> SEQUENCE:

Asn Phe Ala Phe
1

Ala Lys Val Lys
20

Ala Pro Ile Gly
35

Gly Ala Ile Leu
50

Lys Gly Arg Tyr
65

Phe Ser Ala Gly

Leu Lys Asp Ile
100

84

Arg

Ala

Ala

Ser

Ala

Leu

85

Gly

Ala

Ala

Tyr

Ile

Leu

70

Gly

Gly

Ala

Gln

Glu

55

Lys

Ala

Ile

Gly

Glu

40

Pro

Ser

Cys

Asn

Gly

25

Asp

Thr

Thr

Met

Phe

10

Ala

Phe

Leu

Val

Tyr
90

Gly

Ile

Ile

Lys

His

75

Pro

Tyr

Asn

Gly

Tyr

60

Asp

Pro

Ser

Val

His

45

Ser

Ala

Phe

Ala

Arg

30

Tyr

Val

Ile

Glu

15

Ile

Asn

Phe

Gly

Asn

Ile

Asn

Ser

Gly

Val

Ile

80

Asp
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128

-continued

<210>
<211>
<212>
<213>

SEQ ID NO 85
LENGTH: 111

TYPE: PRT
ORGANISM: Granulocytic Ehrlichia

<400> SEQUENCE: 85

Phe Thr Gln Val

10

Gly Leu Ile Ser Pro Leu Phe Ala Ser Leu

1 5
Phe Val
25

Val Phe Ala

30

Asn Leu Ser Ser Pro

20

Asn Gly Tyr Cys

Pro Leu Val Asp Lys His Pro Ser Leu Pro Leu Glu Val

Leu Pro Ala Phe Thr Leu Ser Val Pro Cys Thr Lys Leu Ser

60
Ala Val

Phe Phe

75

Ser Ser Pro Leu Leu Gln Val

70

Leu Ser

65

Gly

Val Val Phe Thr Val Phe

90

Pro Pro Gly Ser Leu Ala Leu

85

Gly

Ala Thr Val

105

Phe Val

110

Leu Ser Arg Ser Ser Ser Ser

100

Cys Gly

Glu
15

Phe

Leu Ser

Val Phe

Lys Ile

Glu Leu

80

Ala
95

Thr

Met

What is claimed is:

1. A polypeptide consisting essentially of an amino acid
sequence encoded by a nucleotide sequence contained within
nucleotides 232 to 760 of SEQ ID NO: 26, wherein the amino
acid sequence encoded by the nucleotide sequence contained
within nucleotides 232 to 760 of SEQ ID NO: 26 comprises
an antigenic epitope of at least 7 amino acids in length.

2. The polypeptide of claim 1, wherein the polypeptide
consists of an amino acid sequence encoded by a nucleotide
sequence contained within nucleotides 232 to 760 of SEQ ID
NO:26.

3. The polypeptide of claim 1, wherein the antigenic
epitope comprises the amino acid sequence of SEQ ID NO:
69.

4. The polypeptide of claim 1, wherein the amino acid
sequence is at least 10 amino acids in length.

5. The polypeptide of claim 1, wherein the amino acid
sequence is at least 15 amino acids in length.

6. The polypeptide of claim 1, wherein the amino acid
sequence is at least 20 amino acids in length.

7. The polypeptide of claim 1, wherein the amino acid
sequence is at least 25 amino acids in length.

8. A composition comprising the polypeptide of any one of
claims 1-3 and 7.

9. A diagnostic kit comprising: a container that contains the
polypeptide of any one of claims 1 to 3.

10. A diagnostic kit comprising:

(1) afirst container that contains the polypeptide of claim 7;

and

(i1) a second container that contains a detection reagent that

detects an immunocomplex comprising the polypeptide
bound to an antibody of a subject.

11. The diagnostic kit of claim 10, wherein the first con-
tainer further comprises a wash reagent.

12. The diagnostic kit of claim 10, wherein the subject is a
dog, horse, cow, pig, sheep, chicken, or human.

13. The diagnostic kit of claim 10, wherein the subject is a
dog.

()
w

40

14. The diagnostic kit of claim 10, wherein the detection
reagent comprises a radiolabel, an enzymatic label, or a fluo-
rescent label.

15. A method of detecting an antibody to granulocytic
Ehrlichia E8 protein in a sample obtained from a subject,
comprising;

(a) contacting the sample with the polypeptide of any one
of claims 1 to 3, under conditions in which immunocom-
plexes form, wherein the immunocomplexes comprise
the polypeptide bound to the antibody; and

(b) detecting the presence of the immunocomplexes,
thereby detecting the antibody to granulocytic Ehrlichia
E8 protein in the sample.

16. A method of detecting an antibody to granulocytic
Ehrlichia E8 protein in a sample obtained from a subject,
comprising;

(a) contacting the sample with the polypeptide of claim 7,
under conditions in which immunocomplexes form,
wherein the immunocomplexes comprise the polypep-
tide bound to the antibody; and

(b) detecting the presence of the immunocomplexes,
thereby detecting the antibody to granulocytic Ehrlichia
E8 protein in the sample.

17. The method of claim 16, wherein, in step (b), detecting
the presence of the immunocomplexes comprises mixing the
immunocomplexes with a detectably labeled antibody that
binds specifically to the antibody in the immunocomplexes.

18. The method of claim 17, wherein the detectably labeled
antibody comprises a radiolabel, an enzymatic label, or a
fluorescent label.

19. The method of claim 16, wherein the sample is tissue,
blood, serum, plasma, or urine.

20. The method of claim 16, wherein the subject is a dog,
horse, cow, pig, sheep, chicken, or human.

21. The method of claim 16, wherein the subject is a dog.

* * #* ok %
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in U.S. Appl. No. 09/792,957 with Seq ID No. 35 in U.S. Patent No.
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Blast comparison of Seq ID Nos. 4, 6, 2, 8, 21, 22, 39, 27, 29 and 30
in U.S. Appl. No. 09/792,957 with Seq ID No. 37 in U.S. Patent No.
6,231,869, 2007.
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in U.S. Appl. No. 09/792,957 with Seq ID No. 51 in U.S. Patent No.
6,231,869, 2007.
Blast comparison of Seq ID Nos. 4, 6, 2, 8, 21, 22, 39, 27, 29 and 30
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in U.S. Appl. No. 09/792,957 with Seq ID No. 60 in U.S. Patent No.
6,231,869, 2007.
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Blast comparison of Seq ID Nos. 4, 6, 2, 8, 21, 22,39, 27, 29 and 30
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6,231,869, 2007.
Blast comparison of Seq ID Nos. 4, 6, 2, 8,21, 22, 39,27, 29 and 30
in U.S. Appl. No. 09/792,957 with Seq ID No. 67 in U.S. Patent No.
6,231,869, 2007.
Blast comparison of Seq ID Nos. 4, 6, 2, 8, 21, 22,39, 27, 29 and 30
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160 170
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180
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AM MSP-2 tant'rg;J

FIG. 26



U.S. Patent Jun. 11,2013
DOG SERA
HLE0 E46
l NEG i £33
M E l 8 j
A A S
191 —
64 —
51—
e J
39 —
28 —
19

FIG. 27A

Sheet 45 of 72 US 8,461,323 B2

GQOAT SERA

E46
NEG £33

%Ell%él

191 —

64 — -
51— =
s
39 —
28-——":“%
18 —
FIG. 27B



US 8,461,323 B2

Sheet 46 of 72

Jun. 11, 2013

U.S. Patent

8¢ DI

H310W0Hd 70e7

NOIDZY 37avidva
NOIDIY 03AISNOO TYNINGEL-O £

NOIO3Y J3AYISNOD TYNINGTL-N

- T |
- NN s SN | B T.i
Dedsuw gzdsw PR
= b 3
{ —
+ w |«.// N M m...s‘\\.ww.,,.,.o.{ﬂm,b
vedsw —
yedsus
- 7 e \\m T/ RN ]I
+ - L1
B -

9v3



US 8,461,323 B2

Sheet 47 of 72

Jun. 11, 2013

U.S. Patent

e I .
SRy wa/«%‘mf FEHLY

6¢” mwmuw
WL RIS N TR s

oty sw»r...mm..f.ﬂ
BRI Tk %@tﬁ@iﬁ KGR ERNE S RS Sy

L L T I Lo, SRR
¢<«:-J«\F¥é3~m #? mutﬂ.\? M.«me.....m)#‘..{c.x).w.v
o §

(L.A!fx(?x(tx
uﬁwwwmmwmm
£ 933 R N;wdnvwmmvw.ﬁ‘44%*4&%«%@&?5}

%
&% 2
Wl 4«%«. £ ,m?@mmym?v

s

SRS A .suﬁ%ﬁ..,. LRI

P I R

S

Ma..ni 2 .s ot & ﬂ%ﬂ.ﬁi{%o %
‘MwmﬂMmmwwmmmwmwwm@@mumtmammw@mmm_ 3
RS A A st o L e BN b T T &ﬁ@%%??ﬁ;;%ﬁ R A U R
%m«»mmwmwwwammmmmmwm wmyxmwwﬁmw
N MRS e R B %ﬁ%@ﬁ ?%&é MTELEY SIS
»mwmpwmwmmwﬁgw:uwwmpmwawmmawam.,wa».m
SRR ey %.%,ﬁ?{:&&)@*&ﬁ#ﬁ»ew@«ﬁww,ﬁwﬁfﬁ wow;wzawﬂ%ﬁ»; A owaéwwmm B2 AN RIS R »»mii?m
»mmm,;m:mw«,wwm»mwwmwmmmqﬁwwwm?Mmmwﬂ
L O L vt L D P ey ST Lk i)
,m.mawwm%m%mmw‘ms

ﬂfﬁ.mwnmwmxwwmﬁﬁ@mwwwmx
kit st b sl s BRSNS N

REBELER GRS oA ST SRS R SR oo
mwawmwwmwm&wwwwammﬁmwamw@mwmxmumwmw
EEFLLE A bk s ey A T L e ey R LR L e R AL i SRRt e
m«Ammmw‘mmiwgwyﬁamw%mmwmmwmwm@wwﬁmym%
D O D et SN SRR G AN TR ;2%2%?1%3@
Mammm”,wm&ﬁwﬂwww&a

T 8% S g 4%owom ¥ ¥ oy g

OIS e égiﬁ%;%ﬁ%«ﬁﬁ%ﬁﬁ@M%Sﬁ%ﬁﬁﬁtﬁﬁz SRR %:%%g
%bnmmﬁm%%wﬂw

-

& & 8 % 3 4R RS S OS oD

EApgs SO B A O
SN LSO O S e g s

o8& v om e o
L85 % 3

. }takwﬁw%wwwnfmwb&

L3 S

D L T KR

R X R

& xmnw&%ﬁwamwmmwi;@.aw
3 N o LN Y R LR e e L S L e R Oy
i{)s‘.(\.&m % vw‘ M MM .W M ..M %..a NW W ....wv Mw wcw. e~ %

01 u

m%wmmwxmmmwmsw

L L L T L ML RS BLETLER WA A8 Bhi Wdas A o e ey CINIS e

&mmmwmm@mﬂwaa%

» 23

<Wwwmwmx;mwmﬁwgbﬂ3%@&
L YL Y L IR e ot L L LD I o)
T8 B YR ALY fmww,@mmwmamwy —_
?&%ﬁ%@ 2 damﬁé%&@gﬁ?%%%ﬁﬁgﬁﬁﬁmﬁ%ﬁﬁ SIS Ly
D L N D L L YO DY ey

EX] tng.o«mwﬁr{i EXH a..Uﬁ$ o Kot




US 8,461,323 B2

Sheet 3 of 72

Jun. 11,2013

U.S. Patent

£ '9ld

eSS
928
128
LIS
L8 [ — i M
IIOUTH- IBGX-1 | - _
Tyoog-  IIIPUTH- M THOOH
THODT -
TIPUTH
1384 -
TIDUTH-
IIIPUTH-
1384 -
i — 1 i
TTouTH  |I¥00H THWRd TIOUTH AdODH
TIIPUTH TeqxX



US 8,461,323 B2

Sheet 48 of 72

Jun. 11, 2013

U.S. Patent

YOOWVLLIOD DLI¥DODII0

%

P
00t 1% 4

LOLOVOVYYD SIVODYWYLL

%

3
0%z 0ge

LYIYDOOVIVY IVIVOYLILIV
%

%
081 0LY

LILIVIDDLL IWWVIVOVOY
F'3

021 01T

DLLODOVIODD HLIVIIYILL

® 3

09 08

VOE 'Oid

IYDLOOLOND YVODIOYDIL IOVWOVIEDL HVOVIOOVYY

» B 2 8

082 0Le 082 052
SVLVIOLYIVY IOVDDOWYLY VOYDYOOOVY LOVOYDDOYY
5 ] ® £

022 01 0oz 067
LIVIOLYVDD VIIWIIVIOL L1OOOYIOIYD JOONIVONED
3 B 3 »

081 081 0%T 0gt
LIVILVODDL ¥OLIVNIOOVD DOWWIIVIOL SODYILIVIV
3 » ® %

got 06 08 GL
¥DOOOVYOOYWL LIDIBIOVID LIoIDovong QIVIVILLLY
¥ z L3 %

0% 113 0¢ 01

S5evg o3 1 :ebuey sousnbsg



US 8,461,323 B2

Sheet 49 of 72

Jun. 11, 2013

U.S. Patent

d0¢€ 'Ol

A@m«amwmﬂmmcwm@mmw
<usy dsy Iug uto AT Iyl Tea Tea dev &g BIY N1 n1n 847 ety neq
JEY L¥D IO¥ B5YD w9 1Y LLD LID IVD I¥I 109 ¥il OO O¥Y 129 wid

k3

» ® 3 »
06¥ 08Y¥ OLY 0%y 08

< 4 € 4 L4 ® 2 ¥ 1 280 g % B ] -4 B
<nST 2AL TeA 2yy dey ery uts dsy w19 A7 285 A1 zeg dev Bay a1y
VIO IVL VID WOV IVD ¥OO YVD IVD ¥¥O O¥Y 1oV 199 I9¥ I¥D YOV IIv
3 8 3 3 28
1137 0EY 0Z% 01% 00%
Ammmnmem,ﬁ,ﬁammwm@w
<AT9 847 Iyl &7 eyg Bay nin 1&g A19 BTI 019 nel nyo Tes bay Ty
10D DYV DOV DVY DLL 09D YD IVI 199 LIV DYD IIo OND IO 99Y 208

» £ » % 3
06¢ 08E oLE 08¢ 0S¢
< ? ® ¥ ® L4 ® T D ¥ ® % ® ® ¥
<AT1D ATH 91T ATH 245 Ao TRA 383 ATD NTH 29 vTY TRA n87 78w

19D 199 1I¥ 199 NI 199 119 Iow 290 YYD DIV 10D Y19 11D DIV OvYD
P-4

% % »
ove gee gge 01¢



US 8,461,323 B2

Sheet 50 of 72

Jun. 11, 2013

U.S. Patent

20€ 'Ol

CUSY BUd IYL IYL ATD 8AT ATS YL
I¥Y LLL D0¥ YOV D99 ¥¥Y 999 ooy

» ¥
0gs 029

< ® ® ¥ ® e g g 1

<84D TeA UTH nTH dey 8Tl sAn 03g.

LOL LLID DY) O¥D I¥D LIV YWY 109
B

2
08¢g 0LS

£ v ¥ 4 ¥ ® T v T
<8Ud UTD Tea ®11 dev 847 A1p 1ag

LIl D¥D LID DIV YD O¥Y 999 951 99% WYY 209 LID 109 109 0099

» 3 z

0ves 0gs 0Zs

USY N@ TRA YL BTH usy sAn usy
LYY DLL 919 ¥O¥ IVD 1wV vvy RA-4'4
» 3 E3

013 009 065

80 4 ] e ® 2 4
2LL 398 ©1I 847 T®A BTV USY ®BTY
JYL 121 LIV WYY 51D 109 Ivy 209

3

3
08¢s 0§s

J80 T ® 9w % 2 ®
YL SAT RIY NOT BTV RTY wTV neq
110
% %

01§ 00s



US 8,461,323 B2

Sheet 51 of 72

Jun. 11, 2013

U.S. Patent

doe ol

< ® ® o ® o ®" o ® o®” % 1 q¥0
<BIY 3I9W BTV USY ©TY USY Isg usy 18§
LoD DIY 129 OWY 009 1w oW I¥Y 121

z

X
0Z8 018

< € 2 4 4 ® g B I O

<¥9g 185 SAT A1D eIV uro ATD IYL o014

1DV DOV OWY D95 I8 ©¥D 199 1oV 100
X -3

¥
08L 0LL 08¢

< R " ®" ¥ OB ¥ 1 JNO

<A1D TeA A1 n1p eTY oug dsy 783 oyg

1D9 ¥1ID 199 ¥V¥9 109 LIl I¥9 29V 1Ll
% 3 B

0tL 02L 0IL

< ® B 1 B ®? B BT DO
<@ A1O 238 $AD uTH ety Iyl usy dsy
DLL D90 1OV O0DL OY¥D D29 yov I¥¥ I¥D

» » %

4 4 L4

"4

4

¥

¥TY ATD T®A T®A o3g &19 A1n
YOO 199 919 D19 10D 199 199

3

008

4 ® 4

k-3

®

CeL

€

B

day usy sd7 usy dsy s&7 nan
DDL IV WY IVY 1¥D ¥¥Y oL

B

0SL

4 2 ®

®

£

%L

4

®

847 usv ayy K19 sh7 1yr usy
OVY LWV D0V ¥D5 OWY 9V owv

B

Q0L

€ 4 B

€

e

-3

D69

4

10 UL Iyl sA7 014 dsy oig
¥¥O D0V YOV OWY 200 19 woo

%

089 0L8 099 059

< 4 ¥ ® ® ® S ¥ T JIH0

k4 ® ¥

®

3

0%9



US 8,461,323 B2

Sheet 52 of 72

Jun. 11, 2013

U.S. Patent

40€ 'Oid

< ®? ® 4 ¥ ® o4 k4 1T J80 14 4 k4 ® ® k-4
<usy ATD ATH ne1 A1 Tea shD wiv 341 ozg Tea T®A AT9 neq AT9 nrn
OVY 10D YOO IID 19D OI9 IDL 109 O¥I 12D LID IID 299 ¥WID 19D v¥s
3 3

¥ % ®
0ZoT 0101 0001 06¢ 086

< ® ® ® ® ® ®¥ ¥ 14880 ®© ®© ® ® v @
<383y ne] ne dey 141 &) vV usy T®A I9H [®A 38§ IYL 295 I8S TRA
IOV LLD LLO I¥D IV I91 129D IWY D19 91V YID 101 b Lod IDI 11D
* 3 3

# ®
oLS 096 066 0%6 0td

< ®B ® ® ¥ ¥ ® ® I DNOC ® ® ® ¥ ® @
<eTy b1y 8TI nTo Tes TeA 01D A1 41D nin o7 3yl s47 BTY 087 na
D00 DOY LIV SN I19 11D S¥9 199 106 ¥¥O LLY LO¥ WYY 10D ¥io Wil
% %

¥ % %
0Z6 016 0086 068 088

Z ® 1 ® ® B B L 2% Uy ® ® 3 B e ¥
<ATD ey Tea 8711 2yl sdn n1y dey Bay usy net dey Tea neq dsy Bay
D00 WOD VID ¥WIV DOY YWV YYD OV9) ¥9O IVY LID I¥D YiD YLD O¥9 ¥wov

B

» 2 ¥ *
0.8 098 058 0vs 0Es



US 8,461,323 B2

Sheet 53 of 72

Jun. 11, 2013

U.S. Patent

40€ "Dl

Ammmmmmm,ﬂmmammmmmm
<8Yyd ®TY 288 8T nTd oag I8g neY utH 245 298 neq ATSH ey BA7 ns7
LLL L0D 201 OI¥ W¥D 10D 10l DD DY) IY¥I 15Y 511 999 LI O¥Y wll

% ¥ E3

L3 B
0111 0017 0601 0801 0LOY

Ammmwmmmﬁmmcuwmmmm
<Bay 24p e1v net €47 oxg ayg ®TI STH ATo dsy Tea Teva 419 Tes 3yg
¥OY LWL I0D LID DVY 10D IOVW DIV I¥D 999 IV 1i LLD 099 519 oL

)

3 3 %
0901 080T 0%01 08071



US 8,461,323 B2

Sheet 54 of 72

Jun. 11, 2013

U.S. Patent

20¢€ "OI4

9 q ¢ MO g g

0¥ $47 avg Hay 383 Bay ey
YLD D¥Y 19V vow L1 ¥O¥ oIy I¥IO¥ lLiosvoony

3 %

»
09¢T 0sE1 0¥eY

(62:ON Q1 D3S)
OVNILODOD0D YVODIIOLIL 95I00vvy

EY

¥ 2
01¢gY goet 0821

< % 4 ] L4 ® ®® 1 N0
<19 A1 &1 Tes 1431 ety IBH 38§ BYyg
VYD 00D 199 319 I¥I 109 BIv ooy o33

Y

EX %
0821 ATAS

0%t

< B B 7 % g p g T IO
<AL Bay A19 ety o33 awg ays dey dsy
IOV 192 199 909 990 19v 1oy Ivs 1vo

%

% ®
01zt irAt 0611

< v 2 v @ B " w1 390
<dsy dsy z24g TeA A1D dey A1 tep TeA
Y0 I¥D IVl 510 199 L¥0 ¥99 915 119

» % ¥
0811 R

%11 0ETY

&L ¥IDIIDDD00 JELLOYYYOL

¥ Ld
GEET 0zet

< ] 4 T D0 = ?
<®Ud BTV ®uq bav Tes L1o syg

LIL 102D 11 99Y Llo 490 Iy
2

%
0821 0LZT

k4 4 14 ® 14 ®
UEY BTV BTI eTv ayr dey edq
QWY 10D LI¥ 109 1o¥ 1¥D owy
¥ ¥

0EZT SEA A

® ® 14 ® ® ¥
T®A 097 Bay utn ety 01g nenq
YD LI 9D WO 129 von 1in

2 7
gty 0L11

) v ® B ® ]
Bay sty 243 2ud &1n A1 ?YY
S00 1Y vl 2L ¥on 295 Loo

]

0211



US 8,461,323 B2

Sheet 55 of 72

Jun. 11, 2013

U.S. Patent

HOE "Dl

< 949 4 9 9 9 g g 7 N 9 9 9 a g g
<®4g s&7 STH 298¢ nyn ney shy Tea zeg 847 A19 dev 84 neq 14y 533
ELL DWW QWD ¥OL S¥D YID 9¥¥ Y1D 15V ovy Y20 IVD O¥Y¥ Yil oVl voo

B %

& % *
Bost 0851 0851 BLsT 0381

< 9 9 9@ 49 9 g g 7.nNo 9 9 g9 @ g9 q
<AL T®A ®TY 847 1yl nin A1H usy I8g n1d Bav eyl 285 eug dsy Bay
I¥L YID WOO O¥VY LIV D¥D ¥9D OWV 1OY OYD DOV VIV 15V Lll L¥9 ¥oy

» % 2

%
08%1 0Fst g%t 0Zs1

< 9 9 49 9 g9 g9 9 7 5O 9 9 9 9 g g
<371 ®47 I8g °UJ ®TY oxg ses 1Ly dey neq A1D tea 343 eug 141 A1
YIY¥ O¥Y DOV LIL 909 YOO IDV O¥I IVD DII 199 II0 I¥L OLI vy ¥0o

» »

¥ 3 2
0181 Q05T 06% 1 08%1 OLPT

< % 9 9 g9 g qQ g 7 320 9 9 9 94 q g
<®t¥ &19 A1 aug dev neq ety zeg T dey dey STH 2T¥ Bay Tea dsy
900 109 10D IOV I¥D DIL 129 0DV LIID OVD IND IVD 109 99V 219 1¥O

% ® %

® 3
09%1 3 At 0rvl DE¥I VEA A

< 9 @ 9 9 9 g9 g z 80 4@ 89 9 g9 gq g
<USY ATH ®TY 29 TRA BTI eTY B9 185 I9W IBH T(va JOF AT19 ney syg
LYY D95 109 DIV 319 IV 129 5L D3I 5Iv OLY ¥ID 09¥ ¥ODO wili lil
® ]

giv

B

3 &
00%Y 068Y 08eT oLeT

4



US 8,461,323 B2

Sheet 56 of 72

Jun. 11, 2013

U.S. Patent

< q g * q g g a 2z
<®I¥ BTY n@7 usy dev ayy uron AT
L9 209 LID O¥Y I¥D I0¥ OY5 onn

3

»
0v8T 0E81

< 9 9 9 aq g g q z

<BAT BTV neT ng1 AL Tes 3y dey

OVY 10D ¥1ID WiID I¥L ¥iID ¥YOY IvD
B 2

06LY gaLt

< 49 9 9 g9 g9 g g 7

<dey Bxy 811 A19 847 Ul edn euyg
L¥D ¥O¥ LIV 199 DYY 00¥ OWY DLl
E %

3
05LT O¥LY 0eLy

< 89 9 9 g g g q z
<T®A Day ety A19 A19 811 £19 34g
1D DD¥ D09 199 199 LIV I99 IVl

¥ %

3
00LT 0691 0891 0L81T

< 9 a9 a9 g g g q 2
<NBT 18K usy dsy sdn 3yg Ao o1l

LLD DIV DYV O¥9 9YY Lil o999 LIV

» %
0687 0%97T

10€ 'O

J80 q g g q g q

AL TeA TeA doy 245 ey neq nry

LIO¥ LID LID I¥D I¥I 129 YiL O¥D
L3 %

%
08l 0181 008’

T80 q g q ] g q
eTY 01D dey n{s si7 8¢ A18 z9g
LOD YYD I¥D YYD OYY ISV 195 1oV

® L2

OLLt 09LY

40 9 9 a9 q g q

Bxy nty 241 A19 911 n1n na 13 €3]

202 O¥D VI IDD LIV 9Y9 11D 9¥D
13 -3

0ZLT LTA

290 9 9 9 9 gq gq
A19 Tea 295 ATD NTD I9W wyy Tea
IDD IID 19Y I99H WO 91V 159 vio

2 ¥

0931

J30 Q g q g Q Q

bay oxg dey oz Iyl usy dxy dey

900 10D 1w LID IDY OWY 991 oyn
L »

gest 0231 0151



US 8,461,323 B2

Sheet 57 of 72

Jun. 11, 2013

U.S. Patent

ot "Dl

P P P P P e P ¥ 3¥0 P P P P P P >
n&] O0Ig N8 288 O1g BTH 847 dey 1mp @Y 0Xg I NS wyy ©1gd 8yg>
< a g q q g G g 2 30 g g g q Q g
<385 A1D usy dey A1o £X) neq 198G ayy Bay ATH nrH aeg erv A1o edn
10V 19D I¥Y D¥9 199 095 DI 101 o0V YOV 995 O¥9 19¥ ¥OD 959 oyy
B 3

% %
0eoz F Ak 0102 0002

P P P P P P P ¥ MO P P P p p

P >
T®A 8AD T®A 185 305 ney 4] USY ATO uSY 8y4d 843 nIo neq 198 TTY>
< g q q q 9 9 49 7z 3¢0 g g 9 < q 9

<IYL STH Iyl n1o dsy zeg 34y NeY 0xg oug i1 efq zes 19 dey ety
OD¥ D¥0 90¥ WYD OVO 18Y IVi Wil 900 IiL VYV OWY 921 09V 1Wo 505
% E3 B ES

