(19)

US 20100184056A1

a2y Patent Application Publication (o) Pub. No.: US 2010/0184056 A1

United States

Weinberger et al.

(43) Pub. Date: Jul. 22,2010

(54) SAMPLE COLLECTION AND Related U.S. Application Data
MEASUREMENT IN A SINGLE CONTAINER
BY BACK SCATTERING INTERFEROMETRY (60) Provisional application No. 61/144,054, filed on Jan.
12, 2009.
(75) Inventors: Scot Weinberger, Montara, CA Publication Classification
(US); Darryl J. Bornhop,
Nashville, TN (US); Stephen (1 Int. Cl.
Dotson, Montara, CA (US); Bruce C12Q 1/68 (2006.01)
J. Richardson, Los Gatos, CA GOIN 33/53 (2006.01)
(US); Daniel Chang, Danville, CA C12M 3/00 (2006.01)
(US) (52) US.CL ......... 435/6;435/7.1; 435/287.1, 435/287.2
Correspondence Address: 7 ABSTRACT
Quine Intellectual Property Law Group, P.C. This invention provides a device and method for collection
P.O. Box 458 and analysis of heterogeneous samples in a single sample
Alameda, CA 94501 (US) container by back scattering interferometry. The sample con-
tainer is configured to allow collection of a heterogeneous
(73) Assignees: Molecular Sensing, Inc., Montara, sample, such as blood, from a subject, separation of insoluble
CA (US); Vanderbilt University, materials, such as blood cells by, for example, centrifugation,
Nashville, TN (US) and mounting on a back scattering interferometer for analy-
sis. In certain embodiments the container is a capillary tube
(21) Appl. No.: 12/655,899 and the interferometer comprises a mounting to hold the
capillary tube in position for analysis. The device and method
(22) Filed: Jan. 8, 2010 allow point-of-care analysis of samples.
A1 o
;e 2By
& L 2433 30 $I0G bzt B0
Capiary inner Dlarmneter (o)
) Plots of the ratio ik volume to sirface volume versas capitfary inner dismeter for
three sufpee Taver thivknesses. Forexampler o 100 gov D capiltary with 5 oo surface layer
g a vatioof SO00. Tnsed diagram not 1o seale.




L B

US 2010/0184056 A1

Jul. 22,2010 Sheet 1 of 14

aymos O 30U WeISnIp 19K OOy 1O onR ¥ sey
i Aapppdes g wd pot v terdwiexe d0g SOSSSUNOIYT IDAR] anving 228y
ey $NSIoa JINIOA ADVIINS O] AWINIOA YN CUBI DY D 91014

et

furdt amoieng

..5..\.)..\.\.. it
e o
w.;..\.
\\.,v.x :
b 7
Prat i
P g ﬁm
o .M\-v
MQM .\,\.\, ww‘..mw
// vl %
S L
N, P v i i
%.x e H uw...ﬁ,i S7 et TN Y e SRR SRR o
e Py GF w 0UHNS UL (T = SSBUDIN JBART e i
.\ﬁ.‘.‘ b L A
o Py o O e BdER B G =08
P oo
\:,...,
\.ﬂ,\,

Patent Application Publication




US 2010/0184056 A1

Jul. 22,2010 Sheet 2 of 14

Patent Application Publication

S

2

#

£

s aodusy
2L

&
#i#y

%

wiauob

i

v

£S

b4

sompnue e




US 2010/0184056 A1

Jul. 22,2010 Sheet 3 of 14

Patent Application Publication

i . Lo : i : «« o 8 5, st A,
Ao LY pahedsip Apsnoaed w £oading i gt
A CASNOAUELINULE L ade Y L Appdsi M WE G
: w % 3 ERT o S0 e 'S m“ztm. m &m .._.amﬁw

Anus pusdds DU UgUIoD
; sibe o ded Ris Ay

T

o

o

i
i,

A

aiduips - 7OE

g
/
i

sasganpied
aLsp pus
sl s

I E I [ R




US 2010/0184056 A1

Jul. 22,2010 Sheet 4 of 14

Patent Application Publication

Appuspusdepul (oauen pup SRS LI0g U peused

WIgINoh[y JiJ UBIssnes

14 ueissnes (7 ) wyiio



Patent Application Publication

Jul. 22,2010 Sheet S of 14 US 2010/0184056 A1

Algorithm with Hamming W




US 2010/0184056 A1

Jul. 22,2010 Sheet 6 of 14

Patent Application Publication

pRIBLIOINE
A0 {BnUBRLY

20 ues ssaoold sy

",

UOIIDBL




Patent Application Publication Jul. 22,2010 Sheet 7 of 14 US 2010/0184056 A1

iy 8
L
£
o L
2 oo
~ £~ )
7.;:1. 3 g}
'-.:.: L&
¥




US 2010/0184056 A1

Jul. 22,2010 Sheet 8 of 14

Patent Application Publication

T deqjeeg

= Aepdeg

e |IBANIBDIOH
Aepden

abniaued
e ojul and s1 agny eyl pue Aldrjiided s|BoS Jaqany e

agn) uids pue |eag - z# deig -

MBIAIBAQ SSO20.1d



US 2010/0184056 A1

Jul. 22,2010 Sheet 9 of 14

Patent Application Publication

206

~ deyeeg

i

T Krepdeg

|« lIomviepIoH

Aepden
abnjuusd

e ojul 3nd s1 agmy 9y pue Aipjided sjeas deny s
aqn| uids pue gas ‘den - z# dois jeuondp -




Patent Application Publication Jul. 22,2010 Sheet 10 of 14 US 2010/0184056 A1

1001
1003
1005

Patent Drawing
Fig. 10

N <
o o
o o
i —

.

1007

Holder Design
Tube in Holder



Patent Application Publication Jul. 22,2010 Sheet 11 of 14 US 2010/0184056 A1

1101
1103
1105

Patent Drawing
Fig. 11

« Before Capillary is Installed

Holder Design



Patent Application Publication

Jul. 22,2010 Sheet 12 of 14

1201
1203

1202
1204
1206

| X7

..'z_@'/f\N

/

\\

% \
N\
A N
3
)
3
\
)
\ \
\
A -’
Y
\

N

)
Y
\
\
\

US 2010/0184056 A1
@)
=
<
©
S
(] q\|
st -
C -
Q o
(u - —
o LL

™~

o

~

i

Holder Design
« Capillary Tube is Locked in Place



US 2010/0184056 A1

Jul. 22,2010 Sheet 13 of 14

Patent Application Publication

Dummedq uaied -

DIIBWIDYDS WIISAS



US 2010/0184056 A1

Jul. 22,2010 Sheet 14 of 14

Patent Application Publication

T

COpT — ST AL

o DAL A Aaeppdeny L0%T
1L wonoaluy |

7

g

7

: 3
P
o

duand
DEULIAY

Josey

10¥1




US 2010/0184056 Al

SAMPLE COLLECTION AND
MEASUREMENT IN A SINGLE CONTAINER
BY BACK SCATTERING INTERFEROMETRY

CROSS-REFERENCE

[0001] This application claims the benefit of the priority
date of U.S. provisional patent application 61/144,054, filed
Jan. 12, 2009.

STATEMENT AS TO FEDERALLY SPONSORED
RESEARCH

[0002] This invention was made with Government support
under Grant No. RO1 EB003537-01A2 awarded by the
National Institutes of Health. The Government may have
certain rights in this invention.

BACKGROUND OF THE INVENTION

[0003] Back-Scattering Interferometry (BSI) is a highly
sensitive refractive index (RI) detection technology that uti-
lizes an illumination source, a fluidic micro-channel, and a
detector. A fringe pattern, a series of bright and dark spots, is
created by positive and negative interference of the light on
the fluidic channel. The shift in these fringes corresponds to a
change in RI. When biomolecules, such as proteins, DNA,
RNA, or some molecules, such as drugs, toxins, xenobiotics,
allergens, and so on, interact with each other or with other
targets, a BSI binding signal is created, resulting in a mea-
sured alteration in refractive index. BSI molecular interaction
measurements can be performed in a homogeneous manner
(free solution approach or untethered approach in which none
of'the interactors are physically bound to a solid support) orin
a heterogeneous manner (tethered approach in which at least
one of the interactors is bound to a solid support). Applica-
tions of BSI as well as its technical basis have been well
described by Bornhop et al.

[0004] The elegant simplicity of BSI technology lends
itself well as a platform for many applications, including in
vitro diagnostics. Moreover, the platform can ideally be engi-
neered to provide a near patient (NP) or point-of-care (POC)
solution for testing of a variety of clinically relevant condi-
tions including but not limited to: determination of serologi-
cal titer (reactive titer), diagnosis of infectious disease, diag-
nosis of organic/metabolic disease, detection of cancer,
detection of drugs of abuse, dose monitoring for a given
pharmacologic regimen, rapid detection of sepsis, as well as
rapid detection of cardiovascular distress. These assays can
be performed using protein-protein (as with antibody-antigen
tests), protein-DNA, protein-RNA or DNA-DNA interac-
tions. Moreover, diagnostic assays which employ specific
amplification of target nucleic acid sequence, such as poly-
merase chain reactions, may also be monitored by BSI, with
or without the specific use of binding or hybridization.
[0005] A major challenge in near-patient or point-of-care
applications is the means by which whole blood samples can
be rapidly processed and then analyzed to provide a timely
answer to enable an expedited diagnosis and rapid execution
of the indicated therapeutic strategy. Additionally, clinical
samples must be processed in a manner that does not cause
artifactual alteration of the specimen, which in turn creates
pre-analytical bias in the applied clinical test, resulting in
compromised levels of performance (reduced sensitivity,
reduced specificity, and concomitant reduction in positive/
negative predictive value). Moreover, sample processing
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must be in line with current medical protocols and consistent
with assay reimbursement demands of today’s medical enter-
prise. Speed of analysis is also an important consideration in
NP/POC applications. Often it is desirable to make a deter-
mination on-site, or as rapidly as possible as is the case when
using makers of cardiac events or for determining contami-
nation/infection by a biowarfare agent. Finally, in some cases
it is necessary for the result to be quantitative, while in others
just determining presence can guide the therapeutic interven-
tion. The constraints encountered for performing assays on a
low-resource or field setting are similar to those for a POC
analysis. Sample processing must be limited, the assay must
have an internal reference or calibration and the operational
parameters of the assay should lead to a reliable and rapid
result.

