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To Dated: 30.07.2025
Dean {Research}
All lndia lnstitute of Medical Sciences (AllMS)
New Delhi

Sqbiect: Subrnissiq[_oLfSEe Meetinq docunnentq forpUrchase oJ "MqtaLo!ic Analyzgr"

Proiect Qode: l-1J89

Dear Sir,

I am writing to kindly bring to your attention the details of the Technical Specifications and Evaluation
Committee (TSEC) meeting conducted for the above-mentioned project, funded by the lndian Council of
Medical Research (ICMR).

The meeting was held on Friday, July 22,2A25, at 10:30 AM in the Seminar Room, Second Floor,
Department of Biotechnology, AllMS, New Delhi. The agenda of the meeting was to finalize the iechnical
specifications of Metaholic Analyzer far proposed high-value equipment procurement under the project
(within the approved budget af V2.48 Crores).

The committee reviewed all proposed specifications in detail and approved them with minor modifications.
All the changes were incorporated. The specifications are aligned with the project goals and scientific
requirements" lt was resolved that the Pl may proceed to float tenders/e-procurement as per the institutional
rules.

ln compliance with institutional requirements, I hereby submit the meeting documentation for onward
transmission to the Store and Accounts Sections for necessary processing.

Attachments:

1. Specification for High Throughput Single Cel[ Capture and Analysis system
2. Minutes of TSEC
3. Undertaking for General Specifications
4. TSEC attendance sheet
5. Fall Clause Certificate
6. Proprietary Article ceftificate (PAC)
7. Proprietary certificate frorn Agilent with US and Europe Patent
L Quotation
9. Non-Blacklisted Declaraiion
1 0. Rate Reasonability certificate
11. GEM not ability certificate
12. Otd PO
13. ICMR project fund ability document

Thanks r-i--- 1 ,

(Dr. Rupesh K. Srivastava)
Additional Professor
Room 202, Department of Biotechnology
AllMS, Ansari Nagar New Delhi-29
Ph-91 79567399
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All India Institute of Medical Sciences (AllMS). New Delhi

Minutes of the Technical Specifications and Evaluation Committee (TSEC) Meeting for
Metabolic Analyzer

"lnvestigating the Diagnostic Patential of Gut-Associated Metabolites in Post-Menopausal
Osteaporatic Women and Exploring Their Therapeutic Potential in Pre-Clinical Moclel of
Osfeoporosts: An Osteoimmunological Approach". Funding Agency: indian Council of Medical
Research ICMR funded project (F. No. EMDR/|G/fi12A24-A1-0A842, Project code: l-1789

Meeting was held on Friday, July 22,2025, Time: 10:30 AM at Seminar Room, Second Floor,
Department of Biotechnology, AllMS, New Delhi

Purpose: Finalization of technical specifications of Metabolic Analyzer for proposed high-value
equipment procurement under the project (within the approved budget of (Estimated Cost INR 2^48
Crores).

The committee reviewed all proposed specifications in detail and approved them with rninor
rnodifications. All the changes were incorporated. The specifications are aligned with the project
goals and scientific requirements. lt was resolved that the Pl may proceed to float tenders/e-
procurement as per the institutional rules.
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1.

2.

Tech n ical specification for Metabol ic Analvzer

(Estimated Cost INR 2.48 Grores)

The instrument should be able to perform live cell, real-time analysis of cellular energy metabolism in
96-well microplate format
The instrument should be capable of simultaneously measuring oxygen consumption rate (OCR) and
extracellular acidification rate (ECAR) of living cells. OCR and ECAR data should be simultaneously
calculated and displayed in realtime.
Assays should be non-invasive and should not require the addition of dyes, labels, or reporters.
Measurements should be reproducible to measure kinetic responses over several hours.
Measurements within the same well should demonstrate a coefficient of variation of less than 5%,
approximately equivalent to the instrument's background noise.
The instrument should be capable of analysing adherent cells without requiring trypsinisation.
The instrument should be capable of analysing suspension cells by adhering it to the well bottom.
The instrument should typically require only 5 x 103 to 200 x 103 cells per well in the 96-well platform.
The Low Limit of Detection (LLOD) with 95% confidence should be as below:

i. OCR:13 pmol/min

ii. PER: 30 pmol/min

The instrument should create a transient microchamber, make optical measurements and perform
compound injections.
The instrument should be capable of adding up to four test compounds automatically to each well
during the assay. Measurements may be performed before and after each compound is added.
The analyser should be able to maintain internal assay temperature from 16" to 42"C.
Rates should be automatically calculated and reported every 5-8 minutes. Data should be reported in
calibrated rates of pmol/min or mpH/min
No cleaning should be required. All the parts that are in contact with the cells, media, or compounds
should be disposable.
A cloud-based platform should be available for analysing and interpreting assay results.
The instrument should have Light Emitting Diodes (LEDs) as the monochromatic excitation source.
LEDs should be operated at very low excitation energy densities to prevent detectable levels of photo
bleaching. Usable life of the LED sources should be >10,000 hours.
The precision-moulded enclosures on the analyser should have speciality coatings and gaskets to
shield the electronics and sample from ambient light, as well as block radiated and emitted
electrom ag netic interference
Convenient, easy-to-use test kits and reagents to simplify the study of cellular metabolism by
providing pre-calibrated, pre-tested reagents for routine measurements of metabolic phenotype,
mitochondrial respiration, glycolysis, fatty acid oxidation, and ATP production rates should be
available from the manufacturer.
Standardised reagents, kits, and protocols designed and validated for use with the analyser should
be available.
Optical sensors should not consume oxygen during the measurement and should n

with the cells. Optical sensors should not be affected by compound or intracellular
should have a peak absorption of 530 nm (green), and peak emiss qf 650 nm (red).

3.

8.

4.

5.

6.

7.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

be in contact
fluorescence.

pH se{so.flpeak should have a peak absorption of 470 nm (blue) and q pea(-qmission,o{ 530 nm

Eif6 sensor cartridge must be auto-calibrated at the beginning of the ,f \ +, , ./ .

An interface between the analyser and imager system should be afailable, whials,{ould apply cell
count numbe_rg*$idectly to the data, enabling plate{o-plate, day,to;p,,7-y;o,O"WS$iff(r[4,8gry#ariWnr.
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22.

23.

24.

Software required for complete post-acquisition analysis (to view assay results) and export in multiple
file formats (MS@ Excel, GraphPad Prism, or assay-specific reports) should be provided.
Totalvariability between wells from all sources (instrument background plus biological variability due
to cells) for the average trained user should be <20o/o.

It should be provided with the following consumables to ensure efficient workflow. These kits should
be provided in a user-dependent, staggered manner over a period of 3 years.

i.

ii.

iii.

iv.

V.

vi.

vii.

viii.

ix.

x.

12 nos. of Seahorse XF DMEM assay medium pack (103680-100)
12 nos. of Seahorse XF RPMI assay medium pack (103681-100)
05 nos. of Seahorse XFe96/XF Pro FluxPak (103792-100)
't0 nos. of Seahorse XFe96/XF Pro PDL FluxPak Mini (103798-100)
08 nos. of Seahorse XF T cell Metabolic Profiling Kit (103772-100)
08 nos. of Seahorse XF Mito Fuel Flex Test Kit (103260-100)
08 nos. of Seahorse XF Glycolytic Rate Assay Kit (103344-100)
08 nos. of Seahorse XF Real-Time ATP Rate Assay Kit (103592-100)
08 nos. of Seahorse XF Cell Mito Stress Test Kit (103015-100)
Compatible, branded high-quality 02 sets of pipettes (P10, P20, P200, P1000)

25. It should be provided with ONE high-end workstation for data analysis with the following specifications:
14" MacBook Pro with 14.2" Liquid Retina XDR display, nano-texture display, M4 Max chip with 14-
core CPU, 32-core GPU, 16-core Neural Engine, 36GB unified memory, 2TB SSD storage, 96W USB-
C PowerAdapter, Multifunction (WiFi enabled) Color Laser Printer,02 nos. of 10TB external SSD,
with High performance 4-bay NAS System (NetworkAttached Storage).

Additional conditions to be fulfilled:

The manufacturer should provide a comprehensive warranty of 03 (three) years (including al!
spares, labour and any software upgradation) from the date of the installation certificate issued by
the end user.
The rates for the Comprehensive Annual Maintenance Contract (CAMC) (including all spares, labour
and any software upgradation) from the 4th to the 1Oth year should be provided.
A compatible online UPS with at least 60 minutes of backup, along with all furniture, etc, required for
proper installation as per instrument requirement (02 no. 2 Ton 5 Star Split Air Conditioner, 02 nos.
Chair, 02 nos. Stool) should be provided.

There should be more than {0 installations of the system in the country, and the Principal company
should have been operational in lndia for sales and after-sales support (service and training) for at
least 5 years.
The equipment should be installed and validated by the service engineer designated
company.

the principal

On-site Application training should be provided, at least twice each year, for the first years.
On-site technical support should be provided from start to end of each experiment, i

execution and data analysis, for a minimum of 3 years.
The supplier should have a training and application centre available in

be strictly adhered to, failing which the
sion of the delivery date, if required,

, including
as extension of

26.
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iii.
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DEPARTMENT OF BIOTECHNOLOGY

ALL INDIA INSTITUTE OF MEDICAL SCIEHGES
ANSART NAGAR, NEW DELHT

This is to certify that the enclosed specification of Metabolic
Analyzer (Seahorse XF Pro Analyzer) is proprietary item. Pre-
installation requirement such as site, power, water, space,
manpower etc.'are available in the Project investigator tab,
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DEPARTMENT OF BIOTECHNOLOGY
ALL INDIA INSTITUTE OF MEDICAL SCIENCES

Ansari Nagar, New Delhi - 1 10029

Dated: 2210712A25
A meeting of the Technical Specification Committee is scheduled as follows.
Date: 22107 12025 (Tuesday)
Time: 10:30 AM

Venue: Seminar Room, Second Floor, Departrnent of Biotechnology, AllMS, New Delhi* 110029

All concerned committee members are requested to attend the meeting on time to discuss and
finalize the technical specifications for the proposed procurement of Metabolic Analyzer.

Narne Signature

1.
Dr. Rupesh Kurnar Srivastava, Additional
Professor, Department of Biotechnology (Chairman)

2.
Dr. Bhupendra Kumar Verma, Additional Professor,
(HOD, Nominee)

rJ.

Dr. Angel Flanjan, Additional Professor, Hospital
Administration, AllMS, Ansari ['Jagar, New Delhi (M.S
Nominee (Member))

4.

Dr. Kalpana Luthra, Professon & Head, Department
of Biochernistry, AllMS, Ansari Nagar, New Deihi
(Member) 'r*f

5.

Dr. Sumit Rathore, Associate Professor.
Department of Biotechnology, Member (store ln-
charge)

o.

Dr. Jaswinder Singh Maras, Associate Professor,
Department of Molecular and Cellular Medicine,
lnstitute of Liver and Biliary Science, New Delhi
(External Expert)

7.

Dr. Shilpi Minocha, Assistant Professor, Kusuma
School of Biological Sciences, INDIAN INSTITUTE
OF TECHNOLOGY DELHI, Hauz Khas, New Delhi-
110016, INDIA (External Expert)

mita Bali

8.
Dr. Amita Bali, CMO, (SAG)-DDG (P), Dte. (DGHS
Nominee)
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medlspec
Produets for the.htture af Science .

A wrNc, 601, Lorus coRpoRArE 
" * ,nt 

"ooHlili*#rT*I"nwAy, 
GoREcAoN EASr, MUMBar - 400 063. rNDrA

GSTIN : 27AAACM5985D1ZC I PAII :AAACM5985D / CIN : U21I130MH1995PLCA9M42
... .,.

T'TIE DIRECTOR. ALL INDIA INSTITUTE OF I,IEDICAL
SCIENCES. AIIT{S . DELHI
ANS.4,RI NAGAR. Ncw Delhi-110029.

KIND AT'I'N : DR. RtiPllSH SRI\AS'I'..{\1

Sub: Your requirenlent of Seahorse XF Pro Anllyzer rvith XF Discovery l,icense.

Sr. No. Cas No. HSNNo.

I S7855A 90275090

.{pplicable
(;S.l- ,7;, Product Name

l8 Seahorse XF Prr: Analyzer

Quote No : QTl2859
Quote Date : ?9-05-2$25

Yatid Till: 29-06-202s

Total Price
(INR)

2.00,00,000.00

Ku chool

Unit Price
(tNR)

2.00.00,000.00

afy

1

EqI'g q.i qRql flIq d5ilq 
-

Minisw o{ Hcalth & Famrly \'Afellare

qrri rqr*rzGovt of lnd'a

Frl"r ra-c, {i h'ri. t'l:rd: fir:'+'f 1{' " '-4[

Yl
@

Agilent Seahr:rsc. XF Pro analyzcr measures and
reports the oxvgeil consuiltption rate (OCR), proton
eiflur ratc (PEI{) or cxtraccllular acirlification ratc
(EC.{R), as rvell as ATP produc{ion rares of live celis
in a 96-rvell lonnat.'lhe XF Pro analyzer is also
cquipped with advanceC soliware^ srandardizetl
u'orkflou-s. and adt anccd data analltics avajlable in
ther Agilsnl Seahorse' Analytics sofirvare.
Analyzer Application - Cellular Energy Metabolism
Studies, Phenotyping Screening, 2D
Cultures, Spheroids

Assay Running Volume - 160-300 prllrve{l

Microchamber volume - 2.28 pL

Plate Format - 96 well

Assay Wells - 92

Corirmunication - TCP/lP; U5B; wireless

Controller Description - lndependent workstatjon
wlth Windows 10 (64-biti OS and touch-screen
dispiay, cable-connected to the analyzer, which allows
full assay design, instrument controi, and analysis
capability

Dimensions (WxDxH) - 38.74 cm x 45.72 cm x 58.42
CM

Memory - 16 cB

Operating Environment Relative Humidity - 2A-8A %

Operating Environment Temperature - 4-30 "C

Power Requirements - 100-240 VAC, 9 A, 50,/60 Hz

Sample Requirernents - 5000-250000 cells,lwell

Sample Temperature - 16.42'C

{auz,K

inocha
r

Sclenc'es

sr.uBr r*t/or. suMrT RATHORE ,

irr6{flqrd/Associate P r0 res sor
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Software - Wave Pro Controller software includes
preloaded templates for quick experimenta{ design,
automaticaily calculates rates in real time, and
provides exclusive cutting-edge data analys[s Tools

{e.g., multi-file analysis, dose-response curves, Z'),

advanced template import feature and dose-response
experiment setup

Weight - 22.2 kg

Best for - Phenotypic screening, Tesfrng many
conditions at ance, Dose-response siudies

General instrument performance - Highest-
throughput analyzer, Experimentai fl exibiiity, Tested
for hypoxia, Automation enabled, Advanced thermal
controi to reduce edge effect when used with XF Pro

M plates

Measurement performance

* High Sensitivity

- Verified optimal measurement range iOCR of 13 to
350 pmol/mjn, PER of 5C to 950 pmoi/min)

- Tight error in low ranges down to OCR of 13
pmol/min

Other leatures: Developed under 15O9001 certjfied
compliant process

5uitable for spheroids

Compatible plate types - Xt Pro M plate, XFe96/XF

Pro plate, XFe96/XF Pro PDL piates and XFe96

spheroid piate

Seahorse XIe96,l)(F Pro FhxPak Mini. For use
with XFe96 and XF Pro Analyzer.
Seahorse XFe96/XF Pro FluxPak Mini
includes 6 XFo96,XF Pro sensor
cartridges, 6 XFe96NF Pro Cell Culture
Micropiates, and 1 bottle of Seahorse
XF Calibrant Solution 500mL.
Seahorse XF Glycolltic Rate Assay Kit

Seahorse XF RPMI assay medium pack

Seahorse XF Real-Time AIP Rate Assay Kit
Seahorse XF Cell Mito Stess Test Kit
Extended Wananty - 2 yrs total

t2 61,1 5 5.00

63,425.