B
06671 0861 0L6T 08671 0§61

P P P P PyguopP ©D P P P>
eUd T®A M@ UTD 2y ®Yg 033 18% ®11 ne1 Avo>

< 9 9 a9 a g9 g g 7 g4 9 9 49 g9 g q
<SAT ayy sA1 $&5 vep s&7 A1o dey STI 28§ 033 STR IS Tea AT9 Tes
OVY DOY OVY 191 119 OVY 999 I¥D LIV 15Y 199 IvD IDL 319 999 1In

3

3 % » %
0bel PDEET 0Z61 0161 0BT

< 8 a9 494 a g g g 7 30 9@ 9 g9 g9 g gq
<®TV SAT eIV 8ygd uTH TRA ®yg dsy siq AT

D I9% IYL 847 wiy ney wyy
D00 VY 10D LIl D¥D 019 LIl O¥D Wy DD D0L 00¥ WYY 009 o1d 199
L) R

% 8 ¥
06871 0881 0L8Y 0981 088t



US 8,461,323 B2

Sheet 4 of 72

Jun. 11, 2013

U.S. Patent

JYVIOYYLDLD
YOLOLLLIVD
YOV IYOLLL
TOCCOYLLLD
DLOYDDLO00
LIDLYOODLO
YOOIDLYI L
DLYYSYI00L
LDDDDLYVYY
¥OOLOVOLYY
¥OHOOVLONLY
HIHLLOLIO0
DDDLONYIOLY
YYYYOYOVLO
DLDLIDODL0
TLL¥EOOYL
SYOIYOVLLY
OYLLLOVYDLE
JYYOYHDOED
DLLISLYLOY
LELLODYLLD
YYOUDLLLLE
YOYLLLOYLY
YLDLLODDLD
YYYYYOOOYD
SYITYEEYOD
YLLILODIDL

HLIOYILOTD
YYYDLLOYYD
HOYDLOVYOD0
IOLIYOYIOO
YOCYYILIVD
DOLOLEDOVY
SLOYYIVIOY
HLIYLIYIOL
DLDDDYDYOY
SYYIYYITVD
YIDEOYIIOY
HYEILLELLY
CARIRR (OIANNIS
YLYOYILYYD
OYOYYYODLY
HOYLDLO IS
BYO00YHLYD
YLIOLLOVY:LL
YOVLYOVLYED
IDLLLLYOD0
DOLDODITIL
9333DLD00L
SYTYLYYLED
AMA-ANAMMAY
¥OOILLLLEY
IOLIELINLO
YIOOWLILOY

Vv Ol

CEOYDLLLYD
YEOLILLYOL
CIOWOLOUDY
YIOYIDOYOL
OYOIYYDOIY
IYYDOYOYYDL
HYDLOYLIVL
YIOLYYOYLIOY
YOOYLYLOOO
SEOYLILYOLYD
DENTRLIDL
TOYIDYELOL
DOLOYDLLOL
YYODLLELLL
¥EYOVOONYO
LIOLELLIOOY
LODYOLOINY
DOYLILIVDD
LODLLYLYYD
HAYIDONYDVL
HLLIDOLLID
OYLLIDLDTD
LOOODLLLOD
SI20YYLYYD
LILIYLYOYLY
OOWIVILDLO
J9DLLIYLLY

YYLOWIOLY L
2OYVYILLOLY
DOYOYIETOD
IDIYYOYOYY
LILYIILODLYLO
OB OLLDOLL
YOUYDOLODL
YOYLDYOOLD
ODLICLOLOL
YOLOVIDYLD
DYDYDIOYLD
LLLOLODDVY
DOYIELLDVY
DOLOLLODOY
YYLYLODOED
DIDLYILOOY
SOYILLYEOTD
DODSOYIDYL
TOYYILLLOL
DYDY OL
IISYSDOYLL
EAATEA- AN 411
IO0DDYLLYL
IVYODLILOL
SYTLDYYYDE
SOVLOLLIDOY
DYOYLDOLLL

DYDLINOWND
OYITLOVILD
FOYDELDLLLD
HYLIDDELYD
YOLLOYINDD
¥OUDLOVLL
HOOYILLDOYED
YILOYOUYRLD
YLLIOYIDLOL
DLOLIDELD

YESLLOLLOO
JEDDLOOYLD
DVLOYIDOYD
SYLVELYOVD
LEYDONNOOL
TYODOTIELD
IHYORIYEOY
LO99LDL0OE
YYYLYLLYLD
LOYDODLDLD
HOOYYYYDOL
YETIYYDDLL
IO2LDILODYD
LLODLOLOVY
HLIDLLOVIL
BLLOOYYLL
YILELODOL0D

¥IVOOEDLDD
IODLLOYILO
YOUYYDLOOV
IOLLD0DLYL
YYILYDYLLD
LYOVYDDLYLY
LO¥DEDWYOD
YOOV LLDL
YOOI ODLOY
YYYYOLLOYL
SOYDLIYLID
YYOOYDI00L
YYOYLOLYYED
DODLOYELIL
YOO LLODYD
LY¥DOSYLLLID
LILLOVDDONY
LOOYYIYIOL
SYYIYYLLOY
LODYLYLOOY
YILLOLOYLYD
OYYYIYLIODOD
YLOLYEOVYL
HIOVIOLLIY
SLDLOYYLID
HOYIYDSYI0
YELODLLIYYD

19671
T0GT
INA R
i8eT
12¢et
1921
101
Ivit
18071
1201
196

106

1v8
8L
TZL
199

109
§8 A%
1237
§RAY
i8¢
10t
1¥e
181
121
19

T

1



US 8,461,323 B2

Sheet 58 of 72

Jun. 11, 2013

U.S. Patent

A0E 'Ol

P P P P P P P % 20 P P P P P P >
185 A1H Twp 3eg x8g5 &) ayy Sy B85 0] BIY IYL WIVY ne1t TTY et
< 9 @ 9 9 9 9 g 7o 9 9 @ 9 g q

<RTD 034 Iyl meT NTH uTH TeA ney dey sAq ¥IY T%A vV 847 eTy usy
VYO 100 OOV WID DUD OWO VID VID O¥D VWY 109 VIS 90D WY 209 vy

¥

» % % »
0EZZ 0z 0122 06z g612

P P P P P P P ¥ quo P P P P P P S
288 Bud TeA Iur ATH sug ATH Tea 034 Tes oza BT DD Tea ATH uroy»
< 9 9 9 9 g9 g g 2z p0 9 9 9 g9 q gq
<dBY usY Iyy Twa oxg sAq 034 YL ATH IYL ATH I8S 18§ 1YY Oag dxg
J¥O OV¥Y 90V DI9 100 VWY YOD IOV VDD 0% 099 oy WL LO¥ ¥Do ool
% ) £

» ®
0812 0LT2 0s12 0512 1 A4

P P P P P P P ¥ N0 P P P ® v >
8Ud neY MY 0Ig IBF 195 eyd 193 TRA BTV N 311 47 395 nay sh>
< 9 g g 9 g 9 q z 340 g g g g 9 Q
<usy 847 285 A19 dey nyn pdq neT IYL BTV BIv o711 eug dey Bay syg
J¥Y WYY 1OV 199 1vo OVO ¥¥¥ 910 90¥ ¥29 99¥ oIV LLL L¥D o5Y 1In

%

¥ ¥ % %
g1 021z D11e 0012 fe02
P P p P P P ¥ ¥ JE0 P P v P P P >
1YL sAD 014 Tea 1sg D& Iyl BY4 ey 034 N8 ayg T4 371 tea 01Oy
< . 9 9 9 g g gq ¢ J80 a q q q g q

<TeA UTD A1D 24l n1H 185 Tep USY %

TY ATH 28¢5 usy Iyl sty Il xeg
LD O¥O D99 1D¥ YYD Lov VIS Iww o

2D IDD 1O¥ O¥Y YOV Yivw OO¥ Lo
%

3 %
0807 gLQ2 4362

»

2
0502 0%z



US 8,461,323 B2

Sheet 59 of 72

Jun. 11, 2013

U.S. Patent

10€ "DId

< = < 80 a
oeon a1 53%) <N STH usy ayy 34l
OYYDLOTYLIO O¥Yiioving JTEIVEDLOLD W1 11D I¥D OwY WO¥ OV

E

® & % B
0LY2 09%2 05%2 0¥%e 135 24

< 9 9 49 9 a g g 7 o @ 4 49 g g q
<8TH BTI ATD dsy Tea TeA ATD Tea sug usy £1o £19 ne1 A19 1es €40
S¥0 LIV YOO IVD 11D DID 090 DIS DIL WY 19D 199 H15 189 119 191

F's

3 L3 ¥
0%¥2 01%¢ 0ove 06ET

3

082

< 49 9 9 49 g g g 7 MO 4 9 g g g gq
<¥TY IAL 034 TeA TeA ATD neq ATH nTH 25 neq neq dsy 28y 8K wyy
LoD I¥L I30 OID L9 I99 VIL 199 VWO I5Y 11D ILD IV INL IS0 199
¥

% % 8 »
gLez 08¢ 0%E2 1} 2 %4 0EEZ

€ 8 % 9 9 9 9 9zpM 9 9 g q q q
<USY TRA 3IBW T¥A 38§ IUL 385 385 Twa ¥TV By eI nro

811 Tea nin
A¥Y 01D OIV 919 I0L I0¥ IDI I0I 11D 000D DOV DIV VYD 1LY 119 oo
3 L3 3 % 3
(YA%4 0ie2 0082 0822 08zz

PP P >

18R TRA BYd 389>
< 9 9 a9 q g9 g g z Mo 9 Q@ a9 a9 g q

<AT1H A15 nTH e1I 3yl EAT ey e T ATD ®IY TRA ®TI Iyl sAT nyn
LOD L0 YYD LIV IOV WYY I29 VID VIl D99 V5 VIS VIV DOV YWY wyD
-3 -3 2 k]

022 0szz 0522 0¥22



US 8,461,323 B2

Sheet 60 of 72

Jun. 11, 2013

U.S. Patent

WOE "Dl

WEOLIYI¥DY

-

010¢

SLWYLLIDIYY
%

0562

LOLOYILIDD ¥

E

(3P4
JRLODOTYIY
»

0E8e

ODLI¥ODOLL

%

0LLe

YOROHIILTL

B

01L2

LOLILYVLOD

%

D83z

SLRLODLLOY

L3

06¢2

INODYDLIYSD

%

0gsZ

LIDOLOOVOD WOLOOVYYYY OOLIVILOLY

® s
000t 0662
OLLOOVYIVY LLIVLIOIOY
mwmm mmmm
YYYOOYNL WIDDLVYIoY
¥ 3
0882 (A FA
YYIVIVOVLD IDIDIIIYYD
mmmw Mwmm
YOONINNDDL DO0LLINIvY
Mwhw mmbw
DYOVLLDIOL DOVIOLIDSY
mQhN mmmm
YYOOYDVIOL LO¥ISLOLIYL
mwmm mmmm
SYVEWEDLIND I¥IODVLILOL
mwmm mwmw
SOYOLYOOYL DWYNOVYYOL
mwmm mwwm

EY

131 74
JOINDINYL
£

0zez
DYV
3

0382
LYLITEILYD
»

0082
OBIVIOVIYY
»

D¥LT
PEOLYIDOY
¥

0832
LODVDYOYLL
»

0Zsze

OO LLITDS
ES

0382
DILIEOIYDD

¥
0052

LVEODDTDD
Mhmm
LTEDDLIOD
%

0182
EOLLOYLIDL
®

053¢
DOLINIDVYY
mmhm
LELEINODLO
0sez
LELELODIYD
thm
LOVETLLDLD
mamw
LDYIVIODIDL
mmmm
LODIOYLIWY

06wz

BILLLOIDY
x

0362
L¥3IO0LIL
&

11154
SYLLOYOD0Y
-

%82
¥OLOYOWYYY
'S

08L2
DOYYINLIOL
%

gzLe
SEDINDIODD
%

03352
SLILEEOIV YL,
EY

dsg: T4
SELOYLIOY
5

orez
YODOVLIVY L

C8bz



US 8,461,323 B2

Sheet 61 of 72

Jun. 11, 2013

U.S. Patent

NOE DI

o o o) 2 e o S f N0 > 2 o o o o}
A19 eua 241 stH A79 11 ey3 dey nyp uyn aky v1¥ ATD 911 034 wTy
2OV WY VLD 94D 001 IVY VYD DIV OL1 D10 VIV 29I OO0V I¥Y D95 soy

>
>

% £ 3 ) % 2
L2t 09z¢ 082¢ 0%Ze 0E2t

o} s} o 2 s bl [T - (o e/ e > o o o
1eg usy Bay Tea usy 971 ey K19 ATD wTV eIV eTv sA7 TeA €47 ety
LOY LLD DOV OWL 119 IVL DDL OOV DOV DOV 095 099 IID OVI LID o8u

2

2 » »
0Z2¢ 012t 0oge 061¢

>
>

P
081¢

> o o) o) 2 9 2 £ &0 4] 2 o] 2 o > >

UsY BT eT¥ aeg 345 A1D eud usv @11 A19 ®wTv BIV eug eTY Byug ueys

LIV WL O0W I0¥ YID 009D V¥D 11D INI 001 OBI IDL VWY S0V YD LIV
»

¥ L3 L
GLIE 0%1¢ 0s1¢ 0%1g

YLIDVOIVID YOLIDIVOWD OVILIDIIOV D0DLIINOVY YIDOIDINIV WIDIOVILIV

)

2 » * 2 L
0ETE 0Z1¢ 011e 001¢ 060¢ 080¢

LLDDODIDVL SIDIDOOVVY IDIDIVOVDL YLIVYOYIoY DLDOODINDL ¥ODHLVYEDY

£ B L £ » %
AU 0%0¢ 0sot 0%0¢ pgoe 0ZTOE



US 8,461,323 B2

Sheet 62 of 72

Jun. 11, 2013

U.S. Patent

Q0f "Dl

Y £ 80 ° >
A1n eI dey s&7 ney
8T0ON QI BIS) 15 20¥ I¥D OI¥ LID O¥Y

» ¥
0Eye 74 2%

uuuuuouvm.wmnwovvuuuv
dsy STI nTH eyad oxg oxg 241 30K 8AD eTY A19 ne A1p

BIY I8E IYg>
OL¥ I¥D 21l YO 99HY 00w ¥ID IO ¥O¥ OHY 200 Wi S0 09D 105 ¥y
B 3 b 3 %
0T%E U2 HE3 %Y 08
° 2 2 3 2 3 2 ¢ 30 2 2 B3 T 3 a5

BTI uSY BT1 »TV dSY STH Tep 2yl Ie¢ AT N3 BTV 38y Bay A1o sAT
LYY LIY¥ I¥D D0D DIY HID WY 191 I0Y IID YYD 9% YI¥ 101 201 113

%

>

%

% % »
DLEE 09te fsEe 15 2% 0gee

o} o] o o o) o) o ¢ JH0 o] D o) o)
Tea A19 1ea xeg 14 &7 nem 1yl 013 nyoH oTI 38§ neq o
O¥I D09 O¥WI 1o¥ WIn LED %Y 1D% 29% DLI 1YL ¥Ov YL

< o} >
1I 21¥% AT19
I¥L 29v 201

5

3 =z '] %
FARY 01¢eg goce 1174 dgze



US 8,461,323 B2

Sheet 63 of 72

Jun. 11, 2013

U.S. Patent

ViE 'Ol

m@%&@mﬁumwﬁmmﬁr&;@m MEECMNEEF Emmmw@&gmémwﬂmﬁﬁ zdsw Wy
ﬁmﬁgzmaaw?»ﬁﬁmmﬁq?Baamammmwma.mHwxammmm»mqu?mmmwgwmzuwg&mz i
_ﬁﬁgzﬁwwa?mwﬁmmﬁa?gmwammmwmmmem@mmmwwHmqmpm«mﬁwwwzmm&mz i)
Eﬁazaaamaiﬁﬁmmﬁﬁiammammmwmaﬁ@maxmmmmwumqmpmmwwmewpmﬁ&mz o)
081 0LI 091 0S1 oﬁ om,ﬂ

(SR TNTHSION ATsia v M a i 3Pl be g AR QINBATROOED AT Al S 7Y zdsu wy
(67 on [SOHERYAT uax s na LUMaIES e TYAs - %Bg dwmi.%ﬁ@ DINSEM I SE AT S| I ¥| DZ-dSH ®D
a1 Bms) SDENYAT

€Z-dSW =9
_mmmsﬁﬁma@mmm@m@@aA@am@mmﬁmm 1 Blads R alxAre TN SfEa 1 sE AN s F
06 08 0L

Y Ye-dsn =
02T 011 00T
(T 0N .
ar das) mmwaqmmﬁﬁmmmmuH@ﬂ@&@@@.@@.@&@@gMmﬁﬂﬁmﬁwﬂqﬁxi.__Hﬁmjuambmmﬁ Zdsw Wy
|dSRATIAXIADY PILPTESAPPURTAPUBYRA TWISRAASDTI THS 510 D7-asK @5
{og:ON €Z-dSK 39
ar oss) IEATIINRINSY D91OTESAPPUR AP BN A TRHSTINASETT 1% - 1% vz-asW @0
SN T oS o o€ 0z 0T



US 8,461,323 B2

Sheet 64 of 72

Jun. 11, 2013

U.S. Patent

e o

EYAVADTEO DAY YIS 6] I BTAds 18 zdsuw

: | - . DZ~dSK
dit "ol ANIADINDD wﬁawﬁﬁﬁ_gamaﬁﬂmm_w daTy mz-asw
IYINADITNDD WS 1o AL YA slipaa Ty vz-asw

0S¥ 0% ? 0ty

= AT O A {0 s F e S oA TS N T

AINDOI9eDY]  zdsw

?..!,:TJ o » o _ ﬂﬁ«w»@wab»wizwwgw»uﬁum;mmx
beatdanssasaw RSO vavs memmwwwmqwﬁﬂﬁﬁw%mmwm?w»mzwwaguﬁmmsmmx
PEaAIRAD IO NAE A I vaYs Tl Tb

wmgwmﬁmwﬂ@maqmwmgwizwwwguﬁ ¥Z-dSH
0zZ¥ Oty 0oy 06¢ 08¢ 0LE
[XaAAT

ﬁw@aqawu%ﬁzpmamﬁaw& ww%mmmwwgwﬁ Q" AITSUTUUYHE  zdswm
mwmimgwmmSamo«z»zpmamm%mwMH_ ADDETINVIIOVAILY ada TebaTdyvial] oz-asw
[ AEAADTOESTIAROYNARASLS SAYET AATDDEIINYTIOVAI LY 4" TUTPATOIVAY| §7-d5K
AdAADTOESTIAXDYNARAS LS SAVY I .%mwumﬁwxﬁawggmwmmuHméa AW ¥Z-ISWH
09€ 0G€ ove 0EE 0z¢ 0T€

urﬁ:mm.ﬂhﬂwszwﬂ_ﬁ ............... mﬁwmmgnwggbmmﬂxﬂmm.#m .......... U“um NNMWE

mz&zahmxme.,..mﬂmmAamzzmmwmmxﬁanmﬁﬂmuupw Lesauubsultasssupb Dz-agy
@ﬁ.gmmmppmmmmmxmmw@amxzﬁ.zaxﬂmpmw 2ASFHU LBy oo
ﬁmmﬂmwﬁwﬁ>zpawmﬁa>mgamazm,mmm»xags

NTBs gz-asw
4N AL TOTBINbY B - oubs yz-asw
00€ 062 082 0Lz 092 0S2
W@mewmaymxmubxxmﬁwﬁ ................ mmuwmummwumwmzmxﬁmmxaﬁﬁm zdsu
dIsurnesybyIurepshtds - - yys SPEAIDANBAIs ADAVIIVIOARaN S5 1uv) oz-asw
P8dnupe L xdpdNza 1bxb - - - “IUTAIYUNUDAD S I .mmibmﬁﬁaiawmmamﬁ 9Z-dSK
E&x%wmmmmg@ﬁmmc@mmxMmumamméﬁ«ﬁuﬁg@iiﬁﬁg%mwmamﬁ YZ-dsK
0v2 0EZ 02z 01z 002 061

35
a0
i35

g9
C43]
a9

by
[c4)
[5t9.
3D

a9
a9
39



US 8,461,323 B2

Sheet 65 of 72

Jun. 11, 2013

U.S. Patent

gd¢t Dl vZe 'Ol

0ov'L — :
085’'L — M
000’z — v
000's —
s =
000'8 — .@
000'0) — ,
A oA A 4 4 A A PN
i i i » » i
W1 | Hzaw._,om H\:M:an
g3 LopN g3 | lepn
Ldsg | Loes L dsg {oeg
10Bg | dsg Loeg I 1dsg
L8N jydg 19PN udg
09H £55N 09TH £98N
¥ 390Hd g 380ud



US 8,461,323 B2

Sheet 66 of 72

Jun. 11, 2013

U.S. Patent

gee 'Did

VZ dsN 2

YA Y Y et e o
Yoo | 000+

Yoo+ Bog-
Y2 JSW

S v ¢

V< dSIW

o

i

- 6l
—8e

619
~—1G
—¥9

- 161
# LN31Lvd



US 8,461,323 B2

Sheet 67 of 72

Jun. 11, 2013

U.S. Patent

ace "ol NeE 'O
4 ~— 1
o O — 61
s
N7 gz
82 d 82 dSW
SW —s Mg — .
— 15 e
e — 9
— e — 161
" k.
P tetviaiiol N
woe- | | soa+ 88 L9S Y €S2 L #IiNTUvd
LYOD+ 500-

g2 JdSH

g3 45



US 8,461,323 B2

Sheet 5 of 72

Jun. 11, 2013

U.S. Patent

DINLIYLOLD
DDILOVLLYYD
DONLYLIOLO
LIDLYLID0L
I¥ILEVLYOY
LEOLLIVIVD
D002 LLLLIL
YEDLYDYEDL
IYODOYDIOVD
DOYLDLYEIY
YOODLLLDDD
YOLYODLOLY
DLYOVONYYL
YOIYDLOLLIY
OYILODYOLO
IOLLOYIYOY
LYYYOLLOTD
LYOYYLO¥O0
YILLOTYDLL
YOVYOYOTIL
LOLDDLLOYD
AL AN A A AT
DLLLYIYYLO
YOLODOYYDLL
DLIVOYYOVD

RO NMMASAMY
LLYSILDLODL
IYVOLYLODL
YOVILYYLOL
¥HYLODDD0L
DOVYSOVOYL
SLIVYYVYOLL
LOYIDOYYOLE
YIDHDLLDYDD
LIDDLLODLD
YOYLYLLOLY
DLILYODLYLL
DDIDINVLLOY
DIDOLYOOLY
LLLOYIYYYD
YYLYYOOLLL
OYEVLILLYD
LYLOYILIED
DIYDVOVIOY
LYYOLOLLLD
LOYDYYOYIL
OVYDYYOLOL
YOOLYILIOYOL
DIEOYOVILIOY
VODR00S0D

dav "ol

(T:0N dI 0=S)

Y LLYLYYLOY
YOVDDLLOOY
LYY LLOD
LOLYLILYOOL
DLLLLEELOY
QLOLELYYVY
DLOLIDDOOL
YIYOIOYOLO
DOCLLIOVLLY
ODLLIOOVLT
OVELOLOVED
LLLEOVVODL
DYYVODDOYL
LELYDYOLED
IODYYINDD0
I¥3L0D00LY
LODYYDLLIOL
YYOYOWDO00
CILOLIDLLOY
LOYIYDLLOY
LIEOVYLOVD
LYOLLOYIDL
LUOYYIOYIED
YIDLOVYVYOL
LOLLLOTLYY

DLLTEDD
LODOILTLLk
OYOLIDLLOL
WLODLYOYLID
DLIYLEDOVL
DLEYIDDLYY
DY LYY L
DOLLYYOYOD
YYLYYLOYLY
IOVOLDOLYY
YLLOLOOYYY
DLYYELOYLOY
SYLOYILTYD
DOLYDLYOLY
YOVLOYOOLD
DLIYDLDOWY
LO¥DLLYOYY
YOYOLILOVYL
DDOUDLILEL
DLIOYDENE OV
VOYLOLOLLY
DILYLONYOLEY
LLYEDYOVLD
LLEEDLOLLL
IOYIYIOVE L
YOLLOYOOYY

YLLYDDLOED
DOV LOVLILL
DYV LDDOYYY
DOLNYIYDOYY
LIVODYIYOL
IYYYOLOLLY
DLLIYLLOLO
LYALYEEIDL
DYLOVELLOL
WY LOEOVYD
YELLEDLDOL
DOYYYDOYYL
ID2DLLOEDL
YYDLDLLODD
YOOIMDOD00
DLLOEYDYON
DYIYO0D0DD
SLDDLLOYOL
OV LYY DLLD
LLLYOYYLOY
DLODYYDLLO
SYYIYOEODD
YYLOLODLLY
SLOVYYOLLO
YYOOLLLLYD
YIDLIVYILOD

YOLIYYDDYL
DLYOYLOODLL
DILYVILLOOY
DOWIIOYVND
TLOEIOD3LL
DLOOYEYILY
YOVDDDONUYD
YLoALIYODY
JYLLINDOED
OODLDOYLOGL
LLLOYIOWLD
DOIDDLLYDL
LOYDLYDLLL
JLODLOIVOL
LYDYYOYOYD
LOVYYOLOUY
DY¥DLOLLLOY
OVOYYOVDLL
CEOVEDLOLL
DLV LOYOLL
LYOYOVLONY
DODOYDLILL
YOLOYOYYOV
YYOVIOLOLL
LODOOLYLOY
YYOLLOLVOY

121
190¢
100t
T¥6<
188¢
128<¢
18L¢
T0LE
1¥9¢
185¢
| XA 4
19v<
10¥¢
Ivee
182¢
122Z¢
181¢
T01¢
1voe
1861
Teel
1981
1081
TPLT
1891
12971



US 8,461,323 B2

Sheet 68 of 72

Jun. 11, 2013

U.S. Patent

vE 'Ol

{£2'ON 01 D38) DONOONDLAYVIMOONADNDS "HO HINWIHY

(ZEON QIDIS)  T8-CF-DHT-D-GUAT-CFops (SE'ON Q1 DIS) I T T-6 T

92# 301Ld3d ScH# 3011d3d

(280N Q1 D3g) DONDOAYIOLYAYDALINGD 'S HINIHA

{9C:ON Q1 D33)
(FEON QI D3IY) A Sl O T R S T R SR T DGR A iy

[/ L 20 S SV & W

voH 301Ld3d £2# 3011d3d



U.S. Patent Jun. 11,2013 Sheet 69 of 72 US 8,461,323 B2

pBluescript S$11

Eco RI sy Eco RY
[ e = ]
T3 T?