SUMMARY OF THE INVENTION

[0006] Inoneaspect thisinvention provides a method com-
prising: a) introducing a sample into a container, wherein: i)
the sample comprises a liquid and insoluble material; and ii)
the container is adapted for analysis of the liquid therein by
back scattering interferometry; b) separating the liquid from
the insoluble material serum within the container; and c)
analyzing the liquid while in the container by back-scattering
interferometry. In one embodiment the sample is blood. In
another embodiment the liquid is serum or plasma. In another
embodiment the container comprises a solid substrate com-
prising a channel into which the sample is introduced. In
another embodiment the container contains an anti-coagu-
lant. In another embodiment the container contains a reagent
for an assay for an analyte in the sample. In another embodi-
ment the reagent is a binding partner for the analyte. In
another embodiment the reagent is immobilized to an internal
surface of acompartment of the container. In another embodi-
ment the internal surface is patterned so that the reagent is
attached only to a portion of the surface and that portion is
positioned in a sensing area that is interrogated by a laser
during back scattering interferometry. In another embodi-
ment the method comprises detecting position of a fringe
pattern generated at a location where the reagent is immobi-
lized and at a location where the reagent is not immobilized
and comparing the positions. In another embodiment the
reagent is an enzyme. In another embodiment the assay is
PCR and the container contains amplification primers, poly-
merase and nucleotides. In another embodiment the assay is a
ligation assay and the container contains a ligase. In another
embodiment a plurality of reagents are immobilized at differ-
ent specific locations on an internal surface of the container.
In another embodiment the reagent is free for entering solu-
tion upon introduction of a liquid sample into the container or
a compartment thereof. In another embodiment the container
is a chip. In another embodiment the container is a tube. In
another embodiment the tube comprises borosilicate, fused
silica or plastic. In another embodiment the tube has an inter-
nal diameter of 0.05 mm to 2.0 mm. In another embodiment
the tube has a bore with at least one flat face. In another
embodiment introducing comprises collecting blood from a
subject into a capillary tube and sealing at least one end of the
capillary tube. In another embodiment the separating com-
prises centrifuging the capillary tube. In another embodiment
introducing comprises providing a capillary tube fitted on one
end with a holder comprising a hole that securely fastens to
the end of the capillary tube and a well for accepting liquid
and passing it into the capillary tube. In another embodiment
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the method further comprises incubating the sample or agi-
tating the sample after introduction. In another embodiment
separating comprises centrifugation or sedimentation. In
another embodiment analyzing comprises detecting the pres-
ence of an analyte in the liquid. In another embodiment ana-
lyzing comprises engaging the container with a holder of a
back-scatter interferometry device in a position so that the
container can be interrogated by a laser of the device. In
another embodiment analyzing comprises comparing a signal
received from the liquid with a signal received from a control
liquid. In another embodiment analyzing comprises simulta-
neously illuminating the liquid and a control liquid with a
single beam from the coherent light source and comparing the
signals. In another embodiment back-scattering interferom-
etry comprises directing a coherent light beam at the fluid in
the container and detecting back scattered light. In another
embodiment the coherent light is laser light.

[0007] In another aspect this invention provides a method
comprising performing back-scattering interferometry analy-
sis on a sample wherein the sample is stationary at the time of
analysis.

[0008] In another aspect this invention provides a method
comprising: a) collecting a liquid sample from a subject into
a sample collection container containing a compartment
adapted for analysis by back-scattering interferometry; and b)
analyzing the liquid while in the sample collection container
by back-scattering interferometry.

[0009] In another aspect this invention provides a device
comprising: a) a coherent light source; b) a sample container
for receiving a sample, wherein the container is configured
for analysis of a sample therein by back-scatter interferom-
etry when interrogated by coherent light from the coherent
light source, and wherein the container is further configured
to prevent flow of a sample in the container during analysis;
and c) a detector to detect back-scattered light. In one
embodiment the container is configured to centrifuge a
sample contained in the container when the container is not
engaged with the device. In another embodiment the con-
tainer comprises at least one stop or valve that prevents fluid
flow. In another embodiment the reagent is immobilized on an
internal surface of the container. In another embodiment the
container comprises a reagent for performing an assay on an
analyte. In another embodiment the reagent is immobilized
on an internal surface of the container. In another embodi-
ment a plurality of different reagents are immobilized at
different specified locations on an internal surface of the
container. In another embodiment the container, e.g., an
inside surface, is patterned with areas to which the reagents
are immobilized and at least one area to which no reagent is
immobilized. In another embodiment the reagent is immobi-
lized by photolytically cleaving a protecting group attached
to the surface to expose a reactive group and coupling the
reagent to the reactive group. In another embodiment the
reactive group is an isocyanate. In another embodiment the
reagent is free for entering solution upon introduction of a
liquid sample into the container. In another embodiment the
coherent light source comprises a laser. In another embodi-
ment the device further comprises a centrifuge adapted to
engage the container, to centrifuge the container while
engaged, and to position the container for analysis. In another
embodiment the container contains a channel and is adapted
to receive a sample into the channel through capillary action,
wherein at least one end of the channel is closed when a
sample is collected to allow centrifugation. In another
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embodiment the container comprises a hematocrit tube. In
another embodiment the container comprises a chip. In
another embodiment the device further comprises a second
holder adapted to engage a second container in a position to
be interrogated by an undivided beam of coherent light from
the light source. In another embodiment the containers are
positioned with respect to one another so that the detector
detects the fringe pattern from each container distinctly.
[0010] In another aspect this invention provides a kit com-
prising: a) a device comprising: i) a coherent light source and
ii) a holder adapted to engage a container in position so thata
liquid in the container can be interrogated by coherent light
from the coherent light source to produce a back scattered
light; and iii) a detector configured to detect the back scattered
light; and b) a container comprising a reagent for assaying for
ananalyte in the container, wherein the container is adapted to
engage the holder. In another embodiment the container is a
hematocrit tube. In another embodiment the container is a
capillary tube of fixed length. In another embodiment the
reagent comprises a binding partner for the analyte. In
another embodiment the binding partner comprises a poly-
nucleotide, a polypeptide or a small organic molecule. In
another embodiment the reagent is immobilized on an inter-
nal surface of the container or a compartment thereof. In
another embodiment the reagent is locally immobilized on
the internal surface of the photonicly probed region of the
compartment or container. In another embodiment the
reagent is free for entering solution upon introduction of a
liquid sample into the container. In another embodiment the
kit further comprises ¢) a sealant for sealing or a cap for
closing an opening in the container.

INCORPORATION BY REFERENCE

[0011] All publications, patents, and patent applications
mentioned in this specification are herein incorporated by
reference to the same extent as if each individual publication,
patent, or patent application was specifically and individually
indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The novel features of the invention are set forth with
particularity in the appended claims. A better understanding
of'the features and advantages of the present invention will be
obtained by reference to the following detailed description
that sets forth illustrative embodiments, in which the prin-
ciples of the invention are utilized, and the accompanying
drawings of which:

[0013] FIG. 1: The schematic of the capillary tube 101
shows a typical capillary. The three lines show the volume of
the bulk/volume of surface ratios for a 5 nm layer thickness
102, a 10 nm layer thickness 103, and a 25 nm layer thickness
104.

[0014] FIG. 2 depicts a flow diagram of a BSI system. A
laser 201 produces a beam that passes through a beam splitter
202 to create two beams. A beam splitter is optional but useful
for comparing first and second samples. These two beams
impinge onto a chip 203. The two channel chip allows for the
injection of samples and controls 204. The liquid that is
injected passes through the chip 203 and then is collected as
waste 205. The interaction of the beams and the channels
creates fringe patterns 206. These two fringe patterns 206 are
directed onto a camera 207. The data acquired from the cam-
era 207 is converted into a digital image 208. Initially, the
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program is started in setup mode 209, which allows the user to
select the fringes to be analyzed and define the parameters of
the analysis 210. Once setup mode 209 is turned off, the
digital image 208 is passed to an algorithm 211 that calculates
shifts in the fringe pattern 206. This outputis split 212 to areal
time output display 213 and is also written to a temporary file
214. At any time the user can save the data 215, which then
writes the data to a permanent file 216.

[0015] FIG. 3 depicts an example of an algorithm. The
digital image 301 and user input for fringes and parameters
302 are used to select the regions from the digital image 301.
The camera allows for two regions to be selected (sample and
control for most applications). This data is then split 304 into
different algorithms, a new algorithm 305 and an example
algorithm 306 (that will be expanded on to demonstrate how
calculations are performed), as the program allows for mul-
tiple analyses to be performed simultaneously. The data from
these algorithms are written to a temporary file 307 and are
displayed 308 in real time. The Fast Fourier transform (PEI)
is an excellent example as FFT is used in many techniques,
such as FTIR. The output from 303 is passed to the algorithm
as an array of numbers that describe the fringe pattern 309. A
FFT is performed 310 and then the algorithm locks in on the
spatial frequency 311 as defined by the user in 302. The
output of this algorithm is the phase of the spatial frequency
312. This algorithm is applied to both the sample and refer-
ence data simultaneously.

[0016] FIG. 4 depicts the Gaussian Fit Algorithm. The
array of numbers describing the fringe pattern 401 and an
array of numbers describing a reference fringe pattern 402 are
used in a cross correlation 403. A Gaussian fit 404 of the
highest peak of the cross correlation is calculated. The center
of the Gaussian fit is calculated and then output 405.