24.A6A.

44,875.00

5.1,000.00

10,00,000.00

t2
12

T2

12

18

,/ t 63.425.00

I 2,1,060.00

1 4'1.t75,0()

1 54,000.00

. -k{.(\'

SYS-TS-41s0- ,)pnq}rx) 1 10,00,000.00

Total

Add: GST as applicable

2.1 2,49.51 5.00

38.09.942.00@
- HosPital

AII lndia lnstiiute of S;iences, New
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Tf,RMS & C-ONDITIONS:
1.. Price quoted are F.0.R. De-stination in lndian Rupees.
2. {iS'I'prer,ailing at the time ofinvoicing shall be applicable extrn,
,3. Payment Terms: 1009.i, Advance in liavour I'f: ',N,IEDISPEC INDLd LTD.

BANKDIITAILS: ICICI BANK LIMITEI)
UNIT NO.3 & 4, LINK HOTJSE, LTNK ROAI)
CHTNCHOLT BUNDER, MAr_AD (W). llUMBAr - 400064
BANK ACCOUNT NUMBER : 038805001003
BANK MICR CODE : 400229211
BANK IF'SC CODE : ICIC000I959

4. Eslimated Delivery: I5 weeks olorder acceptance.

5. As materials are imported against ofders, order once placed canaol b!- canceiled.
6. Since the matenals are imported. prices are subject to change tlue to exchange rute variatiolls and custom dutv.

Prioc ,quotcd arer bascd on thc cunent Forex rate,

7. We reserve the right to readjust the prices without recourse to ).ou at the time of deliver-y.
8. l'he temrs ofsrinplies are subiect to Nlumbar jurisdicdon and are sutrject to Force Majeure clause.
9.\iarranrvof 12mouthslronlthedaleofinsrailationor l3monthstiomthedateof dellvery.\.hiche\.eriserrlier
10.NISME / UDYAM registration no. : UDYAIVI-MH-18-003?72,1

Phonc : 09312698211 / 718810036 / 7718810037
Email : badonia(@medispec.in, dethi(@medispec.in, iofo@lmedispec.in
lYeb :wvl'w.nredispec.in

This is a computer generated QuotaJion. does not requie signature

,Btttl?tll0Rlfi[illl

;ffi'llll1:luiliil
x r;,il't fidf t'I,1,H.s., nst

For MEDISPEC (l) LTD

ASINSH BADONI
Authorized Signatory

'rYi!^r."n,ofessoi
tn

u' * n ri i ii i ifli ! i;" i; ;ff t;li:*,1::iffil+:g*:tiic,er,,ce;
t0 (,t1.,,j
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*qn^llll?*,
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lnGdrspec
Frd*.r* &* I8i+ttfre S S-rt*;t€e

Ref.: Quotation No.: QT12859 dated 29105120,25

FALL CLAUSE CERTIFICATE

UNDERTAKINGrownomsfficoNcrRN
We, MEDISPEC INDIA LIMfTED, undertake that "The prices offered are the lowest and not higher than
those offered to other organizations", in case it supplies or quotes a lower rate to other govemments, public
sector or private organization it would reimburse the excess".

Your's Sincercly.

lbr MEDISPEC (l) LTD

xr*rg

Ashish Badoni
Authorized Signatory
Email: badonia(@medispec.in, delhi@medispec.in

.ffi-$
@'.W

ilpi lvti
tln! !rotp

cha
scr

fiilEtlrsPtc {u LTr}
A wNG. 60r, Loyus coRpeRArr uo*o" ru"*JIC *-t *1. i,&**, GoRr€AoN EAsr, MUMBAT - 460 o63. rNDrA

TEL. : +9I 77Ifi81*0$6 / 37 EMAII : rnedispsc@medi*pec.in hfES: ww.rnedispec.in tllrt; U?4?30MFIt99SPLCO}l2{,
AHTASDAEAD.BAf{GALORE-CHATTIDIGARH.CHEHNAI .DELHI .HYDETABAD.KOCHI .KOLHATTA.LUGKNOV'

s., 1)lxn"
[tllJPEIIDRI[lJillRf[ffi"'-I'
litionalPtotelsor *' ', 

'
A\\Ms'
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ALL INDIA INSTITUTE OF MEDICAL SCIENCES
ANSARI NAGAR, NEW DELHI - 110 029

Proprietarv A4icle Certificate (PAG) (For Spare/Colsqmables etg.)

1. lt is certified that market suruey has been done and found that no other manufacturer is
manufacturing similar / equipment specifications which can fulfill the vital requirements of end user.

2. lt is certified that the purchase is proposed to be made on proprietary usage basis because
any other material/equipmenVinstrumenUChemical etc. if used will lead to deviation and affect the
integrity/accuracy, validity or analysis of the assignmenUpatient care.

##Note: 1.: TSEC should clearly mention the vital functional parameters requirements which
user essentially require and are manufactured by only one manufacturer
serial no.1.

1. The indented goods
manufactured by Mis

Supplier Name and Address:
Medispec India Ltd,
"A" \(/ing, 601, l*otus Corporate Park, Jay Coach, Off
W. E. Highway, Goregaon (East), Mumbai * 400 063
Manufacturer narne:
Agilent Technologies Singapore (lnternational) Pte
Ltd., No. 1 Yishun Avenue 7, Sinqapore 768923

2. Item Name Seahorse XF Pro Analyzer

3. Model/ParUCatalogue No. Item: S7855A- Seahorse XF Pro Analyzer

4. Reasons/Justification which
makes the requirement
Proprietary##

Sea horse is the only machine to measure ECAR &
OCR simultaneously of living cells(attached is patent
cedificate

E. ql m .1i., d fhdl lA.l'l.t'l'S', Nes Dgllti"i i iit'

** * 
Addirlonal Profesor - HospitalAdministration

oi'rqf, qlffiq sTrgfrfflr utut{, ii ffi
All lndia lnstitute of Medical Sciences, New Delhi

qer.d.,d,?d/d:,;.ili:]
$ur$lWm:'{i*
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rnBdrspes
Mr*tefilf&&ri qr$*is*sq

Ref": Quotation No.: QTl2859 dared 29105f2(t25

r,\T L CLALISE CEJIIIFIqA E

UNDERTAKING
TO \YHOM SOEI,'ER IT MA!'CONCERN

We. MEDISPEC IltiDlA LIMITED, undertake that "The prices offered are the iowest and not higher than
those offered to orher organizations", in case it supplies or quotes a lower rate to other governments, public
sector or private organization. it would reimburse fhe excess".

Your's Sincerely,
ii;r' I\4EDISPEC (I) LTD

^+i
i;gxr,;.%

Ashish Badoni
Authorized Signatory
Email: badonia@medisoec.in, delhi@medlsoec.in

lHrrl$Prc {r} LTD
A WING, 60I, LOTUS CORPORATE PARK, JAY (OAflI"I, OFF U{ , HIGI.IWAY, GOREGAON EAST. MUMBA' . 4OO 063, IhIDIA

?fL.: +91 771881OS3d / 37 EI{tAlL r medispec@rnedi*pec"i* WE*: www.medispee.in CIN r U?a230MHt99sPLCOgt?42
A}I*TEOAT*D.TEilGALOTE.C}IA}IDIGAR}I .CI{CHI{A{.DELHI .HYDET&BAE-NQCHT*I(OLI(ATTA.LT,.I(I.IOW
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Ref.: Quotation No.: QT12859 dated 2910512025

RATE REASONABILITY CERTIFICATE

TO WIIOM SOEVER IT MAY CONCERN

We, MEDISPEC INDIA LIMITED, cefiiry that "the quoted rate are fair, reasonabie and comparable to
market rates".

Prices offered are the lowest and not higher than those offered to other organizations", in case it supplies or
quotes a. lower rate to other organization, it w"ould reimburse the excess".

Your's Sincerely,

/br MEDISPEC (I) LTD

", i'

Ashish Badoni
Authorized Signatory
Email: badonia@medispec.in, delhi@medispec.in

t- ii'fltrtlllllt J***a:m

MEDTSPTC {n) LTD
A wll.tG. 6ar1.1-OTUS CTiIEPi}RATI PARK, iAY CUACI-i. CFF \Y f HlGri',^/AY, aiORIC;AON fAST. t,,1Ur\4BAl 40U {Jd3. l!'jDtA

TEL. : -91 l7lE8lC036 r'll/ EMAIL.: t:t*cli:nerirr,;:redirl:rc..in lA/EB: ir,..'",,nreclisper.iir CIN : U242ll{lI4i-.i l!95pI a{}q1?,{2
AHTSE}ABJID.- BANGALO*t. CHANBIGAKI.I - EH*I-.INJII . BEI-HI - HYDGKABAS - KOC}iI - KOLKATTA.I.UCKNOW

@dtu*x $r ltutu*e sj'*e*s*€a
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?ERMS AND CONDITIONS

1.

n

Sonflrrnatilrr* 'i

rDe.l{:rer3, i

IqsurancE , :'

Advice of DeePateh i

Acceptanee ofgoods:

Supplier should confirm acceptance r.)[ rhc ord'er irnmediatell..

trsiivery sh*r.lld be made accoldl:tg to the stiputradon*'in 1he order' Thc srder r"vill

st&,,d canc'lled if rhe supptry is not effected ;iiil; U'ru a,r.* date' ?he lnsti*rre srill
- ' " '' *"IJ*"a*:ueyona ri"i'*1poti*t*d d*te ol"delivery'witholtn't be Llable lor ociiv 

ir i;:;;; ;tte spctrneJ' the Institute
prior eorieurrerrce", lf the delivcry is'Rol mat 

;epted. by thelrui o*r.tluse rhe goocls fron-r elsewhere' Coods will -be act"'-r ' ; 'd bdrrveen 8 00 a m and 12 00 noon
f)pta!-r-rr,enrs rthere^lrrcal deliverl iq invQlvt 

rgh Friday) and-"i l.Aop-n: to.4.3o p:fi,,on all working'tlays {{ron'' tvlrrnda'v fhr*t

bef.ureen 9.00 a.i:r .o 6.oo p'*1 {r2.a0 *oa'. r" +.0o p.nr. recess} for. t{ospitat,

Theresponsibiiiryiorinsuringthegoodsr,viilbethato[Lhesupplier.

,,{desparchadv'iceshoutdbesentshlytFthe'detailso{ilcmsdespalclted'mqde
o[despatch, a*r*.t.. pu"king xoLeslnefiverl, Notesr beai'itlg Ptrrehase ord-er No,'

*nJ ao* should accompany tjre goods'

Goods will be subjected to inspection on receipt and wi1lb. ::t*l'-"1:*L'::1::
carnplyt,ithour.requiremenrs.Thesupplierwil}beresponsibie"forreplacemenls
of the:Ce.ie-etlv€ gooaslwirhaut:*ay ct'*-tg* wha[soever:' The goods if not:accePte{

hv ils cn insneeti*n,shoUld b* taksn back by the supplrer,3r his o.wal risk arid
communication from the concer-ned

:i:::ru,flLj-l,tllir[:fiJ:#S1,i1,,,, be rerurned Lo rhe supprier aL hrs

ff-;;;;;""-...'," "--* 
ot"r'o't'ges or.damages in rhe goods supplied' i[ anv

I and detecuve materials should be replaced by rhe supplier
should be made goo'

atfree:ofcost-'

tnless otherwise agreed to'
; The accepieci rate inciusive ol"ail charges I

3.

4.

3.

6.

7.

Frices

t

9.

Deslagation

Sramp should bc scnt lr: the concefired
lnrxrice i,i TriFlicate: original beiqs Fre'reeeipt on a R'eveliue 

nd nere along u,tr.h
d'epartment/**o*ulsui*orlquoting'theRirchase'Orderl{o':a

lN*r u.oro,,**t ,sf the invoiie rnxy be rsunded qff ro the nearesl
insuranee if anv' 

na.,.e 'of ths rFiDl;;-ixsriiutu or
ra*pe€.:Raise a{,your ,ryroy1.r:_,-T_ 

6CI0,CI36.
TSCI'{FIOLOGYfuIAbF*\S,S^qg::AEPATELROAD'CHEN}iAI':

:e of the above
; That, sup,piier:rnltt'be'dee'rned to have deql$ed his racceplan(
' 

eandiriaa*l b1''aeceptanee of' the'otder',

ining to'tllis order' -'' aiistng'outt of any'breach 'of csirffacl:perra
Fispute* *rd rurisdiction: 'Anl' iesal dis-r5y i::T5.:i:f:Hu"i::tffi;'*''il#*iCio rrte ci,ry oftsha,ll be E*ftied io tt-i'cllo'.t ol,eoltrperer:l j*risd"ic**n loeated

Chennai in Tamil $l'adu' :

2094769/2025/BIOTECHNOLOGY

18

File No. ProiectcodeI-1789MetabolicAnalyzer (Computer No. 3314615)

Generated from eOffice by GAURAV, GAURAV/DATA ENTRY OPERATOR, DATA ENTRY OPERATOR, AIIMS on 18/08/2025 02:52 PM



UHH"IT*J1}*xp SERUCE REPORT

llgo**

I

'.ffiffilhffiTt 
fffiq,"mt:d"* f^l-i cn^J,'

rlr *nrl i t " ? * onilrl)du
Ciq' /^t

Gr"#H:_r;*:- f:ejcqed-e_

rrl{fr t- *y'ur4.Fr" 
[., ]- 

-, ,

E TIY?EFAB*O 
'*O'*A'wt.

&r"norL: Bto*., {on }oov

"'#1 ru
I

*t**'

I nEt"ti*

Obs*rratrcn

'{spLth67ffi
I Us0D,*.50 4tlt j

I H(03ss'l tcg 
i

i

ir- (lr*'l x^..,-

roo,n, eet*Elr-+g&

ilk:l:* r h q
('eflrr*Il - . ^Verslon" I .d.lU
I Ct,rL ,t.
I Assaycode :

I Ptr -t q
I Version ;

*iwiPats

O BioTer E Syngene
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fi lnsoecticn
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fJ UlWarranh/Service
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E Preventive Maintenance

E PaiO Service / Calibration
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;:,rltt/I' I: is$l
L:

Supply Srder
*{.m Hqra, rrsT Jsu1lr Qr h{&}rp}L.gctENCEs

AI$SARI NAGAR, NEW NELHI - 110029

sron4_ssajmqu CIo}

$.Q. Nq, 61/SO(DO)/Bi*t*eh/2*2S-21lSSC-I

M/s. LARMATE (ASIA) PVT.LTD.,
Baid Mehta Cormplex, ',
C-Bkrck, Itt Floor, No. 183,

Mcunt fic*d. $aislapet, ,

Cirennai - Oiiii015 llndia)

Sir,
With r.e{krence to your Proforma Invoiee No. LAIAII&{S/P.I./15092$?0 tlated 15,fl1J021

agair:si our Tencler Rel. No. 471$*ores{B0}/fiiotech/PAcftt}I9-20trSc. You are requosted tt:

arrange supplies of under mentianed items at the pr{ce Marked against each of deliverr tire saftre t}
Lhe Store Otllcer. Ali lndia Institute of .Medical Sciences, Ansari Nagar, New Delhi. ot'i. terms anei

Conditions stated a$ Annexule-I {On behalf of the Director, A.II1'{S, New Delhi}.