FIG. 35



US 8,461,323 B2

Sheet 70 of 72

Jun. 11, 2013

U.S. Patent

wmawmbwm‘.qamwmmqumw%
uwauaﬁmywwmwﬁ%awwwwuﬁmuﬁﬁmﬁuﬁuamwum@ﬁ?@ﬁ@ywﬁmaa
T 9 4§ XTWE TS

1201

196

106

%8

8L

1eL

109
18 4%
18:34
ey
10¢
e
81

121
19



US 8,461,323 B2

Sheet 71 of 72

Jun. 11, 2013

U.S. Patent

1081

IPLT

1891

1281

1981

1061

15221

IBET

1281

19¢1

1021

(S AN

1801



US 8,461,323 B2

Sheet 72 of 72

Jun. 11, 2013

U.S. Patent

Q9¢€ 914

@mﬁxﬁm*ﬂwwvﬁwmﬁwﬁww9@9wamB@@d&yUﬂwmwéwwHwHBHHB&HUUUU@U@UU@B@@@GBU@B
mkuwwwwywdaaUHHU&@@@QU@@WHB@HBH@MB@HB
{

8E0ON I D3 4 ¥ 4 ¥ ® 9 7

1012
102

1861

12671

1981



US 8,461,323 B2

1
CHARACTERIZATION OF GRANULOCYTIC
EHRLICHIA AND METHODS OF USE

RELATED APPLICATIONS

This Application claims the benefit under 35 U.S.C. §120
of U.S. application Ser. No. 12/859,236, now U.S. Pat. No.
8,093,008, entitled “CHARACTERIZATION OF GRANU-
LOCYTIC EHRLICHIA AND METHODS OF USE” filed
on Aug. 18, 2010, which is herein incorporated by reference
in its entirety. Application Ser. No. 12/859,236 claims the
benefit under 35 U.S.C. §120 of U.S. application Ser. No.
09/792,957, entitled “CHARACTERIZATION OF GRANU-
LOCYTIC EHRLICHIA AND METHODS OF USE” filed
on Feb. 26, 2001, now U.S. Pat. No. 7,863,434, which is
herein incorporated by reference in its entirety. Application
Ser. No. 09/792,957 claims the benefit under 35 U.S.C. §120
of U.S. application Ser. No. 09/066,046, now U.S. Pat. No.
6,204,252, entitled “CHARACTERIZATION OF GRANU-
LOCYTIC EHRLICHIA AND METHODS OF USE” filed
on Apr. 24,1998, which is herein incorporated by reference in
its entirety. Application Ser. No. 09/066,046 claims priority
under 35 U.S.C. §119(e) to U.S. Provisional Application Ser.
No. 60/044,933, entitled “GRANULOCYTIC EHRLICHIA
NUCLEICACIDS, PROTEINS, AND METHODS OF USE”
filed on Apr. 25, 1997, which is herein incorporated by refer-
ence in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates, in general, to Granulocytic
Ehrlichia (GE) proteins. In particular, the present invention
relates to nucleic acid molecules coding for GE S2, S7, S22,
S23, C6.1, C6.2, S11, E8, E46#1, and E46#2 proteins; puri-
fied GE S2, S7, S22, 823, C6.1, C6.2, S11, E8, E46#1, and
E46#2 proteins and polypeptides; recombinant nucleic acid
molecules; cells containing the recombinant nucleic acid
molecules; antibodies having binding affinity specifically to
GE S2,87,822,823,C6.1,C6.2, S11, E8, E46#1, and E46#2
proteins and polypeptides; hybridomas containing the anti-
bodies; nucleic acid probes for the detection of nucleic acids
encoding GE S2, 87, 822, 823, C6.1, C6.2, S11, E8, E46#1,
and E46#2 proteins; a method of detecting nucleic acids
encoding GE S2, 87, S22, 823, C6.1, C6.2, S11, E8, E46#1,
and E46#2 proteins or polypeptides in a sample; kits contain-
ing nucleic acid probes or antibodies; bioassays using the
nucleic acid sequence, protein or antibodies of this invention
to diagnose, assess, or prognose a mammal afflicted with
ehrlichiosis; therapeutic uses, specifically vaccines compris-
ing GE 82, 87, 822, S23, C6.1, C6.2, S11, E8, E46#1, and
E46#2 proteins or polypeptides; and methods of preventing
ehrlichiosis in an animal.

2. Related Art

Granulocytic ehrlichiosis is an acute, potentially fatal tick-
borne infection. The causative agent, granulocytic Ehrlichia
(GE), has been identified by the polymerase chain reaction
(PCR) using universal primers for eubacterial 16S ribosomal
RNA (rRNA) to amplify the DNA of infected patients’ blood
(Chenetal.,J. Clin. Micro. 32:589-595 (1994)). Comparison
of the 16S rRNA gene sequence of GE to other known 16S
rDNA sequences revealed a nearly identical match to the 16S
genes of Ehrlichia phagocytophila and Ehrlichia equi (Chen
etal., 1994). Two other groups of Ehrlichia species have also
been categorized according to their 16S rRNA gene
sequences, the Fhrlichia canis and Ehrlichia sennetsu
groups. The F. canis and E. sennetsu species predominantly
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infect mononuclear phagocytes (Dumler et al., N. Eng. J.
Med. 325:1109-1110 (1991)), whereas members of the E.
phagocytophila group including GE are tropic for granulo-
cytes (Ristic et al., in Bergey s Manual of Systemic Bacteri-
ology, Krieg et al., eds., (1984), pp. 704-709). The near iden-
tity of the 16S rRNA gene sequences and the sharing of
significant antigenicity by IFA and immunoblot (Dumler et
al., J. Clin. Micro. 33:1098-1103 (1995)) indicate that E.
phagocytophila, E. equi, and GE are closely related.

Full classification of the E. phagocytophila species includ-
ing antigenic relationships among the individual isolates has
been impeded by the inability to cultivate these organisms in
cell culture. It has been shown that GE can be successfully
cultivated in HL60 cells, a human promyelocytic leukemia
cell line (Coughlin et al., PCT Application No. PCT/US96/
10117; Goodman et al., N. Eng. J. Med. 334:209-215 (1996)).
Walker et al., PCT Application No. PCT/US97/09147 teaches
an isolated gene encoding a 120 kDa immunodominant anti-
gen of E. chaffeensis that stimulates production of specific
antibodies in infected humans.

The present invention describes GE specific genes encod-
ing ten proteins (S2, S7, S22, S23, C6.1, C6.2, S11, E8,
E46#1, and E46#2) which can be used as diagnostic reagents
and vaccines.

SUMMARY OF INVENTION

The invention provides isolated nucleic acid molecules
coding for polypeptides comprising amino acid sequences
corresponding to GE S2, 87, 822, 823, C6.1, C6.2, S11, E8,
E46#1, and E46#2 proteins.

The invention further provides purified polypeptides com-
prising amino acid sequences corresponding to GE S2, S7,
S22, 823, C6.1, C6.2, S11, E8, E46#1, and E46#2 proteins.

The invention also provides nucleic acid probes for the
specific detection of the presence of GE S2, S7, S22, S23,
C6.1,C6.2, S11, EB, E46#1, and E46#2 proteins or polypep-
tides in a sample.

The invention further provides a method of detecting
nucleic acid encoding GE S2, S7, 822, S23, C6.1, C6.2, S11,
E8, E46#1, or E46#2 protein in a sample.

The invention also provides a kit for detecting the presence
of nucleic acid encoding GE S2, S7, S22, S23, C6.1, C6.2,
S11, E8, E46#1, or E46#2 protein in a sample.

The invention further provides a recombinant nucleic acid
molecule comprising, 5'to 3', a promoter effective to initiate
transcription in a host cell and the above-described isolated
nucleic acid molecule.

The invention also provides a recombinant nucleic acid
molecule comprising a vector and the above-described iso-
lated nucleic acid molecule.

The invention further provides a recombinant nucleic acid
molecule comprising a sequence complimentary to an RNA
sequence encoding an amino acid sequence corresponding to
the above-described polypeptide.

The invention also provides a cell that contains the above-
described recombinant nucleic acid molecule.

The invention further provides a non-human organism that
contains the above-described recombinant nucleic acid mol-
ecule.

The invention also provides an antibody having binding
affinity specifically toa GE S2,S7,S22,823,C6.1,C6.2,S11,
E8, E46#1, or E46#2 protein or polypeptide.

The invention further provides a method of detecting GE
S2, 87, S22, S23, C6.1, C6.2, 511, E8, E46#1, or E46#2
protein or polypeptide in a sample.
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The invention also provides a method of measuring the
amount of GE S2, 87, 822, 823, C6.1, C6.2, S11, E8, E46#1,
or E46#2 protein or polypeptide in a sample.

The invention further provides a method of detecting anti-
bodies having binding affinity specifically to a GE S2, S7,
S22, 823, C6.1, C6.2, S11, E8, E46#1, or E46#2 protein or
polypeptide.

The invention further provides a diagnostic kit comprising
a first container means containing the above-described anti-
body, and a second container means containing a conjugate
comprising a binding partner of the monoclonal antibody and
a label.

The invention also provides a hybridoma which produces
the above-described monoclonal antibody.

The invention further provides diagnostic methods for ehr-
lichiosis. More specifically, the invention further provides a
method for identifying granulocytic Ehrlichia in an animal
comprising analyzing tissue or body fluid from the animal for
a S2, 87, 822, S23, C6.1, C6.2, S11, E8, E46#1, or E46#2
nucleic acid, protein, polysaccharide, or antibody.

The invention also provides methods for therapeutic uses
involving all or part of the GE S2, S7, S22, S23, C6.1, C6.2,
S11, E46#1, or E46#2 nucleic acid or protein. More specifi-
cally, the invention further provides a vaccine comprising a
GE S2, S7, S22, S23, C6.1, C6.2, S11, E46i#1, or E46#2
protein or nucleic acid together with a pharmaceutically
acceptable diluent, carrier, or excipient, wherein the protein
or nucleic acid is present in an amount effective to elicit a
beneficial immune response in an animal to the protein.

The invention also provides a method of preventing or
inhibiting ehrlichiosis in an animal comprising administering
to the animal the above-described vaccine.

Further objects and advantages of the present invention
will be clear from the description that follows.

DEFINITIONS

In the description that follows, a number of terms used in
recombinant DNA (rDNA) technology are extensively uti-
lized. In order to provide a clear and consistent understanding
of the specification and claims, including the scope to be
given such terms, the following definitions are provided.

Isolated Nucleic Acid Molecule. An “isolated nucleic acid
molecule”, as is generally understood and used herein, refers
to a polymer of nucleotides, and includes but should not be
limited to DNA and RNA.

Recombinant DNA. Any DNA molecule formed by joining
DNA segments from different sources and produced using
recombinant DNA technology (i.e., molecular genetic engi-
neering).

DNA Segment. A DNA segment, as is generally under-
stood and used herein, refers to a molecule comprising a
linear stretch of nucleotides wherein the nucleotides are
present in a sequence that can encode, through the genetic
code, a molecule comprising a linear sequence of amino acid
residues that is referred to as a protein, a protein fragment or
a polypeptide.

Gene. A DNA sequence related to a single polypeptide
chain or protein, and as used herein includes the 5' and 3'
untranslated ends. The polypeptide can be encoded by a full-
length sequence or any portion of the coding sequence, so
long as the functional activity of the protein is retained.

Complementary DNA (¢cDNA). Recombinant nucleic acid
molecules synthesized by to reverse transcription of messen-
ger RNA (“mRNA”).
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Structural Gene. A DNA sequence that is transcribed into
mRNA that is then translated into a sequence of amino acids
characteristic of a specific polypeptide.

OpenReading Frame (“orf”). The property of some nucleic
acid sequences to encode for more than one peptide within the
same sequence, which is possible because these sequences
contain a series of triplets coding for amino acids without any
termination codons interrupting the relevant reading frames.

Restriction Endonuclease. A restriction endonuclease (also
restriction enzyme) is an enzyme that has the capacity to
recognize a specific base sequence (usually 4, 5, or 6 base
pairs in length) in a DNA molecule, and to cleave the DNA
molecule at every place where this sequence appears. For
example, EcoRI recognizes the base sequence GAATTC/
CTTAAG.

Restriction Fragment. The DNA molecules produced by
digestion with a restriction endonuclease are referred to as
restriction fragments. Any given genome can be digested by a
particular restriction endonuclease into a discrete set of
restriction fragments.

Agarose Gel Electrophoresis. To determine the length of
restriction fragments, an analytical method for fractionating
double-stranded DNA molecules on the basis of size is
required. The most commonly used technique (though not the
only one) for achieving such a fractionation is agarose gel
electrophoresis. The principle of this method is that DNA
molecules migrate through the gel as though it were a sieve
that retards the movement of the largest molecules to the
greatest extent and the movement of the smallest molecules to
the least extent. Note that the smaller the DNA fragment, the
greater the mobility under electrophoresis in the agarose gel.

The DNA fragments fractionated by agarose gel electro-
phoresis can be visualized directly by a staining procedure if
the number of fragments included in the pattern is small. The
DNA fragments of genomes can be visualized successfully.
However, most genomes, including the human genome, con-
tain far too many DNA sequences to produce a simple pattern
of restriction fragments. For example, the human genome is
digested into approximately 1,000,000 different DNA frag-
ments by EcoRI. In order to visualize a small subset of these
fragments, a methodology referred to as the Southern hybrid-
ization procedure can be applied.

Southern Transfer Procedure. The purpose of the Southern
transfer procedure (also referred to as blotting) is to physi-
cally transfer DNA fractionated by agarose gel electrophore-
sis onto a nitrocellulose filter paper or another appropriate
surface or method, while retaining the relative positions of
DNA fragments resulting from the fractionation procedure.
The methodology used to accomplish the transfer from aga-
rose gel to nitrocellulose involves drawing the DNA from the
gel into the nitrocellulose paper by capillary action or elec-
trophoretic transfer.

Nucleic Acid Hybridization. Nucleic acid hybridization
depends on the principle that two single-stranded nucleic acid
molecules that have complementary base sequences will
reform the thermodynamically favored double-stranded
structure if they are mixed under the proper conditions. The
double-stranded structure will be formed between two
complementary single-stranded nucleic acids even if one is
immobilized on a nitrocellulose filter as by the Southern
hybridization transfer procedures. In the Southern hybridiza-
tion procedure, the latter situation occurs. As noted previ-
ously, the DNA of the individual to be tested is digested with
a restriction endonuclease, fractionated by agarose gel elec-
trophoresis, converted to the single-stranded form, and trans-
ferred to nitrocellulose paper, making it available for rean-
nealing to the hybridization probe. Examples of hybridization
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conditions can be found in Ausubel, F. M. et al., Current
Protocols in Molecular Biology, John Wily & Sons, Inc., New
York, N.Y. (1989). For example, a nitrocellulose filter is incu-
bated overnight at 68° C. with labeled probe in a solution
containing 50% formamide, high salt (either 5xSSC [20x:
3M NaCl/0.3M trisodium citrate] or 5xSSPE [20x: 3.6M
NaCl/0.2M NaH,PO,/0.02M EDTA, pH 7.7]), 5xDenhardt’s
solution, 1% SDS, and 100 pg/ml denatured salmon sperm
DNA. This is followed by several washes in 0.2xSSC/0.1%
SDS at a temperature selected based on the desired strin-
gency: room temperature (low stringency), 42° C. (moderate
stringency) or 68° C. (high stringency). The temperature
selected is determined based on the melting temperature (Tm)
of the DNA hybrid.

Hybridization Probe. To visualize a particular DNA
sequence in the Southern hybridization procedure, a labeled
DNA molecule or hybridization probe is reacted to the frac-
tionated DNA bound to the nitrocellulose filter. The areas on
the filter that carry DNA sequences complementary to the
labeled DNA probe become labeled themselves as a conse-
quence of the reannealing reaction. The areas of the filter that
exhibit such labeling are visualized. The hybridization probe
is generally produced by molecular cloning of a specific DNA
sequence.

Oligonucleotide or Oligomer. A molecule comprised of
two or more deoxyribonucleotides or ribonucleotides, pref-
erably more than three. Its exact size will depend to on many
factors, which in turn depend on the ultimate function or use
of the oligonucleotide. An oligonucleotide can be derived
synthetically or by cloning.

Sequence Amplification. A method for generating large
amounts of a target sequence. In general, one or more ampli-
fication primers are annealed to a nucleic acid sequence.
Using appropriate enzymes, sequences found adjacent to, or
in between the primers are amplified.

Amplification Primer. An oligonucleotide which is capable
of annealing adjacent to a target sequence and serving as an
initiation point for DNA synthesis when placed under condi-
tions in which synthesis of a primer extension product which
is complementary to a nucleic acid strand is initiated.

Vector. A plasmid or phage DNA or other DNA sequence
into which DNA can be inserted to be cloned. The vector can
replicate autonomously in a host cell, and can be further
characterized by one or a small number of endonuclease
recognition sites at which such DNA sequences can be cut in
a determinable fashion and into which DNA can be inserted.
The vector can further contain a marker suitable for use in the
identification of cells transformed with the vector. Markers,
for example, are tetracycline resistance or ampicillin resis-
tance. The words “cloning vehicle” are sometimes used for
“vector”

Expression. Expression is the process by which a structural
gene produces a polypeptide. It involves transcription of the
gene into mRNA, and the translation of such mRNA into
polypeptide(s).

Expression Vector. A vector or vehicle similar to a cloning
vector but which is capable of expressing a gene which has
been cloned into it, after transformation into a host. The
cloned gene is usually placed under the control of (i.e., oper-
ably linked to) certain control sequences such as promoter
sequences.

Expression control sequences will vary depending on
whether the vector is designed to express the operably linked
gene in a prokaryotic or eukaryotic host and can additionally
contain transcriptional elements such as enhancer elements,
termination sequences, tissue-specificity elements, and/or
translational initiation and termination sites.
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Functional Derivative. A “functional derivative” of a
sequence, either protein or nucleic acid, is a molecule that
possesses a biological activity (either functional or structural)
that is substantially similar to a biological activity of the
protein or nucleic acid sequence. A functional derivative of a
protein can contain post-translational modifications such as
covalently linked carbohydrate, depending on the necessity
of such modifications for the performance of a specific func-
tion. The term “functional derivative” is intended to include
the “fragments,” “segments,” “variants,” ‘“analogs,” or
“chemical derivatives” of a molecule.

Asused herein, a molecule is said to be a “chemical deriva-
tive” of another molecule when it contains additional chemi-
cal moieties not normally a part of the molecule. Such moi-
eties can improve the molecule’s solubility, absorption,
biological half life, and the like. The moieties can alterna-
tively decrease the toxicity of the molecule, eliminate or
attenuate any undesirable side effect of the molecule, and the
like. Moieties capable of mediating such effects are disclosed
in Remington’s Pharmaceutical Sciences (1980). Procedures
for coupling such moieties to a molecule are well known in
the art.

Variant. A “variant” of a protein or nucleic acid is meant to
refer to a molecule substantially similar in structure and bio-
logical activity to either the protein or nucleic acid. Thus,
provided that two molecules possess a common activity and
can substitute for each other, they are considered variants as
that term is used herein even if the composition or secondary,
tertiary, or quaternary structure of one of the molecules is not
identical to that found in the other, or if the amino acid or
nucleotide sequence is not identical.

Allele. An “allele” is an alternative form of a gene occu-
pying a given locus on the chromosome.

Mutation. A “mutation” is any detectable change in the
genetic material which can be transmitted to daughter cells
and possibly even to succeeding generations giving rise to
mutant cells or mutant individuals. If the descendants of a
mutant cell give rise only to somatic cells in multicellular
organisms, a mutant spot or area of cells arises. Mutations in
the germ line of sexually reproducing organisms can be trans-
mitted by the gametes to the next generation resulting in an
individual with the new mutant condition in both its somatic
and germ cells. A mutation can be any (or a combination of)
detectable, unnatural change affecting the chemical or physi-
cal constitution, mutability, replication, phenotypic function,
or recombination of one or more deoxyribonucleotides;
nucleotides can be added, deleted, substituted for, inverted, or
transposed to new positions with and without inversion.
Mutations can occur spontaneously and can be induced
experimentally by application of mutagens. A mutant varia-
tion of a nucleic acid molecule results from a mutation. A
mutant polypeptide can result from a mutant nucleic acid
molecule.

Species. A “species” is a group of actually or potentially
interbreeding natural populations. A species variation within
a nucleic acid molecule or protein is a change in the nucleic
acid or amino acid sequence that occurs among species and
can be determined by DNA sequencing of the molecule in
question.

Purified. A “purified” protein or nucleic acid is a protein or
nucleic acid that has been separated from a cellular compo-
nent. “Purified” proteins or nucleic acids have been purified to
a level of purity not found in nature.

BRIEF DESCRIPTION OF FIGURES

FIG. 1. Restriction enzyme map of group I clones. The top
line represents a composite map of all the group I clones and
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contains the recognition sites for selected enzymes. Each
group I clone is listed individually below this map and the
relative length of the DNA insert is indicated by the line next
to the clone name. A more detailed map of S22 is shown with
the open reading frame indicated by the black box.

FIG. 2. Restriction enzyme map of group II clones. Indi-
vidual group II clones are depicted as described in the legend
for FIG. 1. S2 is the representative clone for this group and the
open reading frame is indicated by the black box.

FIG. 3. Restriction enzyme map of group III clones. Indi-
vidual group III clones are depicted as described in the legend
for FIG. 1. S7 is the representative clone for this group and the
open reading frame is indicated by the black box.

FIG. 4. DNA sequence of S22 (SEQ ID NO:1). The com-
plete DNA sequence of the S22 insert in Lambda Zap II is
shown. The nucleotide number is indicated in the left margin.

FIG. 5. FIG. 5A shows the amino acid sequence of S22
(SEQ ID NO:2). This sequence constitutes the translated
amino acid sequence for the open reading frame of S22 begin-
ning at nucleotide 500 and ending with the stop codon at
nucleotide 2359 of SEQ ID NO:1 (See, FIG. 4). FIG. 5B
shows the nucleic acid sequence of the 130 kDa protein,
corresponding to nucleotides 451-2379 of SEQ ID NO:1.
Nucleotide numbers are indicated at the left. The ATG start
codon and TAA stop codon are shown in bold type. The
translated amino acid sequence for the open reading frame is
displayed underneath the DNA sequence using the single-
letter amino acid code (SEQ ID NO:2).

FIG. 6. DNA sequence of S2 (SEQ ID NO:3). The com-
plete DNA sequence of the S2 insert in Lambda Zap 1I is
shown in FIG. 6A and continued in FIGS. 6B and 6C. The
nucleotide number is indicated in the left margin.

FIG.7.FIG. 7A shows the amino acid sequence of S2 (SEQ
ID NO:4) for the open reading frame beginning at nucleotide
1576 and ending with the stop codon at nucleotide 3801 (See,
FIG. 6). FIG. 7B shows the nucleic acid sequence of the 160
kDa protein gene (nucleotides 1501-3850 of SEQ ID NO:3).
Nucleotide numbers are indicated at the left. The ATG start
codon and TAA stop codon are shown in bold type. The
translated amino acid sequence for the open reading frame is
displayed underneath the DNA sequence using the single-
letter amino acid code (SEQ ID NO:4).

FIG. 8. DNA sequence of S7 (SEQ ID NO:5). The com-
plete DNA sequence of the S7 insert in Lambda Zap II is
shown in FIG. 8A and continued in FIGS. 8B and 8C. The
nucleotide number is indicated in the left margin.

FIG.9.FIG. 9A shows the amino acid sequence of S7 (SEQ
ID NO:6) for the open reading frame beginning at nucleotide
233 and ending with the stop codon at nucleotide 1969 (See,
FIG. 8). FIG. 9B also shows the nucleic acid sequence of the
100 kDa protein gene (nucleotide 172-2001 of SEQ ID
NO:5). Nucleotide numbers are indicated at the left. The ATG
start codon and TAA stop codon are shown in bold type. The
translated amino acid sequence for the open reading frame is
displayed underneath the DNA sequence using the single-
letter amino acid code (SEQ ID NO:6).

FIG. 10. DNA sequence of S23 (SEQ ID NO:7). The com-
plete DNA sequence of the S23 insert in Lambda Zap II is
shown in FIG. 10A and continued in FIGS. 10B, 10C and
10D. The nucleotide number is indicated in the left margin.

FIG. 11 Amino acid sequence of S23 for the open reading
frame which begins at nucleotide 254 and ends at nucleotide
1708 of SEQ ID NO:7 (See, FIG. 10) is shown (SEQ ID
NO:8). Two smaller open reading frames are found at nucle-
otides 2656-2997 (complementary strand) and nucleotides
3904-4248 (See, FIG. 10).
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FIG. 12. Schematic diagram of S22 and S23 proteins. The
boxes represent amino acid repeat regions. Lighter boxes: 28
amino acid repeats; Darker boxes: 59 amino acid repeats.
Note: the 28 amino acid repeats are also contained within the
59 amino acid repeat regions. The approximate size and loca-
tion of the S22 deletion which results in S23 is indicated.

FIG. 13. Schematic diagrams of S2 (top) and S7 (bottom)
proteins. Repeat regions are indicated by the boxes.

FIG. 14. Schematic diagram of GE 160 kDa protein.
Repeat regions are indicated by the boxes. Sequences of
proposed ankyrin repeats, numbered 1-8 (SEQ ID NOS:9-
16), are aligned using the consensus sequence (SEQ ID
NO:17) at the top: h, hydrophobic; t, turn-like or to polar; S/T,
serine or threonine; capitals, conserved amino acids.

FIG. 15. Amino acid sequence alignments of selected
regions of GE 130 kDa and E. chaffeensis 120 kDa proteins
(A) (SEQ ID NOS:73-77) and GE 100 kDa (SEQ ID NOS:
78-81) and E. chaffeensis 120 kDa proteins (SEQ ID NOS:
82-83) (B). Each protein is shown as a linear amino acid
sequence and amino acids are numbered in hundreds. Boxed
regions on the linear sequence represent repeated amino
acids. FIG. 15A shows the amino acid alignments of a
sequence which occurs 4 times in the E. chaffeensis protein
(top line of alignment, A-I) and 8 times in the GE 130 kDa
protein (a-1 to a-4). Sequence a-1 is repeated 3 times, related
sequences a-2 and a-3 are each repeated twice, and related
sequence a-4 is found once. The position of these sequences
in the proteins is indicated by the small bold lines. FIG. 15B
shows the amino acid alignments of two different sequence
motifs which occur in the E. chaffeensis 120 kDa protein (B-1
to B-3 and C-1) and the GE 100 kDa protein (b-1 and c-1).
Bold and cross-hatched boxes indicate the position of these
sequences in the proteins. Identical amino acids are sur-
rounded by boxes and conserved amino acids are in capital
letters.

FIG. 16. Western blot analysis of: A) Purified USG3 dis-
rupted in SDS (lane GE). B) Individual recombinant clones of
GE 100 kDa (S7), GE 160 kDa (S2), GE 130 kDa (S22), and
a negative control (NEG, no insert), were grown and incu-
bated with IPTG to induce protein expression according to
Materials and Methods. Samples of each were electrophore-
sed on SDS-PAGE gels and transferred to nitrocellulose for
Western blotting. Blots were probed with convalescent dog
sera. Molecular weight markers (in kilodaltons) are shown to
the left of each figure.

FIG. 17. Western blot analysis of S2, 87, S22, and S23
proteins. Individual recombinant clones of S2, S7, S22, S23,
and a negative control were grown and induced by IPTG to
induce protein expression. Samples of each were electro-
phoresed on a SDS-PAGE gel and transferred to nitrocellu-
lose for Western blotting. SDS-disrupted GE was used as a
positive control. The blot probed with convalescent dog sera
and samples are indicated at the top of the gel. Molecular
weight markers (in kilodaltons) are shown to the left of each
figure.

FIG. 18. Western blot analysis of GE proteins. Three dif-
ferent human serum samples were used to probe Western
blots containing SDS-disrupted USG3 (GE lanes), GE160,
GE100, and GE130. A pBluescript library clone containing
no insert was used as a negative control (NEG). Origin of sera
is indicated at the bottom of each panel (W1, Wisconsin; NY,
New York). Molecular weight markers (in kilodaltons) are
shown to the left of each panel.