[0017] FIG. 5 depicts the Gaussian fit with a Hamming
window. Both the array of numbers describing the fringe
pattern 501 and an array of numbers describing a reference
fringe pattern 502 have a hamming window applied to the
fringe pattern 503, then a cross correlation is performed 504.
The Gaussian fit of the highest peak is calculated 505 and the
center of the Gaussian fit is calculated and output 506.
[0018] FIG. 6 depicts the Sinusoidal Data Correction. After
the algorithm 601 the data is split 602 to an output 603 and
written to file 604. Once all the data is collected, the maxi-
mum and minimum values are found 605. Each value 606 is
divided by (max-min)/2 then the new maximum is located
607. The (1-max) is added to each array value 608 (center
around 0). The arcsine of each array value is taken 609. Using
user selected regions 610, switch between Point B-Point
A+previously calculated value and Point A-Point B+previ-
ously calculated value 611. Multiply each array value 612 by
the same value that was used to divide in 606. Then write the
data to file 613.

[0019] FIG. 7 depicts a design for a large tube device. The
top piece 701 is a holder/well that is used to hold the tube and
allow for injection of liquids. The tube 702 can be inserted
into a droplet of sample 703. Sample is then drawn into tube
702 via capillary action. Sample 703 can be of various origin,
including a droplet of blood created via a finger stick.
[0020] FIG. 8 shows a modified design for a large tube
device. The top piece 801 is a holder/well that is used to hold
the tube and allow for injection of liquids. The tube 802 is a
capillary and can be sealed at the end by a seal cap 803.
[0021] FIG. 9 shows a modified design for a large tube
device. The piece 901 is a holder/well that is used to hold the

Jul. 22,2010

tube and allow for injection of liquids. The tube 902 is a
capillary and can be sealed at the end by a seal cap 903. A new
cap 904 allows for the sealing of the top capillary holder/well
901.

[0022] FIG. 10 depicts a holder/instrumentation for the
tube design of this invention. A heat sink 1001 is attached to
a thermal electric cooler (Peltier) 1003 which is up against a
holding block 1005. This allows for the holding of the tube
1002. A sliding clamp 1004 is used to hold the tube 1002 in
place. An incoming beam 1006 is directed onto the tube 1002
and a fringe pattern is created 1007.

[0023] FIG. 11 depicts a holder/instrumentation for con-
tainers of this invention, e.g., the designs in FIGS. 7-9, before
the capillary is installed. A heat sink 1101 is attached to a
thermal electric cooler (Peltier) 1103 which is up against a
holding block 1105. This allows for the holding of the tube
1102. A sliding clamp 1104 is used to hold the tube 1102 in
place. An incoming beam 1102 is directed onto the block
1105.

[0024] FIG. 12 depicts a holder/instrumentation for a cap-
illary design of this invention. A heat sink 1201 is attached to
a thermal electric cooler (Peltier) 1203 which is up against a
holding block 1205. This allows for the holding of the capil-
lary 1202. A sliding clamp 1204 is used to hold the capillary
1202 in place. An incoming beam 1206 is directed onto the
capillary 1202 and a fringe pattern is created 1207.

[0025] FIG. 13 depicts an exemplary full BSI device con-
figured for analyzing a blood sample. The clamp 1301 holds
the laser 1302 in place. The translation 1303 moves the laser
1302 to the left and right to allow alignment. The beam 1306
hits the tube 1308 and creates a fringe pattern 1305. A mirror
1307 is used to direct the fringe pattern 1305 onto camera
1304. The translation 1309 allows for the alignment of the
camera 1304. The tube 1308 sits in a holder 1311 that is
temperature controlled by a thermal electric cooler 1312 and
a heat sink 1313 is used to dissipate the temperature differ-
ence. The angle adjustment 1310 is used to align the tube
1308.

[0026] FIG. 14 shows a system for sample analysis in flow-
ing streams.

DETAILED DESCRIPTION OF THE INVENTION

[0027] This invention provides a method in which a hetero-
geneous sample, such as a blood sample, can be collected and
analyzed by back-scattering interferometry in the same con-
tainer in which it was collected and without the need to
transfer the sample from a collection container to an analysis
container. The invention involves using, as the collection
container, a container that also is adapted for analysis by back
scattering interferometry (“BSI”). In order to allow the col-
lection of a heterogenoeus sample, such as blood, the con-
tainer typically will include a bore, such as a channel or
compartment, that opens on two sides of the container to
allow flow of the sample into the container, for example by
capillary action. The openings can be stopped after collection
of the sample to maintain the liquid in place. In one embodi-
ment, the container is a capillary tube, such as a hematocrit
tube.

[0028] After collection, insoluble materials can be sepa-
rated from the aqueous material by, e.g., centrifugation or
settling. The container is loaded onto the interferometer so
that the coherent light can pass through the container into the
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liquid and reflect back an interference pattern that is detected
by a detector and analyzed, typically, by computer.

1. Sample

[0029] The samples used in this invention can be any liquid
sample. Typically the sample will be a heterogeneous sample
that includes a solvent, soluble or suspended materials, and
insoluble materials. In particular, the fluid can be a biological
sample, for example, saliva, blood, urine, lymphatic fluid,
prostatic or seminal fluid, milk, lymph, cerebrospinal fluid,
synovial fluid, vitreous humor, aqueous humor, mucus, vagi-
nal fluid or semen. The liquid also can be derived from bio-
logical materials, such as cell extracts, cell culture media,
fractionated samples, or the like. In one embodiment, the
sample is blood or a blood fraction, such as serum or plasma.
Blood is an aqueous solution. It contains soluble or suspended
materials including electrolytes and biomolecules such as
polypeptides, polynucleotides, polysaccharides, lipids, pro-
teins, glucose, clotting factors, mineral ions, hormones, ste-
roidal compounds, etc. It also includes insoluble materials
such as blood cells, cellular debris, and clots. Plasma is blood
from which the cells have been removed. Serum is blood
plasma without fibrinogen or the other clotting factors. As
shall be discussed, the sample can be collected in the same
container to be used in the back scattering interferometry
analysis, and the insoluble materials can be separated therein.

11. The Container

[0030] The container used in this invention is adapted for
use in back scattering interferometry. It also is adapted to
collect a fluid sample and to allow separation of insoluble
material from the fluid while in the container.

[0031] The container is adapted to generate a backscatter
fringe pattern when filled with liquid and interrogated with an
unfocused coherent light source, such as a laser beam. Factors
that influence the ability to create such a pattern include the
relative refractive indices of the substrate that forms the con-
tainer and the liquid within, as well as the shape of compart-
ment in which the liquid is contained and the light source
strikes.

[0032]

[0033] The container should be made of a material that has
a different (e.g., higher) refractive index than the sample
inside. The container can be formed of any suitable optically
transmissive material, such as glass, quartz, borosilicate,
silica (e.g., fused silica) or a polymeric material, e.g., a plastic
such as polyacrylate, cyclic olefin copolymer, polydimethyl
siloxane, polycarbonate, and polymethyl methacrylate. The
container can be mounted on or brought into thermal contact
with the thermal subsystem of the temperature control unit.
The thermal subsystem can be, for example, a peltier device.

[0034] B. Compartment Shape

[0035] The container will have an internal compartment
that can hold the sample. Typically, the compartment will take
the shape of a bore. The bore may be have a curved cross
section that is, for example, circular, hemicircular, elliptical
or substantially these shapes. Backscatter fringe patterns are
easily produced when the substrate includes a compartment
having curved or angular walls through which the light passes
to reach the sample. However, useful backscatter patterns also
have been produced with rectangular shaped compartments.

A. Container Material
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[0036] In certain embodiments, the compartment takes a
long, thin shape, such as a channel, column, cylinder or tube,
e.g., a capillary tube.

[0037] The container also is adapted to receive a liquid
sample. In certain embodiments, the container is adapted to
function as the collection unit of the sample from its primary
source, e.g., a subject organism. For example, the container
can be adapted to receive blood. One method of collecting
liquid into a container is by capillary action. For example, the
compartment could be in the shape of a long, thin channel. It
also can take the shape of a chip having a capillary channel in
it. A preferred arrangement for collection of a fluid sample
from a subjectis a container having a compartment that opens
in two different places on the container. For example, the
container can comprise a channel or tube that opens at two
ends of the container. For example, the container can be a
capillary tube or a hematocrit tube, or a chip comprising a
channel that opens at different sides of the chip. The chip also
could comprise tube-shaped extensions at a collection end of
the tube.

[0038] The container can take the shape of a capillary tube
or micro-hematotcrit tube. The tube can be, for example,
approximately 75 mm long, with fire-polished ends that can
easily be sealed if desired. Tube can be coded with a red band
to designate heparin coating. It can contain at least 2 U.S.P.
units of cation-free ammonium heparin. It can have an I.D. is
1.1 mm to 1.2 mm with a wall of 0.2 mm=0.02. The volume
of the compartment can be between 100 nanoliters and 1000
microliters (10 milliliters), between 1 microliter and 1 milli-
liter, between 10 microliters and 1 milliliter or between 50
microliters and 250 microliters. Furthermore the tube can
have dimensions as follows: Outside diameter 0.75 to 2.0
mm, inside diameter from 0.05 to 1.5 mm.

[0039] The average internal diameter of the compartment
can range, for example, from about 0.05 mm or about 0.065
mm to any of about 0.25 mm, about 1.5 mm or about 2 mm,
e.g., about 0.065 mm to about 0.25 mm. The cross sectional
area of the compartment can range, for example, from about
1.9x1072 mm? or about 3x10~> mm? to any of about 0.05
mm?, about 1 mm? or about 3.2 mm?, e.g., about 3x10° mm?>
to about 0.05 mm?.

[0040] When adapted for the collection of a heterogeneous
sample, such as blood, the container also should be sealable or
closable on at least one open end of the compartment or
channel. One way of closing a channel is by providing a cap
that fits either end and prevents sample from leaving the
container. (See, e.g., FIG. 9, items 904, 901 and 903.) Another
method involves inserting a plug into the opening. For
example, one can introduce a liquid sample, such as blood,
into a container, such as a capillary tube, by capillary action
and then push one end of the tube into a malleable material
such as clay to close off the end. Other methods include
compressing the end of a tube made of a compressible mate-
rial, placing a solid material over the end of the opening (e.g.,
pressing the open end against the material), closing a lid on
the opening or opening or closing valves.