''- ' 'ri;'

,l

s.
1

oo,

1.i3,507
36.7V?"

52,606
78,1 02
?8.102
63,591
44,21 5

8.01.{}45
-) .)/l ?{ t

XFe96 Extr*wllular Fl*x Anslvzer-Ol no.

Mgqr: SSlqrt T;eckqglsglt$r V$,{
.

ConsistLof followins;

6

6

9
1a1L

6
6
6

4,V3"454
9,31,225
4,68.613
3il&z,147

I tC:ZeO-t*CI $eahor,se XF Mita,Fr,tel Flex Test Kit
i S3 44. 10S,S*aharse,iXF,Glycoiytic Rate Assay Kit
103592-100 XF Real Time{ill R.etq 4rqsav Kit

! lli {} {},': l,'r i,' c} 6. fl,.r t r 3} ce I I F I* r I t u r,.\gq lr? c r :

a) l{}260'l-rl00 XFe 9fi,FluxPak Mini - 2
ir) 103015-tOfi XIr C*il:Mito Stross-l:cst

Fol {"r nos. 96,well,plates - I t"to.

c) 1030?0-100 XF Glymlysis,stress':Iest Kit
For 6 nos of 96 well plates - 1 no

d) l03l9i-100 XF Base Medium (100 ml)-i no.

Conqq-Eqe-blgl:

I 014 I 6-1 OCI Seah$rsc, XFe96 FluxPal*

l0:5{l'i-10i}, , Seahursc ', Xl7 ]l]asnra 'Merrbraue
Perrtrcatrilizr
1t)101 5-1S0 S*ah*r:se XF Cell klit* Stress Test Kit
i0302(l- i00 Seahorse XF Glycolysis Stress Test Kit

Ilated: &4.0?.2S21

Date of Delivery: 30.04.2021
Or Earlier

1.89,86,61? 1,8q"86.6i?

?,65,?89
?,25,3S,136

t 1,26,757

$,escriptiop *f G*ods

Sub T'rtal
{iST 

-@ 
s'.X,

?otsl -Frice

{.t..b\,'- ' *-{1T;tui b\

?,36,61,&93
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t.
,
J.
4,

Rl1pees T.worCr*re ?hirtr-$ix L*e $ixt3r Sn* The$***d Eigh{ }Iundred Ninety Three +nly;}

W*ryanty:- $ -V**rs eerxpr*hexsive.warr*xtyrf.r*mthe date of $atisf*etory ln*tnll*!i*n1
F+st Wrrrrtruf,y C*mprehensive Annual *faiute**nee:eostract Ch*rgee rt'ill be applictr$le

6'n*, S,49#31l. pui'' yun. + GST extr,*, for 6* to l$th Y**r, aft*i expiry of 05 ye*ru

The xbsve given co&su;ables prices,*vill lie ixed till3lst l!{a.rch 2BA}' Alttel 3f st March

Zff11,the ipcro*se,of 5Y* witl Uc ap5*iealtle on sonsumntrlss items for the periorl of next 4

years:- sxbi*et *o the inere*se ix custtnr,duty q!1qges'.

6. Other Terrns and Conditior*s *s ptr Annexgre-I,Att*ehcd

Items Eight +nl1'.

Copyts: : I ,

I. Store Account Section

Central,Stqr:e S*Pot

Firm Copy,

;,XG&'Qrrryltlllr'* ffilm
2.

3.

4/ UOn, Bioteehnologl'
Lrr

Page 2 of 7

\
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a!
q.

.lll$_u 1.,\.rN $rr T L r'

d5S."\Ft I A{;AR, }*EW DEI"t-tl J I 0ge9

AltNt.XURIj" - I

irt-:itri[F[,s ?F'stt *tl}trt*!r:r :lI !-:-:1

Sr. Stotu. Otfce^r (D ,l1*'"';?-,]d ffi, :'1rr* 3''

F=tiiim:a :, 
:tqrfu '*ptt*-r'l*tt:'

L. Belivery terms FOR AIIMS NEW DELHI-110 OEg

The goods are to be delivered in Department af Biotechnolngy
at AllMS. tQuanttty: O1 No.i

x. Last date,of
deliverrl

ON OR BEFORE: 30.Q+.20?1 for delivery of the equipment
including lnstallation and commissioning and satisfactory
handing over the department.

Supply,order No. $.0. NQ. sl./50{D*}lsiutech/20}o.41/FSc-I

4. Cornprehgniive
tltlar,mnty, :

^ irThe walranty wilt be for 05 ifive) years Comprehensive

{iNCLUDING ALL ,SPARE A&lD' LABOR) from the date ,of
installation certificate issued by the user department,

5. The pric€ mentiotred in the supply order is inc{usive of alltaxes/

6.

i

{

I
I

i

i
I
,

I

I

i
I

t
I

I

i

Ii!.Y1\:i I i'j, ":'::ii lVi]: Fayment shall be:made thr+ugh electronics Transfer in NEFTI

RTGS iubject to, r.ecoveries if any by way of Liquidated damages

or any sther charges as Fer terrn & conditian of;contract.
Payment will be made in lndian Rupees in the following
manner:
a) On Delivery:

75% (Seventy Five %) paYment of the contract price of the

equipments/Booris shall be paid on receipt of equipments

/$osds in good condition and upon the, submission. of the

following documents:
I 

1:1, four capies of supp.lier's,invoice showing conraet number,
goods descripticn, quantity, unit price and total amor.lnt;

(ii) lnspection Note in original of having received the goods

' issued by the authorized representati$e of the ccnsignee;

iiii) Two copies of packing tist identifying contents of each

package.'
b) After lnstallatlon:

Balance 25% (Twenty Five %) payment of the contract price

shalt be $aid af er zuccessful .installatisn, ecnditioning, and

handing over of the complete system, subject to submission of
perforriance Bank Guarantee as detailed on S.No. 07 below and

the submission of the fotlowing documents:

(i) For-rr copies of supplier's invoice showing contract number,

, EOOdS ffescrlpfion, g{'}antity, unit pri*e and total arnount;

(ii) lnspection Note in original about satisfactory installation

i ane eommissionlng' of the cornplete systenr by the
I

| " authorized representative of the consignee'

3 of ?

{

:::l:::,t'
:i l::.:..i

' ::r*

i

t

'1,

I

I

I
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Ferfnrmane*
$eeurity

Within' {ifteen (15} days of receipt o{ Supply Order, tb",
supplier, shall furnish pedormance security to tnd
Purchaser/Consignee for an amount equal to three percent
(03%) of the total value of the contract, valid up to sixty i60)
days after the date of campletion of all contraetual
ob'ligatiens hy the sup:plier, including the warranty
obligations, initially valid for a period of minimum 63 months
frorn the date of Notification of Award

The Performance security shall be denominated in lndian
Rupees ar in ttie currency of the contract as det*iled below:

rmely Account PayeeIt shall be in any one of the forms na

Demand Draft' or fixed Deposit Receipt draw* from any

Scheduled bank in lndia or Bank Guarantee issued by a

Scheduied bank in lndia, in the,'prescribed forn'l as provided

in section XV of this document in favour of the

Purchaser'/Consignee. The validity of the Fixed Deposit

receipt or Bank Guarantee will be for a period up to sixty i60)
days beyond Warranty Period.

o C*mpreh*nsive
AMC {including all
spares and Labor)

The rates for Comprehensive AnnuaI Maintenance Contract

for XFe96 Extracellular Flux Analyzer-01 no" (including all

spares and labor alsoiwill be applicable @ Rs.9,49,3311- per

year per unit + GST Extra or 6"'to 10il'year, after expiry of

five years cornprehensive warranty.

be done 'bY the: tyained

Engin:eers,c.f stlpptier fre? o1 !tli:

Thir.--ntrrctshiit he effective immediately after the expiry

af th.e warranty periad. Hence, bidder has ts submit a fresh

proposal of approved rates for preparing CMC agx€ement'

Before coffir-nenc€ment of cMc pe'riod, the supplitr has't*

furnish a Performance Bank Guarantee fsr 2'5 % of the

cost of the equipment valid till 2 months extra after expiry

ef entir,A'CNIC period. The payment o"f CMC will be made

on yearly basis aft*r: satirfactary cornpleti*n of said periad

duty certified by end' user' The Performanee Sa*k

Guarant*e far: CMC will be applicahle in case ot eeuiry131l

c$st, is niorle than Rs.10 lakhl. Durlng warrlntY. and CM.!

period,lnstitute witl not provide anY exemption documents

for elearance'frsm custoill or maintain the equipment' 
'

lnstaliation

I

c.*- -'a ^- F LJ*d>'-'i

,##w"T{w=f
;"ffi-#i,ffi+otz
i'n:,*':f ffiffi'li';"
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,{r--

:Y
rir.t * " -"
ilJlstli** officcJ iPl$s 5 or z

L*-.*', t* fres r ti;r:
X;i,i;;:s-;; *rr* nGth!' 1 'rot-\?'l

Training If *pplieahle, ne
must be provided by principal/tndian Agent at free "i;;; f;.
smooih operaiioo and rnaintenance of the equipment to the
satisfaction of the user departrnent,

Uquidated damage
of delay in supply

the detivery date as stipurated should be strictly aurreieu to
failing'which the tnstitut€ reserves tfre riehi ;;;;;;;h-
sr.rppiies. The extension of the date of detivery, if required
should be obtained before the expected delivery date. rf the
supplier fails to deliver any or all of the goods within
prescribed time frame(s) incorporated in tne luppty order,
the Purchaser/consignee shalr, without prejudice ," 

",r.,.,rights and reraedies availahre to the purchaserlconsignee
under the contract, deduct from the contract price, as
liquidated damages, a sum equivalent ts 0,S% per week of
delay or pa,rt thereof on delayed supply of goods and/or
services until actual delivery subiect to a maximum of 10% of
the ccntract price. Once the maximurn is reached
Purchaser/Consignee may consider termination of the
contract as per. ln ease of non-supply, the order shall be
cancelled and the pen,alty shall be levi,ed tst the discretisn of
the Direct*r, AIIMS or. his authsrired representative as per
lnstitute rules.

Up *time Guarantee The fimn should
hrsldary basis) will
dur,ing CAMC.

provide uptime guarantee of g5%

be ensured hoth during warraRty
{za
and

.i. -1. Bowntime,Penalty
Clar.*s€

The firm should provide uptime guarantee of 95% ea
hrs/day basis) will be ensured both duiing warranty and
during CAMC. lf downtime exceeds the 5% limit, extensioo of
the warranty period will be twicc the excess down time
period. h *dd,ition a penalty equal ts aryrount ef 0"25% of
the toiai cost of equipment per day will be liv,eabte for the
excess downtime period subject to Maximum of 10% of Cost
of the Eqt4ipment. Complaints should be attended properly,
maximum within 8 hrs,

The vendor must undertake to supply all spares for optimal
upkeep of the equipment for at least FIVE YEARS after
handing over the unit to the lnstitute. tf accessories/other
attachment of the system are procured from the third party,
then the vendor must produce cost of accessory/other
attachment and the CMC from the third party separately
along with the main offer and the third party will have to sign
the CMC with the lnstitute if required.
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14. ln case *f lndian frupeet pavment: \
The supplier has to submit the fotlowing inf*rmation invariably to make paymenh

through Electronic made i.e. RTGSIi{f;FT and the charges incurred for affecting 5*{,
electranic transfers will be borne by the vendors. The details of present chargos fii
NEFT/RTGS are as under:

Nf T: Up to fis"I' takh --Rs"5l- per transaetitfi
Rs. 1 lakh and ahove -Rs.?51- per transaction

itTGS: Upta Bs.5 lakh -Rs.25/- per transaction

Rs.5 lakh and abave '-Rr'50/- per transaction

T* n+ake payrneg1t thpugh above said mode, the vendor/supplier/contracts have to
suhmir the follcwing information invari*hly along with their bills/challansl

i. Name of the Beneficiary
ii. Account t*o. of the beneficiary
iii. IFC$ Code of tha $ank/Branch.

.,Failing which their bills/chatlans wifl not he aeceptcdfenteriairred for rnaking payment'

1"5. lesel ution of SisputelArbit*ation :

f dispute or difference o{ any kind shall arise between the Purchacer/Consignee and the

;upplier in connection with or relating to the csntract, the parties shall make every

:ffort to.resolve the sam* amicably by mutuat censultations.

f tt're parties fail tG resolve their dispute or difference by such mutull :?ntyh':y
*vithin twenty-one days of its occurrence, then, trnless othrerwise provided in the StC,

aither the Purchaserlconsignee ar the supplier may Sive notice to the other party of its

intention to commence ar:bitratiofi, as hereinafter provided the appiicable arhitration

procedure will be as per the Arhitrati+n and Csnciliation Act, 1996 af lndia. ln the case

of a dispute or difference arising between the Purchaser/Consignee and a domestic

Supplier relating to any matt€r arising out of or connected with the contract' such

dispute or difference shall be referred to the sole arbitration of an officer in the Ministry

of Law and Justice, a,ppoirlted to be the arbitrator by the Director, AtlMS' The awsrd of

the arbitrator shall be final and binding an the parties to the contract subiect to the

provision that the Arbitratar shall give reasoned award in case the value of clairn in

ieference exceeds Rupees One takhs (Rs'1,

NE Sorce fVlaieure:

Any faiiure ar omission ts carry sut the provisions of this contractfsupply order by the

supplier shall not 6ive rise to any elairn by the supplier and the lfisthllte' CIne again$t the

;il;,; r-i rrti-t- sr smissisfl arises ft om the act of Gad, which shall include all asts of

natural calamities such as fire, floods, civil strike, compliance with any statute regulations

c{ the Govt,, L*ckouts, and strikes, riots, embargoes, or frorn any pOlitical or other reason

;;;;;;;;; supptier anu l!1ir 
rndian agent incruding war {whether declared or

net) civil war Gr state sf insurrection, provided notice 
?f 

*lu sccurrerce { 'n, 
event by

either party to the CIther shalt'be given withlR two weeks fronn the date of occurrence of

ar}YeventwhichcoLtdbeattribtltedtoForcsM,i*u':':ndi:::.::"--*-ff

.ffiff*e orr
ft {ft'et'

-"{

;'f-ffi'$ffii'r':r
?htr*.tffi:;,'ri$'
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!"v. venue s*f Arhitrati*n: The venue *{ arbitration shall he New Delhi, rndia.

I i! tn acldition t0 the above, in case
warrantylguarant€e, the accepted

of distribut*r changed by OEM during
liabilities by lndian agent will he

completedlaccepted hy manufactilrersr their new appointed lndian agent.

ln addition ts the above, the other terms & conditions mentisned in the PAC proposal
/bid dscuments & AIIMS Furchase Manual Z0j.S vide frlo.
4?/st*res{so}d*iotech/?,$xg-tslF$[-t will also apply & binding on ths suppiierlorM.