FIG.19. PCR analysis of groups I, Il and III. PCR reactions
were performed and the products analyzed using 4% Nusieve
gels. Primer sequences are listed in Table 5. A) S22 primers
were used to amplify a 159 bp region of S22 DNA using as
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templates: S22 plasmid DNA (lane 4), S23 plasmid DNA
(lane 8), HL60 DNA (lanes 2 and 6) and GE DNA (lanes 3 and
7). B) S2 primers were used to amplify a 395 by region of S2
DNA using as templates: S2 plasmid DNA (lanes 4 and 5),
HL60 DNA (lane 2) and GE DNA (lane 3). C) S7 primers
were used to amplify a 643 bp region of S7 DNA using as
templates: S7 plasmid DNA (lane 3), HL60 DNA (lane 4) and
GE DNA (lane 2). DNA molecular weight markers (50-1000
bp, FMC) are present in lane 1 of each figure.

FIG. 20. PCR analysis of GE genes. PCR reactions were
performed as described in Materials and Methods and the
products analyzed using 4% Nusieve gels. S2 primers were
used to amplify a 395 by region of S2 DNA using as tem-
plates: HL.60 DNA (lane 2), S2 plasmid DNA (lane 3), and
USG3 DNA (lane 4). S7 primers were used to amplify a 643
bp region of S7 DNA using as templates: HL60 DNA (lane 5),
S7 plasmid DNA (lane 6), and USG3 DNA (lane 7). S22
primers were used to amplify a 159 bp region of S22 DNA
using as templates: HL60 DNA (lane 8), S22 plasmid DNA
(lane 9), and USG3 DNA (lane 10). DNA molecular weight
markers (50-1000 bp, FMC, Rockland, Me.) are present in
lane 1.

FIG. 21. Amino acid sequence (SEQ ID NO:21) which is
the translated amino acid sequence for the open reading frame
of'the C6.1 gene, which begins at nucleotide 312 and ends at
nucleotide 1532 of SEQ ID NO:23 (See, FIG. 23).

FIG. 22. Amino acid sequence (SEQ ID NO:22) which is
the translated amino acid sequence for the open reading frame
of'the C6.2 gene, which begins at nucleotide 1542 and ends at
nucleotide 2336 of SEQ ID NO:23 (See, FIG. 23).

FIG. 23. DNA sequence of C6 (SEQ ID NO:23). The
complete double strand DNA sequence of the C6 insert in
Lambda Zap II is shown.

FIG. 24. Western blot analysis of three C clones. Individual
recombinant clones of C1, C6, and C7 were grown and
induced by IPTG to induce protein expression according to
Materials and Methods. Samples of each were electrophore-
sed on SDS-PAGE gels and transferred to nitrocellulose for
Western blotting. SDS-disrupted GE was used as a positive
control. The blot was probed with vaccinated mouse “C” sera.
Samples are indicated at the top of the gel. Molecular weight
markers (in kilodaltons) are shown to the left of the figure.

FIG. 25. PCR analysis of C6. PCR reactions were per-
formed and the products analyzed using 4% Nusieve gels.
Primer sequences are listed in Table 5. C6.1 primers (from the
first open reading frame, lanes 2, 3, 4) were used to amplify a
500 bp region of C6 DNA using as templates: C6 plasmid
DNA (lane 4), HL60 DNA (lane 2) and GE DNA (lane 3).
C6.2 primers (from the second open reading frame, lanes 5, 6,
7) were used to amplify a 300 bp region of C6 DNA using as
templates: C6 plasmid DNA (lane 7), HL.60 DNA (lane 5) and
GE DNA (lane 6). Both primer sets were also used together in
the same PCR reaction using C6 plasmid DNA as template
(lane 8). DNA molecular weight markers (50-1000 bp, FMC)
are present in lane 1.

FIG. 26. ClustalW alignment of amino acids encoded by
the 550 bp PCR product (SEQ ID NO:24) and the MSP-2
protein of A. marginate (GenBank accession number
U07862) (SEQ ID NO:25). Identical amino acids are
enclosed by boxes Amino acids which represent conservative
codon changes are shown in capital letters.

FIG. 27. Western blot of GE proteins. Samples containing
purified USG3 antigen (GE lanes), uninfected HL.60 cell pro-
teins (HL60), a pBluescript library clone with no insert
(NEG), E46, E8, or E33 were analyzed by SDS-PAGE and
transferred to nitrocellulose blots. Blots were probed with
either dog (FIG. 27A) or goat (FIG. 27B) sera. Molecular size
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markers are indicated on the left of each blot. Positions of
expressed proteins are indicated by arrows at the right side of
each blot. The double arrow on the left indicates the proteins
that were excised for peptide sequencing.

FIG. 28. Schematic diagram of E8, E33 and E46 pBlue-
script inserts. Each strand of the DNA insert is shown as a
line; +) plus strand of DNA; —) minus strand of DNA. Boxed
regions indicate related open reading frames. The position
and orientation (arrows) of the lacZ promoter is indicated.

FIG. 29. Sequence of the GE E8 msp2 gene (SEQ ID
NO:26). Nucleotide numbers are indicated at the left. The
ATG start codon and TAA stop codon are shown in bold type.
The translated amino acid sequence for the open reading
frame is displayed underneath the DNA sequence using the
single letter amino acid code (SEQ ID NO:27). A possible
ribosome binding site upstream of the ATG codon is also
underlined.

FIG. 30. Complete sequence of E46. The nucleotide num-
ber is indicated above the sequences. The complete DNA
sequence of the E46 insert in Lambda Zap II is shown (SEQ
ID NO:28). The translated amino acid sequences for the open
reading frames are displayed underneath the DNA sequences.
The amino acid sequence of E46#1 which begins at nucle-
otide 305 and ends at nucleotide 1282, is shown (SEQ ID
NO:29). The amino acid sequence of E46#2 which begins at
nucleotide 1346 and ends at nucleotide 2437, is shown (SEQ
ID NO:30). The amino acid sequence of ORF3 corresponds to
SEQ ID NO: 84. The amino acid sequence of ORF4 corre-
sponds to SEQ ID NO: 85.

FIG. 31. ClustalW alignment of GE MSP-2 and 4. margi-
nale MSP-2 (U07862) protein sequences (SEQ ID NOS:27,
29-31). Identical amino acids are enclosed by boxes. Amino
acids which represent conservative codon changes are indi-
cated by capital letters. The symbol-denotes a gap used to
achieve optimal alignment between the sequences.

FIG. 32. Southern blot analysis of USG3 genomic DNA.
Genomic DNA from USG3 or HL60 cells was digested with
the restriction enzymes indicated above the lanes and South-
ern blotted. Eco RI-digested E8 plasmid DNA was used as a
positive control for probe hybridization and calf thymus DNA
(CT) as a negative control. The blots were hybridized with
digoxigenin-labeled probe A (5' end of E8 msp-2A) (FIG.
32B) or probe B (3' end of E8 msp-2A) (FIG. 32A).

FIG. 33. Western blot analysis of E33 bacterial cultures
expressing MSP-2A and MSP-2B probed with HGE patient
sera. Bacterial cultures of E33 MSP-2A (top) and MSP-2B
(bottom) were analyzed by SDS-PAGE and the proteins
transferred to nitrocellulose blots. The blots were cut into
strips and probed with patient sera #1-14 as indicated above
the lanes. These numbers correspond to the patient numbers
shown in Table 7 Immune(+) and preimmune(-) dog and goat
sera were also used as positive and negative controls. Molecu-
lar size markers are indicated on the left side of each blot. The
arrows show the positions of the MSP-2 proteins.

FIG. 34 Amino acid sequence of 64 kDa protein degenerate
primer sequences derived therefrom (SEQ ID NOS:32-33)
are listed for SEQ ID NOS:34 and 35 (peptides 24 and 25,
respectively). Amino Acids from which the primer sequences
were generated are underlined. Two other peptides are listed:
peptide #23 (SEQ ID NO:36) and peptide #26 (SEQ ID
NO:37). Undetermined positions of the peptide sequences are
designated with an asterisk (*).

FIG. 35. Linear map of pBluescript S11. Boxes on either
end represent vector sequences and the solid center line
denotes the insert. The T3 and T7 promoter sequences are
positioned as indicated and the S11 gene is shown as a bold
line.
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FIG. 36. Nucleic acid sequence (SEQ ID NO:38) and
amino acid sequence (SEQ ID NO:39) of S11/GE 59 kDa.
Start and stop codons are in bold type. Sequenced peptides are
to underlined in FIG. 36.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The sequencing and protein analysis of nine recombinant
clones (S2, 87, 822, S23, C6, S11, E8, E46#1, and E46#2)
identified by immunological screening of a GE genomic
library is described. Two of these clones, S22 and S23, encode
identical proteins which differ only by the loss of a repeated
region in S23. One clone, C6, contains two open reading
frames encoding polypeptides C6.1,C6.2. Clones E8, E46#1,
and E46#2 contain conserved amino- and carboxy-terminus
regions. These genomic DNA isolates were proven to be
specific to GE based on PCR analysis of GE DNA and HL.60
DNA.

Of the hundreds of phage plaques that came up positive
using either convalescent dog sera or vaccinated mouse sera,
the vast majority were identified as either group I (e.g., S22 or
S23), group II (e.g., S2), group III (e.g., S7). The genes
described herein most likely encode immunodominant GE
antigens which may also be present in more than one copy in
the GE genome. Other immunodominant rickettsial antigens
have been shown to be important diagnostic reagents and
vaccine targets including the outer membrane polypeptides of
Anaplasma marginale (Tebele et al., Infect. Immun. 59:3199-
3204 (1991)), immunogenic proteins of Cowdria rumantiun
(Mahan et al., Microbiology 140:2135-2142 (1994); van Vliet
et al., Infect. Immun. 62:1451-1456 (1994)), the 120 kDa
immunodominant protein of E. chaffeensis (Yu et al., J. Clin.
Micro. 34:2853-2855 (1996)), the immuno-dominant surface
protein antigen of Rickettsia prowazekii (Dasch et al., in
Microbiology, D. Schlessinger (ed.), American Society for
Microbiology, Washington, D.C., (1984), pp. 251-256) and
two Rickettsia rickettsii surface proteins (Anacker et al.,
Infect. Immun. 55:825-827 (1987); Sumner et al., Vaccine
13:29-35 (1995)). Many of these proteins contain highly
repeated regions similar to those found for GE proteins.
Repetitive protein domains have been shown to function in
ligand binding—(Wren, Mol. Microbiol. 5:797-803 (1991))
and may function to facilitate rickettsial uptake by host cell
membranes.

For purposes of clarity of disclosure, and not by way of
limitation, the detailed description of the invention is divided
into the following subsections:

1. Isolated Nucleic Acid Molecules Coding for S2,S7, S22,
S23, C6.1, C6.2, S11, E8, E46#1, and E46#2 Polypep-
tides;

II. Recombinantly Produced S2, S7, S22, 823, C6.1, C6.2,
S11, E8, E46#1, and E46#2 Polypeptides;

II1. A Nucleic Acid Probe for the Specific Detection of S2,
87,822, 823, C6.1,C6.2, S11, E8, E46#1, and E46#2;

IV. A Method of Detecting The Presence of S2, S7, S22,
S23,C6.1,C6.2, 811, E8, E46#1, or E46#2 in a Sample;

V. A Kit for Detecting the Presence of S2, S7, S22, S23,
C6.1,C6.2, S11, E8, E46#1, or E46#2 in a Sample;

V1. DNA Constructs Comprising S2, S7, S22, S23, C6.1,
C6.2, S11, E8, E46#1, and E46#2 Nucleic Acid Mol-
ecule and Cells Containing These Constructs;

VIIL. An Antibody Having Binding Affinity to S2, 87, S22,
823,C6.1,C6.2, 811, E8, E46#1, or E4G#2 Polypeptide
and a Hybridoma Containing the Antibody;
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VIII. A Method of Detecting a S2, S7, S22, 823, C6.1,
C6.2, S11, E8, E46#1, or E46#2 Polypeptide or Anti-
body in a Sample;
IX. A Diagnostic Kit Comprising S2, S7, S22, S23, C6.1,
C6.2, S11, E8, E46#1, or E46#2 Protein or Antibody;

X. Diagnostic Screening; and

XI. Vaccines
1. Isolated Nucleic Acid Molecules Coding for S2, S7, S22,
S23, C6.1, C6.2, S11, EB, E46#1, and E46#2 Polypeptides

In one embodiment, the present invention relates to iso-
lated nucleic acid molecules comprising a polynucleotide
sequence at least 90% identical (more preferably, 95%, 96%,
97%, 98%, 99%, or 100% identical) to a sequence selected
from:

(a) a nucleotide sequence encoding the S2, S7, S22, S23,
C6.1,C6.2, S11, E8, or E46#1, E46#2 polypeptide compris-
ing the complete amino acid sequence in SEQ ID NOS:4, 6, 2,
8,21,22,39, 27, 29, and 30, respectively;

(b) a nucleotide sequence encoding the S2, S7, S22, 823,
C6.1,C6.2, S11, E8, E46#1, or E46#2 polypeptide compris-
ing the complete amino acid sequence encoded by the poly-
nucleotide clone contained in ATCC Deposit Nos. 97844,
97840, 97842, 97843, 97841, 97841, 209740, 209736,
209743, and 209743 respectively (note, C6.1 and C6.2, are
encoded by the polynucleotide clone contained in ATCC
Deposit No. 97841 and that E46#1 and E46#2 are encoded by
the polynucleotide clone contained in ATCC Deposit No.
209743); and

(c¢) a nucleotide sequence complementary to any of the
nucleotide sequences in (a) or (b).

The S2, S7, S22, S23, and C6 (encoding C6.1 and C6.2)
nucleic acids were deposited at the American Type Culture
Collection (ATCC), 12301 Parklawn Drive, Rockville, Md.
20852, USA on Dec. 31, 1996 as ATCC Deposit Nos. 97844,
97840, 97842, 97843, and 97841, respectively. The S11, ES8,
and E46 (encoding E46#1 and E46#2) nucleic acids were
deposited at the ATCC on Mar. 31, 1998 as ATCC Deposit
Nos. 209740, 209736 and 209743, respectively.

In one preferred embodiment, the isolated nucleic acid
molecule comprises a GE S2, 87, S22, S23,C6.1,C6.2, S11,
E8, E46#1, or E46#2 nucleotide sequence with greater than
90% identity or similarity to the nucleotide sequence present
inSEQIDNOS:3, 5, 1,7, 23, 23, 38, 26, 28 or 28 (preferably
greater than 95%, 96%, 97%, 98%, 99% or 100%), respec-
tively. In another preferred embodiment, the isolated nucleic
acid molecule comprises the S2, S7, S22, S23, C6.1, C6.2,
S11, E8, E46#1, or E46#2 nucleotide sequence present in
SEQIDNOS:3,5,1,7,23,23,38, 26, 28, or 28, respectively.
In another embodiment, the isolated nucleic acid molecule
encodes the S2, 87, S22, 823, C6.1, C6.2, S11, E8, E46#1,
and E46#2 amino acid sequence present in SEQ IDNOS:4, 6,
2,8,21,22,39, 27,29, or 30, respectively.

Also included within the scope of this invention are the
functional equivalents of the herein-described isolated
nucleic acid molecules and derivatives thereof. For example,
the nucleic acid sequences depicted in SEQ IDNOS:3, 5, 1,7,
23, 23, 38, 26, 28, or 28 can be altered by substitutions,
additions or deletions that provide for functionally equivalent
molecules. Due to the degeneracy of nucleotide coding
sequences, other DNA sequences which encode substantially
the same amino acid sequence as depicted in SEQ ID NOS:4,
6,2,8,21,22,39,27, 29, or 30 can be used in the practice of
the present invention. These include but are not limited to
nucleotide sequences comprising all or portions of S2, S7,
S22, 823, C6.1, C6.2, S11, E8, E46#1, and E46#2 nucleic
acid depicted in SEQ ID NOS:3, 5, 1, 7, 23, 23, 38, 26, or 28,
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respectively which are altered by the substitution of different
codons that encode a functionally equivalent amino acid resi-
due within the sequence.

In addition, the nucleic acid sequence can comprise a
nucleotide sequence which results from the addition, deletion
or substitution of at least one nucleotide to the 5'-end and/or
the 3'-end of the nucleic acid formula shown in SEQ ID
NOS:3,5,1,7,23,23,38,26,28, or 28 ora derivative thereof.
Any nucleotide or polynucleotide can be used in this regard,
provided that its addition, deletion or substitution does not
substantially alter the amino acid sequence of SEQ ID NOS:
4,6,2,8,21,22,39,27, 29, or 30 which is encoded by the
nucleotide sequence. Moreover, the nucleic acid molecule of
the present invention can, as necessary, have restriction endo-
nuclease recognition sites added to its 5'-end and/or 3'-end.
All variations of the nucleotide sequence of the S2, S7, S22,
S23, C6.1,C6.2, S11, E8, E46#1, and E46#2 gene and frag-
ments thereof permitted by the genetic code are, therefore,
included in this invention.

Further, it is possible to delete codons or to substitute one
or more codons by codons other than degenerate codons to
produce a structurally modified polypeptide, but one which
has substantially the same utility or activity of the polypeptide
produced by the unmodified nucleic acid molecule. As rec-
ognized in the art, the two polypeptides are functionally
equivalent, as are the two nucleic acid molecules which give
rise to their production, even though the differences between
the nucleic acid molecules are not related to degeneracy of the
genetic code.

A. Isolation of Nucleic Acid

In one aspect of the present invention, isolated nucleic acid
molecules coding for polypeptides having amino acid
sequences corresponding to S2, S7, S22, 823, C6.1, C6.2,
S11, E8, E46#1, and E46#2 are provided. In particular, the
nucleic acid molecule can be isolated from a biological
sample (preferably of mammalian or tick origin) containing
GE RNA or DNA.

The nucleic acid molecule can be isolated from a biological
sample containing GE RNA using the techniques of cDNA
cloning and subtractive hybridization. The nucleic acid mol-
ecule can also be isolated from a ¢cDNA library using a
homologous probe.

The nucleic acid molecule can be isolated from a biological
sample containing genomic DNA or from a genomic library.
Suitable biological samples include, but are not limited to,
whole organisms, organs, tissues, blood and cells. The
method of obtaining the biological sample will vary depend-
ing upon the nature of the sample.

One skilled in the art will realize that genomes can be
subjectto slight allelic variations between individuals. There-
fore, the isolated nucleic acid molecule is also intended to
include allelic variations, so long as the sequence is a func-
tional derivative of the S2, S7, S22, S23, C6.1, C6.2, S11, ES,
E46#1, and E46#2 coding sequence. When an S2, S7, S22,
S23, C6.1, C6.2, S11, E8, E46#1, or E46#2, allele does not
encode the identical sequence to that found in SEQ ID NOS:
3,5, 1,7, 23, 23, 38, 26, 28 or 28 it can be isolated and
identified as S2, S7, S22, 823, C6.1, C6.2, S11, E8, E46#1, or
E46#2 using the same techniques used herein, and especially
PCR techniques to amplify the appropriate gene with primers
based on the sequences disclosed herein.

One skilled in the art will realize that organisms other than
GE will also contain S2, 87, S22, S23, C6.1, C6.2, S11, ES,
E46#1, and E46#2 genes. The invention is intended to
include, but not be limited to, S2, S7, S22, 823, C6.1, C6.2,
S11, E8, E46#1, and E46#2 nucleic acid molecules isolated
from the above-described organisms. Also, infected eukary-
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otes (for example, mammals, birds, fish and humans) may
containthe S2, 87,822, 823, C6.1,C6.2,S11, E8, E46#1, and
E46#2 genes.

B. Synthesis of Nucleic Acid

Isolated nucleic acid molecules of the present invention are
also meant to include those chemically synthesized. For
example, a nucleic acid molecule with the nucleotide
sequence which codes for the expression product of 82, S7,
S22, 823,C6.1,C6.2, S11, EB, E46#1, or E46#2 gene can be
designed and, if necessary, divided into appropriate smaller
fragments. Then an oligomer which corresponds to the
nucleic acid molecule, or to each of the divided fragments,
can be synthesized. Such synthetic oligonucleotides can be
prepared, for example, by the triester method of Matteucci et
al., J. Am. Chem. Soc. 103:3185-3191 (1981) or by using an
automated DNA synthesizer.

An oligonucleotide can be derived synthetically or by clon-
ing. If necessary, the 5'-ends of the oligomers can be phos-
phorylated using T4 polynucleotide kinase. Kinasing of
single strands prior to annealing or for labeling can be
achieved using an excess of the enzyme. If kinasing is for the
labeling of probe, the ATP can contain high specific activity
radioisotopes. Then, the DNA oligomer can be subjected to
annealing and ligation with T4 ligase or the like.

II. Recombinantly Produced S2, S7, S22, 823, C6.1, C6.2,
S11, E8, E46#1, and E46#2 Polypeptides

In another embodiment, the present invention relates to a
purified polypeptide (preferably, substantially pure) having
an amino acid sequence corresponding to S2, S7, S22, S23,
C6.1,C6.2, S11, E8, E46#1, or E46#2 or a functional deriva-
tive thereof. In a preferred embodiment, the polypeptide has
the amino acid sequence set forth in SEQ ID NOS:4, 6, 2, 8,
21, 22, 39, 27, 29, or 30, respectively, or mutant or species
variation thereof, or at least 60% identity or at least 70%
similarity thereof (preferably, at least 85%, 90%, 95%, 96%,
97%, 98%, or 99% identity or at least 95%, 96%, 97%, 98%,
or 99% similarity thereof), or at least 6 contiguous amino
acids thereof (preferably, at least 10, 15, 20, 25, or 50 con-
tiguous amino acids thereof).

In a preferred embodiment, the invention relates to S2, S7,
S22, 823, C6.1, C6.2, S11, E8, E46#1, or E46#2 epitopes.
The epitope of these polypeptides is an immunogenic or
antigenic epitope. An immunogenic epitope is that part of the
protein which elicits an antibody response when the whole
protein is the immunogen. An antigenic epitope is a fragment
of'the protein which can elicit an antibody response. Methods
of'selecting antigenic epitope fragments are well known in the
art. (Sutcliffe et al., Science 219:660-666 (1983)). Antigenic
epitope-bearing peptides and polypeptides of the invention
are useful to raise an immune response that specifically rec-
ognizes the polypeptides. Antigenic epitope-bearing peptides
and polypeptides of the invention comprise at least 7 amino
acids (preferably, 9, 10, 12, 15, or 20 amino acids) of the
proteins of the invention. Non-limiting examples of antigenic
polypeptides or peptides include those listed in Table 1,

below.
TABLE 1
Antigenic Epitopes
Size! Amino Acids?

S2 10 181-190

22 411-432

15 636-650
S7 16 13-28

10 73-82

11 496-506
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TABLE 1-continued
Antigenic Epitopes
Size! Amino Acids?
S22 13 41-53
17 168-184
19 317-335
S23 15 6-20
11 78-88
18 387-404
C6.1 9 110-118
9 338-346
11 353-363
C6.2 12 65-76
9 104-112
9 170-178
S11 12 90-101
17 144-160
9 334-342
E8 10 40-49
12 132-143
15 261-275
E46.#1 9 32-41
12 125-136
20 222-241
E46.#2 12 55-66
14 177-190
10 291-300

'Number of amino acids.
?See FIGS. 7,(82),9(87), 5(822), 11 (823), 17 (C6.1), 18 (C6.2) and 23 (811) for amino

acid numbering,

Amino acid sequence variants of S2, S7, S22, 823, C6.1,
C6.2, S11, E8, E46#1, and E46#2 can be prepared by muta-
tions in the DNA. Such variants include, for example, dele-
tions from, or insertions or substitutions of, residues within
the amino acid sequence shown in SEQ ID NOS:4, 6, 2, 8, 21,
22,39,27,29, or 30. Any combination of deletion, insertion,
and substitution can also be made to arrive at the final con-
struct, provided that the final construct possesses the desired
activity.

While the site for introducing an amino acid sequence
variation is predetermined, the mutation per se need not be
predetermined. For example, to optimize the performance of
a mutation at a given site, random mutagenesis can be con-
ducted at the target codon or region and the expressed S2, S7,
S22, 823, C6.1, C6.2, S11, EB, EA6#1, and E46#2 variants
screened for the optimal combination of desired activity.
Techniques for making substitution mutations at predeter-
mined sites in DNA having a known sequence are well
known, for example, site-specific mutagenesis.

Preparation of an S2, S7, S22, S23, C6.1, C6.2, S11, ES,
E46#1, or E46#2 variant in accordance herewith is preferably
achieved by site-specific mutagenesis of DNA that encodes
an earlier prepared variant or a nonvariant version of the
protein. Site-specific mutagenesis allows the production of
S2, S7, 822, 823, C6.1, C6.2, S11, E8, E46#1, and E46#2
variants through the use of specific oligonucleotide
sequences that encode the DNA sequence of the desired
mutation. In general, the technique of site-specific mutagen-
esis is well known in the art, as exemplified by publications
such as Adelman et al., DNA 2:183 (1983) and Ausubel et al.,
“Current Protocols in Molecular Biology”, J. Wiley & Sons,
New York, N.Y., 1996.

As will be appreciated, the site-specific mutagenesis tech-
nique can employ a phage vector that exists in both a single-
stranded and double-stranded form. Typical vectors useful in
site-directed mutagenesis include vectors such as the M13
phage, for example, as disclosed by Messing et al., Third
Cleveland Symposium on Macromolecules and Recombinant
DNA, A. Walton (ed.), Elsevier, Amsterdam (1981). These
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phage are readily commercially available and their use is
generally well known to those skilled in the art. Alternatively,
plasmid vectors that contain a single-stranded phage origin of
replication (Vieira etal., Meth. Enzymol. 153:3 (1987))canbe
employed to obtain single-stranded DNA.

In general, site-directed mutagenesis in accordance here-
with is performed by first obtaining a single-stranded vector
that includes within its sequence a DNA sequence that
encodes the relevant protein. An oligonucleotide primer bear-
ing the desired mutated sequence is prepared, generally syn-
thetically, for example, by the method of Crea et al., Proc.
Natl. Acad. Sci. (USA) 75:5765 (1978). This primer is then
annealed with the single-stranded protein-sequence-contain-
ing vector, and subjected to DNA-polymerizing enzymes
such as E. coli polymerase I Klenow fragment, to complete
the synthesis of the mutation-bearing strand. Thus, a mutated
sequence and the second strand bears the desired mutation.
This heteroduplex vector is then used to transform appropri-
ate cells and clones are selected that include recombinant
vectors bearing the mutated sequence arrangement.

After such a clone is selected, the mutated protein region
can be removed and placed in an appropriate vector for pro-
tein production, generally an expression vector of the type
that can be employed for transformation of an appropriate
host.

Amino acid sequence deletions generally range from about
1 to 30 residues, more preferably 1 to 10 residues, and typi-
cally are contiguous.

Amino acid sequence insertions include amino- and/or
carboxyl-terminal fusions of from one residue to polypep-
tides of essentially unrestricted length, as well as intrase-
quence insertions of single or multiple amino acid residues.
Intrasequence insertions (i.e., insertions within the complete
S2, 87, S22, S23, C6.1, C6.2, S11, E8, E46#1, or E46#2
sequence) can range generally from about 1 to 10 residues,
more preferably 1 to 5.

The third group of variants are those in which at least one
amino acid residue in the S2, S7, S22, S23, C6.1, C6.2, S11,
E8, E46#1, or E46#2 molecule, and preferably, only one, has
been removed and a different residue inserted in its place.
Such substitutions preferably are made in accordance with
the following Table 2 when it is desired to modulate finely the
characteristics of S2, 87, S22, S23, C6.1, C6.2, S11, ES8,
E46#1, or E46#2.