[0041] Incertain methods, BSIprovides data in real time by
flowing a liquid through a chip and detecting changes in RI
over time. In embodiments of the present invention, the con-
tainer is configured to prevent flow of the sample. This can be
accomplished by, for example, stopping one or both ends of
the container while it is in the interferometry device. The
container also may contain a valve that allows flow in one
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direction only. In this case, the valve is configured to remain
closed during analysis, thereby preventing liquid flow.
[0042] The containers can include within them materials,
such as lyophilized powders, that contain reagents with which
the fluid sample reacts. These materials can be frosted on the
inside walls of the container, or free to move within the tube.
[0043] In one embodiment, the reagents can be an antico-
agulant, to prevent clotting of blood. Anticoagulants include,
for example, heparin, hirudin, EDTA, citrate and oxalate. In
another embodiment, the reagent can be a material that accel-
erates clotting of blood. Such reagents include, for example,
thrombin. In other embodiments, the reagent can comprise
one or more protease inhibitors.

[0044] In certain embodiments the analyte is detected as a
result of its binding to a binding agent. In this case, the
binding agent for an analyte in a sample that one is testing for
can be immobilized on the wall of the compartment (hetero-
geneous assay) or allowed to remain free in solution after the
sample is added (homogenous assay). Binding partners
include, for example, antibodies and antibody-like mol-
ecules, receptors, nucleic acids (e.g., oligonucleotides). In
another embodiment, the reagent can be an enzyme or
enzyme complex (mixture) which catalyzes a enzymatic
reaction which can degrade sample components such as cells,
cell fragments, and/or biomolecules. In another embodiment
the reagent could be an enzyme or enzyme complex (mixture)
which catalyzes the creation of new biomolecules arising
from the fusion of biomolecular species (such as a ligase) or
replication-amplification of biomolecular species, as is the
case in polymerase chain reactions. Moreover, the surfaces of
the sample container could be coated with a material to mini-
mize unwanted interactions with the walls of the container.
Such surfaces would include polymeric coatings, such as
dextran, Teflon, polyethylene glycol, etc. Furthermore, the
surfaces of the container could be coated with biospecific
reagents for selective capture of target analytes or selective
enzymatic modification of target analytes as described above.
[0045] 1. Patterned Surface

[0046] In certain embodiments, the container is provided
with patterned internal surface. Such a surface allows a bind-
ing reagent to be bound only in the sensing area to be probed
by the light source. In this way reagent is not wasted and does
not deplete the sample of analyte. Methods of making a
pattern on the inside wall of a tube are well known in the art.
See, for example, Dendane et al., Lab Chip 2008, 8:2161. For
example, the binding agent can be patterned in the form of a
ring around the inside of the compartment. Different binding
agents can be bound to different specific areas of the com-
partment surface so that more than one assay can be per-
formed in a single compartment. Thus, the compartment can
have a series of rings, each ring having a different reagent
(e.g., binding agent) bound to the wall. The rings can be
separated with rings having no bound material and that can
act as control regions. Other areas of the surface of the com-
partment will have no binding agent attached and can serve as
internal control regions.

[0047] Ingeneral, the internal surface is provided with pho-
toreactive groups, such as a benzophenone. The area where
the binding or linking molecule is to be attached is photoir-
radiated to expose the functional groups. In one embodiment,
reactive aminooxyl groups are masked with a photocleavable
protective group, e.g., 2-(2-nitrophenyl)propyloxycarbonyl.
After irradiation, the aminooxy groups are coupled to mol-
ecules having available aldehydes. In another embodiment,
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the inner surface is coated with a compound having an iso-
cyanate group, such as toluene diisocyanate or 1,4-cyclohex-
ane-diisocyante. One of'the isocyanate groups is protected by,
for example, o-nitrobenzyl alcohol. Upon irradiation by UV
light, the protective group is released, revealing an amino
group. The amino group can then react with aldehyde-func-
tionalized compounds or biomolecules to facilitate covalent
surface immobilziation. Alternatively, the molecule attached
can have another functional group, such as N-hydroxy-suc-
cinate, N-hydroxy-maleate aldehyde, expoxy or carbodiim-
ide. See, for example, U.S. application Ser. No. 12/587,112
(filed Sep. 30, 2009, Chang). This embodiment results in
improved quantitative and qualitative detection limits, linear
dynamic range, and overall dynamic range.

[0048] C. Container Diameter

[0049] Tt has been found that increasing the volume-to-
compartment surface area increases the sensitivity of mea-
surements for detection of molecular interactions in free solu-
tion as well as the fidelity of the measurement in free solution,
by minimizing unwanted signal that may arise due to anec-
dotal binding to the internal surface of the compartment.
Accordingly, for free solution analyses, large bore tubes, such
as hematocrit tubes, are expected to provide greater detection
sensitivity and superior analytical performance when com-
pared to smaller bore diameters.

[0050] For a cylinder of radius r and length 1, the circum-
ference is c, the area of the circle cross-section is a, the surface
area of the cylinder is S and the volume of the cylinder is V:

c=2mr
a=m1?
S=ci=2mrl

V=a-l=n-r>1 49

The ratio of volume to capillary surface area is r/2,

v xr-l o 2
S 2wl 2

The ratio of bulk volume to surface layer volume is:
Viutk x(r—n?%-1 (r—n? 3)

Viger @t —m-(r=02)-1  1-Qr—1

[0051] FIG. 1 plots this exact ratio versus capillary inner
diameter (=2r), for three layer thicknesses. Note the vertical
axis maximum is 30,000 for a 600 um ID capillary with 5 nm
surface layer. Surface layer thickness of 5 nm is the thickest
observed. The 10 nm and 25 nm layer thicknesses are unre-
alistic, but are included to show the trend.

[0052] To simplify Equation 3, we use the fact that r>>t (50
pm>>5 nm, for example),

Viutk (r-0) D )

Vir 1 Qr—0) 12r 4

[0053] The validity of this approximation is shown in FIG.
1, where a linear least-squares fit of the exact ratio (Eq 3) is
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proportional to capillary ID, and inversely proportional to 4t.
Equation 4 can be used to calculate the volume ratio for any
capillary ID and surface layer thickness, as long as r>>t is
true, which is the case in real experiments.

[0054] The trend, and conclusion, of this graph is that the
vastly predominant fraction of signal from capillary BSI mea-
sures RI of the free (bulk) solution, not the surface layer. For
a common 100 um ID capillary with a surface layer of 5 nm
thickness, Vbulk/Vlayer=5000. This of course assumes the
density of the solute species is the same for the bulk and any
wall adhered species.

[0055] This result indicates that for each surface-bound
entity there are five thousand entities in the free solution for
every species attached to the surface. Since the RI signal
should be proportional to the number of entities in the laser-
capillary interaction volume, the signal from entities in free
solution would be 5000 times the signal from surface-bound
entities. It should be noted that this observation assumes that
there is no unique surface enhancement factor as a conse-
quence of the laser wall interaction. Note that it also assumes
an equal distribution of rays (beam solution interaction) for
solutes near the surface and for those far from the surface. It
could be possible that the whispering gallery mode effect
leads to a disproportionate sampling of the surface solutes
compared to the bulk. In any event clearly for larger diameter
tubes the bulk signal dominates.

II1. Separation of Insoluble Material from Soluble Material
[0056] Once collected, heterogeneous liquids, such as
blood or urine, can be separated before analysis. Several
methods of separating soluble from insoluble materials are
contemplated. In one method, the tube can be stood on one
end, and the insoluble material can be allowed to precipitate
out of solution. In another method, the container can be cen-
trifuged to precipitate the insoluble materials. Centrifuging
blood will cause the erythrocytes to settle to the bottom of the
tube, the white cells (also called the “buffy coat™) to settle on
top of the red cells and the plasma to lay on top. Any centri-
fuge adapted to spin the container in which the sample has
been collected can be used. For example, horizontal centri-
fuges for hematocrit determination are well known in the art.
[0057] Once the insoluble materials are separated, the
remaining solution is analyzed in the container. For example,
the portion of the compartment, e.g., the tube that contains the
solution functions as the sensing area that is interrogated by
the coherent light source.

IV. Back Scattering Interferometry

[0058] Once prepared, the sample is ready for analysis by
back-scattering interferometry.

[0059] A back-scattering interferometer typically com-
prises an optical assembly and electronics to analyze an opti-
cal signal. The optical assembly can be mounted on an optical
bench. Back-scattering interferometers are well known in the
art. They are described, for example, in U.S. Pat. Nos. 5,325,
170, 6,381,025; 6,809,828 and 7,130,060; International
applications WO 2004/023115, WO 2006/047408 and WO
2009/039466; and U.S. patent publications U.S. 2006-
0012800 and 2009-0185190.

[0060] The optical assembly comprises the following ele-
ments: First, a fluidic container having a compartment for
holding a sample. A portion of the container in which the
sample is contained functions as a sensing area or detection
zone. Second, the optical assembly comprises a coherent light
source positioned to direct a beam toward the sensing area,
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wherein the path of the beam defines an optical train and
generates a back-scattering light pattern, also called an inter-
ference fringe pattern. Third, the optical assembly comprises
a photodetector configured to detect the back-scattering light
pattern. Typically, the instrument also will comprise a com-
puter that converts the fringe pattern into a measure or indi-
cator of refractive index. Optionally, the instrument com-
prises a temperature regulator that can maintain a stable
temperature at least within the fluid during periods of mea-
surement.