C*rrectionlomission, if any, will be considered within seven day; iaom the date af
issue of supply,order cnly"

*lWt *q'Ti"
$r. $tcre* qX5' j::X,
Iit?i-il e{ ffi":rryg
Xf ;i;;iG;-' !*fr+. ft *rfii" 1 1 8 ii?

Page 7 of 7
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-

Sole Souice Letter - Agilent Seahorse X,F Technology

Dear Resea'cher,

Thank you for yout' interest in the Agilent Seahoi'se XF Analyzers Seahorse XF metabolic analyzers are

the most cited and most used technology platform for measuring cell metaboiism in live cells in real

tirne. Seahorse XF analyzers are the only commercially available instruments for scientific research

that simultaneously measure the two major energy producing pathways of the cell - mitochondrial

respiration and glycolysis * rn Iiving cells, in a microplate, in real iime. Researchers are utillzing Agilent

Seahorse XF technolog.y for faster, better, and more accurate measurements of cellular metabolism.

Agilent Technologies is the sole manufacturer and deveioper of Seahorse XF Analyzers, XF sensor

cartridges, and XF technology. Seahorse XF users have published >6,000 peer-reviewed articles ir
peer-reviewed journals, demonstrating that Seahorse XF technology is the gold standard for metabolic

measurements in live cells.

Seahorse products are sold in exclusiveiy by Agilent Technologies in the following countries.

Austria, Belgium, Denmark, Finland, France, Germany, lreland, Netherlands, Spain, Sweden and the

United Kingdom. There are no authorizetj distributors for Seahorse XF Analyzers and XF consumables

in these counti-ies.

Seahorse XF technology is patented in many countries; speclfically, EU Patent 1664740 co,rers the

microchamber technology that makes this platform unique.

The followinq pages list technical features, many of which are found only in Seahorse XF technology,

that justify Agilent Seahorse XF Analyzers and XF consumables for a sole source purchase.

1/13/2421

Not for use in

,/L

za :.,..
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Unique Features of Agilent Seahorse XF Technology

Sole Source Letter (continued)

Agilent Seahorse XF Technology

- Simultaneously measures oxygen consumption rate (OCR) and extracellular acidification rate (ECAR) of
living cells. Using these mea$urements, glycolytic Proton Efflux Rate (PER) is easily calculated as an

. accurate measurement of glycolysis rates in real time. Quantitative ATP production rates can also be
ca[culated in real time usihg well-validated proprietary algorithms.

- Performs a non-invasive measurement that does not require the addition of dyes, labels, or reporters.

- Measurements may be repeated to measure kinetic responses over several hours without causing
unhealthy hypoxic or acidic conditions.

*. Measures adherent cells without requiring trypsinization; suspension cells can be measured by
attachment to the well bottom.

- Typicallyrequiresonlylxl0atolxl 06cellsperwell inthe2$-wellsystem; 5x1 0gtoSxl0sperwell intheg6-
well and 8-well platform.

- Cells/microplateiemain viable following an Agitent Seahorse XF assay and may be used for another
assay.

- Measurementtechnology is covered by US patent #7,276,351 ,EU Patent 1664740,and other issued and
pending patents throughout the world.

- For Research Use Only. Not for use in diagnostic procedures.

Agilent Seahorse XFe and XF HS MiniAnalyzers

- lnstrument creates transient microchamber, makes optical measurements, and performs compound
injections.

- Up to four test compounds rnay be added automatically to each well during the assay. Measur€ment$
may be performed before and after eaoh compound is added,

- Temperature controlled measurement charnber is maintained at 37"C t 0.5"C; alternative temperatures
supported. XFe analyzers are also supported to for analysis in a hypoxic chamber.

OCR and ECAR data are simultaneously calculated and displayed in real time. OCR and ECAR enable for
calculations of glycolytic PER and ATP production rates.

Rates are automatically calculated and reported every 5-8 minutes. Data are reported in calibrated rates of
or mpH/min.

required. AII the parts that are in contact with the cells, media, or compounds are

- Data analysis is done with Seahorse Analytics, a cloud-based platform designed expressly for analyzing
. anrl in+arnraiina aaahnrca Ytr aaearr '^^,,1+-

(){

Seahorse XF assay results.
: t 

$fo$$Iu*ve oest<top software provides an alternative way to view assay results and export into MS@ Excel,

*gi;*..'\*-*t' Graphpad Prism, or Seahorse assay-specific reports.
\S*- 

Exeitation and Emission 
1 ' 

[ ^ --=,,-.iAa {rsq ff-6Sinon*. o**,
. Lr1,rrr L!rl,rurrg utuuE} \LEyi/ dtE u5cu dl Utu utultuul

low excitation energy densities to prev€nt detectable

,ffi.. ct. qB/ffi/Dr. sUMlr RATHoRE

Wtrry6;W,4:"'::lrrTr
"iiffi.oi., 

siclrff 'r'rq. 
;rf {': :i' lto!!!

Xiiil6:';;';iit'j*'"" ']n2e

.A

- The usable life of the LED sources is >1 0,000 hours.

rtR
lsr qr:ur

f<ed

New Dcihi-:1 '1 t-:1r1fi f11i,,,:1

Only. Not for use in diagnostic procedures. page 3 of 3
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t.

Unique Features of Agilent Seahorse XF Technology

Sole Source Letter (continued)

* Narrow band pass filters control spectral adherence.

Enclosure

- The precision-molded enclosures on Agilent Seahorse XFe and XFp Analyzers have specialty coatings and
gaskets to shield the electronics and sample from ambient light, as well as block radiated and emitted
electromagnetic interference.

Agilent Seahorse XF Assay Kits and Reagents

- Convenient, easy-to-use Seahorse XF test kits and Seahorse XF reagents simplify lhe study of cellular
metabolism by providing pre-calibrated, pre-tested reagents for routine measurements of metabolic
phenotype, mitochondrial respiration, glycolysis, and fatty acid oxidation, and ATP production rates.

* Standardized reagents, kits, and protocols are designed and valida-ted for use with Agitent Seahorse XF
analyzers.

- Convenient, quality-controlled kits provide standardized metabolic measurements in an easy-to-use
format.

- Kits are simple, cost-effective and support reproducible results.

AEilent Seahorse XF Sensor Cartridges and Microptates

- Only Agilent Seahorse XF sensor cartridges are compatible with Agilent Seahorse XF instruments and
must be used during an Agilent Seahorse XF assay.

- Agilent Seahorse XF Cell Culture Microplates and Miniplates have a unique geometry required for the XF
measurements and are tissue culture treated for optimal cell growth.

- Optical sensors do not consume oxygen during the measurement and are not in contact with the cells.

- Optical sensors are not affected by compound or intracellular dye fluorescence.

- Oxygen sensor peak absorption = 530 nm (green). Oxygen peak emission = 650 nm (red).
pH sensor peak absorption= 47A nm (blue). pH sensor peak emission = 530 nm (green).

* Each sensor cartridge is auto-calibrated at the beginning of the run-

* Sample preparation steps are automation compatible with an Agilent Bravo automated liquid handler

,",Ir'ri;"-
* Because Agilent Seahorse XF assays are non-invasive, multiple measurements may be made

monitor samples over several hours. Measurement-to.measurement within the same well
demonstrates a coefficient of variation of 57o, approxirnately equivalqnt to the instruments'
background noise.

-An between a Seahorse XFe Analyzer and a
which applies cell count numbers directlyto XF data enabling plate-to-plate, day-to-day, and well-tr
comoarisons.

*,a\i$-r t - r --*-1".ffi'*iitisrq {e[r{, nt t(ffr"i

Total variability between wells from all sources (instrument background plus biological variabilityrdudto
cells)fortheaveragetraineduseris<20%.\-?a,-.,.
' ,- .rr..-.,;:.1.- fu f1t:;[sli

,fl[H,n* ^*m'"ffi 
.;frfl, 

;
procedres paser",m.tffiWs\k ],*u'*:T*#;_* ffirlnmm;xmiffi?a

' tusaftlrlel,

:

'"i:i.' Agilent'":"
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(r2) United States Patent
Teich et aI.

I til|I ilfiIil ilt ffiil II|il llffi lllil ffi illII |l|lt il|ll Iffiil tffi ilt iltl
usaa72'7635182

1to; Patent No.: AS 7,2761351 82
i+s) Date of Fatent: Ott.2,28tt7

(54) METEODAND DE\rICE FOR MEASURING
MULTIPLE PHYSIGLOGICAL PROPERTMS
OF CE,LLS

(75) Inveotors: Jay S. Teich, Weston, MA (-IS); Arrdy
C, Nellson, Groton, I\{,{ (US); Michael
R. Sweeney, Pelham, NH (-IS); Geoff
Uhl, Cambridge, MA (IJS)

(73) Assignee: Seahorse Bioscience, Billerica, MA
/I TG\
\uo_,

( * ) Notice: Subject to any disclaimeq the term olthis
patert is extended or adjusted under 35
ITR(. 154fh\ hv 157 rlarrc

(21) Appl. No.: 10/68&?91

(22) Filed: Oet. 17, 2003

(65) Prior Puhlication Data

US 200510054028 ,41 Mar. 10, 2ffi5

Related U.S. Application Data

(60) Provisional applicatioo No. 601502,417, filed on Sep
10, 2003.

FOREIGN PATENT DOCL]MENTS

DE .+0 15 617 Al tl/1991

(Continued)

OTHER PUBLICATIONS

Seaver d al. J. Bacteriol.,2001, 183:7182-7189.*
Criddle et al. Analytical Bimlem. 1991, 194:413-417}
Fergusor et al. Analytica ChimicaAct4 1997.34};lr23-l3l.*
Beebe D.J.. Mensiag G.A.. Walker G.M. (2002) "Physics and
applications of microfluidics in biology;' Anna- Ra. Bitwted. Eng.,
4,261-86,
Beebe D.J., Moore J.S., Bauo J.M., Yu Q., Liu R.H., Devadoss, C.,
Jo B.H. (2000) Iunctioaal hydrogel stuuctures for autolomous flow
iontroi insido iiiarolliiidic ahi,naels. l{alure, 404, 588-90.
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METH0D AND DEYICE FoR MEASURTNG More receffly, several o4,vgen sensors have been devel-MULTTPLE PHYST0LCGTCAL PR.OPERTTES oped that "* J"uut" the de"sip J; ooolloor"ir., uo*o-oF CELLS getreous readout of cellular .Lpi*tl"o. rr*resceat com-

RELATED AppLrcArroNS s #Xf;"Hn::fiffXJ:ffi*f*jrrffiJ::ffi:*::
rhis applicarioa glsims the beneflr or u.s. provisjonal :S#.".*t.$'*tr":"*:ffit##fff-T#:ffi"rif

Applicatica Ser. No. 501502,41?, fitred on Sep' 10, 200-?, ihe ccupled, s"micoaductor light sources a*d seasors (lgolibeisentire disclosure of which is hereby incorporated by refer- o s, zooz. ;:Fit"i-opti" c[emicd sen.oi* uod Bios*nsors.',
ro Annal of Chem. 2OA2; 7 4:266A-2675).

FIELD OF THE INI\ryNTION An ian-sensitive field-effect transistor (ISFET). whose

rhis application relares geaerauy to high rhroughput :ffi:T:ffi,lHH:?*#'::l*:Hffi*:,1:f
screening techniques and" more specifically, ti the meisure- _ - :o"::tio" ol'oxygen (Or) to H* ions that can be detected
ment of the constituents (analytes) of-an exkacellu* rs by.this_sensor (khm_ ann, M, Baumann W, Brischwein M,
mediumsurronntiingiivingcells.Ailoithepatents,articies, 9.Pt H{:-F:unj I, Ehret R, Dreschler S, palzer H,
and other references citedherein form a part of this pat# ltetntCe.s Y, Si:ben U and Wolf B. "simultaneous mea-
application and their respective disciosures are incoqporated :i::f":l .ol":11],!* respiralion and acidification with a
hereir by reference in their entirety. ' srngle CMOS ISFET. 2i)01." Biosetxars & Bioelectranics.

BACKGR0UND 
* 

'Hi,:#'*ff;een described and/or demorstrated rhat

. Living cells tlpicatly consumenutrieats and oxygen from .t!fl":frf""":1fiffiffifft ,&11}!f]"rltX:ff,#f
the surraunrling medium, T9 .."t"* metabolic b$roducts, bacteria oi mammalian cells for ttre purpose of measuriugincluding ions, carbon dioxide, lac'ate, and various proteins, :s respiration *t", 

"irtilry, o, tt" "ti# Jidrugs or toxins.to this exfracellularenvironmeat. 
]-herate ofupiake and These devices'rrog" io size fiam fluoresJent patchesexcretiono{theseaaaly'tescanprovidevaluableinformation attached to the int&o. wall of turg" 

""1l 
*lt*" tottl",reg:rding &e m:.tabolic processes urderway in5ide the ce11s. ffofora f , f*ioi y. Huro* p, R.ao G. ..Noninvasive mea-Co-nventionai biological assays inherently exhibit sigaifi- surement or *sor""a o*yg*o'io ,uut" tiurto , Bioteclmolcant limitations. An ideal biological.assay^ir h-*og.i*rrs to Biomg 2ffi2 Dee.5;g0(5):594-7), to fluorescert sensors(i.e., does not require rhe introduction of a foreigfi agent embeJded wirhin microscopic now ceiis falicated usingsuch as a dye), non-iavasive (i.e., has no deleterious e*ect microfluidics t".Auotogy (Lihdesm?iki ! Scampavia L D,on the bioiogical process), and rapid. Beeson c, and Ruzicka J. "'Detection of oxygen Consump-Many tools have been developedto probe themechanistic tion orcuiturJAdherent cells ttB; i"#ttr" spectros-prccessesof cellsusirgintemalizedreporterssuchasftuo- :s copy." aual. chi. 1999; ?1: \zq-sziz1, i micrctit.eresce[t dyes' A device that is able to measure extracellular plates with fluorescent compounds susperded withinanaly'tes using a uoa-iuva.1iv.e,. Lomogoreous.lssay p:r- (o'ruo*ar T c, Brckley D., oguitsov \,,, o,coatror R.,formed within a container that is compatible with "iiuiiog i"pt"r-rq, D e-'A cell viability assay based oa monitoringinvasive tools.would be particularly uieful. T-rlifriq by optical oxygen sensor.,, anal. Biochem.20{]a;some previous approaches relatg t9 oxygea flux rxe +o zls(:1 ,izt-i['5; deposited upon the wells (\y.oodnicka

measurements, since respiration can be deemed tc be a basic M, Guarino R D Hemperty r :, :rimmin u i, slitt n, ntaermeasureofcellviability.Manydeviceshavebeendeveloped J 
'8. 