TABLE 2

Original Residue Exemplary Substitutions

Ala gly; ser
Arg lys

Asn gln; his
Asp glu

Cys ser

Gln asn

Glu asp

Gly ala; pro

His asn; gln

Ile leu; val

Leu ile; val

Lys arg; gln; glu
Met leu; tyr; ile
Phe met; leu; tyr
Ser thr

Thr ser

Trp tyr

Tyr trp; phe

Val ile; leu

Substantial changes in functional or immunological iden-
tity are made by selecting substitutions that are less conser-
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vative than those in Table 2, i.e., selecting residues that differ
more significantly in their effect on maintaining (a) the struc-
ture of the polypeptide backbone in the area of the substitu-
tion, for example, as a sheet or helical conformation, (b) the
charge or hydrophobicity of the molecule at the target site, or
(c) the bulk of the side chain. The substitutions that in general
are expected are those in which (a) glycine and/or proline is
substituted by another amino acid or is deleted or inserted; (b)
ahydrophilic residue, e.g., seryl or threonyl, is substituted for
(or by) a hydrophobic residue, e.g., leucyl, isoleucyl, pheny-
lalanyl, valyl, or alanyl; (c) a cysteine residue is substituted
for (or by) any other residue; (d) a residue having an electrop-
ositive side chain, e.g., lysyl, arginyl, or histidyl, is substi-
tuted for (or by) a residue having an electronegative charge,
e.g., glutamyl or aspartyl; or (e) a residue having a bulky side
chain, e.g., phenylalanine, is substituted for (or by) one not
having such a side chain, e.g., glycine.

Some deletions and insertions, and substitutions are not
expected to produce radical changes in the characteristics of
S2, 87, 822, 823, C6.1, C6.2, S11, E8, E46#1, or E46#2.
However, when it is difficult to predict the exact effect of the
substitution, deletion, or insertion in advance of doing so, one
skilled in the art will appreciate that the effect will be evalu-
ated by routine screening assays. For example, a variant typi-
cally is made by site-specific mutagenesis of the native S2,
S7,822,823,C6.1,C6.2, S11, E8, E46#1, or E46#2, encod-
ing-nucleic acid, expression of the variant nucleic acid in
recombinant cell culture, and, optionally, purification from
the cell culture, for example, by immunoaffinity adsorption
on a column (to absorb the variant by binding it to at least one
remaining immune epitope). The activity of the cell lysate or
purified S2, S7, S22, S23, C6.1, C6.2, S11, E8, E46#1, or
E46#2 molecule variant is then screened in a suitable screen-
ing assay for the desired characteristic. For example, a change
in the immunological character of the S2, S7, S22, 823, C6.1,
C6.2, S11, E8, E46#1, or E46#2 molecule, such as affinity for
a given antibody, is measured by a competitive type immu-
noassay. Changes in immunomodulation activity are mea-
sured by the appropriate assay. Modifications of such protein
properties as redox or thermal stability, hydrophobicity, sus-
ceptibility to proteolytic degradation or the tendency to
aggregate with carriers or into multimers are assayed by
methods well known to the ordinarily skilled artisan.

A variety of methodologies known in the art can be utilized
to obtain the peptide of the present invention. In one embodi-
ment, the peptide is purified from tissues or cells which natu-
rally produce the peptide. Alternatively, the above-described
isolated nucleic acid fragments can be used to express the S2,
S7,822, 823, C6.1, C6.2, S11, E8, E46#1, or E46#2 protein
in any organism. The samples of the present invention include
cells, protein extracts or membrane extracts of cells, or bio-
logical fluids. The sample will vary based on the assay format,
the detection method and the nature of the tissues, cells or
extracts used as the sample.

Any prokaryotic (preferably, a granulocytic ehrlichia)
organism can be used as a source for the peptide of the
invention, as long as the source organism naturally contains
such a peptide. A eukaryotic organism infected with granu-
locytic ehrlichia can also be used as the source organism. As
used herein, “source organism” refers to the original organ-
ism from which the amino acid sequence of the subunit is
derived, regardless of the organism the subunit is expressed in
and ultimately isolated from.

One skilled in the art can readily follow known methods for
isolating proteins in order to obtain the peptide free of natural
contaminants. These include, but are not limited to: immuno-

40

45

55

18

chromotography, size-exclusion chromatography, HPLC,
ion-exchange chromatography, and immuno-affinity chro-
matography.

M. A Nucleic Acid Probe for the Specific Detection of S2, S7,
S22, 823, C6.1, C6.2, S11, E8, E46#1 and E46#2

In another embodiment, the present invention relates to a
nucleic acid probe for the specific detection of the presence of
S2, 87, 822, 823, C6.1, C6.2, S11, E8, E46#1, or E46#2
nucleic acid in a sample comprising the above-described
nucleic acid molecules or at least a fragment thereof which
binds under stringent conditions to S2, S7, S22, S23, C6.1,
C6.2, S11, E8, E46#1, or E46#2 nucleic acid.

In one preferred embodiment, the present invention relates
to an isolated nucleic acid probe consisting of 10 to 1000
nucleotides (preferably, 10 to 500, 10 to 100, 10 to 50, 10 to
35, 20 to 1000, 20 to 500, 20 to 100, 20 to 50, or 20 to 35)
which hybridizes preferentially to RNA or DNA of granulo-
cytic ehrlichia but not to RNA or DNA of non-granulocytic
ehrlichia organisms (example, humans), wherein said nucleic
acid probe is or is complementary to a nucleotide sequence
consisting of at least 10 consecutive nucleotides (preferably,
15, 20, 25, or 30) from the nucleic acid molecule comprising
a polynucleotide sequence at least 90% identical to a
sequence selected from:

(a) a nucleotide sequence encoding the S2, S7, S22, 823,
C6.1,C6.2, S11, E8, E46#1, or E46#2 polypeptide compris-
ing the complete amino acid sequence in SEQ ID NOS:4, 6, 2,
8,21, 22,39, 27, 29, or 30, respectively;

(b) a nucleotide sequence encoding the S2, S7, S22, S23,
C6.1, C6.2, S11, E8, E46#1, E46#2 polypeptide comprising
the complete amino acid sequence encoded by the polynucle-
otide clone contained in ATCC Deposit Nos. 97844, 97840,
97842, 97843, 97841, 97841, 209740, 209736, 209743 or
209743 respectively (note, C6.1 and C6.2 are encoded by the
polynucleotide clone contained in ATCC Deposit No. 97841
and E46#1 and E46#2 are encoded by the polynucleotide
clone contained in ATCC Deposit No. 209743);

(c¢) a nucleotide sequence complementary to any of the
nucleotide sequences in (a) or (b); and

(d) a nucleotide sequence as previously described above.

Examples of specific nucleic acid probes which can be
used in the present invention are set forth in Table 3, below.

TABLE 3

Nucleic Acid Probes

Size® Nucleotides*
S2 20 2660-2679
37 2643-2679
75 1820-1894
450 2150-2599
S7 20 489-508
35 321-355
75 420-494
450 300-749
S22 23 1220-1242
36 1187-1222
75 1220-1294
450 570-1019
S23 23 974-996
35 962-996
75 720-794
450 600-1049
C6 19 530-548
35 1097-1131
75 1710-1784
450 1850-2299
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TABLE 3-continued

Nucleic Acid Probes

Size? Nucleotides®
S11 20 570-589
35 1045-1079
75 1600-1674
450 500-949
E8 20 520-539
35 650-684
75 900-974
450 700-1149
E46 20 1450-1469
35 1800-1834
75 1030-1104
450 400-849

3Number of bases.
4See FIGS. 6 (S2), 8 (S7),4 (822), 10 (823), 16 (C6) and 23 (S11) for nucleotide numbering.

The nucleic acid probe can be used to probe an appropriate
chromosomal or cDNA library by usual hybridization meth-
ods to obtain another nucleic acid molecule of the present
invention. A chromosomal DNA or cDNA library can be
prepared from appropriate cells according to recognized
methods in the art (cf. Molecular Cloning: A Laboratory
Manual, 2nd edition, edited by Sambrook, Fritsch, & Mania-
tis, Cold Spring Harbor Laboratory, 1989).

In the alternative, chemical synthesis is carried out in order
to obtain nucleic acid probes having nucleotide sequences
which correspond to amino-terminal and carboxy-terminal
portions of the S2, 87, S22, 823, C6.1, C6.2, S11 amino acid
sequence (See, Table 3) or E8, E46#1, or E46#2 amino acid
sequence. Thus, the synthesized nucleic acid probes can be
used as primers to in a polymerase chain reaction (PCR)
carried out in accordance with recognized PCR techniques,
essentially according to PCR Protocols, A Guide to Methods
and Applications, edited by Michael et al., Academic Press,
1990, utilizing the appropriate chromosomal, cDNA or cell
line library to obtain the fragment of the present invention.

One skilled in the art can readily design such probes based
on the sequence disclosed herein using methods of computer
alignment and sequence analysis known in the art (cf.
Molecular Cloning: A Laboratory Manual, 2nd edition,
edited by Sambrook, Fritsch, & Maniatis, Cold Spring Harbor
Laboratory, 1989).

The hybridization probes of the present invention can be
labeled by standard labeling techniques such as with a radio-
label, enzyme label, fluorescent label, biotin-avidin label,
chemiluminescence, and the like. After hybridization, the
probes can be visualized using known methods.

The nucleic acid probes of the present invention include
RNA, as well as DNA probes, such probes being generated
using techniques known in the art.

In one embodiment of the above described method, a
nucleic acid probe is immobilized on a solid support.
Examples of such solid supports include, but are not limited
to, plastics such as polycarbonate, complex carbohydrates
such as agarose and sepharose, and acrylic resins, such as
polyacrylamide and latex beads. Techniques for coupling
nucleic acid probes to such solid supports are well known in
the art.

The test samples suitable for nucleic acid probing methods
of the present invention include, for example, cells or nucleic
acid extracts of cells, or biological fluids. The sample used in
the above-described methods will vary based on the assay
format, the detection method and the nature of the tissues,
cells or extracts to be assayed. Methods for preparing nucleic
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acid extracts of cells are well known in the art and can be
readily adapted in order to obtain a sample which is compat-
ible with the method utilized.

IV. A Method of Detecting the Presence of S2, S7, S22, S23,
C6.1,C6.2, S11, E8, E46#1, or E46#2 in a Sample

In another embodiment, the present invention relates to a
method of detecting the presence of S2, S7, S22, S23, C6.1,
C6.2, S11, E8, E46#1, or E46#2 nucleic acid in a sample
comprising a) contacting the sample with the above-de-
scribed nucleic acid probe, under specific hybridization con-
ditions such that hybridization occurs, and b) detecting the
presence of the to probe bound to the nucleic acid molecule.
Alternatively, in another preferred embodiment, the method
of detecting the presence of S2, S7, 822, S23, C6.1, C6.2,
S11, E8, E46#1, or E46#2 nucleic acid in a sample may
comprise a) amplifying the nucleic acid in the sample with the
nucleic acid probe wherein the amplification uses PCR tech-
niques and b) detecting the presence of the amplified nucleic
acid molecules. One skilled in the art would select the nucleic
acid probe according to techniques known in the art as
described above. Samples to be tested include but should not
be limited to RNA samples from human tissue.

V. A Kit for Detecting the Presence of S2, S7, 822,823, C6.1,
C6.2,S11, EB, E46#1, or E46#2 in a Sample

In another embodiment, the present invention relates to a
kit for detecting the presence of S2, S7, S22, 823, C6.1,C6.2,
S11, E8, E46#1, or E46#2 nucleic acid in a sample compris-
ing at least one container means having disposed therein the
above-described nucleic acid probe. In a preferred embodi-
ment, the kit further comprises other containers comprising
one or more of the following: wash reagents and reagents
capable of detecting the presence of bound nucleic acid
probe. Examples of detection reagents include, but are not
limited to radiolabelled probes, enzymatic labeled probes
(horse radish peroxidase, alkaline phosphatase), and affinity
labeled probes (biotin, avidin, or streptavidin).

In detail, a compartmentalized kit includes any kit in which
reagents are contained in separate containers. Such contain-
ers include small glass containers, plastic containers or strips
ofplastic or paper. Such containers allow the efficient transfer
of reagents from one compartment to another compartment
such that the samples and reagents are not cross-contami-
nated and the agents or solutions of each container can be
added in a quantitative fashion from one compartment to
another. Such containers will include a container which will
accept the test sample, a container which contains the probe
or primers used in the assay, containers which contain wash
reagents (such as phosphate buffered saline, Tris-buffers, and
the like), and containers which contain the reagents used to
detect the hybridized probe, bound antibody, amplified prod-
uct, or the like.

One skilled in the art will readily recognize that the nucleic
acid probes described in the present invention can readily be
incorporated into one of the established kit formats which are
well known in the art.

V1. DNA Constructs Comprising an S2, S7, S22, S23, C6.1,
C6.2, S11, E8, E46#1, or E46#2 Nucleic Acid Molecule and
Cells Containing These Constructs

In another embodiment, the present invention relates to a
recombinant DNA molecule comprising, 5' to 3', a promoter
effective to initiate transcription in a host cell and the above-
described nucleic acid molecules. In another embodiment,
the present invention relates to a recombinant DNA molecule
comprising a vector and an above-described nucleic acid
molecule.

In another embodiment, the present invention relates to a
nucleic acid molecule comprising a transcriptional control
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region functional in a cell, a sequence complimentary to an
RNA sequence encoding an amino acid sequence corre-
sponding to the above-described polypeptide, and a transcrip-
tional termination region functional in the cell.

Preferably, the above-described molecules are isolated
and/or purified DNA molecules.

In another embodiment, the present invention relates to a
cell or non-human organism that contains an above-described
nucleic acid molecule.

In another embodiment, the peptide is purified from cells
which have been altered to express the peptide.

As used herein, a cell is said to be “altered to express a
desired peptide” when the cell, through genetic manipulation,
is made to produce a protein which it normally does not
produce or which the cell normally produces at low levels.
One skilled in the art can readily adapt procedures for intro-
ducing and expressing either genomic, cDNA, or synthetic
sequences into either eukaryotic or prokaryotic cells.

A nucleic acid molecule, such as DNA, is said to be
“capable of expressing” a polypeptide if it contains nucle-
otide sequences which contain transcriptional and transla-
tional regulatory information and such sequences are “oper-
ably linked” to nucleotide sequences which encode the
polypeptide. An operable linkage is a linkage in which the
regulatory DNA sequences and the DNA sequence sought to
be expressed are connected in such a way as to permit gene
sequence expression. The precise nature of the regulatory
regions needed for gene sequence expression can vary from
organism to organism, but shall in general include a promoter
region which, in prokaryotes, contains both the promoter
(which directs the initiation of RNA transcription) as well as
the DNA sequences which, when transcribed into RNA, will
signal synthesis initiation. Such regions will normally
include those 5'-non-coding sequences involved with initia-
tion of transcription and translation, such as the TATA box,
capping sequence, CAAT sequence, and the like.

If desired, the non-coding region 3' to the S2, S7, S22, S23,
C6.1, C6.2, S11, E8, E46#1, or E46#2 coding sequence can
be obtained by the above-described methods. This region can
be retained for its transcriptional termination regulatory
sequences, such as termination and polyadenylation. Thus, by
retaining the 3'-region naturally contiguous to the DNA
sequence encoding a S2, S7, S22, 823, C6.1, C6.2, S11, ES,
E46#1, or E46#2 gene, the transcriptional termination signals
can be provided. Where the transcriptional termination sig-
nals are not satisfactorily functional in the expression host
cell, then a 3' region functional in the host cell can be substi-
tuted. Two DNA sequences (such as a promoter region
sequenceand a S2, 87,522,523, C6.1,C6.2,S11, E8, E46#1,
or E46#2 coding sequence) are said to be operably linked if
the nature of the linkage between the two DNA sequences
does not (1) result in the introduction of a frame-shift muta-
tion, (2) interfere with the ability of the promoter region
sequence to direct the transcription of a S2, 87, S22, S23,
C6.1,C6.2,S11, E8, E46#1, or E46#2 coding sequence, or (3)
interfere with the ability of the S2, S7, S22, 823, C6.1, C6.2,
S11, E8, E46#1, or E46#2 coding sequence to be transcribed
by the promoter region sequence. Thus, a promoter region
would be operably linked to a DNA sequence if the promoter
were capable of effecting transcription of that DNA sequence.

The present invention encompasses the expression of the
S2, 87, S22, S23, C6.1, C6.2, S11, E8, E46#1, or E46#2
coding sequence (or a functional derivative thereof) in either
prokaryotic or eukaryotic cells. Prokaryotic hosts are, gener-
ally, the most efficient and convenient for the production of
recombinant proteins and, therefore, are preferred for the

40

45

22
expression of the S2, 87, S22, S23, C6.1, C6.2, S11, E8,
E46#1, or E46#2 coding sequence.

Prokaryotes most frequently are represented by various
strains of E. coli. However, other microbial strains can also be
used, including other bacterial strains. In prokaryotic sys-
tems, plasmid vectors that contain replication sites and con-
trol sequences derived from a species compatible with the
host can be used. Examples of suitable plasmid vectors
include pBR322, pUCI18, pUC19, pUC118, pUC119 and the
like; suitable phage or bacteriophage vectors include Agt10,
Agtl1 and the like; and suitable virus vectors include pMAM-
neo, pKRC and the like. Preferably, the selected vector of the
present invention has the capacity to replicate in the selected
host cell.

Recognized prokaryotic hosts include bacteria such as E.
coli, Bacillus, Streptomyces, Pseudomonas, Salmonella, Ser-
ratia, and the like. However, under such conditions, the pep-
tide will not be glycosylated. The prokaryotic host must be
compatible with the replicon and control sequences in the
expression plasmid.

To express S2, 87, S22, S23, C6.1, C6.2, S11, E8, E46#1,
or B46#2 in a prokaryotic cell, it is necessary to operably link
the S2, 87, S22, 823, C6.1, C6.2, S11, E8, E46#1, or E46#2
coding sequence to a functional prokaryotic promoter. Such
promoters can be either constitutive or, more preferably, regu-
latable (i.e., inducible or derepressible). Examples of consti-
tutive promoters include the int promoter of bacteriophage A,
the bla promoter of the f-lactamase gene sequence of
pBR322, and the CAT promoter of the chloramphenicol
acetyl transferase gene sequence of pBR325, and the like.
Examples of inducible prokaryotic promoters include the
major right and left promoters of bacteriophage A (P, and Py),
the trp, recA, lacZ, lacl, and gal promoters of E. coli, the
a-amylase (Ulmanen etal.,J. Bacteriol. 162:176-182 (1985))
and the & -28-specific promoters of B. subtilis (Gilman et al.,
Gene sequence 32:11-20 (1984)), the promoters of the bac-
teriophages of Bacillus (Gryczan, In: The Molecular Biology
of the Bacilli, Academic Press, Inc., NY (1982)), and Strep-
tomyces promoters (Ward et al., Mol. Gen. Genet. 203:468-
478 (1986)). Prokaryotic promoters are reviewed by Click (/.
Ind. Microbiol. 1:277-282 (1987)); Cenatiempo (Biochimie
68:505-516 (1986)); and Gottesman (4Ann. Rev. Genet.
18:415-442 (1984)).

Proper expression in a prokaryotic cell also requires the
presence of a ribosome binding site upstream of the gene
sequence-encoding sequence. Such ribosome binding sites
are disclosed, for example, by Gold et al., (4rn. Rev. Micro-
biol. 35:365-404 (1981)).

The selection of control sequences, expression vectors,
transformation methods, and the like, are dependent on the
type of host cell used to express the gene. As used herein,
“cell”, “cell line”, and “cell culture” can be used interchange-
ably and all such designations include progeny. Thus, the
words “transformants” or “transformed cells” include the
primary subject cell and cultures derived therefrom, without
regard to the number of transfers. It is also understood that all
progeny cannot be precisely identical in DNA content, due to
deliberate or inadvertent mutations. However, as defined,
mutant progeny have the same functionality as that of the
originally transformed cell. Host cells which can be used in
the expression systems of the present invention are not strictly
limited, provided that they are suitable for use in the expres-
sion of the S2, S7, 822, 823, C6.1, C6.2, S11, E8, E46#1, or
E46#2 peptide of interest. Suitable hosts include eukaryotic
cells.

Preferred eukaryotic hosts include, for example, yeast,
fungi, insect cells, mammalian cells either in vivo, or in tissue
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culture. Preferred mammalian cells include Hel a cells, cells
of fibroblast origin such as VERO or CHO-K1, or cells of
lymphoid origin and their derivatives.

In addition, plant cells are also available as hosts, and
control sequences compatible with plant cells are available,
such as the cauliflower mosaic virus 358 and 19S, and nopa-
line synthase promoter and polyadenylation signal
sequences.

Another preferred host is an insect cell, for example Droso-
phila larvae. Using insect cells as hosts, the Drosophila alco-
hol dehydrogenase promoter can be used, (Rubin, Science
240:1453-1459 (1988)). Alternatively, baculovirus vectors
can be engineered to express large amounts of S2, S7, S22,
S23, C6.1, C6.2, S11, E8, E46#1, or E46#2 in insect cells
(Jasny, Science 238:1653 (1987); Miller et al., In: Genetic
Engineering (1986), Setlow, J. K., etal., eds., Plenum, Vol. 8,
pp. 277-297).

Different host cells have characteristic and specific mecha-
nisms for the translational and post-translational processing
and modification (e.g., glycosylation, cleavage) of proteins.
Appropriate cell lines or host systems can be chosen to ensure
the desired modification and processing of the foreign protein
expressed.

Any of a series of yeast gene sequence expression systems
can be utilized which incorporate promoter and termination
elements from the actively expressed gene sequences coding
for glycolytic enzymes. These enzymes are produced in large
quantities when yeast are grown in mediums rich in glucose.
Known glycolytic gene sequences can also provide very effi-
cient transcriptional control signals.

Yeast provides substantial advantages in that it can also
carry out post-translational peptide modifications. A number
of recombinant DNA strategies exist which utilize strong
promoter sequences and high copy number of plasmids which
can be utilized for production of the desired proteins in yeast.
Yeast recognizes leader sequences on cloned mammalian
gene sequence products and secretes peptides bearing leader
sequences (i.e., pre-peptides). For a mammalian host, several
possible vector systems are available for the expression of S2,
S7,822,823,C6.1,C6.2, S11, E8, E46#1, or E46#2.

A wide variety of transcriptional and translational regula-
tory sequences can be employed, depending upon the nature
of the host. The transcriptional and translational regulatory
signals can be derived from viral sources, such as adenovirus,
bovine papilloma virus, simian virus, or the like, where the
regulatory signals are associated with a particular gene
sequence which has a high level of expression. Alternatively,
promoters from mammalian expression products, such as
actin, collagen, myosin, and the like, can be employed. Tran-
scriptional initiation regulatory signals can be selected which
allow for repression or activation, so that expression of the
gene sequences can be modulated. Of interest are regulatory
signals which are temperature-sensitive so that by varying the
temperature, expression can be repressed or initiated, or are
subject to chemical (such as metabolite) regulation.

As discussed above, expression of S2, S7, S22, 823, C6.1,
C6.2, S11, EB, E46#1, or E46#2 in eukaryotic hosts requires
the use of eukaryotic regulatory regions. Such regions will, in
general, include a promoter region sufficient to direct the
initiation of RNA synthesis. Preferred eukaryotic promoters
include, for example, the promoter of the mouse metallothio-
nein I gene sequence (Hamer et al., J. Mol. Appl. Gen. 1:273-
288 (1982)); the TK promoter of Herpes virus (McKnight,
Cell 31:355-365 (1982)); the SV40 early promoter (Benoist
et al., Nature (London) 290:304-310 (1981)); the yeast gal4
gene sequence promoter (Johnston et al., Proc. Natl. Acad.
Sci. (US4) 79:6971-6975 (1982)); Silver et al., Proc. Natl.
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Acad. Sci. (USA) 81:5951-5955 (1984)) and the CMV imme-
diate-early gene promoter (Thomsen et al., Proc. Natl. Acad.
Sci. (USA4) 81:659-663 (1984)).

As is widely known, translation of eukaryotic mRNA is
initiated at the codon which encodes the first methionine. For
this reason, it is preferable to ensure that the linkage between
a eukaryotic promoter and a S2, S7, S22, 823, C6.1, C6.2,
S11, E8, E46#1, or E46#2 coding sequence does not contain
any intervening codons which are capable of encoding a
methionine (i.e., AUG). The presence of such codons results
either in a formation of a fusion protein (if the AUG codon is
in the same reading frame as the S2, S7, S22, 823, C6.1,C6.2,
S11, E8, E46#1, or E46#2 coding sequence) or a frame-shift
mutation (if the AUG codon is not in the same reading frame
asthe S2,87,822,823,C6.1,C6.2,S11,E8, E46#1, or E46#2
coding sequence).

A S2,87,822,823,C6.1,C6.2, S11, E8, E46i#1, or E46#2
nucleic acid molecule and an operably linked promoter can be
introduced into a recipient prokaryotic or eukaryotic cell
either as a non-replicating DNA (or RNA) molecule, which
can either be a linear molecule or, more preferably, a closed
covalent circular molecule. Since such molecules are inca-
pable of autonomous replication, the expression of the gene
can occur through the transient expression of the introduced
sequence. Alternatively, permanent expression can occur
through the integration of the introduced DNA sequence into
the host chromosome.

In one embodiment, a vector is employed which is capable
of integrating the desired gene sequences into the host cell
chromosome. Cells which have stably integrated the intro-
duced DNA into their chromosomes can be selected by also
introducing one or more markers which allow for selection of
host cells which contain the expression vector. The marker
can provide for prototrophy to an auxotrophic host, biocide
resistance, e.g., antibiotics, or heavy metals, such as copper,
or the like. The selectable marker gene sequence can either be
directly linked to the DNA gene sequences to be expressed, or
introduced into the same cell by co-transfection. Additional
elements can also be needed for optimal synthesis of single
chain binding protein mRNA. These elements can include
splice signals, as well as transcription promoters, enhancer
signal sequences, and termination signals. cDNA expression
vectors incorporating such elements include those described
by Okayama, Molec. Cell. Biol. 3:280 (1983).

In a preferred embodiment, the introduced nucleic acid
molecule will be incorporated into a plasmid or viral vector
capable of autonomous replication in the recipient host. Any
of'a wide variety of vectors can be employed for this purpose.
Factors of importance in selecting a particular plasmid or
viral vector include: the ease with which recipient cells that
contain the vector can be recognized and selected from those
recipient cells which do not contain the vector; the number of
copies of the vector which are desired in a particular host; and
whether it is desirable to be able to “shuttle” the vector
between host cells of different species. Preferred prokaryotic
vectors include plasmids such as those capable of replication
in E. coli (such as, for example, pPBR322, ColE1, pSC101,
pACYC 184, nvX). Such plasmids are, for example, dis-
closed by Sambrook (cf. Molecular Cloning: A Laboratory
Manual, second edition, edited by Sambrook, Fritsch, &
Maniatis, Cold Spring Harbor Laboratory, 1989). Bacillus
plasmids include pC194, pC221, pT127, and the like. Such
plasmids are disclosed by Gryczan (In: The Molecular Biol-
ogy of the Bacilli, Academic Press, NY (1982), pp. 307-329).
Suitable Streptomyces plasmids include plJ101 (Kendall et
al., J. Bacteriol. 169:4177-4183 (1987)), and streptomyces
bacteriophages such as ®C31 (Chater et al., In: Sixth Inter-
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national Symposium on Actinomycetales Biology, Akademiai
Kaido, Budapest, Hungary (1986), pp. 45-54). Pseudomonas
plasmids are reviewed by John et al., (Rev. Infect. Dis. 8:693-
704 (1986)), and Izaki (Jpn. J. Bacteriol. 33:729-742 (1978)).