[0061] Several factors influence the generation of an inter-
ference pattern: Reflection, refraction and retardation (of the
light beam). The coherent light beam should be large enough
so that it passes across a non-flat surface from the container
into the liquid. Accordingly, the compartment should com-
prise a curve or an edge (e.g., a corner) through which the
light passes in order to generate a useful interference pattern.
[0062] 1. Coherent Light Source

[0063] Examples of coherent light sources for use with the
invention include, but are not limited to, a laser, for example
a He/Ne laser, a vertical cavity surface emitting laser (VC-
SEL) laser, and a diode laser. The coherent light may be
coupled to the site of measurement by known wave-guiding
or diffractive optical techniques or may be conventionally
directed to the measurement site by free space transmission.
The coherent light is preferably a low power (for example,
3-15 mW) laser (for example, a He/Ne laser). As with any
interferometric technique for chemical analysis, the devices
and methods of the invention benefit from many of advan-
tages lasers provide, including high spatial coherence, mono-
chromaticity, and high photon flux. The beam can be directed
directly to a sensing area on the fluidic chamber or to a minor
that is angled with respect to the plane of propagation of the
laser beam, wherein the mirror can redirect the light onto the
sensing area. In another embodiment, the coherent light is
preferably generated by a solid state laser source such as a
light emitting diode or vertical cavity surface emitting laser
(VCSEL), for which requisite beam characteristics of mono-
chromaticity and beam coherence is achieved. In an embodi-
ment, the coherent light source generates an easy to align
collimated laser beam that is incident on a sensing area of the
container for generating the backscattered light.

[0064] A coherent light source can be directed onto a sens-
ing area of the container chip such that the light beam is
incident on the compartment to generate backscattered light
through reflective and refractive interaction of the light beam,
as well as retardation of the light beam, with the sensing area
interface and the sample. The backscattered light comprises
interference fringe patterns including a plurality of spaced
light regions, e.g., bands or spots, whose positions shift in
response to the refractive index of the sample. These spatial
shifts represent phase shifts in the interference pattern. Posi-
tional shifts in the interference pattern can then be detected by
a photodetector and computed using a processor, such as a
PC. For example, one can examine shifts in the light regions,
e.g., bands, relative to a baseline or a reference value. The
device can provide a signal (for example, positional shifts in
the light bands) that is proportional to abundance of the ana-
lyte.

[0065] Inanembodiment, the coherent light source gener-
ates an easy to align collimated laser beam that is incident on
a sensing area of the container for generating the backscat-
tered light. The backscattered light comprises interference
fringe patterns that result from the reflective and refractive
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interaction, as well as retardation of the incident laser beam
with the sensing area walls and the sample in the sensing area.
These fringe patterns include a plurality of light bands whose
positions shift according to the refractive index of the sample,
for example, due to the composition of the sample. The pho-
todetector can detect the backscattered light fringe pattern
and, in combination with algorithms and methods and sys-
tems described herein, convert it into signals that can be used
to determine the refractive index (RI), or an RI related char-
acteristic property, of the sample. For example, the RI of a
sample with a certain concentration of analyte in the sample
can be slightly different than the RI of a sample where the
analyte is present in the sample in a different concentration. A
signal analyzer, such as a computer or an electrical circuit, can
be employed to analyze the photodetector signals and deter-
mine the characteristic property of the sample.

[0066] B. Detector

[0067] A photodetector can be configured and incorporated
into a device of the invention to detect a back-scattering light
pattern from a sensing area on a container. The photodetector
can detect a back-scattering light pattern generated from a
sample in the sensing area of the chip, wherein the pattern is
based on the contents and/or composition of the sample. In an
embodiment, qualitative and quantitative measurements are
performed by forming molecular complexes, such as anti-
body-antigen. Detection can be performed in a similar man-
ner to an ELISA measurement, only a label on the antibody
(in the case of an antigen based assay) is not used. In an
embodiment, the photodetector detects a qualitative or quan-
titative value of an analyte in a liquid sample, for example, the
amount of a specific antigen in a blood sample or host anti-
body titer towards a given antigen.

[0068] The photodetector can be one of any number of
image sensing devices. It can capture an image, either linear
or two-dimensional, of the fringe pattern. The photodetector
can include a bi-cell position sensor, a linear or two-dimen-
sional array CCD or CMOS camera and laser beam analyzer
assembly, a slit-photodetector assembly, an avalanche photo-
diode, or any other suitable photodetection device. The back-
scattered light comprises interference fringe patterns that
result from the reflective, refractive, and retardation interac-
tion of the incident laser beam with the walls of the sensing
area and the sample. These fringe patterns include a plurality
of light bands whose positions shift as the refractive index of
the sample is varied, for example, through compositional
changes. For example, a sample in which two components
bind to each other can have a different refractive index than a
sample in which the two components do not bind. In an
embodiment, the photodetector detects the backscattered
light and converts it into one or more intensity signals that
vary as the positions of the light bands in the fringe patterns
shift. For fringe profiling, the photodetector can be mounted
above the chip at an approximately 45° angle thereto. Fringe
profiling can also be accomplished by detecting the direct
backscatter. In an embodiment, the fringes can be profiled in
direct backscatter configuration and direct them onto the
camera which is at 90° from the beam, in this way, the pack-
aged device can remain small while maximizing the resolu-
tion for measuring a positional shift, for example, the effect of
angular displacement.

[0069] The photodetector can be a camera, such as a CCD
camera. The camera captures the image of the fringe pattern.
A CCD camera can typically collect from one to sixty images
per second. The image can be projected on a monitor for
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visual analysis. For example, the monitor can be calibrated
and/or the operator can visually detect changes in the fringe
pattern over time. Alternatively, the image can be subjected to
a variety of mathematical algorithms to analyze the fringe
pattern. Examples of algorithms used to analyze fringe pat-
tern are Fourier transforms, Gaussian fit with or without ham-
ming window and sinusoidal correction.

[0070] In certain embodiments, the device comprises a
back scattering interferometer and a centrifuge for centrifug-
ing the sample container. For example, the centrifuge could
be adapted to spin a tube that contains the sample, and posi-
tion it so that the sensing area is in line with the optical train.
[0071] In another embodiment, the centrifuge and back
scattering interferometer are separate devices, and the user or
a robot transfers the sample tube from the centrifuge to the
interferometer.

[0072] The intensity signals from the photodetector can be
fed through an instrument control unit into a signal analyzer
for fringe pattern analysis for determination of the refractive
index or an RI related characteristic property of a sample in
the sensing area of the microfluidic chip. The signal analyzer
can be a computer (for example, a PC) or a dedicated electri-
cal circuit. Preferably, the signal analyzer includes the pro-
gramming or circuitry necessary to determine from the posi-
tional shift of the formed fringes, the RI or other characteristic
properties of the sample to be determined, such as tempera-
ture or flow rate, for example.

[0073] C. Display and Analysis

[0074] The light collected by the photodetector, e.g., an
image of a fringe pattern, can be displayed directly for visual
analysis, for example by a monitor that displays a signal
provided by the detector. Alternatively, the system can com-
prise a signal analyzer that converts data received from the
photodetector into a value or values that are useful for further
analysis.

[0075] The photodetector can detect the backscattered light
fringe pattern and, in combination with computer algorithms,
convert it into signals that can be used to determine a param-
eter of refractive index (RI), or an RI related characteristic
property, of the sample. For example, the RI of a sample with
acertain concentration of analyte in the sample can be slightly
different than the RI of a sample where the analyte is present
in the sample in a different concentration. A signal analyzer,
such as a computer or an electrical circuit, can be employed to
analyze the photodetector signals and determine the charac-
teristic property of the sample. Positional shifts in the light
bands relative to a baseline or a reference value can then be
detected by a photodetector and computed using a processor,
such as a PC. The device can provide a signal (for example,
positional shifts in the light bands) that is proportional to
abundance of the analyte. Preferably, the signal analyzer
includes the programming or circuitry necessary to determine
from the positional shift of the formed fringes, the RI or other
characteristic properties of the sample to be determined, such
as temperature or flow rate, for example. The parameter of
refractive index can be, for example, the position of the bands
on some scale of location. This position can be displayed as a
number or as coordinate on a graph. For example, the coor-
dinate on the Y axis can change over time on the X axis. The
parameter can be quantitatively related to sample refractive
index.

[0076] The signal analyzer can comprise a computer
which, optionally, controls various aspects of the system. The
computer functions to perform the calculations necessary to
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detect the fringe movement and output the data on the user
interface. Moreover, the computer can function to store and
retrieve method files that automate the performance of an
assay or analysis, provide data analysis tools to determine
binding profiles, qualitative measurements, and quantitative
measurements, or provide a means to calibrate the system for
total gain and output based upon a reference sample.

[0077] The computer can comprise memory configured to
receive data about the back scattered light, such as images of
the fringe pattern, captured from the photodetector. The com-
puter also can comprise computer executable instructions in
memory to manipulate the data, for example, methods
according to this invention. The computer typically will com-
prise a processor for retrieving data and instructions from
memory and for executing the instructions. The computer
also can comprise input/output to receive data from the pho-
todetector and to transmit the product of computer processing
to peripherals such as display monitors.

[0078] The output of the computer can be displayed on a
monitor in a form useful to the user. For example, the output
can be displayed as a line on a graph, wherein the position of
the line indicates the relative position of the fringe pattern.
Alternatively, the output could be a binary indicator that
indicates whether the position of the fringe pattern has shifted
over some given period of time, or before and after an event
(e.g., introduction of an analyte).

[0079] FIG. 2 depicts a flow diagram of a BSI system. A
laser 201 produces a beam that passes through a beam splitter
202 to create two beams. A beam splitter is optional but useful
for comparing first and second samples. These two beams
impinge onto a chip 203. The two-channel chip allows for the
injection of samples and controls 204. The liquid that is
injected passes through the chip 203 and then is collected as
waste 205. In an exemplary embodiment, the chip has two
channels for the injection of samples and controls 204. The
interaction of the beams and the channels creates fringe pat-
terns 206. These two fringe patterns 206 are directed onto a
camera 207. The data acquired from the camera 207 is con-
verted into a digital image 208. Initially, the program is
started in setup mode 209, which allows the user to select the
fringes to be analyzed and define the parameters of the analy-
sis 210. Once setup mode 209 is turned off, the digital image
208 is passed to an algorithm 211 that calculates shifts in the
fringe pattern 206. This output is split 212 to a real time output
display 213 and is also written to a temporary file 214. At any
time the user can save the data 215, which then writes the data
to a permanent file 216.

[0080] BSI can detect changes in refractive index in real
time. Therefore, it is a useful tool for measuring binding
assays in real time. Also, BSI can be used to compare two
samples for differences in refractive index, thereby indicating
differences between the contents of the two samples.