"irlovel liuorescent technology platform for highto moaitor respiration in vika, tkougb determination of the turougtput cytotoJcity aad prolifer"iik'r*r-v-1, r" urutal ofrate.of depletion of orygea in the exfiacellularmedium. The Bion;t;cuJa; s;r;ning. 2a0a; s:l4l-152).
earliest instrusents relied on the chnnge in total gas pressure 45 some pateats describe a device for monitorirg cells usiagin a sealed vessel, using the assumption that &it-"huog. *u* an oxygJnqrenched fluorescent compouad that is placed inprimarily d-ue to oxygen consnmplion. coffactwithabrothca6,ininghacteri2sl6nmmelia[gg]ls-

In the 1960s, the Clark electrode (Clark, L. C. Jw. Ann. A fluorescence measurement of cells treated with a drug orNY Acad' sci' 1962; fi2..29'45), and later the miniaturized toxin .ry;; **p*a to a reference, puryorredly toclark electrode, enabled a more sqecific qegsqe of oxygea so daermine the efect ofthe compound on cellular respiration.padial pressure. The relative-complexity of the clark deiiigp, il a" **uoalm""i cells are contained *ima- , microplateand ttre fact that the electrode itself consumed oryg"r, d"y *ut ir 
"*pooJto 

-roui"or 
air. Cells are maintaitred at a lo*.have hindered 

-its 
incorporatioa in a highly p*ait"t instru- density ln order to maintain viability in tbis configuratiorqmeat suitable for widespread use. However, these devices bT*r" tigh ceii a""rity *orra iik"ly;;; ia aaoxia,were deemed successful etough to measure cell viability ss acidificatioi olthe media, and contact inhibitioq. Measure-(Gesinski R M, Morrison J H, Toepfer J R. 'Measurement of ;"rt ti*";;;;Te.rerore, typically be tens of hours or days.oxygen mnilImption of rat bole-q119w cells by a polaro- In additior, ta. irn lx of amfrent cxygen *o tr"t or"oot otgraphic method." I Appl Pkysiot. L968; za.$1:73t-is+), to- of sample volume may aliow ouly Ljatire measurement toprofiIe the toxic effects of drugs and *:-r--4: ishenoy M conhoito be made. ln another embodiment, to limit anbieotA, Biaglow J E, vames M E, Hetzel F w. "Iddbiti; of oo aryger ionur,, -aoa oil is placed urorr" ta"1"1 *"aiu.cultured humar tumor cell ory€en yli[:,r:.--"luv chlorpro- Betiuse 

""u 
a"*ity lg tlrl"uirr Gtt*, h"c measure-maane." Adv Exp Med Biot.1983l.159:359-6g), and to show ment times are-rypilarv requ*ed.the efect of ageats such as insulin on celhdi metabolic A ";t;;r-p'*tlot, and publications describe oxygenprocesses (Panten u and Klein H. -"o, consumplion by flux measuremdt systems incorporating small. closedisolated pancreatic islets, as measured in a Microiniubation os sample.[g*b"* *o"t"ining high dmsities of cells. In tbesesystem with a Clark-type el*tode.- Endocrinologt .J.982; 

devices, ;;il p"rf"ri"o"r#; i;-;; io iot*onin*otty
1 1 1 : 1 595-16tX)) restore norrnal levels of dissolv"o 

"*ys"a 
pH-, ;a n*rients.
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3
None ofthese systems are desietred or conflgured to enable
tle user to easily culture cells, maintain their viabiliry mu
experiments in parallel with high th-roughput, or run other
types of assays wi*,hout detachiag and moving the cel1s.

There have also been approaches to measuring cellular
acidificationrate. Living cells produce protom (I1* ioas) as
a byproduct ofvarious metabolic processes, including both
aerobic acC alraercbic respiratiou. Protons a.re alsc produced
whea ion exchange pumps on the surface ofeukaryotic cells
are activated as a result of binding of a ligand with a
transmembrane receptor or ion channel. In a fixed volume of
extraeeilular media, this pratoa flux causes a gradual aeidi-
flcation that can bts measured using a pH sensor. Thus, an
indication ofmetabolic rate andlor receptor activation can be
determined from a precise measureme[t of extracelluiar
acidification rate.

A number of pH sensors can be applied to the measrue-
ment of cell media. ln addition to fluorescent and ISFBT
ssn,sols similar to those described previously, a light addres-
sable potentiometric sensor has beel incorporated in an
inskument for rapid measuremeat of proton flux (Parce W,
Os,iicki J, Kercso K, Sigai G, Wada H, Muir V, Bousse L,
Ross K, Sikic B, and McConnell H. 1989. "Detection of
Cell-Affecting Agents with a Silicon Biosensor." Science.
1 9 89 .: 24 6(49 27 ) :243 -247 ).

Ore patent describes a device employing a method for
roeasuremeot of exilaceilular acidification (ptl) as an iadi-
cator of cellular metabolism. In &is device, a small sample
ciramber 6sn{aining a high density of ce11s is intermittently
perfused with media and closed to al1ow measurement of the
pH change resulting from cellular protoo excretiol. A series
ofrqretitive stop/flow cycles pmvides kiaetic metabolic rate
riata. Because the sample ciramber, once assembled, is fixed
in size and contains a high density ofcells, active perfirsion
is required to prevent cell death fiom the rapid acidilicatioo
and depletion of oxygen fnom the media. The addiiion of a
perfusioil sysiem to the dev-ice result$ ir1 the ileed for
relativeiy complex tubing, pumps, and other features, that
create clearring aad sterilization problems for the user. In
addition, when cells are to be tremed with a drug using this
device, the drug may need to be perfused cver tle cells for
a relatively loag period of time, thereby consumiag large
quantities of trpically scarce aad expeasive compounds.

Other extracelhdar analytes can be measured ssing non-
invasive tec.h*iques. Carbon dioxide evolutios caa be deter-
mined from the measurement of carbon dicxide (COr)
partiai pressu:e in the media lsing various fluorescmt
seasors fattisoa R, Swamy J, Mendenhall B, Hwrng C, and
Frohlich B. "Measurement and Control of Dissolved Carhon
Doxide ia Ma-mmalian Cell Culture Processes Using an in
Situ Fiber Optic Chemical Sensor." 2000. Biotechnolory
Prog. 76:769-774)(Ge X, Kostov Y, aud G Rao" Higfu
Stability non-invasive autoclavable naked optical CO" sen-
sor. 2003. Biosensor and Bioelectronics l8:pp.857-865).

Other ions and chemical cofrstifuetrts catr be measured
using aon-invasive techniques based on optical or semicon-
ductor sensors . In additioq larger molecules zuch as proteins
can be measured using non-invasive tecbniques that are
sensitive to the binding of these moiecules to aatitrodies tbat
are attached to seasors exposed to the extracellular media
(Flora K and J Brennan. Comparison of Formats for the
I)evelopment ol liber-Optic lJiosensors Utilizing Sol{iel
Derived Materials Entrapping Fluorescently-Labeled Pro-
teins. Analyst, 1999, 124, 1455-146).

Other physical pheromenon that support such sensors are
surface piasmon resorrance (Jordan & Com, "Surface Pias-
mon Resonance Imaging Measurements of Electrostatic

us 7,276,351 82
4

Biopolymer Adsorption onto Chemically Modifled cold
Surfaces,"' Ana1. Chem., 69'.1449-1456 (199?), grating cou-
plers (Morhard et a1., "Immobilizatioo of antibodiee in
micropattems for celi deiection by optical diffractior'," Sen-

s sors and Actuators B, 70, p. 232-242,20t0), ellipsometry
$in et al., '?. biosensor concept based on imaging eilip-
somefry for visualization of hiomolecular interactions,"
.A.mly'tical Biochemief3', 232, p. 69.72, 1995), evaresceat
*-ave devices (Huber et al., "Direct opticai immunosensing

10 (sensitivity and selectivity)," Sensors and Actuators B, 6, p.
1,22-126,1992), reflectometry @recht & Gauglitz, "Optical
probes aad transdueers," Biosensors and Bioeieetrcaies, 10,
p.923-936, 1995) and Wood's anomaly (8. Cunningham, P.

Li, B. Lio, J. Pepper, "Colorimetric resr:nant reflection as a
ts direct biochemical assay technique," Sensors and Acfuators

B. Yoiume 81, p. 316-328. Jan. 5, 2002).
In general, the utility of devices itcorporating these

seasing technologies for the purpose ofmeasuring secretioo
of protei-r:s by cells is limited by detection sensitiviry

20 Seflsitiyity caa be increased, typically by increasing ceil
density ir the region proximal to the sensor surface. How-
ever, cellular health declines rapidly as cel1 density
increases, due to anoxia, acidification of the media, and
conlact inhibifion. It is possible, but generally uodesirabie,

25 to adhefe cells di.ructly to the sensor surface.
A need exists for the provision of a high ceii density for

measureslent of analJrtes and a 1ow density for mainteaance
of celi health and grornth. While many devices have been
developed for the purpose of measuring flrx rates of extra-

:o cellular analytes, there exists a need to meet requirements
that may enable rvidespread use in the fields ofbiological
research, drug discovery and clinical diapostics. A need
exisis for devices wiih ingfu ihroughput and ease ofuse. A
parallel conflguration may be desirable. PreGrably, a

35 tradeoff bepseen loag assay times md the length of time to
prepare the sample would be eliminated. Lack of these
atfibutes fllay result ir lofi' sx''rrFle &roughput ar,i thercfor-e
incompatibility wiih modem dnrg discovery nnri diagnostic
activities.

4a In addition, there is a need for an instrument that cas be
used to measure extracellular flux rates of cells in a non-
invasive manner within a vessel that is commonly used for
oiher hig! throughput assays, thereby allowing the use ofthe
flux rate measurement as a quality contrrol or complerueatary

45 measuremert to eldstiag assays.
In summary, there is a need for a device ttrat can meet the

goals ofdata quality, compatibility with existing experimer-
tat practices, and ease-of-use, thereby enabling widespread
adoption of a new technolory.

50
SIIMMARY

New methods and apparatus have been conceivd afld
developed for providing hig! cell dmsity for measurement

55 of analytes and low cell densities for mairtenance of cell
health and growth. The instant inventiou can deterfldne the
flrx rates ofvarious extracellular analfies in minutes, can
provide quantiktive rather than relative readings, can be
used without adversely atrecting the physiological stale of

oo the cells under test, and does not require an active perfusion
or agitation system.

One leature of the invention is the temporary creation ot'
a substantially closed sample chamber within a vessel con-
taining a low density mixture of cells and media, aad a

65 sensor or pluraliy of sensors for measurement of ana.lytes.
Since a tempcrary sample chamber is createdwithin a iarger
vessel, media containing high levels of dissolved oxygen
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5
and other analytes, and normal pH, is supplied to the cells
prior to, and immediately after a measurement is made.
Using this feature, ce1ls caa be grown, maintained for
exteri.ded periods, treaied with dn:g ccmpounds, aitd assayed
using any of a varief of methods, while being periodically
assayed for viability and respiration rate, wittrout compro-
mising the cells.

Furthei:more, the media co*aining cells need nct be
removed from the vessel; it is only displaced temporarily.
Therefore, a minimal quaotity of drug compcund is required.

ln additioa, by precisely controlling the dimeusions ofihe
temporary sample cbamber, a quaatitative flux rete for
extracellular analytes can be determined easiiy. Therefore,
an extemal reference is not required; a change in the flux
rates of celis in a vessel can be determined fram multiple
readiugs of ttris oae ve-csel.

Elements of one embodiment of tie invention include:
1. Temporary formation of a sma1l, relative$ imperme-

able sample chamber (containing one or more cells! one
or: morc sersors, a:rd a small amount of eell media)
within a larger media-filled vessel.
This configuration assists with:

increasing the rule sfsh"nge ofanalytes in the medja
so that a sensitive mcastuement eal bc made in a
reasonably short time, i.e., minutes vs. hours for
some of the prior afi methods;

eliminating the need for a reference, by overcoming
the following limitations of the prior art:
a. Low sensitivrly (low ceIl density in the mea-

suremenl broth and therefore a small sipal that
may need to be measured);

b. Uaknown samplevolume (uservariabilif in flli
level ofeach well and evaporation); and

c. 0, influx from the $urrormding environment
(unless the entire well is sealed with, e.g., a
mineral oil coating as suggested by the prior art.
which results in a terminal experiment);

eliminating the need for complex fluidic systems to
provide intermittent Ferfirsion to a flow cell, since
a higfo ratio of cells/media is only created tempo-
rarily i-u accordance with the invention; and

development of a high sensitivity cell-based assay
system for other types of sensors, including SPR,
SRU, etc., where the "nal'te afected by the ce11s

is affected at a low rate tlat is dificult to measure;
2. The specific desigr of a device to accomplish ttre

above, including a stepped well and inverted, mush-
room-shaped probe wittr optical sensors cn the bottom
surface; and

3. Temporary insertion ofthe sensor described above into
a variety of vessels (including clear-bottom micro-
plates) containiag ceils.

This enables &e use ofsubstantially all conventional
a$says, v/ithout the need to move cells or distr:rb
their adhesion to the vessel surface; and

Sensors can be cleaned and reused in minutes.
It is one object of this invention to provide a rapid,

non-invasivg acd easy-to-use method for determining vari-
ous physiological properties ofliving cells. In particular, a
device and method are described that can"measure overall
ceilular metaboiic and respirative rates, the reiative propor-
tion ofaembic to snaerobic respiration, lhe relative rates of
consumption of various metabolic substrates, the efect of
stimulation of certain tratsmembrate and other cellular
receptors, dre rates ofproduction ofvarious secreted factors,
and cell viability.

us 7,276,351B.2
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Ihe device and method can be applied ir a variety of
flelds, inchdiag biological research, drug disccvery, ard
clinical di.agnosrics. The device can be used as a stand-alone
iostrumefit ar in conjunction w'ith exhtiag as$ar* fiiethods.

s For exampie, as a drug discovery tcol, lhe device can be
used to screea various compomds for an effect on cellular
metabolism, protein secretion, or intra/extra cellular ion
exchange. ln aCditicrl tle device caa be useC to retrliace
more complex, invasive, and time consuming methods for

io determiniog the toxic efects of compounds on ceiis or tissue
samples. Fcr this purpose, the device eliminates the need for
the addition of dyes aad iusriatioa of eells, The deviec eaa
also be used to determine the health ofcells or tissue both
before and after a conventional assay is perfomted, thereby

i5 im.Froving the performance of such an assay.
In one aspec! the invention includes a metlrod of analyz-

ing cells disposed in media witlin a vessel. The method
includes providing an original volume of media about the
celIs, reducing the original volume of media about at least a

zo portion of the cells to define a reduced volume of media, and
amlyzing a constituent related to the sel1s within the
reduced volrrme of media.

Oae or more of the followir:g features may be included.
The reduced volume of media about the cells may be

es inereased to substantially the original volume. A first con-
centration of the constifuent may be determined and a
secoad concentration of &e con*tituent may be determiaed
at a predetermhed time iaterval fiom the detereimtiotr of
the first coacentration. A flux rate ofthe constituent may be

:o calculated based on the fust concentration and the second
corrceffratiolt.

The reduced vclume may include, for example about
5-507o ofthe orieinal voiumg prefera-uly about 5-20% ofthe
original volume. In scme embodiments, &e reduced volurne

35 may be less than about 5yo of the origiaal volume.
Ihe cells may include bacteria, fungus, yeast, a prokary-

otic cell, a eukaryotic ceil, aa an'imal sglj, a human ce1i,
andlor an immortai cel1. At ieast a portion of the cells may
be attached to a surface ofthe vessel. At least a portion of

+o ihe cells may be suspended in the media. At least a portion
of the cells may iriclude liv;ng tissue.