Preferred eukaryotic plasmids include, for example, BPV,
vaccinia, SV40, 2-micron circle, and the like, or their deriva-
tives. Such plasmids are well known in the art (Botstein et al.,
Miami Wntr. Symp. 19:265-274 (1982); Broach, In: The
Molecular Biology of the Yeast Saccharomyces: Life Cycle
and Inheritance, Cold Spring Harbor Laboratory, Cold
Spring Harbor, N.Y., p. 445-470 (1981); Broach, Cell 28:203-
204 (1982); Bollon et al., J. Clin. Hematol. Oncol. 10:39-48
(1980); Maniatis, In: Cell Biology: A Comprehensive Trea-
tise, Vol. 3, Gene Sequence Expression, Academic Press, NY,
pp. 563-608 (1980)).

Once the vector or nucleic acid molecule containing the
construct(s) has been prepared for expression, the DNA con-
struct(s) can be introduced into an appropriate host cell by any
of a variety of suitable means, i.e., transformation, transfec-
tion, conjugation, protoplast fusion, electroporation, particle
gun technology, calcium phosphate-precipitation, direct
microinjection, and the like. After the introduction of the
vector, recipient cells are grown in a selective medium, which
selects for the growth of vector-containing cells. Expression
of'the cloned gene molecule(s) results in the production of S2,
S7,822,823,C6.1,C6.2, S11, E8, E46#1, or E46#2. This can
take place in the transformed cells as such, or following the
induction of these cells to differentiate (for example, by
administration of bromodeoxyuracil to neuroblastoma cells
or the like).

VII. An Antibody having Binding Affinity to an S2, S7, S22,
S23, C6.1, C6.2, S11, EB, E46#1, or E46#2 Polypeptide and
a Hybridoma Containing the Antibody

In another embodiment, the present invention relates to an
antibody having binding affinity specifically to an S2, S7,
S22, 823,C6.1,C6.2, S11, E8, E46#1, or E46#2 polypeptide
as described above or specifically to an S2, S7, S22, S23,
C6.1, C6.2, S11, E8, E46#1, or E46#2 polypeptide binding
fragment thereof. An antibody binds specifically to a S2, S7,
S22,823,C6.1,C6.2, S11, E8, E46#1, or E46#2 polypeptide
or to consensus sequences described herein corresponding to
the amino- and/or carboxy-terminus regions shared by ES8,
E46#1, and E46#2, or binding fragment thereof if it does not
bind to non-S2, 87, 822, 823, C6.1,C6.2, S11, E8, E46#1, or
E46#2 polypeptides. Those which bind selectively to S2, S7,
S22, 823, C6.1, C6.2, S11, E8, E46#1, or E46#2 or to con-
sensus sequences described herein corresponding to the
amino- and/or carboxy-terminus regions shared by ES8,
E46#1, and E46#2, would be chosen for use in methods which
could include, but should not be limited to, the analysis of
altered S2, 87, 822, 823, C6.1, C6.2, S11, E8, E46#1, or
E46#2 expression in tissue containing S2, S7, 822,823, C6.1,
C6.2, S11, E8, E46#1, or E46#2.

The S2, S7, S22, 823, C6.1, C6.2, S11, E8, E46#1, or
E46#2 proteins, or proteins including the consensus
sequences corresponding to the amino- and/or carboxy-ter-
minus regions shared by E8, E46#1, and E46#2 of the present
invention can be used in a variety of procedures and methods,
such as for the generation of antibodies, for use in identifying
pharmaceutical compositions, and for studying DNA/protein
interaction.

The S2, S7, S22, 823, C6.1, C6.2, S11, E, E46i#1, or
E46#2 proteins, or proteins including the consensus
sequences corresponding to the amino and/or carboxy termi-
nus regions shared by E8, E46#1, and E46#2 of the present
invention can be used to produce antibodies or hybridomas.
One skilled in the art will recognize that if an antibody is
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desired, such a peptide would be generated as described
herein and used as an immunogen.

The antibodies of the present invention include mono-
clonal and polyclonal antibodies, as well as fragments of
these antibodies. The invention further includes single chain
antibodies. Antibody fragments which contain the idiotype of
the molecule can be generated by known techniques. For
example, such fragments include but are not limited to: the
F(ab'), fragment; the Fab' fragments, Fab fragments, and Fv
fragments.

Of special interest to the present invention are antibodies to
S2, 87, 822, 823, C6.1, C6.2, S11, E8, E46#1, E46#2 or to
proteins, or proteins including the consensus sequences cor-
responding to the amino- and/or carboxy-terminus regions
shared by E8, E46#1, and E46#2 which are produced in
humans, or are “humanized” (i.e.; non-immunogenic in a
human) by recombinant or other technology. Humanized
antibodies can be produced, for example by replacing an
immunogenic portion of an antibody with a corresponding,
but non-immunogenic portion (i.e., chimeric antibodies)
(Robinson et al., PCT Application No. PCT/US86/02269;
Akira et al., European Patent No. 184,187; Taniguchi, Euro-
pean Patent No. 171,496; Morrison et al., European Patent
No. 173,494; Neuberger et al., PCT Application WO
86/01533; Cabilly et al., European Patent No. 125,023; Bet-
ter, et al., Science 240:1041-1043 (1988); Liu et al., Proc.
Natl. Acad. Sci. USA 84:3439-3443 (1987); Liu et al., J.
Immunol. 139:3521-3526 (1987); Sun, et al., Proc. Natl.
Acad. Sci. USA 84:214-218 (1987); Nishimura et al., Canc.
Res. 47:999-1005 (1987); Wood et al., Nature 314:446-449
(1985)); Shaw et al., J. Natl Cancer Inst. 80:1553-1559
(1988). General reviews of “humanized” chimeric antibodies
are provided by Morrison (Science, 229:1202-1207 (1985))
and by Oi et al., Biolechniques 4:214 (1986)). Suitable
“humanized” antibodies can be alternatively produced by
CDR or CEA substitution (Jones et al., Nature 321:552-525
(1986); Verhoeyan et al., Science 239:1534 (1988); Beidler et
al., J. Immunol. 141:4053-4060 (1988)).

In another embodiment, the present invention relates to a
hybridoma which produces the above-described monoclonal
antibody. A hybridoma is an immortalized cell line which is
capable of secreting a specific monoclonal antibody.

In general, techniques for preparing monoclonal antibod-
ies and hybridomas are well known in the art (Campbell,
“Monoclonal Antibody Technology: Laboratory Techniques
in Biochemistry and Molecular Biology,” Elsevier Science
Publishers, Amsterdam, The Netherlands (1984); St. Groth et
al., J. Immunol. Methods 35:1-21 (1980)).

Any animal (mouse, rabbit, and the like) which is known to
produce antibodies can be immunized with the selected
polypeptide. Methods for immunization are well known in
the art. Such methods include subcutaneous or interperitoneal
injection of the polypeptide. One skilled in the art will rec-
ognize that the amount of polypeptide used for immunization
will vary based on the animal which is immunized, the anti-
genicity of the polypeptide and the site of injection.

The polypeptide can be modified or administered in an
adjuvant in order to increase the peptide antigenicity. Meth-
ods of increasing the antigenicity of a polypeptide are well
known in the art. Such procedures include coupling the anti-
gen with a heterologous protein (such as globulin or [3-galac-
tosidase) or through the inclusion of an adjuvant during
immunization.

For monoclonal antibodies, spleen cells from the immu-
nized animals are removed, fused with myeloma cells, and
allowed to become monoclonal antibody producing hybri-
doma cells.
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Any one of a number of methods well known in the art can
be used to identify the hybridoma cell which produces an
antibody with the desired characteristics. These include
screening the hybridomas with an ELISA assay, western blot
analysis, or radioimmunoassay (Lutz et al., Exp. Cell Res.
175:109-124 (1988)).

Hybridomas secreting the desired antibodies are cloned
and the class and subclass is determined using procedures
known in the art (Campbell, Monoclonal Antibody Technol-
ogy: Laboratory Techniques in Biochemistry and Molecular
Biology, supra (1984)).

For polyclonal antibodies, antibody containing antisera is
isolated from the immunized animal and is screened for the
presence of antibodies with the desired specificity using one
of the above-described procedures.

In another embodiment of the present invention, the above-
described antibodies are detectably labeled. Antibodies can
be detectably labeled through the use of radioisotopes, affin-
ity labels (such as biotin, avidin, and the like), enzymatic
labels (such as horseradish peroxidase, alkaline phosphatase,
and the like), fluorescent labels (such as FITC or rhodamine,
and the like), paramagnetic atoms, and the like. Procedures
for accomplishing such labeling are well-known in the art, for
example, see (Sternberger et al., J. Histochem. Cytochem.
18:315 to (1970); Bayer et al., Meth. Enzym. 62:308 (1979);
Engval et al., Immunol. 109:129 (1972); Goding, J. Immunol.
Meth. 13:215 (1976)). The labeled antibodies of the present
invention can be used for in vitro, in vivo, and in situ assays to
identify cells or tissues which express a specific peptide.

In another embodiment of the present invention, the above-
described antibodies are immobilized on a solid support.
Examples of such solid supports include plastics such as
polycarbonate, complex carbohydrates such as agarose and
sepharose, and acrylic resins such as polyacrylamide and
latex beads. Techniques for coupling antibodies to such solid
supports are well known in the art (Weir et al., “Handbook of’
Experimental Immunology” 4th Ed., Blackwell Scientific
Publications, Oxford, England, Chapter 10 (1986); Jacoby et
al., Meth. Enzym. 34 Academic Press, N.Y. (1974)). The
immobilized antibodies of the present invention can be used
for in vitro, in vivo, and in situ assays as well as in immuno-
chromatography.

Furthermore, one skilled in the art can readily adapt cur-
rently available procedures, as well as the techniques, meth-
ods and kits disclosed above with regard to antibodies, to
generate peptides capable of binding to a specific peptide
sequence in order to generate rationally designed antipeptide
peptides, for example see Hurby et al., “Application of Syn-
thetic Peptides: Antisense Peptides”, In Synthetic Peptides, A
User’s Guide, W. H. Freeman, NY, pp. 289-307 (1992), and
Kaspczak et al., Biochemistry 28:9230-8 (1989).

Anti-peptide peptides can be generated in one of two fash-
ions. First, the anti-peptide peptides can be generated by
replacing the basic amino acid residues found in the S2, S7,
S22, 823, C6.1, C6.2, S11, E8, E46#1, and E46#2 peptide
sequence or consensus sequences described herein with
acidic residues, while maintaining hydrophobic and
uncharged polar groups. For example, lysine, arginine, and/or
histidine residues are replaced with aspartic acid or glutamic
acid and glutamic acid residues are replaced by lysine, argi-
nine or histidine.

VIII. A Method of Detecting an S2, S7, S22, S23,C6.1, C6.2,
S11, E8, E46#1, or E46#2 Polypeptide or Antibody in a
Sample

In another embodiment, the present invention relates to a
method of detecting a S2, 87, S22, S23, C6.1, C6.2, S11, ES,
E46#1, or E46#2 polypeptide including the consensus
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sequence corresponding to the amino- and/or carboxy-termi-
nus regions shared by E8, E46#1, and E46#2 polypeptideina
sample, comprising: a) contacting the sample with an above-
described antibody (or protein), under conditions such that
immunocomplexes form, and b) detecting the presence of the
antibody bound to the polypeptide. In detail, the methods
comprise incubating a test sample with one or more of the
antibodies of the present invention and assaying whether the
antibody binds to the test sample. Altered levels of peptides
S2,87,822,823,C6.1,C6.2,811, E8, E46#1, or E46#2, orin
a sample as compared to normal levels can indicate a specific
disease.

In a further embodiment, the present invention relates to a
method of detecting a S2, S7, S22, S23, C6.1, C6.2, S11, ES,
E46#1, or E46#2 antibody in a sample, comprising: a) con-
tacting the sample with an above-described S2, S7, S22, S23,
C6.1,C6.2,S11, E8, E46#1, or E46#2 polypeptide, including
the consensus sequence corresponding to the amino- and/or
carboxy-terminus regions shared by E8, E46#1, and E46#2
polypeptide under conditions such that immunocomplexes
form, and b) detecting the presence of the protein bound to the
antibody or antibody bound to the protein. In detail, the meth-
ods comprise incubating a test sample with one or more of the
proteins of the present invention and assaying whether the
antibody binds to the test sample. The presence of antibodies
to 82, S7, S22, 823, C6.1, C6.2, S11, E8, E46#1, or E46#2
may indicate exposure to GE, the potential need for therapy of
the affected individual, or GE contamination of a biological
sample.

Conditions for incubating an antibody with a test sample
vary. Incubation conditions depend on the format employed
in the assay, the detection methods employed, and the type
and nature of the antibody used in the assay. One skilled in the
art will recognize that any one of the commonly available
immunological assay formats (such as radioimmunoassays,
enzyme-linked immunosorbent assays, diffusion based
Ouchterlony, or rocket immunofluorescent assays) can
readily be adapted to employ the antibodies of the present
invention. Examples of such assays can be found in Chard, An
Introduction to Radioimmunoassay and Related Techniques,
Elsevier Science Publishers, Amsterdam, The Netherlands
(1986); Bullock et al., Techniques in Immunocytochemistry,
Academic Press, Orlando, Fla. Vol. 1 (1982), Vol. 2 (1983),
Vol. 3 (1985); Tijssen, Practice and Theory of Enzyme Immu-
noassays: Laboratory Techniques in Biochemistry and
Molecular Biology, Elsevier Science Publishers, Amsterdam,
The Netherlands (1985).

The immunological assay test samples of the present
invention include cells, protein or membrane extracts of cells,
or biological fluids such as blood, serum, plasma, or urine.
The test sample used in the above-described method will vary
based on the assay format, nature of the detection method and
the tissues, cells or extracts used as the sample to be assayed.
Methods for preparing protein extracts or membrane extracts
ofcells are well known in the art and can be readily be adapted
in order to obtain a sample which is capable with the system
utilized.

IX. A Diagnostic Kit Comprising S2, S7, S22, S23, C6.1,
C6.2, S11, E8, E46#1, or E46#2 Protein or Antibody

In another embodiment of the present invention, a kit is
provided which contains all the necessary reagents to carry
out the previously described methods of detection.

The kit can comprise: i) a first container means containing
an above-described antibody, and ii) second container means
containing a conjugate comprising a binding partner of the
antibody and a label.
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The kit can comprise: 1) a first container means containing
an above-described protein, and preferably, ii) second con-
tainer means containing a conjugate comprising a binding
partner of the protein and a label. More specifically, a diag-
nostic kit comprises S2, S7, S22, S23, C6.1, C6.2, S11, ES,
E46#1, E46#2, or a peptide having consensus sequences cor-
responding to the amino and/or carboxy terminus regions
shared by E8, E46#1, and E46#2 protein as described above,
to detect antibodies in the serum of potentially infected ani-
mals or humans.

In another preferred embodiment, the kit further comprises
one or more other containers comprising one or more of the
following: wash reagents and reagents capable of detecting
the presence of bound antibodies. Examples of detection
reagents include, but are not limited to, labeled secondary
antibodies, or in the alternative, if the primary antibody is
labeled, the chromophoric, enzymatic, or antibody binding
reagents which are capable of reacting with the labeled anti-
body. The compartmentalized kit can be as described above
for nucleic acid probe kits.

One skilled in the art will readily recognize that the anti-
bodies described in the present invention can readily be incor-
porated into one of the established kit formats which are well
known in the art.

X. Diagnostic Screening

It is to be understood that although the following discus-
sion is specifically directed to human patients, the teachings
are also applicable to any animal which can be infected with
GE.

The diagnostic and screening methods of the invention are
especially useful for a patient suspected of being at risk for
developing ehrlichiosis.

According to the invention, a pre- and post-symptomatic
screening of an individual in need of such screening is now
possible using DNA encoding the S2, 87, S22, S23, C6.1,
C6.2, S11, E8, E46#1, or E46#2 protein or fragment thereof,
or a protein having consensus sequences corresponding to the
amino and/or carboxy terminus regions shared by E8, E46#1,
and E46#2 of the invention. The screening method of the
invention allows a presymptomatic diagnosis of the presence
of S2, 87, 822, 823, C6.1, C6.2, S11, E8, E46#1, or E46#2
protein or DNA in individuals, and thus an opinion concern-
ing the likelihood that such individual would develop or has
developed ehrlichiosis. Early diagnosis is desired to maxi-
mize appropriate timely intervention.

In one preferred embodiment of the method of screening, a
tissue sample would be taken from an individual, and
screened for (1) the presence of the S2, S7, S22, S23, C6.1,
C6.2, S11, E8, E46#1, or E46#2 DNA coding sequence; (2)
the presence of S2, S7,522, 823, C6.1,C6.2, S11, E8, E46#1,
or E46#2 mRNA; (3) the presence of S2, S7, S22, S23, C6.1,
C6.2, S11, E8, E46#1, or E46#2 protein; and/or (4) the pres-
ence of antibody to S2, S7, S22, S23, C6.1, C6.2, S11, E8,
E46#1, or E46#2 protein.

A preferred method of detecting the presence of S2, S7,
S22, 823, C6.1, C6.2, S11, E8, E46#1, or E46#2 protein
and/or the presence of antibody to S2, S7, S22, 823, C6.1,
C6.2, S11, E8, E46#1, or E46#2 protein comprises: a) con-
tacting the sample with a polypeptide or antibody to a
polypeptide having the amino acid sequence of S2, S7, S22,
S23, C6.1, C6.2, S11, E8, E46#1, or E46#2, or a fragment
thereof under conditions such that immunocomplexes form;
and b) detecting the presence of the immunocomplexed anti-
body and polypeptide.

Individuals not infected with GE do not have GE S2, S7,
S22, 823, C6.1, C6.2, S11, E8, E46#1, or E46#2 DNA,
mRNA, or protein.
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The screening and diagnostic methods of the invention do
not require that the entire S2, S7, S22, S23, C6.1, C6.2, S11,
E8, E46#1, or E46#2 coding sequence be used for the probe.
Rather, it is only necessary to use a fragment or length of
nucleic acid that is sufficient to detect the presence of the S2,
S7, 822, 823, C6.1, C6.2, S11, E8, E46#1, or E46#2 nucleic
acid in a DNA preparation from an individual.

Analysis of nucleic acid specific to GE can be by PCR
techniques or hybridization techniques (cf. Molecular Clon-
ing: A Laboratory Manual, 2nd edition, edited by Sambrook,
Fritsch, & Maniatis, Cold Spring Harbor Laboratory, 1989;
Eremeeva etal.,J. Clin. Microbiol. 32:803-810 (1994) which
describes differentiation among spotted fever group Rickett-
siae species by analysis of restriction fragment length poly-
morphism of PCR-amplified DNA). Nucleic acid probes used
to analyze GE genomic DNA via PCR analysis have been
described in Chen et al., J. Clin. Microbiol. 32:589-595
(1994).

XI. Vaccines

In another embodiment, the present invention relates to a
vaccine comprising a GE S2, S7, 822, S23, C6.1, C6.2, S11,
E8, E46#1, or E46#2 protein or a fragment thereof, or a
protein having consensus sequences corresponding to the
amino and/or carboxy terminus regions shared by E8, E46#1,
and E46#2 (preferably, an immunologically active fragment)
together with a pharmaceutically acceptable diluent, carrier,
or excipient, wherein the protein is present in an amount
effective to elicit a beneficial immune response in an animal
to GE. 82, 87, 822, 823, C6.1, C6.2, S11, E8, E46#1, or
E46#2 protein, or a protein having consensus sequences cor-
responding to the amino- and/or carboxy-terminus regions
shared by ES8, E46#1, and E46#2 may be obtained as
described above and using methods well known in the art. An
immunologically active fragment comprises an epitope-bear-
ing portion of the protein.

In a further preferred embodiment, the present invention
relates to a composition comprising a GE S2, S7, S22, S23,
C6.1, C6.2, S11, ES8, E46#1, or E46#2 protein or fragment
thereof, or a protein having consensus sequences correspond-
ing to the amino- and/or carboxy-terminus regions shared by
E8, E46#1, and E46#2 (preferably, an immunologically reac-
tive fragment-antigenic epitope, examples are listed in Table
1) and a carrier.

In another embodiment, the present invention relates to a
vaccine comprising a GE S2, S7, 822, S23, C6.1, C6.2, S11,
E8, E46#1, or E46#2 nucleic acid (preferably, DNA) or a
fragment thereof (preferably, a fragment encoding an immu-
nologically active protein or peptide), or nucleic acid coding
for a polypeptide, or a protein having consensus sequences
corresponding to the amino- and/or carboxy-terminus regions
shared by E8, E46#1, and E46#2 together with a pharmaceu-
tically acceptable diluent, carrier, or excipient, wherein the
nucleic acid is present in an amount effective to elicit a ben-
eficial immune response in an animal to GE. S2, 87,822, 823,
C6.1, C6.2, S11, E8, E46#1, or E46#2 nucleic acid may be
obtained as described above and using methods well known
in the art. An immunologically active fragment to comprises
an epitope-bearing portion of the nucleic acid.

In a further preferred embodiment, the present invention
relates to a composition comprising a GE S2, S7, S22, S23,
C6.1, C6.2, S11, E8, E46##1, or E46#2 nucleic acid (prefer-
ably, DNA) or fragment thereof (preferably, encoding an
immunologically reactive protein or fragment-antigenic
epitope) and a carrier.



US 8,461,323 B2

Sheet 7 of 72

Jun. 11, 2013

U.S. Patent

L-dG "Dl
o s ¥ 1¢S5 4dH®Si39aasd 11 F 3l
59¥OLLI0L LYOYOLONLLLIVOYDSIYIVYOO0L YOI I0L DVYAVOOVINDIOVLIOVE

g 2 7T A 1 A G0 1 B D s 3 4 A1 I 5 5 3 4
xu«mwuwvuymuumpwwumuwumumummuuup«@@auuwwwwwmyHﬁuuyguw«mw«pwm
vbwwwzbaxps,xzummpxwm
muawwauwwu@wuauxmawuﬁmuumdwwwwwwwuwwamxxuwuuwxm¢u¢¢uw¢wxwuuu
¥ 3 S H 1 a s &0 a3 a5 38D 5 B 3 1 S
ugu&wu.wwuﬁwu&guuw@uuﬁu@wwﬁgwgwgﬁuﬁv@ﬁm@ﬁw.mu,ww
7 ¢ 8§ ¥ 5§ 1 o ¥ §$ L ¢ s 5 N D X S5 G 3 ¥
ﬁupwmuwawuwpuwﬂo@u&am&««Uppumw«uuwmwumyaﬂwuwuﬂauquxmaxwpuwu
1 6 1 1 8 $ a1l 41K T3 YL I T WS bt
umuxwuu@aumwuHyuypuuouauwpmawwwwwwwuawwuwwauwaampmmmmummmwup
3 S 4 B 4 ¥ A 3 3 ¥ 4 A 4 N8 O 4 40 3 1
.H,ﬁ.uywuoﬁu.wuguaﬁwﬁwwﬁuu‘wwuuuwuauupﬁwwumuuwuuuwwwwwﬁup
prwbmmmvzxa,ﬁmmmwoaa
uuxuaaammauxwuxuwwmumﬂwxawum«u««x«umumyumwauxuwxmumauwaHmwwu
v § 4 32 1 1 ¢ 4 1 17T s 4 ¥ ¥ i d KR YU R
uwguawuuwauﬁwﬁawauamuuuwummpuwuwuwpwuuwum«uaawwwwm&wﬁumwummu
N L 4 S B % o ¥ 15 4 N Y A A A O 7T 3 bt
YYIY1o991 51 Y00WYa0Iv000li20¥ol 1 I¥YIODYIO0¥IBIDIYOLLIOLLLLADY
s W A N ® @ 85 g ¥ & 8§ 1 A 5 4 a0 ¢ ¥ § 8
~191¥5100VYYO0OvOVYaLYO0DY LI L 00V I VoYL DYI0VYDIVDLOONOLIOYY
5 ¥ BH S 3 I 1 3 ¢ ¥ 1 &4 C I s s 1 85 &40
NOYOYIYIYIIYYOLIVYOVLILLOYDOOYYIYLILOVOLIYILIOVYIIOOYILILILINDD
9 5 ¥y 7T 9 4 § 9 3 ¥ L 4 2 & A 1 0 4 I N
8830OYISYILI0091000 01 180YYOY 00l oVYOVYODYIVOVINIVIVILIDIINIVYD
H 3 3 H

YOVYO Ll IOIEYYIY LIV IO0VYOVYILIOVaLIIOIVIOVIOILIIVODD0OYIDDOYOD]

18L

1L

195

108

1¥%

8%

1y

18¢

10¢

¥

181

121

19



US 8,461,323 B2

31

In a further preferred embodiment, the present invention
relates to a method of producing an immune response which
recognizes GE in a host comprising administering to the host
the above-described composition.

In a preferred embodiment, the animal to be protected is
selected from humans, horses, deer, cattle, pigs, sheep, dogs,
and chickens. In a more preferred embodiment, the animal is
a human or a dog.

In a further embodiment, the present invention relates to a
method of preventing ehrlichiosis in an animal comprising
administering to the animal the above-described vaccine,
wherein the vaccine is administered in an amount effective to
prevent or inhibit Ehrlichiosis. The vaccine of the invention is
used in an amount effective depending on the route of admin-
istration. Although intranasal, subcutaneous or intramuscular
routes of administration are preferred, the vaccine of the
present invention can also be administered by an oral, intra-
peritoneal or intravenous route. One skilled in the art will
appreciate that the amounts to be administered for any par-
ticular treatment protocol can be readily determined without
undue experimentation. Suitable amounts are within the
range of 2 nug of the S2, S7, S22, S23, C6.1, C6.2, S11, ES,
E46#1, E46#2 protein, or a protein having consensus
sequences corresponding to the amino and/or carboxy termi-
nus regions shared by E8, E46#1, and E46#2 per kg body
weight to 100 pg per kg body weight (preferably, 2 pg to 50

pg, 2 ug to 25 ug, 5 pug to 50 pg, or 5 pg to 10 pg).

Examples of vaccine formulations including antigen
amounts, route of administration and addition of adjuvants
can be found in Kensil, Therapeutic Drug Carrier Systems
13:1-55 (1996), Livingston et al., Vaccine 12:1275 (1994),
and Powell et al., AIDS RES, Human Retroviruses 10:5105
(1994).

The vaccine of the present invention may be employed in
such forms as capsules, liquid solutions, suspensions or elix-
irs for oral administration, or sterile liquid forms such as
solutions or suspensions. Any inert carrier is preferably used,
such as saline, phosphate-buffered saline, or any such carrier
in which the vaccine has suitable solubility properties. The
vaccines may be in the form of single dose preparations or in
multi-dose flasks which can be used for mass vaccination
programs. Reference is made to Remington’s Pharmaceuti-
cal Sciences, Mack Publishing Co., Easton, Pa., Osol (ed.)
(1980); and New Trends and Developments in Vaccines, Vol-
ler etal. (eds.), University Park Press, Baltimore, Md. (1978),
for methods of preparing and using vaccines.