[0081] Interferometric detection is amenable to high
throughput assay methods, as the molecules, particles or cells
do not require labeling with other reagents, such as fluores-
cent tags, thus requiring less processing of individual
samples. The presence of the mass of the immobilized target
or a signal due to a binding pair in solution, in embodiments
where no binding moiety is immobilized, is detected directly
as a function of interferometric signal and is robust under
laser interrogation. The resulting signal is not susceptible to
the photobleaching and loss of precision under long or
repeated laser exposure of fluorescently labeled targets. Inter-
ferometric detection is a sensitive method of detection. Fem-
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tomolar levels of numbers of molecules can be detected and
low picomolar (10-12) concentrations of target molecules can
be detected.

[0082] An analyte in a sample can be detected in a sample
in a number of ways. First, the interference patterns of a
sample and a matched control can be compared. For example,
a control sample should contain the same reagents and be
contained in a container of the same dimensions as the test
sample, but exclude the analyte. In this case, an important
element that contributes to differences in the interference
patterns will be differences in interaction between the analyte
and the reagents in the two samples. For example, in a binding
assay, differences between the concentration of an analyte
between the two samples will be result in differences in
amount of binding with a binding reagent, which, in turn, will
result in differences in the interference pattern produced.
[0083] However, control and test samples may not be
evenly matched. For example, a control plasma sample and a
test plasma sample may have differences in various molecules
that will result in differences in refractive index even if the
concentrations of the analytes are the same. If analyte con-
centration differences contribute most to differences in
refractive index, then this need not be an issue. However,
these differences can be addressed in various ways. For
example, a kit can provide reagents to construct a standard
curve. Measuring results on the test sample against the stan-
dard curve provides an indication of the quantity of the ana-
lyte in the sample. Comparison of two samples, one with the
reagents and one without, provides a measure of what contri-
bution the presence of analytes makes to changes in refractive
index. A test sample can be divided between two containers,
one with reagents and one without, for this purpose. More-
over, for heterogeneous assays which employ sample vessels
for which capture molecules have been selectively deposited
in given probe regions, sample and experimental measure-
ments can be conveniently performed within a single tube. In
this approach, a sample of interest is selectively captured
using capture molecules prudently localized within the
probed region of the sample beam, while the reference beam
interrogates a different region of the same vessel, which is
devoid of extracted analyte. In this approach sample and
reference measurements are performed on the sample matrix
solution, variations in biological matrix, such as serological
composition, ionic strength, and other bulk propertied can be
compensated enhancing the signal to background.

[0084] The system can be used to determine the on- and
off-kinetics of binding with a flowing system. In the flowing
system, one molecule can be attached to the surface with
chemistry. A running buffer is then flowed over the activated
surface. Once the signal is stable, a second molecule that
binds to the first is flown thought the system in increasing
concentrations. When the sample interacts with the surface,
there is an increase in signal until equilibrium is reached.
When the running buffer is flowed back through, the bound
molecules disassociate and the signal decreases and then
equilibrates on the running buffer. For the reaction of the two
molecules, an increase in signal is observed and then equili-
brates. For this part of the curve, a ‘one phase exponential
association’ equation is used [Y=Ymax*(1-exp(-K*X))]
where K is the K observed. For the dissociation of the two
molecules, a decrease in signal is observed until an equilib-
rium is reached. For this part of the curve, a ‘one phase
exponential decay’ equation is used [Y=Span*exp(-K*X)+
Plateau], where the K is the K off. The K on value is calculated
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by subtracting the K off from the K observed then dividing the
value by the concentration of the binding ligand {Kon=
(Kobs-Koff)/[ligand]}. The KD value is collected by divid-
ing the K off by the K on [KD=Koff/Kon]. These equations
assume one to one binding and that the concentration of one
of the molecules is unchanged during the reaction. This is
accomplished by the use of the flow as there is a constant
amount of the same concentration being introduced into the
channel.

[0085] D. Instrument with Continuous Injection

[0086] One version of the instrument allows for sample
analysis in flowing streams. (See FI1G. 14.) The basics of the
instrumentation are the same; a coherent light source 1401 is
directed onto a fluidic channel 1406, which produces a fringe
pattern that is captured by a camera 1402.

[0087] A syringe pump (Cavro) 1404 is utilized with an
injection valve to create a flowing system. The syringe pump
pulls in a volume of liquid from a container 1403 which is
then dispensed at desired flow rates. These rates can range
from 10 microliters per minute to 0.5 microliters per minute,
e.g., approximately 2.5 ul./min. The fluid passes through an
injection loop and then the detection zone of the instrument.
This provides a continuous flow of running buffer in the
system. The injection loop can have a volume of 20 pL that
can be changed based on the size and length of tubing used.
The injection valve 1405 allows the injection of different
samples without disrupting the flow of the system, as when in
the load position the valve circumvents the loop allowing the
running buffer to continuously flow. A sample is injected
using a 250 pl analytical glass syringe into the loop. When the
valve is switched to the inject position, the running buffer
flows through the loop, pushing the injected sample into the
detection zone. Thus the flow is never interrupted, aside from
during the pump refill cycle.

[0088] The injected samples are pushed into the BSI instru-
ment, which has a holder, which equilibrates the temperature
of the fluid to a set point (typically 25° C.) by wrapping the
capillary around a metal bobbin that is temperature con-
trolled. The fluid is then pushed into the detection zone.
[0089] The detection zone is a small piece of capillary that
the laser strikes. The small section of the capillary allows for
surface chemistry to be performed on a large section and then
cut into smaller sections for a heterogeneous experiment.
After the fluid is analyzed, a waste tube is used to direct the
sample into a waste container 1407.

[0090] FIG. 3 shows a Fourier transform algorithm that
transforms a digital image into a function that describes the
image. Phase changes for the predominant spatial frequency
in the Fourier transform over time can indicate shifts in the
fringe pattern.

[0091] FIG. 4 shows the Gaussian fit analysis. A cross
correlation is performed on a reference fringe pattern and a
new pattern. A Gaussian fit is calculated from the highest peak
of'the cross correlation. The calculated center of the Gaussian
fit is used to measure the pixel shift, which allows for sub-
pixel shift detection.

[0092] FIG. 5 shows the use of a hamming window, which
is applied to the fringe pattern before the cross correlation is
performed. Then a Gaussian fit of the cross correlation is used
to determine the shift in the fringe pattern. The hamming
window helps to minimize the noise.

[0093] FIG. 6 shows a sinusoidal correction for data, which
takes a set of data that has a sinusoidal output and unwraps the
sine wave. Initially, it is required to divide the data so that it
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falls between -1 and 1. Next, an arcsine function is used. The
sections of the data are then divided by the sharp peaks, and
by using the equations, “Point B-Point A+previously calcu-
lated point” and “Point A-Point B+previously calculated
point” on the different regions, it is possible to have the signal
proceed in the same direction (unwrapping the sine wave into
a line).

[0094] BSI can detect changes in refractive index in real
time. Therefore, it is a useful tool for measuring biding assays
in real time. Also, BSI can be used to compare two samples
for differences in refractive index, thereby indicating differ-
ences between the contents of the two samples.

[0095] First, the interference patterns of a sample and a
matched control can be compared. For example, a control
sample should contain the same reagents and be contained in
a container of the same dimensions as the test sample. For
example, a control plasma sample and a test plasma sample
may have differences in various molecules that will result in
differences in refractive index even if the concentration of the
analytes are the same. In an aspect, a system is provided for
determining a characteristic property of a liquid that com-
prises: adevice configured to detect a fringe pattern generated
from a liquid; and a processor configured to receive informa-
tion from the device, wherein the processor is configured to
execute a set of instructions for processing the fringe pattern
at more than one time by fitting the fringe pattern to a Gaus-
sian distribution.

[0096] The processor can be a component of a computer
system and the computer system can be configured to control
the operation of the device. A signal analyzer comprising the
processor, such as a computer or an electrical circuit, can be
employed for analyzing the photodetector signals, and deter-
mine the characteristic property of the sample.

[0097] The signal analyzer can be a computer which,
optionally, controls other aspects of the system. The computer
functions to perform the calculations necessary to detect the
fringe movement and output the data on the user interface.
Moreover, the computer can function to store and retrieve
method files which automate the performance of an assay or
analysis, provides data analysis tools to determine binding
profiles, qualitative measurements, and quantitative measure-
ments, as well as providing a means to calibrate the system for
total gain and output based upon a reference sample.

[0098] In an embodiment, the set of instructions when
executed subject the fringe pattern to a Hamming window
analysis prior to fitting the fringe pattern to a Gaussian dis-
tribution. The set of instructions can be a program code that
when executed analyzes a series of fringe patterns.

[0099] Inanother embodiment, the processor is configured
to execute a set of instructions that when executed compare
fringe patterns at a first time to fringe patterns at a second
time.

[0100] Insome instances, the device has a pixel resolution
and the comparison of fringe patterns at the first and second
times has a sub-pixel resolution.

[0101] E. Container Mounting/Temperature Regulation
[0102] The device of this invention typically comprises a
mounting adapted to receive the container and position it for
interrogation by the coherent light source. The mounting can
be removable from the frame of the device. The mounting can
be attached to an optical bench that comprises other compo-
nents of the optical system. The mounting can comprise a
fastener to fasten the container to the mounting. If the con-
tainer is a tube, the mounting can comprise, for example, a
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clip or set of clips, a surface with an indentation adapted to
receive the tube, in which it can rest, an adhesive material, or
a holder in which the container is inserted and held, e.g., a
cylinder in which a tube is slid within and retained, a flat
mounting stage on which a chip is locked into position. In
certain embodiments the mount is in thermal contact with a
temperature control assembly such as a Peltier device to
insure homogeneous control of temperature as required to
perform high sensitivity BSI measurements (+/-1-5 millide-
gree C.). See, for example, U.S. patent publication 2009-
0185190.