The constituent being analyzed may include a dissolved
gas (e.g., 02, CO2, NH.), atr ion (e.g, H*, Na*, K*, Ca**),
a protein (e.g., cytokines, iazulio, chemokines, hormones,

+: antibcdies), a sub#;rate (e.g., glucosq a faity acid, aa amino
acid, glutamine, glycogen, pyruvate), a salt, and/or a rnin-
eral. The coffitituent may be extracted from the media by at
least a portion of the cells, The constituent may be secreted
into the media by at least a portion of tle cells.

50 Analyzing the constituent may include ssrsing the pres-
erce andlor rhe coecetrilation ofthe constifuent. Aaalyzing
&e constituent may inciude by sensing a first concetrtration
of a first constit[ent, seosiog a second conceatration of a
second coostituent, and determining a relationship betw-een

55 the firEt concentration alrd t&e second corcentration. Ana-
lyzing the constituent may include sensing a rate ofchange
of a conceatration of the cotrstituerf.

A sensor in contact with the media within ttre reduced
volume may be used. The sensor may be a fluorescent

60 seffor, a luminescent seosor, an ISFET sensor, a surface
plaqmon resona[ce serrso! a sensor based on an optical
di{fractioa principie, a sensor based on a principie of Wood's
anomaly, an acoustic sensor, or a microwave sensor.

Analyzing &e constituent may include determining a
65 pararaeter such as cell viabiliry cell number, cell growth

rate, response to at ieast one ofa drug, a toxin or a chemicai,
detection ofan entity, and internalization.
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7
The method may include perfising additiooal media

thtough the vessel and/or replenishing the media in the
vessel,

Reduciiig the voiume of medla may ix.iude disposiag a
barrier in the vessel, typically not causing displacemeniof
the media out of the vessel. At least a portion of the barder
may include a sersor. Alteruativeiy or additionally, the
reduced volume of media may include a setrsor, such as a
fluorophore. At least a portion of ttre vessel may include a
sensor.

The envircnment of at least a portion of the celis may be
altered prior to reducing the origiral vclume cf media. The
environment may be altered by, e.g., exposing at l€st a
ponion of the cells to at least ore of a drug, a chemical, or
a toxin.

The envircrffient of at least a pcrticn of tle celis me5. be
altered after reducing the original volume of media.

The method may ioclude coveriag the vessel, sealiag the
vessel, aad/or stirring at least a portion of the original
volume of medis in r"he vessel.

In another aspect, tle invention feafures an apparatus for
analyzio5 cells. The apparafus includes a stage adapted to
receive a vessel holding cells and a volume of media; a
plua.ger adepted tc recei',,e a bsrrier te create e reduced
volume of media witlin the vessel including at least a
portion cfthe cells, the barrier adapted for insertion isto the
vessel by relative movement of the stage and the plunger,
ard a sensor in sensing camfiuoieatioil with the redr:eed
volume of media, wherein the sensor is mnfigured to
analyze a constituent disposed within the reduced volume.

One or mcre of the following features may be included.
The sensor may be eoafrgureel to analyz€ the eon_stihlent
without disturbiag the cells. The vessel may include a well
disposed in a micropiate. The well may include a slep. The
barrier may be adapted to stir the media prior to analysis of
the constituent.

The sensor may be, for exampie, a fluorescent sensor, a
luminescent serrsot an ISFET sensor, a surlace plasmon
resoflance sensor, a sensor based on aa optical diftaction
principle. a sensor based on a principle of Wood,s anomaly.
an acoustic sensor, or a microwave sensor. At ieast a portion
of the vessel may include the sensor, the reduced volume of
media may include tle sensor, andlor at lmst a portion of lhe
barrier may include (he sensor.

The apparatus may inciude an automated electro-optical
measurement sy$tem. The apparafus may also ificlude a
computer. with the autcmeted electro-optical measuremed
system being ir electrical cornmunicatioa with the com-
puter.

The barrier may be biased relative to the plunger.
In aaother aspec! the invention features au apparafus for

anal;rzing cells. The appamtus includes a vessel for holding
cells and a volume of cell media; a plunger adapted to
receive a barrier to create a reduced volume of media within
the vessel including at least a portion of&e cells, the barrier
adapted for insertion into fhe vessel by relative movemeat of
the stage and the plunger wiitrout disturbing the cells, such
that the reduced volume is less than about 50% of the
volume o[ media; and a sensor in sensing communication
with the rcduced volume of media, whereih the sensor is
coofigured to aralyze a constituent disposed within the
reduced volume.

Tn aaother aspect, the irventicn features a plate iacluding
multiple wells for holding media and cel1s. Each of at least
a portion olthe wells includes a seatiag surf'ace f0rreceiving
a barrier a reduced volume.

us 7,276,351 B2
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One or more of the following features may be included.

A shape of the seating sr:rface may be generally planar,
arcuate, contoured, tapere4 conical, stepFed, or iaterlock-
ing. The reduced l-olume r*ithin each of &e vsetls may vary

s by less than about i0% of a mean volume of the weili,
preferably by less than about 5alo of the mean volume ofthe
wells, more preferably by less than about I% of the mean
volune af the wells. The seating surfaces af the rvelIs may
each include a step disposed about an inner periphery of a

io respective wel1. The steps may lie in a step plane disposed
abgve a bottom plane defined by bottoms of respective
v'-ells, Tbc step piaae aud thc bottom plane may be parallel
pianes. A height ofthe step plane may be tess than about 1
millirueter (mm) above the bottom planq preferabiy less

15 tlan about 200 pm above the bottom planq mare preferably
less than about 50 ['.m above the bottom plane. 

-

A fluorescent selsor may be disposed wi&in at least one
of the wells. At le€st one of the wells may include a
transpalert bottom. At least one of the wells nuy include an

:o opaque wall.
ln another aspect, the iaveatioa Gatures a barrier for

analysis ofcells disposed in media in a vessei. The barrier
includes a boff portioa for insertion into the vessel, the
body porlioa havhg a barrier surface for mating witl a first

25 surface of the vessel to cr€1e a reduced volume.
One or more of the follcwing features may be included.

A sh2pe of the barier surlace may be generally pl"nar,
arcuate, coltoured, tapered, conical, stepped, or interlock-

_ iag. The barrier may include a cover for mating witb a
30 second surface ofthe vessel.

A sensor may be disposed on the barrier surface for
amlyzng a constituert of a media disposed about at least a
portion of the cells. The sensor may include at optical

__ sensor. The optical sensor rnay be adapted to sense a
3s fluorophore.

A conductor may be mupled to the sensor and configured
to conduct sipals therefrom. The canductormay inciude al
optical fiber atd may be disposed at least partially in the

.^ body portioa. The barrier may iaclude a readout for trans-a0 
llttirg_a sisal from the sensor. The readout may be visual,
liber, electronics on a post, aad/br a plate resder liom the
bottom.

- The barrier may include a plurality of barriers arranged to
. - be received within a plurality of wells in a micropiate.
45

BRIEF DESCRIPTION OF THE DRA}'IINGS

FIG. I is a partial cross-sectional niew of one embodiment

,n ol'the present fuveniion, where the vesscl is tbrmed by a-" 5ingls well within a multi-well microplatq the cover and
sensor assembly being shown in a pre-measurement posi-
fion;

FIG. 2 is a cross-sectional view ofthe cover and sensor

,, asssnbly of FIG. 1 in t&e measurement position;
FIG, 3 is a schematic illustration of a complete measure-

ment system, in accordance wifh one embodiment of the
mvsltroq

FIGS. 4a and 4b are schematic cross-sectional views of
uo wells with different seating surfaces;

FIGS. 5a-5c are schematic cross-sectional views ofbar-
riers that include both a sensor assembly aad a readout;

FIG. 6 is a graph showing the result of a study of tle
oxygen consumption and extracellular acidification rates of

os typical mammalian cells, depictiug the mean asd stardard
deviatiou ofa series ofeight separate measutements using
one embodiment of the invention;
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FIG. 7 is a graph showing the resrilt o1' a study of the

oxygen consumplion and carbon dioxide evolution rates of
various numbers of tvpical mammalian ce11s using one
.----L.-f :-^--tr ^J +L^ i.-------i -elIiDU(]lmeill Oi ine itr-t'eilii(]tl;

FIG. I is a graph showing the resull of a study olthe e.fftrt
of the chemical compornd 2,4. DNP on the ratcs of oxygen
consumptiorl carbon dioxide evolution, and extracellular
acidilicelicll of typicai milnnralisx cells usicg cne enibcdj-
rnent of the invention;

FIG. 9 is a gpaph showinglhe result of a study of the effect
ofthe chenical compound R"otenotre on the rates ofoxygen
corlsurlrpt.ion and extracellular aeidificatior of typical ma::r-
malian cells using one embodiment of the invention;

FiG. 10 is a graph shovring the result of a study of the
efect of cell proliferatiou on oxygen ccnsumption and
extracellular acidificatiou using orre embodiment of the
inveritiol;

FIG. 11 is a graph showing the result of a study of the
efiect of the chemical compound Carbachcl on the rate of
extracellular acidification of typical mammalian ce1ls using
one embodiment of the inventionl and

FIG. 12 is a graph showing a compatison of the measured
rates of oxvgen consumption'of rypical mammalian cells in
a vessel witl\ and w-itironl. the iormatiol of a small,
enclosed sarnple chamber using one ernbodiment of the
invenlion.

I}ET,AII,ED DESCITiPTION

This invention enables the temporary creation ofa highly
concentratred voiune of ceils within a larger volurne of cell
media. in order to aliow sensitiye rneasurements of tle
clialge in corutiitieffs olthe media tirat ii:siilt irom i:iciogi-
ca1 activity of the cells. By temporarily, ratJ:er than penna-
nently, reducing the media volume (and thereibre concer-
trating the cell/rnedia mixture), cells are expcsed to a
non.norffal en-,,ircmrent for only a brief period cl time al]d
are therefore not adversely affected by the measurement
process,

In one embodirnent of the invention, ce11s are grcwn or
placed or-' the bcttom of a .:esse1 conlairing suffrcient {rpe
and voiume of media to sltpFort growth for an extelded
period ,:f time. A sample chamber is formed in the bottom
of the vessel, consisting of the bottom of the vessel and
vertical walls, such that the enclosed vclume is su{tricient to
contain the celis plus a reduced volume of media.

A barrier, having a diameter slightly less than the inside
diameter of the vessel, is located abol'e the sample chamber
on a movable actuator. Upon actuation, the barrier may be
raised above the level ofliquid in the vessel, or lorvered into
the liquid and or to the vessel walls, fomling a sample
cbamber that is relatively impervious to the diffusion of
analytes lir:m the sample chamber to and hom the birik
mcdia now above tlrc covcr.

A cross-srwtir:nal view of a represendative er::bodiment is
shora'n in FlG. 1. Ihe drarving details a vessel 100 thal is
typical of one $/ell 110 within a multi-we1l microplate. The
wails ol this single well 110 lbrm the vessel 100 that
contains live cells 120 and cell growth rnedia 130. Cells may
or m::y nol adhere to a bottora surl-ace 132 of the vessel, and
the bottom surface may be keated or coated to encourage
adhereace. Altematively, cel1s may be suspended within th.e
media and may be forced to the bottom of the vessel using
gravity or centrifugal force.

A barrier 140, having a diameter slightly less than an
rnsrde diameier ol tne vessel 100. is used to lbrrn a cover that
delines a sampie chamber 150 within the vessel. Barrier 140

us 7,276,351B.2
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may bave a diameter d, of, e.g., 6 mm, and vessel 100 may
have aa inside diameter 4 oi ..g" 7 mm. In FIG. 1, the
barrier 140 is showu in a pre-measurement position within
the -vesse1. To ef,et a ireasuremetrt, a iaaiiual or motorized

s plunger (actualor) can then tre used to reposition the barrier
140 siightly above the bottom surface 132 ofthe vessel 100
as showu in FIG. 2 by iowering the barrier 1.40 or raisiag the
well 110. Orielrting the barier tc the positicn sho*,n in FIG.
2 prior to measurement defines the sarnple chamber 150

10 havisg a reduced volume of media, thereby enhancing
measuremert sensitivity.

I singl6 vessel of aearly ary EivB may be fabdoated; or
multiple vessels may be fabricated in a one- or two-dimen-
sional arrargemeat. In olre embodiment, a twodimensional

1s pattem of vessels corresponding to tle pattem and dimen-
sioas of a microplatq as described by the Society for
Biomolecular Screening standards for microplates ('SBS-1

, Footprints" aad "SBS-4 Well Positions," both fult proposed
staadards updated May 20, 2003), and contai"ing a total of

2a 12, 24,96, 384, 1536, or aoy other number of individual
wel1s may be fabricated.

The vessel and samfle chamber may {ypically be formed
using plastic material such as, for example, polystyrene or
polypropylerc, with the bottom clear and the sides colored

zs black to reduce optical cross-talk from oae well to another.
A variety of types of barriers may be employed to

temporarily reduce the volume of media about the cells
without causing displacement of media out of the vessel,
such as a simpie pianar cover lowered verticaiiy, a siidiag

3o cover extended horizontally, or a pair of disks with cutouts
&at can be rotated to act as a valve. It is desirable tlrat the
barrier not disturb, i.e., not move, the cells or the media
proximal to the cel1s, in order io reduce the required settliug
time prior to a measurement.

35 A complete measurffi.ent system can be asserabled using
the components shown in FIG. 3. A vessel 300, e.g., a piate
such as a miffoplate ircluding a pluralify of wells 302, is
placed upon a lranslatian stage 31S. The microplate is
disposed beneath aL a$ay of barriers 320 disposed on a

40 plurger 322 adapted to receive tlre barriers aud au aray of
pipefto$ 330. Each ofat lanst a porticr: ofthe wells iacludes
a seating surface (se, e.g., FIGS. 4a aad 4b;) adapted to
receive one of the barriers. Basiers 32S may inciude rcn-
sors. Arl original volume of media may be disposed io the

45 s/ells. Using mssual slrgotorid actuation, the bariers and
pipettors may be lowered into the microplate wells to create
a reduced volume of media within the wel1s. The reduced
volume may be less th+n, e.g.,Sff/o, of the original volume
of media. Tke barriers 6rs adqpted for insertion into the

50 yess€l, i.e., into thewells, by relative movement of the stage
3I0 aod the plunger 322. The barriers and pipetfors may also
be lowered into one of several fluid reservoirs 340 contain-
ing wash buffers and calibrants. When the barriers create the
reduced volume of media withit the vessels, sensors may be

s5 in s€nsirrg communicatioo with the reduced volume of
media aad may be configrired to analyze ore or more
constituents disposed within the reduced volume. The sen-
sors may be interrogated by an optical interface mnsisting of
illumination sources (e.g., light emitting diodes) and light

60 detector,s (e.g., photodicdes), with appropriate band-limiting
fi ft ers interspersed between. the optical elements, A computer
and software 350 perform actuatioq calibmtioa afld mea-
suremelt funetions.

A change in the temperature of the media within the
os sarnpie chamber may result io ulwanted measuremeflt errors

frim at least t*,o scurces. First, the capaciqv of the media to
hold dissolved g3sss5 shanges with temperature, and there-
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11
fore a change in temperature may cause an apparent change
in dissolved gas coocertration as the media seeks equilib-
rium with the surrounding environment. Secoud, the mea-
surement properties of many fpes cf seasors changes with
tempemture.

To ensure accurate aad repeatable measurements, the
temperature of a reduced volume of media in the vessei may
be controlleC or a correctioa factcr may be appiied tc the
measurement. Because evaporatioa induces cooling of the
liquid media, conlrol of evaporation m.ay be desired to
reduce thermal drift, thermal gradients, and gas excbange.