The vaccines of the present invention may further comprise
adjuvants which enhance production of antibodies and
immune cells. Such adjuvants include, but are not limited to,
various oil formulations such as Freund’s complete adjuvant
(CFA), the dipeptide known as MDP, saponins (e.g., QS-21,
U.S. Pat. No. 5,047,540), aluminum hydroxide, or lymphatic
cytokines. Freund’s adjuvant is an emulsion of mineral oil
and water which is mixed with the immunogenic substance.
Although Freund’s adjuvant is powerful, it is usually not
administered to humans. Instead, the adjuvant alum (alumi-
num hydroxide) may be used for administration to a human.
Vaccine may be absorbed onto the aluminum hydroxide from
which it is slowly released after injection. The vaccine may
also be encapsulated within liposomes according to Fuller-
ton, U.S. Pat. No. 4,235,877.

The present invention is described in further detail in the
following non-limiting examples.
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EXAMPLES

The following Protocols A-G and experimental details are
referenced in the non-limiting examples, Examples 1-16.
Protocol A: Cultivation of GE in HL.60 Cells

The GE-infected HL60 cell line, USG3, was obtained by
co-culturing HL60 cells (ATCC CCL 240) with blood cells
from dogs challenged with field collected Ixodes scapularis
ticks. After degenerative cell morphology became noticeable,
the infected cells were passed over fresh uninfected HL.60
cells to maintain the culture. USG3 was grown in RPMI 1640
containing 10-20% heat-inactivated fetal bovine serum, 2
mM 1-glutamine, 1 mM sodium pyruvate, 0.1 mM MEM
non-essential amino acids and was split into fresh HL60 cells
two to three times per week. This procedure is also outlined in
Coughlin et al., PCT Application No. PCT/US96/10117 and
has also been demonstrated by Goodman et al., N. Eng. J.
Med. 334:209-215 (1996).

Protocol B: DNA Isolation

USGS3 cultures at approximately 80% cell lysis (monitored
microscopically) were centrifuged at 840xg for 15 min at 4°
C. to remove host HL60 cell debris. The supernatant was
filtered through a Poretics (Livermore, Calif.) 5 pm polycar-
bonate membrane, 47 mm in diameter, followed by a Poretics
3 um filter under negative pressure. The USG3 filtrate was
centrifuged at 9460xg in a Sorvall centrifuge for 30 min at 4°
C. Following centrifugation, the GE pellet was resuspended
in 5 ml 25 mM Tris, pH 8.0, 10 mM MgCl, and 0.9% NaCl.
DNase I (Life Technologies, Gaithersburg, Md.) was added to
a final concentration of 9 pg per ml and the solution was
incubated for 15 min at 37° C. Following incubation, the
DNase was inactivated by the addition of 0.5 ml of 0.5M
EDTA and the GE was pelleted at 14,000xg in a Sorvall
centrifuge for 30 min at 4° C.

Protocol C: Construction of the GE Genomic Library

Genomic DNA was isolated from purified GE using the
QIAamp Genomic DNA kit (Qiagen, Chatsworth, Calif.) for
library preparation (Stratagene, La Jolla, Calif.). The DNA
was mechanically sheared to a 4-10 kb size range and ligated
to EcoRI linkers. Linkered fragments were ligated into the
EcoRlI site of Lambda Zap II and the library was amplified in
E. coli strain XI.1-Blue MFR' to a titer of 10"° Pfu/ml.
Protocol D: Preparation of the Screening Sera

Dog sera: Adult Ixodes scapularis ticks collected from
regions of the eastern United States having a high incidence
of human Lyme disease were applied to dogs as described
(Coughlin et al., J. Infect. Dis. 171:1049-1052 (1995)). Sera
from the dogs was tested for immunoreactivity to E. equi by
an immunofluorescence assay. Positive sera from infected
dogs was pooled and used for immuno screening of the GE
genomic library.

Mouse sera: Proteins contained in SDS-disrupted whole
GE were separated by SDS-PAGE and forty-six individual
bands were excised from each of two gels, 10% and 15%
acrylamide. Each gel fragment was mashed, added to buffer
and Ribi adjuvant and used to immunize two mice. Sera with
similar immuno reactivity patterns against GE antigen as
determined by Western blot were pooled into 4 groups: A, B,
C, and D.

Goat sera: Mixtures of 100 pg of purified heat-inactivated
USG3 antigen were used to immunize goats. Goats received
three subcutaneous doses of antigen at bi-weekly intervals.
Serum was collected two weeks following the third immuni-
zation and used for immunoscreening of the GE genomic
DNA library.
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Protocol E: Screening of the GE Genomic DNA Library

Bacteriophage were diluted and plated with XL1-Blue
MREF" cells on NZY agar plates. Plates were prepared giving
approximately 50,000 plaques per plate. Phages were
induced to express cloned protein with 10 mM IPTG (Sigma,
St. Louis, Mo.) and transferred to nitrocellulose filters. For
immuno screening, filters were blocked in TBS (25 mM Tris
HCI, pH 7.5, 0.5 M NacCl) containing 0.1% polyoxyethylene
20 cetyl ether (Brij 58) and incubated with pooled dog sera,
pooled mouse sera, or pooled goat sera. The filters were
washed and then reacted with anti-dog HRP conjugated anti-
body, anti-mouse HRP conjugated antibody, or anti-goat
HRP conjugated antibody. The filters were washed again and
developed with 4-chloronapthol (Bio-Rad).

Positive plaques were isolated, replated and rescreened
twice to achieve purity. Plasmid DNA containing the putative
recombinant clones was obtained by plasmid rescue (Strate-
gene, La Jolla, Calif.).

Protocol F: DNA Analysis

Restriction enzyme analysis: Standard techniques were
followed according to the protocols of Sambrook et al.,
Molecular Cloning (2nd ed.), Cold Spring Harbor Laboratory
Press, New York (1989)).

DNA sequencing and sequencing analysis: DNA sequenc-
ing of recombinant clones was performed using the primer
walking method and an ABI 373 A DNA sequencer (ACGT,
Northbrook, Ill.; Lark Technologies, Houston, Tex.; and
Sequegen, Shrewsbury, Mass.). Sequences were analyzed by
using the MacVector (Oxford Molecular Group) sequence
analysis program, version 6.0. The BLAST algorithm, D ver-
sion 1.4, was used to search for homologous nucleic acid and
protein sequences available on the National Center for Bio-
technology Information (NCBI) server.

PCR amplification of target sequences: DNA oligonucle-
otide primer sets were designed based on sequencing infor-
mation from each individual clone. PCR primers were syn-
thesized by Life Technologies (Gaithersburg, Md.).
Templates for PCR were either purified plasmid DNA, puri-
fied GE or HL60 genomic DNA, or phage lysates. All reac-
tions were performed using a Gene Amp 9600 thermal cycler
(Perkin-Elmer, CT), GenAmp reagents from Perkin-Elmer,
and TagStart antibody (Clontech, CA). The cycling program
consisted of 30 cycles, each of 30 s at 94° C.,30s at 48° C. to
55°C.,and 1 min at 72° C., and an additional cycle of 10 min
at 72° C. PCR products were analyzed on 4% Nusieve 3:1
agarose gels (FMC Bioproducts, Rockland, Me.).

Protocol G: Protein Isolation and Analysis

Overnight cultures of individual clones were diluted 1:25
into TP broth (per liter: 20 g bactotryptone, 2 g Na,HPO,, 1
g KH,PO,, 8 g NaCl, 15 g yeast extract) and grown at 37° C.
until an ODgy, 0of 0.5 to 1 was reached. A 1.5 ml aliquot of
culture was harvested. IPTG was added to a concentration of
5 mM and growth was continued for 3 hours at 37° C. The
ODy,, was read and each culture was pelleted. Pellets were
resuspended in 5x Laemmli buffer (12% glycerol, 0.2M Tris-
HCI], pH 6.8, 5% SDS, 5% p-mercaptoethanol) at 200 ul per
1 OD unit. In the alternative, harvested GE protein prepara-
tions were pelleted and resuspended in 0.4% SDS, 12.5 mM
Tris, pH 6.8 and heated at 90-100° C. for 20 min. For cell
lysis, 50 pl of a cocktail consisting of RNase (33 pg/ml) and
aprotinin (0.2 mg/ml) and 9 pl of DNase (0.17 mg/ml) was
added per 5 mg of GE. 20 pl of 25x Boehringer/Mannheim
protease inhibitor cocktail (Cat. #1697498) was added per 0.5
ml cell suspension and 2 pl of a PMSF solution (1M in
DMSO) was added just prior to cell disruption. Cells were
disrupted in 30 second intervals for a total of 3 min in a
mini-beadbeater cell disrupter, Type BX-4(BioSpec), agi-
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tated at room temperature for 30 min and centrifuged at
15,000xg for 10 min. The pellet was suspended in Laemmli
sample buffer and adjusted to 1.4 mg SDS/mg protein.
Samples were boiled and 10 pl of each were electrophoresed
on SDS-PAGE gels.

For Western blot analysis, gels were transferred to nitro-
cellulose filters, the filters were blocked in TBS/Brij 58 and
the blots were probed with antisera. Blots were then washed
and incubated with HRP conjugated secondary antibody.
After a final washing step, blots were developed with 4-chlo-
ronapthol (Bio-Rad, Hercules, Calif.) or detected using
enhanced chemiluminescence (Pierce, Rockford, I11.).

Example 1
PCR Amplification and Cloning of GE 16S rDNA

GE was cultivated in HL60 cells as described in Protocol A
(supra). Cell extracts were prepared by lysis protocols as
described supra, PCR primers (specific for the 16S ribosomal
DNA of the genogroup comprising E. equi, E. phagocyto-
phila, and the HGE agent used to amplify DNA from the cell
extracts) were modified to include restriction enzyme recog-
nition sites as follows:

forward primer, (SEQ ID NO: 40)
5'-CTGCAGGTTTGATCCTGG-3' (PstI site);
reverse primer, (SEQ ID NO: 41)

5'-GGATCCTACCTTGTTACGACTT-3' (BamHI site),

These primers (0.5 pM) were added to a 100 pl reaction
mixture containing 1xPCR buffer II (Perkin-Elmer Corp), 1.5
mM MgCl, (Perkin-Elmer Corp.), 200 uM each dATP, dGTP,
dCTP and dTTP, 2.5 U of Amplitaq DNA polymerase and 20
wl of USG3 DNA. Amplification was performed as described
in Protocol F. The amplified 1500 bp fragment was digested
with Pst I and BamHI and ligated to pUC19 linearized with
the same enzymes. The resulting clone, pUCHGE168S, was
sequenced.

Example 2
Isolation of Clones Using Canine Sera

Western blot analysis of the individual recombinant plas-
mid was performed as described in Protocol G using canine
sera prepared as described in Protocol D or a 1:1000 dilution
of human sera prepared from two convalescent-phase sera
from patients (No. 2 and 3, New York, kindly provided by Dr.
Aguero-Rosenfeld) and from an individual in Wisconsin who
was part of a seroprevalence study (No. 1, kindly provided by
Dr. Bakken). Blots were washed and incubated with biotin-
labeled goat anti-dog IgG (Kirkegaard & Perry Laboratories,
Inc., Gaithersburg, Md.) followed by peroxidase labeled
streptavidin (Kirkegaard & Perry Laboratories, Inc., Gaith-
ersburg, Md.) or HRP conjugated anti-human IgG (Bio-Rad,
Hercules, Calif.). After several additional washes, the dog
sera blots were developed with 4-chloronapthol to (Bio-Rad,
Hercules, Calif.). Over 1000 positive clones were identified.
Three hundred of these clones (both strong (S) and weak (W)
immunoreactivity) were further purified by a secondary
screen of the library. From this group, 48 clones were purified
as single plaques by a third immunoscreening. Plasmids were
rescued according to the Stratagene protocol and DNA was
purified using Qiagen plasmid purification kits. Of the origi-
nal forty-eight clones, seven were not able to be analyzed due
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to lack of sufficient DNA. A number of restriction digests
were performed on each clone to assess their relatedness.
Single enzyme digests were performed with EcoR1, HindIII,
BamHI, HinclI, Xbal, Pstl and Alw26I and in some cases a
number of double digests were done. Based on these digests
restriction maps were generated and most of the clones could
be placed into one of three groups—designated groups I, 11
and III. FIGS. 1-3 show the structures of the three groups
based on the restriction enzyme analysis. Another five clones
had lost the insert during the plasmid rescue and were not
grouped.

Example 3

Characterization of Representative Clones S2, S7,
S22, and S23

A representative clone was chosen for further characteriza-
tion from each of the three groups (see Example 2, supra).
These clones, S2, S7, and S22, were sequenced according to
Protocol F. S23 was also sequenced since it did not appear to
fall into one of these groups. The complete nucleic acid
sequence of each of these clones is shown as follows: FIG. 4,
group I (822); FIG. 6, group 1I (S2); FIG. 8, group III (S7);
FIG. 10, (S23). Sequence analysis (Mac Vector, Oxford
Molecular Group) showed that each clone contained a single
large open reading frame encoded by the plus strand of the
insert and each one appeared to be a complete gene. The
amino acid sequences encoded by each clone are shown in
FIG.5(S22),FIG.7,(S2),and FIG. 9 (S7), and FIG. 11 (S23).
There are also two additional small open reading frames in the
S23 DNA insert, one on the negative strand and the other on
the positive strand. A comparison of the DNA sequences of
the 4 clones revealed that S23 is a group I clone which is
missing a stretch of nucleotides in S22 containing two EcoRI
sites. The nucleotide sequences of the genes described here
have been assigned the following GenBank accession num-
bers: GE ank (GE 160), AF020521; GE rea (GE 130),
AF020522; GE gra (GE 100), AF020523. Further sequence
analysis of the four clones showed that all of them contain
regions of repeated amino acids.

FIG. 12 represents a schematic diagram of the S22 and S23
proteins and the repeat regions within those proteins. Simi-
larly, FIG. 13 shows the repeat regions of the S2 and S7
proteins in a schematic diagram Amino acid sequence analy-
sis of the proteins encoded by the three gene clones S22, S2,
and S7, showed that all contain regions of repeated amino
acids. A schematic version of these repeat structures is shown
in FIGS. 14 and 15. The S2 encoded protein (160 kDa) has
three groups of repeats. The first set consists of a number of
ankyrin-like repeat units of 33 amino acids, the second con-
sists of repeat units of 27 amino acids, and the third consists
of repeat units of 11 amino acids. The ankyrin repeats were
revealed by a BLAST database search for protein homolo-
gies. Ankyrin repeats occur in at least four consecutive copies
and are present in yeast, plants, bacteria, and mammals. FIG.
14 shows a multiple alignment ofthe S2 encoded protein (160
kDa) ankyrin repeats under a consensus sequence derived
from the analysis of several hundred similar ankyrin-like
motifs. The eighth repeat sequence holds to the consensus
only through the first half of the repeat unit and may not
represent a full ankyrin-like repeat.

The S22 encoded protein (130 kDa) has a repeat unit of 26
to 34 amino acids which occurs eight times in the carboxy-
terminal half of the protein (See FIG. 15). The sequence
varies somewhat from repeat to repeat. A database homology
search with the NCBI BLAST algorithm revealed that the S22
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encoded protein has limited homology to the E. chaffeensis
120 kDa protein. An amino acid sequence alignment of a
motif common to both proteins is shown in FIG. 15A. This
motifis represented by a bold line and occurs four times in an
identical fashion in the E. chaffeensis protein (designated
A-1) and eight times with four variations in the 130 kDa
protein (a-1, a-2, a-3, and a-4).

The S7 encoded protein (100 kDa) has three large repeat
units, which differ somewhat in length (See FIG. 15). A
database search revealed that it is similar to the 120 kDa E.
chaffeensis protein, which contains four repeats of 80 amino
acids each. Both proteins contain large amounts of glutamic
acid: 18% for the 100 kDa protein and 17% for the 120 kDa
protein. When the two protein sequences are aligned, most of
the homology occurs in the repeat regions. FIG. 15B shows
alignments for two homologous groups of amino acid motifs
from the two proteins (designated B/b and C/c) found with the
BLAST algorithm. These are not the only possible align-
ments of the two proteins but do provide an example of their
similarities. The locations of the homologous sequences are
indicated by bold or hatched lines above (S7 encoded 100
kDa protein) or below (£. chaffeensis 120 kDa protein) the
respective proteins. The B sequence represented by the bold
line varies slightly in the E. chaffeensis protein (shownas B-1,
B-2, and B-3) and occurs a total of five times. The S7 encoded
protein equivalent, b-1, is invariant and occurs three times.
The sequence represented by the hatched line occurs four
times in E. chaffeensis 120 kDa (C-1) and two times in S7
(C-1).

Samples of recombinant clones were induced to express
the encoded protein and bacterial extracts were prepared for
SDS-PAGE as outlined in Protocol G. FIG. 16 shows a West-
ernblot containing samples of S2,S7, S22, and FIG. 17 shows
a western blot also containing a sample of S23. SDS-dis-
rupted whole GE was used as a positive control and a non-
protein expressing clone was run as a negative control. Immu-
noreactive proteins for all 4 clones were detected by the dog
sera. The same proteins were also detected when the blots
were probed with sera obtained from a human patient with
GE, as evident in FIG. 18. The blots were probed with human
antisera. Based on the amino acid sequences of these proteins,
the calculated molecular weights are significantly lower than
the apparent molecular weights by SDS-PAGE. The calcu-
lated (based on the amino acid sequence) and apparent (based
on mobility in SDS-PAGE) molecular weights of each protein
encoded by the open reading frames of the listed clones are
compared in Table 4. This phenomenon has been observed in
other proteins (see Barbet et al., Infect. Immun. 59:971-976
(1991); Hollingshead et al., J. Biol. Chem. 267:1677-1686

(1986); Yu et al., Gene 184:149-154 (1997)).
TABLE 4

Clone Calculated Molecular Weight Apparent Molecular Weight

S2 78 kDa 160 kDa

S7 61 kDa 100 kDa

S22 66 kDa 130 kDa

S23 52 kDa 90 kDa
Example 4

Verification that Clones S2, S7, S22, and S23 are GE
Derived by PCR Analysis

PCR primer sets were designed based on the sequences of
each of the three GE clones and are as described in Table 5.
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The sequences of each primer set indicated in Table 5 were
used to amplify regions of the listed clones (SEQ ID NOS:
47-52). Each oligonucleotide sequence is shown in the 5' to 3'
orientation. Each 50 pl reaction contained 0.5 uM of each
primer, 1xPCR Supermix (Life Technologies, Gaithersburg,
Md.) and either 100 ng USG3 DNA, 100 ng HL.60 DNA or
200 ng plasmid DNA. PCR amplification was performed as to
described in Protocol F.

TABLE 5

Clone Forward Primer Reverse Primer

S22 CACGCCTTCTTCTAC CTCTGTTGCTATAGGGGC
(SEQ ID NO: 42) (SEQ ID NO: 43)

S7 GATGTTGCTTCGGGTATGC CAGAGATTACTTCTTTTTGCGG
(SEQ ID NO: 44) (SEQ ID NO: 45)

S2 GCGTCTCCAGAACCAG CCTATATAGCTTACCG
(SEQ ID NO: 46) (SEQ ID NO: 47)

These experiments established that the sequenced genes
were derived from GE DNA and not HL60 DNA, and allowed
the elimination of duplicate clones prior to plasmid rescue
and DNA isolation by using them in PCR of phage lysates.
Primer pairs specific for S22/S23, S2 and S7 were used in
separate PCR reactions to amplify three different templates:
GE DNA, HL60 DNA, or the purified plasmid DNA of each
clone. FIGS. 19 and 20 show the results obtained for primers
of S22, S23, S2, and S7 using the PCR conditions outlined
above. All three clones were specific to GE and were not
present in HL60 DNA. In each case the size of the PCR
product using genomic DNA as a template was the same as
that generated by purified plasmid DNA.

Example 5
Further Characterization of Isolated GE Clones

The same primer pairs (supra) were also used to confirm or
establish the identity of each purified phage stock from all 48
clones derived from the library screening with the dog sera.
Every isolate, with one exception (W20), was either a group
1, 11, or III clone, as evident in Table 6 below. Clones were
isolated by immunoscreening with convalescent dog sera.
Each clone is classified as a group 1, II or III clone based on
PCR with primers specific for the group I, II or III DNA
sequences. Clone W20 was the only clone different from the
other 3 groups.

TABLE 6
Clone Name Group
S1 I
S2 I
S3 I
S5 I
S6 I
S7 I
S8 I
S9 I
S10 I
S11 I
S12 II
S13 II
S14 I
S19 I
S22 I
S23 I
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TABLE 6-continued

Clone Name Group

Example 6
Isolation of Clones Using Murine Sera

Four different pools of sera (designated A, B, C, and D)
obtained from mice immunized with gel band samples of GE
protein (Protocol D) were used to screen the GE genomic
DNA library. Twenty-six clones were plaque purified and
used for further analysis. These were designated A1, A2, A8,
All1,A14,A16;B1,B3,B6,B8,B9,B12;C1,C3,C5,C6,C7,
C10,C11;D1,D2,D7,D8,D9, D11, and D14. Plasmid DNA
was rescued from each clone and restriction analyses were
performed. Several of the clones (A14, B12, C3,C5,D1, D2,
D9 and D11) had no insert. Of the remaining clones, nine
could be placed into one of two groups due to similarities in
their restriction enzyme patterns. The first group included all
of'the C clones and the second group consisted of all of the D
clones plus B3. Some of the other clones were not grouped at
this stage due to lack of sufficient DNA.

Example 7
Characterization of Representative Clone C6

One representative clone from the C group (C6) was
selected for DNA sequencing. The insert of 2.7 kb contained
two open reading frames (designated C6.1, C6.2, and whose
amino acid sequences are given in FIGS. 21 and 22, respec-
tively) on the plus strand which were separated by 9 nucle-
otides (FIG. 23). A search of the protein/nucleotide databases
revealed that the first amino acid sequence (C6.1) has signifi-
cant homology to dihydrolipoamide succinyltransferase, an
enzyme involved in the oxidative decarboxylation of pyru-
vate and 2-oxoglutarate (Spencer et al., Fur. J. Biochem.
141:361-374 (1984)). The second amino acid sequence
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(C6.2) is homologous to a methionine aminopeptidase found
in several types of bacterial species.

Clones, C1, C6, and C7, were induced to express the
encoded protein and bacterial extracts were prepared for
SDS-PAGE. FIG. 24 shows a Western blot of these samples
electrophoresed next to SDS-disrupted whole GE. The
immune mouse serum designated “C” was used to probe the
blot. All three recombinant clones expressed a protein of the
same molecular weight, about 50 kDa. The calculated
molecular weights of C6.1 and C6.2 are 44 kDa and 29 kDa,
respectively. Thus, based on size, C6.1 is more likely to be the
expressed recombinant protein detected by immunoscreen-
ing.

DNA sequencing also revealed that the group of clones
consisting ofall of the D clones and the B3 clone contained an
open reading frame for a protein with homology to the heat
shock protein hsp70.

Based on the DNA sequences of each clone, PCR primers
were designed to amplify specific regions of each open read-
ing frame contained in C6. The primers used were as follows:

forward primer for C6.1: (SEQ ID NOS: 48)
5'-CAGGCAGTGAGCACTCAAAAACC-3';

reverse primer for C6.1: (SEQ ID NOS: 49)
5'-GCGACTCCAATGTTACAATAGTCCC-3"';

forward primer for C6.2: (SEQ ID NOS: 50)
5'-TGTGATCCTCGATGGTTGGC-3 "' ;

reverse primer for C6.2: (SEQ ID NOS: 51)

5'-CCCTCCTGAATCGTAACATCATCC-3"' .

FIG. 25 shows the results obtained with each primer pair
using GE DNA, HL60 DNA or the C6 plasmid DNA as
templates in a PCR reaction. Both primer sets amplified a
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The following examples (Examples 8-15) all relate to the
characterization of the GE immunoreactive protein in the
42-45 kDa molecular mass range.

Example 8

SDS-PAGE and Peptide Sequencing of
Immunoreactive Proteins

To characterize the GE proteins in the 42 to 45 kDa range,
a 50 ul of a cocktail consisting of RNase (33 pg/ml) and
aprotinin (0.2 mg/ml) and 9 ul of DNase (0.17 mg/ml) was
added per 5 mg of USG3 pellet in 2 mM MgCl,, 50 mM
Tris-HCI, pH 7.5 buffer. Twenty pl of 25x Boehringer/Man-
nheim protease inhibitor cocktail was added per 0.5 ml cell
suspension and 2 pl of a PMSF solution (1M in DMSO) was
added just prior to USG3 disruption. Cells were disrupted in
30 second intervals for a total of 3 min. in a mini-beadbeater
cell disrupter, Type BX-4 (BioSpec), agitated at room tem-
perature for 30 min and centrifuged at 15,000xg for 10 min.
The pellet was suspended in Laemmli sample buffer and
adjusted to 1.4 mg SDS per mg protein, and heated at 90-100°
C. for 5 min. The protein concentration was determined by
BCA to assay (Pierce Chemical Co., Rockford, I11.). Electro-
phoresis was performed on a 15% SDS-PAGE gel and pro-
teins were transferred onto a 0.2 um PVDF membrane. Half
of the blot was probed with anti-GE dog sera (6) and the other
half was stained with Ponceau S. Two protein bands which
matched the molecular mass of the two most immunoreactive
bands on the Western blot (43 and 45 kDa) were excised. A
portion of each band was used for direct N-terminal sequenc-
ing. The remaining material was digested with trypsin in situ
and individual peptides were separated by RP-HPLC on a
ZORBAX C18 (1 mmx150 mm) column. The peptides were
analyzed and screened by MALDI-TOF mass spectrometry.
Sequencing of peptides was performed by Edman degrada-
tion (Harvard Microchemistry, Cambridge, Mass.). An N-ter-
minal peptide and two internal peptides were obtained for
each protein (Table 7).

TABLE 7

Peptide Sequenceg from Transblotted GE Proteing

N-terminal (N) Homology to

or Internal (I) A. marginale MSP-2 Location
45 kDa
HDDVSALETGGAGYF“ N no MSP2-A, MSP-2C (l)b
(SEQ ID NO: 66)
SGDNGSLADYTDGGASQTNK I no MSP-2A
(SEQ ID NO: 67)
AVGVSHPGIDK I no MSP-2A, MSP-2C(2)
(SEQ ID NO: 68)
43 kDa
HDDVSALETGGAGYF N no MSP-2A, MSP-2C(1)
(SEQ ID NO: 66)
FDWNTPDPR I yes MSP-2A, MSP-2C
(SEQ ID NO: 69)
LSYQLSPVISAFAGGFYH I yes MSP-2A, MSP-2B(1)
(SEQ ID NO: 70)

“Amino acids are shown using the single letter code.
’Numbers in parentheses indicate the number of amino acid changes from the sequence shown.

region of the expected size using GE or plasmid templates but
not the HL60 template. Thus both C6 genes are GE specific.