[0103] A container of the invention can be adapted and
configured to fit snugly within a holder. The container can be
held in place by a positioner, such as a metal plate with
tightening screws. The container can be manually inserted
into the holder or cartridge. The container can be oriented so
that gravitation force maintains the separation of the solid and
liquid material, e.g., the liquid is oriented on top of the sepa-
rated solid material. In an embodiment, the container is dis-
posable while the holder can be used for numerous different
chips with a device of the invention. A holder retention
mechanism can be used to firmly hold the chip in the holder
along the axis of the mechanism. The container and/or the
thermal subsystem can be affixed to a translation stage that
allows adjustment of the chip relative to the laser beam. For
example, the container can be tilted slightly (for example,
approximately),°® so that the backscattered light from the
sensing area of the container can be directed onto the photo-
detector.

[0104] In experiments that involve comparing the interfer-
ence pattern between two samples (e.g., a test and control
sample), the samples can be measured simultaneously or in
sequence. In simultaneous measurements the two samples
can be loaded onto the interferometer and a beam splitter can
split the laser beam and direct it to each of the two samples.
Alternatively, the beam can be made wide enough so that a
single beam covers both fluid compartments. In one embodi-
ment, the first and second samples are comprised in different
containers, e.g., tubes, and one tube is tilted or rotated, e.g., 3°
to 7° with respect to the other tube. This results in the inter-
ference signal from each container being directed to different
parts of the detector so that they are distinguishable.

[0105] In another embodiment, the first and second
samples are located within a single tube, where the first
sample represents a region of the sample container that con-
tains a selectively deposited binding molecule for extraction
and subsequent analysis of a target of interest, and where the
second or reference sample represents a region of the sample
container that is free of binding molecule, or moreover is
coated with a specific passivating agent to minimizing
unwanted non-specific binding of the target of interest.
[0106] Sample can be introduced into the container by any
method known. For example, the sample can be introduced
manually using a syringe, e.g., manual pipetter. Also, sample
can be introduced into the container using a fluidics robot,
such as any commercially available robot, e.g., from Beck-
man or Tecan.

V. Methods of Detecting Analytes in a Sample

[0107] The ability to collect a biological sample directly
from a subject and analyze it by back scattering interferom-
etry in the same container allows a variety of clinical assays to
be carried out easily. In certain embodiments, the assays are
carried out in near patient (e.g., at the patient’s location such
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as in a hospital room or doctor’s office) or point-of-care
conditions. In other cases, the assays are carried out in a
central location with other samples, e.g., a laboratory. The
invention provides an ability to incubate a sample, to centri-
fuge a sample to separate insoluble material, and to analyze
the fluid, without having to change sample containers for the
purposes of the manipulation. One aspect of the invention that
makes this possible is adaptations in the interferometer to
mount the collection container, itself.

[0108] Several kinds of assays to detect analytes are con-
templated by this invention. They include, without limitation,
(1) homogenous or heterogeneous binding assays to detect
and/or quantify an analyte and (2) enzymatic assays to detect
and/or quantify an analyte.

[0109] A variety of assays are contemplated by this inven-
tion. These include, for example, reactive titers, infectious
diseases, drugs of abuse, sepsis, oxygen monitoring, detec-
tion of biomarkers of disease (e.g., proteins) molecular bio-
logical assays such as SNP analysis, STTR analysis, hybrid-
ization analysis for genotyping or gene expression, per
analysis, allelotyping, haplotyping, as well as monitoring of
enzymatic reactions.

[0110] Alternatively, a difference in titer of certain analytes
compared with a control also can be detected by BSI.
[0111] A. Binding Assays

[0112] An analyte can be detected in a sample through a
binding assay with a binding reagent. A binding reagent can
specifically bind to the target analyte.

[0113] Any analyte that has a binding partner can be
detected by including the binding partner in container. Bind-
ing between the binding partner and the analyte will result in
a change in refractive index that can be detected by BSI. For
example, the analyte could be a component of an infectious
agent. Alternatively, it could be a biomarker for a disease,
such as cancer. Any molecule that can be captured can be
detected by BSI.

[0114] Inahomogenous assay, the binding partner is free in
the compartment and is taken into solution upon contact with
the sample. In a heterogeneous assay, the binding reagent is
immobilized to the wall of the compartment. In a specialized
form of heterogeneous assay, the binding agent is selectively
deposited upon a distinct region of the compartment wall,
while all other areas are devoid of the binding agent, allowing
for sample and reference measurements to be simultaneously
performed in a single sample compartment. Methods for
immobilizing a binding reagent to a wall of a compartment
are well known in the art. For example, for any surface with
available reactive groups, such as glass, the reactive groups
can be coupled to a silane containing moiety by using a
reactive compound such as amino-propryl-triethoxy silane or
mercapto-amino-propyl-triexthoxy silane. A bifunctional
coupling agent can then be employed to covalently attach to
the silane layer and subsequently couple its other end to a
target biomolecule, tethering that biomolecule to the surface.
Exemplary bifunctionial linkers include but are not limited to,
succinimidoalkylbenzaldehydes, dimethyl dithiobispropion-
imidate, N-[gamma-maleimidobutyryloxy]succimide ester,
and  N-[gamma-malaeimidobutyryloxy]sulfosuccinimide
ester. Coupling to the desired target biomolecule is achieved
via reaction between the terminal group of the bifunctionial
linker and a companion reactive group of the biomolecule
such as an amine, a hydroxide, a sulthydryl, a carboxyl, and
SO on.
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[0115] Analytes in the blood that can be detected in binding
assays include, for example, pathogneumonic antibodies
indicative of infections disease, autoimmune disease, or can-
cer; surface antigens or liberated proteins from infectious
elements such as parasites, bacteria, viruses, and molds; sur-
face antigens or liberated proteins from host neoplasms; spe-
cific host response proteins to tissue damage, necrosis, apo-
ptosis; specific host proteins spawned as the result of general
inflammatory response damage as associated with autoim-
mune disease, rheumatoid arthritis, osteoarthritis, cancer,
ethanol toxicity, therapeutic agent toxicity, drug abuse, and/or
infectious disease; liberated proteins associated with
ischemia and tissue damage as in cardiomyopathies, drugs of
abuse and their metabolites, therapeutics and their metabo-
lites; and so on.

[0116] Binding agents include, for example, aptamers,
thioaptamers, double-stranded DNA sequence, peptides and
polypeptides, ligands and fragments of ligands, receptors and
fragments of receptors, antibodies, fragments of antibodies
(e.g., a single chain antibody, an Fab, Fab' F(ab') 2 fragment)
or hybrid antibodies and polynucleotides. The binding
reagent can also be a member of other types of binding pairs
such as biotin-avidin; apo-protein:cofactor; lectin-saccharide
(or polysaccharide); lectin-cell; IgG antibody Fc portion with
protein A or protein G; enzyme-enzyme substrate; sense-
antisense nucleic acid sequences such as DNA:DNA, RNA:
RNA; DNA:RNA, DNA fragments or other nucleic acid
sequences; enzyme-enzyme inhibitor; receptor-ligand; pro-
tein-protein receptor; protein subunit-protein subunit; or
lipid-lipid.

[0117] B. Enzymatic Assays

[0118] Enzymatic assays typically are time course assays.
Insuchassays, one measures differences in refractive index in
a sample over time. Differences indicate the action of the
enzyme on the analyte. One example of an enzymatic assay is
enzymolysis.

[0119] Inoneassay, the tube is provided with substrates for
enzymes in the sample. For example, typical enzymes
detected in the blood of clinical interest include alkaline
phosphatase, amino transferases (e.g., aspartate transami-
nase, alanine transaminase, gamma glutamyl transferase),
lactate dehydrogenase, and creatinine kinase.

[0120] In this type of assay, the container is provided with
a substrate that is cleaved by a serum protease, such as alka-
line phosphatase activity upon a phosphopeptide, phosphop-
rotein, phosphorylated nucleic acid or phosphorylated poly-
nucleic acid. In this type of assay a general assessment of
serological enzymatic activity against a number of serum
proteases could be assessed as part of a diagnostic regimen.

[0121] Other enzymatic assays are used to detect the pres-
ence of a nucleotide sequence in DNA. For example, in PCR,
primers, nucleotides and a polymerase are used to amplify a
sequence within a DNA sample. This typically involves ther-
mal cycling, in which each cycle amplifies the target
sequence. Measurements can be taken after each cycle.
Again, changes in refractive index result from polymerization
reactions which, in turn indicate the presence of the target
sequence. Other methods of DNA sequence detection are
known in the art. One of these is detection by ligation, in
which probes that hybridize to adjacent sequences are pro-
vided with a ligase. If the target sequence is present, the
probes will hybridize adjacent to one another and the ligase
will ligate the two probes. This change can then be detected.
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[0122] C. Sample Assays
[0123] The sample collection process for a serological or
hematological test can proceed as follows:

[0124] 1. A finger stick is performed using a typical
disposable lancet.

[0125] 2. The capillary tube is employed to receive a
given volume of whole blood from the finger stick
wound. The blood enters the tube via capillary action.

[0126] 3. Thetop portion of the tube is plugged by insert-
ing it into a wax plane or plane of other compliant
sealant. Alternatively the tube is fashioned with an
adapter that allows for closing one side of the tube with
a cap and the other side of a tube with a plug.

[0127] 4. The tube is placed in a holder to allow it to
incubate at a predetermined temperature over a prede-
termined period of time.

[0128] 5. Optionally, the tube is placed into a modified
laboratory mixer that allows for agitation of the solution
during the incubation period.

[0129] 6. The tube is placed into a standard hematocrit
centrifuge and spun for the requisite period of time to
divide the volume into roughly three regions: RBC,
buffy coat, and plasma.

[0130] 7. The tube is placed into a small table top or
portable BSI device, and the assay is read by probing the
relatively transparent plasma region of the tube.

[0131] A typical assay can be performed as follows:

[0132] 1. A negative control tube is inserted into the BSI
device. A background measurement is performed.

[0133] 2. A clinical specimen tube is inserted into the
BSI device. The measured signal is compared to that
obtained in the control to allow for the relative quanti-
tative measurement of the target analyte.