Prowidiag envircnme$a1 and te.mperature cantrol for thc
sample charnber may re&rce unwanted impact on the mea-
surement process. For example, uncontrolled temperature
changes of the media sur:roundiag the cells catr directly
impact the rate of apparent oxygeo consumptir:n. Oxygen
will nafurally of-gas from media as it warms, thus iatro-
ducing the appeara[ce of a change in cellular respiration
when, in fact, the rate change observed is a natural function
of dissolved gas seeking equilibrium as the temperature
increases. Similarly, any evaporatioa from the media due to
other uncontrolled envimnmental conditions such as humid-
ity or exposure to air currerrtS can artiflcially imFact the
measurements made from various sensors includi.g those of
dissolved gases, ions, and temperature.

Using this measurement system' an assay cycle is iidtiated
by mating the serxors/barrien with the vessel walls to form
closed sample chambers with reduced volume of medja
containing the cells. The rate and pattem of actuation of the
barriers may be programmed to prevent rapid motion of the
media that may disfurb tke cells, i.e., displace the cells by or
cause shear stress on the cells, and may be altemated to
provide fluid motion for siirring of the merii4 as <iesired.

Additionally, the barriers may be independently biased
for example, by usiag spdngs or ather force elemetrts, to
ensure adequate seating of the covers in all of the we11s,

simultaaeously.
The electro-optical interface and computer are then used

to measure the change in response of the sensor or sensors
resuiting from the change in concentration ofextracellular
analytes. The rates cfconsumption or prodr:ction ofanaly"tes
may be determined by makiag multiple readings over a
period of milutes and then calculating the slope between
selected measurement points. Once the measurement
sequetrce is conpleted, the sensor/co..ers are retracted to
expose the cells to the fuIl volume of media within each
vessel -

The measuremeat system may iaciude prcvisions for
single or multiple-point calibration of the analyte sensors.
For example, two reservoirs conlaining liquid ofkaown, but
diferent pH, oxyge& C0r, or other anal).te levels may be
incorporated, and a two-point (gain and offset) calibratiou
may be performed periodically. A-ltematively. "factory" pre-
calibration of the sensors may be used to eliminate the need
for field calibration, or to reduce the calibration to a single
point (otrset) correcfi on.

Refering to FlG. 4r. in one embodiment, a micropiate is
used to provide a plurality of measurement vessels in a
standardized pattern. By incorporating a seating surface 400
in each well, a precise reduced volume of media can be
maintaiaed about the cells during tle measurLment period.
llre reduced volume witirin each of the weils disposed iu a
plate may vary by less than about 10o/o of a mean volume of
the wells. In some embodimeats, the reduced voiume may
vary by less than Sa/o of the mean volume of the wel1s, and
ir some embodiments, tlle re<iuced voiume may vary by iess
than la/a of the mean voluae of the wells. The seating
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surface 400 or steps may lie in a step plane 410 disposed
above a bottom plane 420 defined by bottoms 430 of
respective wells, with the step plane 410 and the botiom
plate 42* befug par-allel planes. The height tf the ste.p plare

s is generally less than about I mm 2$sys the bottom plane
and typically less than 50 Hm to 200 pm above the bottom
plane.

Referrirg to FIG. 45, in aucther emboCiraeut, a sloped
surface 435 is incorporated tG prevent tlre adhesion of cells

ro on the seating surface 440. Any of a variety of alternative
mating cover and seating surfaces can be employed, in
various eombirations and permr:tations, ineludiag those tlat
are generally planar, arcuate, contoured, tapered, conical,
steppd interlockirg, etc. What is generally desired is that

ts matiag features reliabiy and repeafably isoiate the reduced
volume &om &e origiaal volume, such that the reduced
volume has a generally predetermined or known capacity.
Auxiliary seating components, such as O-riags, or resilient
or compliant seaiing lips, flaps, or other features may be

zo employed on the covers or in the wells to enhance the seal,
as desired.

The barrier can be fabricated to include a sensor assembiy
and a readout for transmitting a sipal from the sensor
assembly. FIG. 5a shows a cross-sectional view of a barrier

zs formed from the combiaatioa of a tubular solid support 500
pnd a removable cover 510 or sheatt, having an enlarged
distal end that forms a stnlcture upon which orre or more
optically-coupled sensors 520 are attached. In one embodi-
ment, tke sheath may be fabricated fmm a materiai that is

ro either disposable or sterilizable in order to preveat contami-
nation of the cell media. A readout 530 may be in the form
of optical fibers disposed within the tubular zupport for
communication between ihe sensors and an eleciro-opiical
measuremetrt system 540. The electrn-optical measwement

35 system 540 may incorporate a source of illuminatioa, an
optical detector, specfal filters, ard siqnal pracessing cou-
Forrerfrs. The eiect'o-optisal fteasu'emeEt syEtem 540 may
be automated- In scme embodimeats, the electro-optical
measurement system 540 may be in electrical communica-

+o tiou wiih computer 350 (see FIG. 3).
FIG. 56 shows an alteraatil'e arrangment in which the

sersors are ilhrminatd by an extemal light source 550.
Eleetro-optical measuroerent system 540 may include sepa-
rate compotretrts, i.e., au optical measuremeot system 560

+: and aa illumimdct system 570. The optical measurement
system 560 and illumination system 570 may be automated.
In some embodiments, the optical measuremed and illumi-
nation systems 560, 57S may be in electricai communication
with computer 350. Referring to FIG. 5c, in aa altemative

59 snabodimgnt, the electro-optical measurement system 540
includes optical ard measurement components 580 located
within the tubular support 500 and an external eletroaic
measurement system 585. The optical and measurement
coflpooerrts may communicate with the externai electronic

55 measuremetrt system 585 through a cable 590.
Any form of signal commuaication can be employed, as

desired. Such forms of signal communication might include
simple visual interrogation of a signal chatge such as a
change in color; fiber optic signal cammunication coming

eo &om any side of the vessel; a laser or CCD-based plale
reader iaterrogating the sigual from the bottom ofa trans-
parent vessel.

In practice, many different configurations of vessels,
barriers, atrd setrsors may be emplcyed. The total vessel

os volume rnay raoge frcm many liters to a fraction of a
microiiter (nrl), but is generaily iess thaa ahut i mi. The
ratio of the reduced volume of media enclosed within the
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tempomry sample chamber to an original volume of media
provided in the vessel may raage from about 50Yo to less
than about 5% and even as 1ow as less than about 7o/o,bat
is fypically ia the range al S-2ffiii.

Many different types and numbers ofcells can be ana-
lyzd, iacluding bacteria, fungus, yeast, prokaryotic and
eukaryotic cells, animal or hurn m ceils, etc. Cells may
adhere to the vessel wall or m.ay be suspeaCed witbiu the
media. Immofialized cells, native and primary ceils, and
homogenized ar sliced tissue may be analyzed. Acentrifuge
may be used to conceatrate ceils within the sample chamber
region ofthe vesse!.

Any nurnber of constituents of the media may be ana-
lyzed including dissolved ga.sses, ions, prateios, metabolic
substrates, salts and minerals. These constituents may be
consumed by the cel1s (such as 0r), or may be produced bv
the cells either as a byproduct (such as CO, aud NH.) or as
a secreted factor (such as instrlin, cytokitres, chemokiaes,
hormones or antibodies). lons such as H*, Na*, K*, and Ca**
secreted or extracted by cells in various cellular metabolism
proces$es may also be analyzed. Subskates either consumed
orpmduced by cells such as giucose, fauy acid, amino acids,
giutamine, glycogen and plruvate may be analyzed. Spe-
cialired media may be used to improve tie sensitivity of the
measuremeot. For example, the chaage inpH resulting from
extracelluiar acidification can be increased by using a media
with reduced butrer capacity, such as bicarbonate-free
media.

Tihe analysis performed usiag this method may simply
detect the Fresence of a constifuent in the media, or may
quaatitativeiy analyze the amoutrt afld change in cotrcent]a-
tion, volume, or partial pressure of a constituent. With the
iacorporation of muliiple seosors, one or rnore ratios of
constituents may be aaaiyzed. As an exampie, ihe ratio of
anrerobic to aerobic respiralion utilized by the cell cm be
determined from a calculation ofthe ratio ofoxygen con-
sumptiofl to ext"ceilular acidifieatiot ra're ihat is erabled by
a measurement ofchanges in oxygen partiai pressurc and pH
of tke exhzcellular media. Analysis may include sensing a
first concentration of a first constifuent, sensing a secoad
concentration cf a secoad constituent, and determ,ning a
relationship between the first concentration arld ttre second
concertration.

The type of sensors utilized include oxygen sensors, such
as oxygen-que[ched fluoresceat sensors, en:ryme-coupled
ISFET sensors, miniature Clark electrodes, or other orygen
seusors; pH sensors, includi"g fluorescent sensors, ISFET
seasors, pH sensitive dye sensors, LAP sensors, or other pH
sensors; C0, sensors, inciuding bicarbonate buffer coupled
and ammonium dye coupled fluorescent senson as well as
other CO, s€nsors; various ioa and sma1l molecule sensors:
large molecule sensors includiag surface plasmon resolunce
sensors and sensors exploitiog the principle of'Wood's
anomaly; acoustic se[sors; and microwave serrsors,

The method may be used to measure any number of
attributes of cells and cellular function. For examplq cell
viability and metabolic rale may be determined from mea-
sureme[ts of oxygen consumptina rate, extracellular acidi-
flcatioa rate, or other metabolic analyte fluxes. By compari-
son of one or more anallte flux rates to a knoyn rate per ceI1,
cell number may be determined and therefciie growth rates
can be monitored.

The number of sensors used may range &om one to many
hundreds. Sensors for dissolved gasses may be placed wi&in
the sample chamber, but rot in direct contact with the media.
Other sensr:rs, however, shouid be in direct contact with the
media and in close proximity to the cells. This may be

rJS 7,276,351 B2
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accomplished by mixiag an indicator compound e.g., a
fluorophore, with the cell media, or by embedding the
indicator in a compound that is permeable to the aaalyte to
be measured- The embedded indicator may then be atlached

5 to any surface of the sample chamber region of the vessel.
Ia cae embodiment, oae or more sensors may be attached

to the lower surface ofthe barrier, so as to be exposed to the
extracellular media upca lcwering of the barder. One
example of a sensor for this purpose is a fluoresceut indi-

10 cator, such as ao oxygen-quenched fluorophorq embedded
in aa oxygea permeable substance, such as silicone rubber.

Sequential rncasuremeots of a shgle group of eel1s may
be made at predetermined time inlervals to analyze the effect
6f shanges in the extracellular envirorment on their fl;nc-

t s tion, for example to examiae the effect of exposure to a dtug,
chemical, or toxin. In this method, the volume of media
surrounding the ce11s is fust reduced, the constituents of the
media are measured, aad the volume is restored to its
original value, as previously described. The envin:nment

uo surrounding tke ceils is then altered, such as by adding a
chemical that activates a transmembrane receptor, changing
the dissolved oxygea level, or adding a nutrient. One or
more additional measuremest cycles are then performed
using the temporarily reduced volume method, to analyze

zs the effect ofthe altered extracellular environmeat.
At any time during the sequence of measurements, the ce11

media may be repleaisbed. In this way sequential measure-
ments can be made over a period ofminutes; hours, or days.
Any one ofseveral diferent approaches may be followed to

:o replenish the media. Media may be repienished by substal-
tially removing part or all of the media within the fi;ll
volume of the vessel using staadard manual or automated
pipeiiing iaskumenis. Altematively, media may be re.plea-
ished only within tle reduced volume of the vessel when a

rs barrier is lowered into position. In the latter method, media
may be replenished by fluidic extmction and delivery from
a top side of 'rke vesse! tlrough a poital itr a plunger
mechanism or through a portal built into any one ofthe sides
or bottom ofthe vessel.

40 The introduction of an enviromenl altering constituent
such a; a chemical, dissoked gas or nukient may also be
applied either to the firll voiume ofthe vessel as noted above
or alternatively to only the reduced volume of &e vessel. In
the latter embodimert, the volume of media surounding the

+s ce1ls is fust reduced the corslituents of the media are
measured and the volume is restored to its original value, as
previously described. The volume is thelr a€lqin reduced and
the environment immediately surrounding the cells within
only the reduced volume is then altered, by the addition of

s0 a co$tituent tkough a porkl in the plunger or elsewhere in
the vessel defining the reduced volume. One or more mea-
surements are made in the presence of the constituent. After
this measurement cycle, the media withiu the reduced vol-
ume may be exchanged otre or more times to flush out the

55 cotrstituetrt before exposing the cells once again to the fu1l
original volume. This approach may provide a benefit of
reducing the volume cf compound required. It may also
prcvide the possibility of studyiag isolated efects without
coataminating the entire volume, thereby, in efect, simu-

60 lathg a flow system in wellplate forrnat.

EXAIyFLES

The following examples illustrate certain exempiary alrd
os preferred embodimelrts and applicaticns of the instant inven-

tion, bu are not inteaded to be illustrative of aii embadi-
ments and applications.
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Example 1

Repetitive Measuremenl of the Basal Respiration and Acidi-
fication Rates af C2Cl2 Myoblasts:

A protoilpe device was fabricated in order to evaluate
various propcrties and potcntial applications of the inven-

The device included a cyiindrical vessel, fabricated fn:m
pcrlycarbonate rnerubrane, and desigred to receive a l2 man

dia[1e1er. polycarbofiate membranc assemtrly (Corning
SNAP-WELIJriI F,6i 3802) with a pore size of approxi&ateiy
3 pun. A cyliadrical polycarbonate cover could be ternpo-
rarily iuserted into the vessel to fonu a snralier sample
chanber. approxinately i.5 trrn high. with a volume of
rbt,ut 160 rurcroliter (!il). A seiles oi L'ores arourd the
perimeter of the vessel allowed the inserliol of tlree 500 trun
diameter opticai fibers. The distal tip of each optical llber
lvas cr:ated with a fluorescent sensing material to form a
biosensor.

'lhe three biosetsors were designed to measure the partial
pressures of 0, and CL)., and rhe pIJ of thc media contained
within the vessei. One fiber tip was coated *'ith a ruatrix of
Ruthenirun dyes. encapsulated ir oxygen pennea'bie siiicole
rubber. to provide a readout of dissolved ilxygen concen-
tration. A second fiber tip was coated with a compiex of
Flnoroscene dye encapsulated iri silicone rubber, to provide
a readout oi lI* ion co[certration UrH). A tirirci biosensor
was fubricated by using a CC). permeable membrane to
crcate a snall reservoir of NaHCO, surrourding a Hydroxy-
Pyrene Trisodium Salt (HPTS) pH sensitive d5'e. A change
ill r 1 ,, JolLellilaiiuil ill rlle reli llleula \v\]ijic. tileli CarISe a

changJ in pH of this encapstilated reagent resnlting il a

measurable change in the fluorescent proporties o1 tire pH
semilive dye, and this change *-as caiibrated to provide
^,,-^r:r^r:.,^ -n ^^,,^.,-+-^+i^- l^+^
Yu4(r k,,r v e

Light emifiing diodes lvere used to illuninate the three
opticai sensors at various waveienglhs as shc*.n in Thble 1,

in terms of narometers (run). Also shorvn in Table 1 are the
w.l\gtUllBtlls Ubsu lt,ssllsE tllU tIUUIESL(rlt gIllD5lUU Ul e!0

sensor. Il each case, both analyte sefisitiye ('sensor"). and
alalyte insensitive ("re{erence"} fluorescent properties of
the dyes were measured to minimize unr+'anted drift and
i-r-"f^. -^- n:..1..^:^ . *l:rr^.. ., -.- ,,--i r^ ^^,,^1^ ;^l:r! !\,uPr! uur-

vidual fiberidye assemblies to a pair ol photodiodes/fi1ter
sets (O, sensor) nr a pair of LED/filter sets (pH and COr).