The C6 primers were also used to amplify phage lysates
from each of the other twenty-five clones isolated using the
immune mouse sera. In addition to all of the C clones, the
C6.1 and C6.2 genes were also found in Al, A11, A14 and
Ale6.
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The results show that the amino-terminal peptides from the
two proteins are identical. A BLAST homology search
showed that two of the internal peptides from the 43 kDa
protein were homologous to the MSP-2 proteins of Ara-

plasma marginale, a rickettsial hemoparasite of livestock

(Palmer et al., Infect. Immun. 62:3808-3816 (1994)) which is
phylogenetically closely related to the GE (Dumler et al., J.
Clin. Microbiol. 33:1098-1103 (1995)).
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Example 9

PCR Amplification of USG3 Genomic DNA

To obtain additional sequence information for these pro-
teins, degenerate pools of oligonucleotides were synthesized
based on the reverse translation of the peptide sequences and
used to amplify DNA from USG3. The reverse complement
of each oligonucleotide was also synthesized with the excep-
tion of the one corresponding to the amino-terminal peptide.
PCR amplifications were performed using one forward and
one reverse primer set using USG3 genomic DNA as template
and an annealing temperature of 55° C. Primer pairs either
gave no PCR product or a single band. The primer pair that
resulted in generating the longest product, 550 bp, consisted
of the forward primer 5'-ACNGGNGGNGCWGGNTAY-
TTY-3' (SEQ ID NO:71) (amino-terminal peptide
HDDVSALETGGAGYF (SEQ ID NO:66)) and the reverse
primer 5'-CCNCCRTCNGTRTARTCNGC-3' (SEQ ID
NO:72) (peptide SGDNGSLADYTDGGASQTNK (SEQ ID
NO:67)). This DNA was sequenced and found to contain an
open reading frame with homology to the MSP-2 protein of 4.
marginale (F1G. 26). Two other peptides, one from the 45 kDa
protein and one from the 43 kDa protein, were also contained
within this sequence. The similarity in protein sequence
between the two immunoreactive 43 and 45 kDa proteins may
indicate that they are differentially modified or processed
versions of the same protein or they may represent proteins
expressed from two different members of a gene family.

Example 10
Isolation of Clones Using Goat Sera

A goat serum reactive against proteins of the HGE agent
was obtained by immunizing animals 3 times with purified
USG3 antigen. Western blot analysis showed that many pro-
teins of various molecular mass were recognized by this
serum including the 43 and 45 kDa proteins (FIG. 27, GE
lanes). The USG3 genomic expression library (prepared as
described in Protocol C) was screened with immune goat
serum and several immunoreactive plaques were identified
for further analysis. To eliminate clones previously isolated
using immune dog sera, phage supernatants from the plaques
were screened by PCR using primers based on the sequences
of those previously identified clones. Bacteriophage were
plated with XIL1-Blue MRF and induced to express protein
with 10 mM IPTG (Sigma, St. Louis, Mo.). Proteins were
transferred to nitrocellulose filters and the filters were washed
with TBS (25 mM Tris HCl, pH 7.5, 0.5 M NaCl). Washed
filters were blocked in TBS containing 0.1% polyoxyethylene
20 cetyl ether (Brij 58) and incubated with a 1:1000 dilution
of goat serum depleted of anti-E. coli antibodies. The filters
were washed and incubated with rabbit anti-goat Ig HRP
conjugated antibody (1:2000 dilution), rewashed and devel-
oped with 4-chloronapthol. Positive plaques were isolated,
replated and screened again. Plasmid DNA containing the
putative recombinant clones was obtained by plasmid rescue
(Stratagene, La Jolla, Calif.). pBluescript plasmids were res-
cued from the remaining clones and they were assessed for
relatedness by restriction enzyme analysis. Two clones, E8
and E33, appeared to contain the same insert in opposite
orientation from the lacZ promoter. Two other clones, E46
and E80, shared restriction enzyme fragments in common but
E46 contained a larger insert than E80.

10

15

20

25

30

35

40

45

50

55

60

65

42
Example 11

DNA Sequencing and Sequence Analysis

Three clones, E8, E33, and E46, were sequenced by the
primer walking method. Both strands of each insert were
sequenced as described in Protocol F. The sequences of the
three clones shared considerable homology. The E8 clone
contained a larger version of the E33 insert but in opposite
orientation with respect to the lacZ promoter (FIG. 28). Both
clones contained the same open reading frame but E33 was
missing 420 nucleotides from the 5' end of the gene. The
deduced amino acid sequence of the E33 open reading frame
was in frame with the partial f-galactosidase amino acid
sequence encoded by the vector (data not shown). The nucle-
otide and deduced amino acid sequences of the pBluescript
ER insert (which did contain the entire gene) are shown in
FIG. 29. The predicted molecular mass of the protein encoded
by this gene was 45.9 kDa. The nucleotide and deduced
amino acid sequences for E46 clone is shown in FIG. 30. The
E46 insert contained one partial and two complete open read-
ing frames which all shared considerable homology with the
protein encoded by the E8 gene. FIG. 28 shows how the DNA
sequences (+ and -strands) and deduced amino acid
sequences from E46 compare with those from E8 and E33.
The boxed regions represent the open reading frames and
shaded areas indicate homologous sequences. As shown in
FIG. 31, all three of the complete genes showed a similar
pattern for the encoded proteins: a variable domain flanked by
conserved regions having a consensus amino-terminal
sequence as set forth in SEQ ID NOS:41-43, and/or a carboxy
terminus having a consensus sequence as set forth in SEQ ID
NOS:41-43. (See FIG. 31). The length of the conserved
regions varied among the encoded proteins, with the longest
amino and carboxy-terminal conserved regions present in the
E8 protein. The sequences present in the E8, E33 and E46
pBluescript plasmids were confirmed to be derived from
USG3 genomic DNA and not HL.60 DNA by PCR analysis
using the primers described herein. When the sequences of
the three full length genes isolated by expression library
cloning were compared with the sequence of the PCR product
derived from the peptide analysis, it was found that the PCR
fragment was contained within the E8 sequence, by 232 to
760 (FIG. 29). In fact, the amino-terminal peptide and all four
internal peptides sequenced from the 43 kDa and 45 kDa
proteins could be found within the amino acid sequence of the
E8 protein. The sequenced peptides are underlined in FIG. 29.
The amino-terminal peptide (HDDVSALE . . . ) was found
beginning at amino acid 27 and this may indicate that the first
26 amino acids are part of a signal peptide which is cleaved to
produce the mature protein. Since the PCR product had both
nucleotide and amino acid homology to the 4. marginale
msp2 gene family,a BLAST homology search was performed
to assess the relatedness of the E8 and E46 gene products to
this family as well. Strong matches were observed for all of
the GE proteins described here to the 4. marginals MSP-2
proteins. A Clustal W amino acid alignment of the GE pro-
teins (designated GE MSP-2A (E8), MSP-2B (E46#1), and
MSP-2C (E46#2)) with one of the A. marginale MSP-2 pro-
teins (GenBank accession number U07862) is shown in FIG.
31. The homology of the GE MSP-2 proteins with 4. margi-
nale MSP-2 occurred primarily in the conserved regions
shown in FIG. 28. Amino acid identity ranged from 40 to 50%
between the proteins of the two species and amino acid simi-
larity was close to 60%. The A. marginale MSP-2 proteins
contain signal peptides (data not shown) and the data indicat-
ing that GE MSP-2A has a signal peptide is consistent with
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the homology observed between the MSP-2 proteins of the
two species. The nucleotide sequences of the genes described
here have been assigned the following GenBank accession
numbers: GE msp2A (E8):AF029322; GE msp2B (E46#1)
and GE msp2C (E46#2):AF029323.

The three GE clones E8, E33, and E46 thus appear to be
part of a multigene family encoding proteins containing
highly homologous amino- and carboxy-terminal regions
related to the MSP-2 proteins of 4. marginale. In addition to
the three full length and one truncated msp2-like genes
reported here, there are likely to be others present in the GE
genome. Hybridization studies (infra) using probes from
either the 5' or 3' end of the E8 msp2 gene identified multiple
copies of homologous msp2 genes in the genome of USG3.
Sequencing of several other GE library clones has revealed
short (100 to 300 nucleotides) stretches of DNA homologous
to msp2. Several different MSP-2 proteins ranging in size
from 33 to 41 kDa have been reported for 4. marginale and
>1% of its genome may consist of msp2. The function of the
GE MSP-2 to proteins is unknown. Zhi et al., supra, demon-
strated that the antigens are present in outer membrane frac-
tions of purified granulocytic ehrlichiae. Thus, they may play
a role in the interaction between the pathogen and the host
cell. In A. marginale, expression of antigenically unique
MSP-2 variants by individual organisms during acute rickett-
semia in cattle suggests that the multiple msp-2 gene copies
may provide a mechanism for evasion of the beneficial
immune response directed against these antigens. This may
explain the observation that the GE MSP-2A protein is
present in purified USG3 but the MSP-2B and MSP-2C are
not.

Example 12
Southern Blot Analysis

To determine whether additional copies of msp-2 were
present in the genome, genomic DNA was isolated from
USG3 and digested with restriction enzymes. Digoxigenin-
labeled probes were prepared by PCR using the PCR Dig
Probe Synthesis kit (Boehringer Mannheim). Two sets of
primers were used to generate a 240 bp product (probe A)
from the 5' end ofthe E8 gene: (forward primer: 5'-CATGCT-
TGTAGCTATG-3' (SEQ ID NO:52); reverse primer:
5'-GCAAACTGAACAATATC-3' (SEQ ID NO:53)) and a
238 bp product (probe B) from the 3'-end of the E8 gene;
(forward primer: 5'-GACCTAGTACAGGAGC-3' (SEQ ID
NO:54); reverse primer: 5'-CTATAAGCAAGCTTAG-3'
(SEQ ID NO:55) including the consensus sequence corre-
sponding to the amino- and/or carboxy-terminus regions
shared by E8, E46#1, and E46#2 polypeptide). Genomic
DNA was prepared from USG3 or HL60O cells as described
above and aliquots of 1 pg of DNA were digested with Sphl,
Ndel, Sacl, or Sspl (New England Biolabs, Beverly, Mass.).
These restriction endonucleases do not cut within the
sequence of E8 msp2A. Calf thymus DNA was digested
identically as a control. Recombinant pBluescript E8 plasmid
DNA was digested with EcoRI and used as a positive control
for probe hybridization. Digested fragments were separated
by gel electrophoresis in a 1% agarose gel. Southern blotting
was performed under prehybridization and hybridization
conditions of 65° C. in Dig Easy Hyb (Boehringer Man-
nheim) and hybridization was performed overnight. Two
membrane washes in 2xSSC/0.1% SDS were performed at
room temp for 5 min each followed by two washes in 0.5x
SSC/0.1% SDS at 65° C. for 15 min each. Bound probe was
detected by chemiluminescence using anti-digoxigenin alka-
line phospate conjugated antibody (Boehringer Mannheim).
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FIG. 32 shows that multiple bands were present on the South-
ern blots using both probes, indicating the presence of mul-
tiple msp-2 copies. The exact number of genes cannot be
determined since sequence differences may generate addi-
tional restriction enzyme sites in some of the msp-2 copies,
resulting in more than one band from a single copy. Also,
more than one msp-2 gene could be present on a single restric-
tion fragment, an event which does occur with the msp-2B
and msp-2C genes.

Example 13

Western Blot Analysis of Proteins Encoded by GE
Clones

Bacterial lysates from the genomic library clones, E8, E33,
and E46, were analyzed by SDS-PAGE and Western blotting.
Individual recombinant plasmid containing cultures were
induced to express protein with 5 mM IPTG. Bacterial cells
were pelleted by centrifugation and resuspended in 5x Laem-
mli buffer (12% glycerol, 0.2M Tris-HCI, pH 6.8, 5% SDS,
5% p-mercaptoethanol) at 200 ul per 1 OD unit of culture.
Samples were boiled and 10 pl of each were analyzed on
NuPage gels (Novex, San Diego, Calif.). Proteins were trans-
ferred to nitrocellulose filters, the filters were blocked in
TBS/Brij 58 and the blots were probed with either a 1:500
dilution of pooled sera from dogs that were infected with GE
by tick exposure, a 1:500 dilution of the goat serum described
above, or a 1:1000 dilution of human serum. Preimmune dog
and goat sera were also used at a 1:500 dilution. Blots were
washed and incubated with HRP conjugated secondary anti-
body (Bio-Rad, Hercules, Calif.). After several additional
washes, the blots were developed using the Pierce (Rockford,
111.) Super Signal Chemiluminescence kit and viewed by
autoradiography. FIG. 27 shows that a protein of approxi-
mately 37 kDa from the E46 clone and a 45 kDa protein from
the E8 clone were specifically detected by dog and goat sera
(indicated by arrows on the right side of each blot). The
reactivity of the sera differed somewhat in that the dog sera
reacted much better than the goat sera with the E46 protein
and the goat sera had better reactivity to the E8 protein.
Whether the 37 kDa/E46 protein is encoded by the first or
second E46 gene is unknown and the reason for the expres-
sion of two closely sized immunoreactive E33 proteins is also
unclear. Preimmune sera did not detect these proteins and
expression was observed in the absence of IPTG induction.
The molecular mass of the proteins is consistent with the
coding capacity of the msp-2 genes found in the library
clones. The negative control (NEG lane) was a pBluescript
library clone without an insert. FIG. 27 also shows a couple of
proteins of smaller molecular mass from E46 and E8 that
react specifically with the goat serum. It is not known whether
they are breakdown products of the full length MSP-2 pro-
teins or whether they are produced by internal initiation
within the msp-2 genes.

Example 14
PCR Amplification of Isolated Clones

PCR primer sets were designed based on the sequences of
each GE clone and are as follows:

E8 (forward 5'-GCGTCACAGACGAATAAGACGG-3'
(SEQ ID NO: 56);

reverse 5'-AGCGGAGATTACAGGAGAGAGCTG-3'
(SEQ ID NO: 57));
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E46.1 (forward 5'-TGTTGAATACGGGGAAAGGGAC-3'
(SEQ ID NO: 58);

AGCGGAGATTTCAGGAGAGAGCTG 3!
59);

reverse 5'
(SEQ ID NO:

E46.2 (forward 5'-TGGTTTGGATTACAGTCCAGCG 3
(SEQ ID NO: 60);

ACCTGCCCAGTTTCACTTACATTC 3/
61)) .

reverse 5'
(SEQ ID NO:

Each 50 pl reaction contained 0.5 pM of each primer, 1xPCR
Supermix (Life Technologies, Gaithersburg, Md.) and either
100 ng USG3 DNA, 100 ng HL60 DNA or 250 ng plasmid
DNA. PCR amplification was performed using the following
conditions: 94° C. for 30 s, 61° C. for 30 s, and 72° C. for 1
min. After 30 cycles, a single 10 min extension at 72° C. was
done. PCR products were analyzed on 4% Nusieve 3:1 agar-
ose gels (FMC Bioproducts, Rockland, Me.).

Example 15

Recognition of MSP-2A and MSP-2B by
GE-Positive Human Sera

PCR amplification of the first gene in pBluescript clone
E46 was performed to generate an insert for subcloning in E.
coli. Primer sets were designed to contain restriction sites for
cloning, a translation termination codon and a six residue
histidine sequence for expressed protein purification

(forward 5-CCGGCATATGCTTGTAGCTATGGAAGGC-3!
(SEQ ID NO: 62);

5'-CCGGCTCGAGCTAGTGGTGGTGGTGGTGGTGAAAAGCA
(SEQ ID NO: 63)).

reverse.
AACCTAACACCAAATTCCCC-3!

The 100 pl reaction contained 500 ng of each primer, 500 ng
of E46 template, and 1xPCR Supermix (Life Technologies,
Gaithersburg, Md.). Amplification was performed using the
following conditions: 94° C. for 30 s, 58° C. for 30 s, 72° C.
for 1 min. After 37 cycles a single 10 min extension at 72° C.
was performed. Following analysis ona 1% TBE agarose gel,
amplified product was purified using a QIAEX 1I gel extrac-
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tion kit (QIAGEN Inc, Chatsworth, Calif.) and digested with
restriction enzymes Ndel and Xhol (New England Biolabs,
Beverly, Mass.) using the manufacturer’s recommended con-
ditions. The 1004 bp fragment was ligated into Ndel and Xhol
digested pXA and transformed into £. coli strain MZ-1 (19).
Expression vector pXA is a pBR322-based vector containing
the bacteriophage lambda pL promoter, a ribosome binding
site, ATG initiation codon and transcription and translation
termination signals. Recombinant MSP-2B was induced by
growing the Mz-1 transformed clone to an A55,=1.0 at 30° C.
and then shifting the temperature to 38° C. for an additional 2
hr. Aliquots (1.5 ml) of pre-induced and induced cells were
pelleted by centrifugation and resuspended in 5x Laemmli
buffer.

The coding regions for MSP-2A and MSP-2B were
recloned using a heat inducible F. coli expression system as
outlined above. The expression of the MSP2-A protein using
this system remained low. However, the recombinant MSP-
2B protein was expressed and could be detected with both dog
and goat GE-positive sera (FIG. 32). The recombinant MSP-
2B protein and the E33 MSP-2A protein were then tested for
reactivity with human serum samples which had previously
been shown to be positive for granulocytic Ehrlichia by
immunofluorescence assay (IFA). Table 8 shows the patient
profiles and diagnostic laboratory results from fourteen indi-
viduals. Ten of these individuals were clinically diagnosed
with HGE (#1-9, 13), three of them participated in a sero-
prevalence study (#10-12), and one was a negative control
(#14). Immune and preimmune dog and goat sera were also
used as positive and negative controls in the Western blots.
FIG. 33 shows the reactivity of each human serum sample
with MSP-2A (top) and MSP-2B (bottom). All of the human
samples with IFA titers of 512 or more (#7,9,10,11,13)
reacted with the MSP-2 proteins as did the positive dog and
goat sera. Human serum #8 also reacted faintly with both
proteins. In addition, these same sera all reacted with purified
GE on Western blots (data not shown). Human serum #12
reacted with an E. coli protein which migrates in between the
two E33 MSP-2 proteins. This reactivity was seen with all of
the library clones we have tested, including those which do
not express any GE related proteins (data not shown). From
these data it appears that the IFA assay is more sensitive than
the Western blot for diagnosis of HGE.

TABLE 8

HGE Patient Profiles and Diagnostic Laboratory Test Results

Loc’n  Conval. Stage Peak
Patient Gender Age (state) (months) Morulae PCR! IFA? IFA3
1 F 57 MN 0.5 + ND 320 >2560
2 M 56 WI 12 + + 160 640
3 M 59 MN 6 + ND 320 320
4 M 74 WI 12 + + 160 >2560
5 M 40 WI 12 + + 320 5120
6 M 71 WI 24 + 320 1280
7 M 80 WI 36 + - >2560  >2560
8 M 60 MN 6 - ND 320 >2560
9 F 44 MN 42 - - >2560 5120
10 M 50 WI random ND ND  >2560 ND
11 F 50 WI random ND ND  >2560 ND
12 M 64 WI random ND ND 60 ND
133 F 65 RI 1 - + 512 1024
14 F 29 MA NA - ND <32 <32

'PCR with GESF and GE1 OR primers (6).
ZPolyclonal IFA assay with E. equi antigen.

3Data taken from reference 27.

+ Positive, — negative, ND not done, NA not applicable.
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Example 16

Characterization of Representative Clone S11

Purified GE protein preparations were obtained as
described in Protocol G. Aliquots were run on four lanes to
allow the staining of three lanes with Ponceau S (0.1% in 1 N
acetic acid) and one lane with Coomassie blue staining.
Molecular weight markers were also run in two lanes. Elec-
trophoresis was performed on a 10% SDS-PAGE preparative
gel and proteins were transferred onto a 0.2 pm PVDF mem-
brane. The Ponceau S bands with the same molecular weight
as the bands stained with Coomassie blue (five total) were cut
out for sequencing. N-terminal sequence was obtained for
one of the five bands. The proteins in the other four bands
were digested with trypsin in situ for internal peptide
sequencing. Peptides were separated by RP-HPLC ona ZOR-
BAX C18 (1 mmx150 mm) column Potential candidates for
sequencing were screened for molecular mass by MALDI-
TOF Mass Spectrometry on a Finnigan Lasermet 2000
(Hemel, UK). Protein sequencing was performed by Edman
degradation.

Four of the five gel bands contained either serum proteins
(probably from the fetal bovine serum used to culture the
cells) or heat shock proteins. The other band appeared to
contain a unique protein. Four internal peptide sequences
were obtained from this gel band, representing a protein of
approximately 64 kDa, that did not match any protein
sequences in the database. The sequences of these peptides
are shown in FIG. 34. (SEQ ID NOS:34-37). Based on these
sequences, degenerate DNA oligonucleotides were designed
for each peptide (both forward and reverse/complement ori-
entation) and used in all possible combinations for PCR using
GE DNA as template. One combination, primers S5F (SEQ ID
NO:32) and 6R (SEQ ID NO:33) (shown in FIG. 34), pro-
duced a PCR fragment of 450 base pairs. The DNA was
cloned into pCR Script SK(+) and the insert was sequenced.
When the insert DNA was translated, both peptides (#24 and
25) (SEQ ID NOS:34-35) were found in the sequence, one at
each end as expected.

To obtain a clone containing the entire gene represented by
the PCR fragment, two primers were designed based on the
DNA sequence of the PCR fragment. These primers were
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used in PCR reactions to screen sublibraries of the GE
genomic library.

Forward primer (250F2): 5' CCCCGGGCTTTACAGT 3'
(SEQ ID NO: 64)
Reverse primer (250R2): 5' CCAGCAAGCGATAACC 3!

(SEQ ID NO: 65)

The sublibraries were generated by the initial screening of
the genomic library with convalescent dog sera.

When a positive phage stock was found by PCR screening,
the lysate was serially diluted twice and replated with bacte-
rial stock XL1-Blue MRF to obtain isolated plaques. Forty-
eight of these plaques were picked and lysates screened by
PCR with primers 250F2 and 250R2. A positive clone was
obtained which was designated S11. The plasmid DNA was
rescued and restriction enzyme analysis performed to deter-
mine the size of the insert DNA and the approximate location
of the gene within the insert. Results indicated that the insert
size was about 8 kb and that the gene of interest was located
at the T7 end of the insert relative to the pBluescript vector
(FIG. 35). A 2 kb portion of the S11 insert was sequenced and
found to contain an open reading frame of 545 amino acids.
The complete sequence is shown in FIG. 36 (SEQ ID NO:39).

When the amino acid sequence of S11 (SEQ ID NO:39)
was compared to the peptide sequences obtained from the
excised gel band representing a protein of 64 kDa, all four
peptide sequences were found. These are shown underlined in
FIG. 36. The only difference between the nucleic acid
sequence and the peptide sequences was the presence of
phenylalanine (F) instead of aspartic acid (D) in position 4 of
peptide #26 (SEQ ID NO:37). The reason for this difference
is unknown. The calculated molecular weight of the protein
encoded by the S11 gene was 58.5 kDa. A search of the
nucleic acid and protein databases did not reveal any signifi-
cant homology between it and other proteins in the database.
There were, however, some minor similarities to outer surface
proteins of some bacterial species.

All publications mentioned hereinabove are hereby incor-
porated in their entirety by reference. While the foregoing
invention has been described in some detail for purposes of
clarity and understanding, it will be appreciated by one
skilled in the art from a reading of this disclosure that various
changes in form and detail can be made without departing
from the true scope of the invention and appended claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 85
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1
LENGTH: 3147
TYPE: DNA
ORGANISM: Granulocytic Ehrlichia
FEATURE:

OTHER INFORMATION:

<400> SEQUENCE: 1

S22 of Granulocytic Ehrlichia

gaattcctta ccteectata tttegtacag gttatttcege agtctageta tgatgettta 60
ccaggatacg ttaaacgttg acgttctacg ctgtcatage cttttattct gcaaaaatag 120
cttaactgtyg tcacttcctg agaaagtaag atacatattt agtttttgca cagccaaaaa 180
acttctagtg aactgtggtt tctctggaat caataacctyg ttttatattce gtgegttcta 240
taacaatcta cagetgtggt tattaggcgt ggtttegect gataataaag atactttaga 300
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-continued
gggtataaac ttggaaaaaa taatgaaaaa cccteccttag tgcctcecccg tttttgacaa 360
catactctta tggaaaagcg ttagggagtt gcttcgettg tcacgcgtge gttaggtttt 420
acgtatacgt gtctgggact tcacgaaaac tcgacgcagg cggattttgt actatgtttce 480
acttaacaag gtattataaa tgtttgaaca caatattcct gatacataca caggaacaac 540
tgcagaaggt tctcctggcet tagcaggcgg ggattttage ttaagttcta ttgactttac 600
aagggacttt acaattgaat cacatagagg aagctcagct gatgacccag gttacatcag 660
ctttagggat caagacggaa acgtcatgtc acgttttctt gatgtgtacg tagctaattt 720
cagcttgcga tgcaagcatt ctccctataa caacgacaga atggaaacag ctgegttcte 780
tctaactccce gacataatag agccttctge tttattgcaa gaatcacata gtacacaaaa 840
caatgtagaa gaggcagtac aagttacagc tcttgagtgc cctccatgta atccagtccce 900
tgccgaggaa gtagctcctce aaccgtcttt tctaagcaga ataattcagg cgttcttgtg 960
gttattcacg ccttecttcecta ctaccgacac tgctgaagac agcaagtgta atagtagcga 1020
tacttcaaaa tgtacctctg ctagcagtga gtcattagag cagcaacaag aatcagtgga 1080
agtgcaacca tctgtactta tgtctactgc ccctatagca acagagcctc aaaatgcggt 1140
tgttaaccaa gtaaacacta ctgcagtaca agtagaatca tccattattg tgccagaatc 1200
gcaacacact gacgttaccg tgctcgaaga tactactgag acgataactg ttgatgggga 1260
atatggacat tttagtgaca ttgcttcagg tgaacacaat aacgatctgc ctgccatgtt 1320
gttagatgaa gcagacttca ctatgttatt agcgaacgag gagtcaaaga ccctggagtce 1380
tatgccttct gatagcctag aagacaatgt tcaggaacta ggtacattgce ctttacaaga 1440
aggtgaaaca gtttctgagg gcaacacacg agagtcacta cccactgacg tttcacaaga 1500
ctcagttggt gtaagtacag atcttgaagc tcattctcaa gaagttgaaa cagtttctga 1560
ggtcagcaca caagattcac tatccactaa catttcacaa gactcagttg gtgtaagtac 1620
agatcttgaa gctcattcta aaggagttga aatagtttct gagggcggca cacaagattce 1680
actatccget gattttccaa taaacacagt tgaaagtgaa agtacagatc ttgaagctca 1740
ttctcaagaa gttgaaactg tttctgaatt cacacaagat tcactatcca ctaacatttc 1800
acaagactca gttggtgtaa gtacagatct tgaagttcat tctcaagaag ttgaaatagt 1860
ttctgagggce ggcacacaag attcactatc cactaacatt tcacaagact cagttggtgt 1920
aagtacagat cttgaagctc attctcaaga agttgaaact gtttctgaat tcacacaaga 1980
ttcactatcc actaacattt cacaagactc agttggtgta agtacagatc ttgaagttca 2040
ttctcaagaa gttgaaatag tttctgaggg cggcacacaa gattcactat ccactaacat 2100
ttcacaagac tcagttggtg taagtacaga tcttgaagct cattctaaag gagttgaaat 2160
agtttctgag ggcggcacac aagattcact atccgctgat tttccaataa acacagttga 2220
aagtgaaagt acagatcttg aagctcattc cccagaaggt gaaatagttt ctgaggtcag 2280
cacacaagat gcgccatcca ctggagtaga gatcagattt atggatcgtg attctgatga 2340
tgacgtgctc gcgttgtcaa gtgatcatgg taggggaaac agttatggcg taaagacatc 2400
tttgatgact tgtcttgcgt gaataagtag tgcaagtttt ttatgcattg atgtgcatga 2460
tcattgccece taaggaaagc agtactaatg gtagtctaag atcttataca gggtttcgga 2520
ctaccacttt tggtgtttta aaacgtctta ttcecgegttgg gtgecttgett acaatgtacce 2580
tgtacgtgcc caacactaaa aatggtcagt attacttagg ggagttcgta gacgaggcat 2640
ctcgatttac tctaagtaag ctacaaataa ctcagtcata tcaaggtagt tcaagatgaa 2700
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