[0134] 3. Alternatively a two beam BSI instrument
which allows the simultaneous illumination of both the
sample and reference capillary can be employed. In this
case the clinical specimen and the control would be
evaluated at the same time.

[0135] a. A single beam from a coherent source, pref-
erably a diode laser, illuminates both capillaries,
touching each other at the point where the beam
impinges on them, producing two fringe patterns.
Each capillary would be tilted 3°-7° degrees off of
normal so that the backscattered fringe patterns are
spatially separated.

[0136] b. The two capillary configuration output is a
sample vs. reference measurement and provides
enhanced S/N.

[0137] c. This configuration also greatly reduces
external temperature control requirements as both
capillaries in the same environment, allowing less
power consumption, etc.

[0138] d. This configuration also allows for automatic
laser intensity instability compensation, particularly
important when employing a photon flux-based sens-
ing approach.

[0139] 4. Quantification of response or analyte concen-
tration come from interrogation of the fringe pattern,
which can be done by several methods, but most com-
monly, involves measuring the shift in position. Then the
output can take the form of Sample-Reference, S-R/
S+R or other signal extraction algorithms.

[0140] This invention contemplates both homogeneous and
heterogeneous assays. In a homogeneous assay, the binding
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agent, e.g., a binding partner, is in free solution to interact
with the analyte. In a heterogeneous assay, the binding agent
is tethered or otherwise attached to the inside surface of the
compartment to interact with the analyte. In certain embodi-
ments of a heterogeneous assay, the surface of the compart-
ment is patterned such that a binding agent is bound at a
specific or predetermined location on the compartment sur-
face, where interaction with analyte can be interrogated. For
example:

[0141] 1. The sample is introduced into a tube that con-
tains patterned deposits of binding partners (e.g., anti-
bodies, one for each analyte of interest) and specified
regions devoid of these agents which act as controls.

[0142] 2. The sample is allowed to incubate.

[0143] 3. The sample is then processed by spinning to
make the patterned region devoid of insoluble particu-
lates or the sample can be then pushed out of the tube
using an appropriate buffer wash solution.

[0144] 4. After processing, a single wide beam, or mul-
tiple beams, are used to illuminate each specified region.
Detected fringe pattern differences are used to compare
assay and control signals.

[0145] For each of the above, it is possible to perform
analysis with simultaneous controls or compare results
against controls performed as a separate experiment.

[0146] While preferred embodiments of the present inven-
tion have been shown and described herein, it will be obvious
to those skilled in the art that such embodiments are provided
by way of example only. Numerous variations, changes, and
substitutions will now occur to those skilled in the art without
departing from the invention. It should be understood that
various alternatives to the embodiments of the invention
described herein may be employed in practicing the inven-
tion. It is intended that the following claims define the scope
of the invention and that methods and structures within the
scope of these claims and their equivalents be covered
thereby.
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What is claimed is:

1. A method comprising:

a) introducing a sample into a container, wherein:

1) the sample comprises a liquid and insoluble material;
and

ii) the container is adapted for analysis of the liquid
therein by back-scattering interferometry;

b) separating the liquid from the insoluble material within

the container; and

¢) analyzing the liquid while in the container by back-

scattering interferometry.

2. The method of claim 1 wherein the sample is blood.

3. The method of claim 2 wherein the liquid is serum or
plasma.

4. The method of claim 1 wherein the container comprises
a solid substrate comprising a channel into which the sample
is introduced.

5. The method of claim 1 wherein the container contains an
anti-coagulant.

6. The method of claim 1 wherein the container contains a
reagent for an assay for an analyte in the sample.

7. The method of claim 6 wherein the reagent is a binding
partner for the analyte.

8. The method of claim 6 wherein the reagent is immobi-
lized to an internal surface of a compartment of the container.

9. The method of claim 8 wherein the internal surface is
patterned so that the reagent is attached only to a portion of
the surface and that portion is positioned in a sensing area that
is interrogated by a laser during back scattering interferom-
etry.

10. The method of claim 9 wherein the method comprises
detecting position of a fringe pattern generated at a location
where the reagent is immobilized and at a location is where
the reagent is not immobilized and comparing the positions.

11. The method of claim 6 wherein the reagent is an
enzyme.

12. The method of claim 6 wherein the assay is PCR and the
container contains amplification primers, polymerase and
nucleotides.

13. The method of claim 6 wherein the assay is a ligation
assay and the container contains a ligase.

14. The method of claim 6 wherein a plurality of reagents
are immobilized at different specific locations on an internal
surface of the compartment.

15. The method of claim 6 wherein the reagent is free for
entering solution upon introduction of a liquid sample into the
compartment.

16. The method of claim 1 wherein the container is a chip.

17. The method of claim 1 wherein the container is a tube.

18. The method of claim 17 wherein the tube comprises
borosilicate, fused silica or plastic.
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19. The method of claim 17 wherein the tube has an internal
diameter of 0.05 mm to 2.0 mm.

20. The method of claim 17 wherein the tube has a bore
with at least one flat face.

21. The method of claim 1 wherein introducing comprises
collecting blood from a subject into a capillary tube and
sealing at least one end of the capillary tube.

22. The method of claim 21 wherein separating comprises
centrifuging the capillary tube.

23. The method of claim 1 wherein introducing comprises
providing a capillary tube fitted on one end with a holder
comprising a hole that securely fastens to the end of the
capillary tube and a well for accepting liquid and passing it
into the capillary tube.

24. The method of claim 1 further comprising incubating
the sample or agitating the sample after introduction.

25. The method of claim 1 wherein separating comprises
centrifugation or sedimentation.

26. The method of claim 1 wherein analyzing comprises
detecting the presence of an analyte in the liquid.

27. The method of claim 1 wherein analyzing comprises
engaging the container with a holder of a back-scatter inter-
ferometry device in a position so that the container can be
interrogated by a laser of the device.

28. The method of claim 1 wherein analyzing comprises
comparing a signal received from the liquid with a signal
received from a control liquid.

29. The method of claim 1 wherein analyzing comprises
simultaneously illuminating the liquid and a control liquid
with a single beam from the coherent light source and com-
paring the signals.

30. The method of claim 1 wherein back-scattering inter-
ferometry comprises directed a coherent light beam at the
fluid in the container and back scattered light.

31. The method of claim 30 wherein the coherent light is
laser light.

32. A method comprising performing back-scattering
interferometry analysis on a sample wherein the sample is
stationary at the time of analysis.

33. A method comprising:

a) collecting a liquid sample from a subject into a sample
collection container containing a compartment adapted
for analysis by back-scattering interferometry; and

b) analyzing the liquid while in the sample collection con-
tainer by back-scattering interferometry.

34. A device comprising:

a) a coherent light source;

b) sample container for receiving a sample, wherein the
container is configured for analysis of a sample therein
by back-scatter interferometry when interrogated by
coherent light from the coherent light source, and
wherein the container is further configured to prevent
flow of a sample in the container during analysis; and

¢) a detector to detect back-scattered light.

35. The device of claim 34 wherein the container is con-
figured to centrifuge a sample contained in the container
when the container is not engaged with the device.

36. The device of claim 34 wherein the container comprises
at least one stop or valve that prevents fluid flow.

37.The device of claim 34 wherein the container comprises
a reagent for performing an assay on an analyte.

38. The device of claim 37 wherein the reagent is immo-
bilized on an internal surface of the container.

39. The device of claim 37 wherein a plurality of different
reagents are immobilized at different specified locations on
an internal surface of the compartment.
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40. The device of claim 39 wherein the container is pat-
terned with areas to which the reagents are immobilized and
at least one area to which no reagent is immobilized.

41. The device of claim 40 wherein the reagent is immo-
bilized by photolytically cleaving a protecting group attached
to the surface to expose a reactive group and coupling the
reagent to the reactive group.

42.The device of claim 40 wherein the reactive group is an
isocyanate.

43. The device of claim 37 wherein the reagent is free for
entering solution upon introduction ofa liquid sample into the
compartment.

44. The device of claim 34 wherein the coherent light
source comprises a laser.

45. The device of claim 34 further comprising a centrifuge
adapted to engage the container, to centrifuge the container
while engaged, and to position the container for analysis.

46. The device of claim 45 wherein the container contains
a channel and is adapted to receive a sample into the channel
through capillary action, wherein at least one end of the
channel is closed when a sample is collected to allow cen-
trifugation.

47.The device of claim 46 wherein the container comprises
a hematocrit tube.

48. The device of claim 46 wherein the container comprises
a chip.

49. The device of claim 46 further comprising a second
holder adapted to engage a second container in a position to
be interrogated by an undivided beam of coherent light from
the light source.

50. The device of claim 49 wherein the containers are
positioned with respect to one another so that the detector
detects the fringe pattern from each container distinctly.

51. A kit comprising:

a) a device comprising:

1) a coherent light source;

ii) a holder adapted to engage a container in position so
that a liquid in the container can be interrogated by
coherent light from the coherent light source to pro-
duce a back scattered light; and

iii) a detector configured to detect the back scattered
light; and

b) a container comprising a reagent for assaying for an

analyte in the container, wherein the container is adapted

to engage the holder.

52. The kit of claim 51 wherein the container is a hemat-
ocrit tube.

53. The kit of claim 51 wherein the container is a capillary
tube of fixed length.

54. The kit of claim 51 wherein the reagent comprises a
binding partner for the analyte.

55. The kit of claim 54 wherein the binding partner com-
prises a polynucleotide, a polypeptide or a small organic
molecule.

56. The kit of claim 51 wherein the reagent is immobilized
on an internal surface of the compartment.

57. The kit of claim 56 wherein the reagent is locally
immobilized on the internal surface of the photonicly probed
region of the compartment.

58. The kit of claim 51 wherein the reagent is free for
entering solution upon introduction of a liquid sample into the
compartment.

59. The kit of claim 51 further comprising:

¢) asealant for sealing or a cap for closing an opening in the

container.
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Plots of the ratio bulk volume to surface volume versus capillary inner diameter for
three suface layer thicknesses. For example, a 100 pm ID capillary with 5 nm surface layer
has a ratio of 5000. Inset diagram not to scale.
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