TADT N 1

Aaalyte,jq4lqr excilstiou ud cmissiol uovel,q!*sdts -
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submelged for two minutes in a saline bath purged with
room air, foliowed by a bath purged with 1fflo C0rl90p4 Nr.

During a typicat assay, approximately 1.5x105 cells were

- placed iu the vessel alorg with 500 pl of liquid roedia,

' resulting in a cell density of 3x105 cells/mi. To perform a

measuremen! the cfindrical cover was temporarily imerted
into the vessel. The cover displaced liquid media, but not
cells, to form a smaller sample chamber witl a volume of

,o I 6O gl and a therefore a cell density of approximately 1 xl 06

ce11s/ml. This resuited in more than a 6x increase in the rate
of change of anal!'tes withio the media in prcximity to the
bioserisors.

In order to evaluate the ability ofthe prototype device to
t5 reproducibiy measure extracellular analytes flux rates, 1.5x

1t' uadiferentiat-d C2C12 mruiae skeletal musele cells
(obtained &omATCC, Maaassas, Ya.) were seeded on each
ofeiglt separate 12 mm diameterpolycarbonate membraaes
whichwere then incubatedat 37" C. for a periodof 12 hours.20 Lr a sequence of tests, wells were reriioved frrrn tlie
incubator, inspected visually, and placed into the rleasure-
mefi device. 160 pl of bicarbonate (NaHc0r)-free DMEM
Medium (obtained from Specialty Media, Phillipsburg, N.J.)

25 was iiren arideci, anri the device was assembled to form an
enclosed sample chamber. The contrntratioll of each analyte

fuartial pressures of O, and COr, and pH as an indicator of
prototr mn€rltration) was then measured every I secoads
for a period of20 minutes, and the average rate ofchange

30 of each analyte was caiculated over a four minute period
&om Fi2 miautes to F16 ainutes.

To determine the exkacellular flux rates of O, and COr,
the rates of change of pa*ial pressures were divided by

-_ volume of each aoalytes available in the media (moles) to
15 result in a value expressed in nmoUminute. The rate of

acidification was bxpressed in mp11 unils/min (multiplie.d by
20 for scalhg on the chart), but can easily be shown as

protor$ per minute by calculating the nrmrber of availabie

on electrons io the media buffer within the known sample
volume.

Tlre meaa and standard deviation of the dissolved orygen
and pH decay rates for the series of eigJrt tests are shown in
FIG. 6. As shown, fhese flux rates are highly repmducible in

45 the prctot}?e device.

Example 2

Measurement of Basal Respiration and Acidification Rates
for Various Cell Densities:

The experimenlal device described in Example 1 r,as
used to investigate the relationship between cell number and
oxygen and CC), tlux rates. V'arying rurnbers (1.0x10s-4.0x

s_, 1Ot) of C2C12 myoblasls were seeded on 12 mm diameter
polycarbonate mcmbrancs (Conring SNAPWELLTM) u,'hich
were then incubated at 37o C. for a period of 12 lrours.

Welis x,ere {ren removed from the incubator, impected
visually, and placed into the measurcmenl device. i50 p1 o I

ro NaHCO.-free DMEM Medium (cbtaincd from Spccialty
Media. Phillipsburg. N.J.) r*'as then added, and the device
was assembled to lbrm an enclosed sample clramber. 

-l'be

conce[tration r:rf eacb analvte was then measured every 5

seconds ftr a period of 20 minutes, and the average rate of
o-s change from t:10 minutes 1o t:20 minutes fiom start was

conrputetl. Tire resuiiing flux rates are shr:wn in Tabie 2 anri
in graphical forn in IJG. 7.

Sqrcr
Excita.tio!

Reference Sensor Refercn@
Excitation Emision Emision

Oxygel
PH
Coz

488 m
4Aw
460 m

488 nm
435 nm
415 nm

610m 53Jm
530m 53Om
530m 530m

Fach sensor $.as calibrated once usilg mulliple rneasure-
mertpoirts and a polynomial regression methodto establish
a nor:linear calibration curve.

Sensors were then recahbrated daily using a two-point
caiibration method. pH sensom were calibrated try samplug
thc optical response t,hile submerged in a buffcr sohuion
with pIJ of 6.0 for 2 minutes. then in a solution with pll B,

eacir for two ninutes. Oxyger and CO2 sensons s,ere caii-
brated using data points acquired rvirile both sensors were
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TABLE 2

Measuing Metabollc Analytm fiom Varying
o1'f'2C1

C€ll #
(0oo)

0.7'l 1.22 0.023
1.06 1.27 0.02i
0.70 1.08 0.019
0.57 0"90 0.02L
4.29 0.68 0.013

The data in Thble 2 shows, as expecte{ that increasing
cel1 density increases analyte flux rates irr a near-liaeal 1s

fashion for most cel densities. Above a density of 3xl0s
cells, oxyger flux did not ircrease as rapidly, presunably
due to contact inhibition and cmwding effects.

The device can tlerefore be used to evaluate the effect of
higl cell densities on metabolic rates. 20

Example 3

The Efect of 2,4 DNP on C2Cl2 Myoblasts:
The chemical mmpound 2,4 DNP can be used to 25

uncouple mitcchondrial respiration from ATP synthesis by
disassociating the linkage betweea the respiratory chaia aad
the phosphorylation system, 1n the presence of this com-
pound, it is knowa tlat oxygen consumptio[ will increase
dramatically, while pft)tor flux remains relatively conrtatrt. 30

ln this experiment, CZC|Z myoblasts were seeded on 12
mm diameter polycarbonate membranes and incubated for
12 hours. Wells were then removed from tire incubator,
inspected visually, and placed into ttre measurement device,
160 pl of Nat{Cor-free DMEM medium was then added, 35

and the device was assembled to form an enclosed sample
chamber.

18
Example 4

The Effect of Rotenone on C2Cl2 Myoblasts:

Rotenoae is lnown to inhibit cellular respiralion by
blocking NADH dehydrogenase in the respiratory chain.
C2Cl2 Myoblasts were used to show this efect. 1.5x105
C2C12 myobtrasts y,.ele seeded on memb::a:es, incr.rbated and
placed in the measurement system alorg with I50 pl
NaHCOT-&ee DMEM medium of as described in Example
J.

The dissoived concentuadons ofO, and COr, and the pH
in the media were then measured every 5 seconds for a
period of2o mitrutes ie order to detenaine a control baseline
for each anaryte flux. Once the baseline was established a
sequmce ol e:<periments were performed where varying
doses of Rotenotre (obtained from Sigma, St. Louis Mo.)
were added to the cell media and a 20 minute measuremert
of analyte flux rates was performed. A conirol experimeflt
was also performed using the highest dose of Rotenong but
without cells. The data from the dose respol$e is shown in
Table 4 and FIG. 9.

ITBLE 4

Efst of Rotaone on C2C12 Mvobimts

02 COz pH
Rate Rate Rat6 CO2/O2 Alpll

0.E8 0.33
1.15 0.50
0.93 0.35 r0
1.63 0.26
2.36 0.22

400
300
200
150
100

Rotenme 01 C0,
Do* Rate R&e

pH
R6te CO2{O2 O2lpI{

0
25
50

irjo
200

200-No
C*lls

0,58 i.50 0.027
o-4 L.76 0.026
4.26 2.08 0.031
0.i9 i.l4 o.o)l
0.@ 2.24 A.027

-0.07 0.14 0.001

2.56 0.22
4.00 0.17
8.02 0.08
i).i8 o.(,
69.84 0.02
7.51 -0.51

The dissolved concent?tions of o, aad Cor, and the pH rhe data ir, Table 4 demonstrates that, as expected, treamentin the media were then measured every 5 secords fol i ,^ ;tl, R;"oo;;-"urir", u dosedepeodent decrease ia 0,period of 20 minutes in order to determioe a cotrtrol baseline 40 '* * 
-:-"-- . 

- .*
for cach anaiyte flux. once ihe baseline was established]- 

- consumption rate in these cells'

sequence of experiments were performed where varying
doses of 2,4 DNP (obtained from Sigma, St. Louis Mo.)
were added to the cell media and a 20 minute measurement

Example 5

ot'ar:alyte fluri mtes was performed. A coatrol exper-'rment 45 MeasuremefltofRespiraticnardAcidfficationRateChaages
was also performed using the higbest dose of 2,4 DNP, but Resultirg &om Cell Proliferation:
without cells. The data &om the dose response is shown in The experimental device described in Example I was
Table 3 and FIG' 8' 

"."a 
to u""rtigut" tlre relationship between cell prolifera-TABLE3 ,. [?""ffi{.iY::},:.?f*T'Hfi#ff".'r'#ff#,:

Etrect of 2.4pNp oe c2c1z Mvoblsts membraaes and then incubated at 37' C. 12 hours after being
seeded, cells were placed in DMEM serum-free media

2,4
Dr\ip (Gibco, Carlsbad, Calif.) to inhibit proliferation. AAer 24
Dos or Rate co2 Rare pH Rat6 ,, hours, half of the cel1s were switched to DMEM serum-
(pM) (nlr,l/mia) (nM/min) (plvmia) Coz/ou ozipH containing media to stimulate proliferation, while the other

0 0.38 z.2z 0.024 5.s3 0.1;- half were maintained in serum-free mdia.
10 1.26 23a 0"028 2.18 0.2+6 Wells were then removed flrm the incubator, inspected
50 1.99 4.24 0.031 2.13 A.64 visually, and placed into the me€:surement device. 57 pl of100 2'30 4'se 0'032 2'00 o'': oo NaHctir-free- DMEM Medium (obtained from Speciaity100 -0.18 0-i5 0.001 r-0.84 -1.3r

m" i",. "- "" " 
Y"",''i;,i#J'iTiy**?:n,*H::11"1ffi;"X:T;:
concentration of each analytes was then measured every 8

The data in Table 3 shows tbat as predicted, treatment with seconds for a period of 20 minutes, and the average rate of
2,4 DNP causes a dose-dependent increase in O, consump- 65 decay from F10 minutes to F20 minutes from start was
tion rales while having little effect on exEacelirilar acidifi- computed. The resu.lting flux rates are shown in Table 5 and
cation. in graphical form in FIG. 10.
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Lffirci !i oell Lr$liferition on !:xtacellulx diah1. fl.Laij

02 Rste PH Rste * 10
(nMolmlmir) (PELr/min)

2g
carbachol was perfirsed across the SNAP]*'ELLrM. During
re-perfusiotr number 6, bicarbonate-free DtvIEM mediBm
was on€ agah p€rfiised across tie SNAPWELLru. A rate
of chaiige for &e anailles rl?s calculated during each siop
ffow cycle.

Results:

CHO-M3 Baseline Followed by 100 pM Carbachol Treat-
metr1

The first four series of perfirsion/stop flow cycles were
done to establish a noise baad cn the tlree analytes prior to
carbachol treahetrt during perfirsion number 5. Bicarbon-
ate-free medium re-perfusion during perperfusion number 6
atrd the rates calculated during stop flow nunber 6 were to
assess poteatial continuing post-carbachol treatment efects
on analyes' rates. Resultiug dau. xe shown below in Table
6 and in FIG. 11.

TA.BLE 6

Effbct of orbrchol expoffe otr oxygen commption,

19

TABLE 5

0.188 +/- 0.020
0.102 +/- 0.050

The data in Tiable 5 demonstrates that, as expected, cell
proiiferaiion results in an increase in oxygea consumption
and the rate ofextracellular acidiflcatior:"

Exampie 6

Measuremert of G-Protein Coupled Receptor Activation in
CHO-M3 Cells:

hevious studies have shcwn that stimulatioa of trans-
membrane receptors offen causes a rapid inerease in extra-
cellular acidification ratg remlting primarily from acute
activation of ion exchaage pumps. In this experimen! the
prototype device was used to detect a change in extracellular
acidification rate following treatment of celis with a receptor
agonist.

Chinese hamsier ovary' (CHO) cel1s were transfected to
over-express the muscarinic receptor subtype m3. The pro-
totype device descrii:ed in Exampie 1 was then used to
monitor O, consumption, CO, production, and extmcellular
acidification rates, followirg trealrrent with the well-known,
generai acetylcholine receptor agonist, Carbachol.

idaierials and Methods: Celi cuiture reagents were
obtained from Gibco BRL (Giand Island, Ii{.Y.). Ca6achol
was purchased from Slema Chemical Co. (St. Louis, Mo.).
Bicarbonate-free DMEM medium was obtained from Spe-
cialty Media (Phiiiipsburg, N.J.). Polyca'*onate membrane
SNAIWELL"Ms {12 mm diameter, 3 pm pore size) were
obtained from Coming (Coraing N.Y.). CHO cells express-
ing m3-muscarmnic receptors (CHO-M3 cells) were
obtaiaed from the American Ty'pe Tissue Culture (AICC;
Manassas, Va.). Ce1ls were cultured in Ham's F-12 medium
supplemented with lfflo fetal bovine serum (Hyclone), 1olo

GlutaMax aad 0.1% Gentamicin atrd were maintained in a
5q/o CO2 incubator. Ce11s srere subcukred iv.hen they
reached 80olo conflueney. CHO-M3 cells were seeded at a
density of 2x1t' onto a SNAPIYWLT&I 24 hours prior to
use. knmediately prior to testing cel1s on SNAPWELLru
were switched to bicarbonate-free DMEM medium com-
bined with 3.7 gl1 NaCl to maintain osmolarity (medium pH
7.4:7.5).

Protocol Description: Probes were calibrated immediately
prior to testing. The lottonr ofthe tqst vesset was fil1ed with
bicarbouate-free medium. The SNAPWELLTM was removed
fram a 5*A CO, incubator, and the regular growth medium
(Ham's F-12i was replaced with bicarbonate-free DMEM
medium. Thereafter, the SNAPWELLru was piaced into the
test vessel. Bicarbonate-free medium was pipetted onto the
top of the SNAPWELLTM, and the cover piece of the test
vessel was placed gently on top of the SNAPWELLTM and
screwed iato place, compressirg the asseinbly. The pmbe
software was started, and t}e pEI, C0, and 0, analytes were
measlred over the next 3.5 hours. Followiag the initial 1.5
hours of perfusion at a rate of 78 pl/min, a series of stop flow
(10 minutes each) and m€dium re-perfusion (10 minutes
each, 78 pllmin) cycies were started. During the last 2
minutes 6f nnsdirrm re-perfusion cycle number 5,.10O frM

0.01 i,53 0.23
0.01 1.93 0.25
0.01 3.04 0.36
0.01 2.45 0.38
0.o2 1.99 0.26
0.01 3.34 0.29

Average baseiine vafues compared to treat&entvalues illus-
trate ttrat a 2-mitrute expcsure of CHO-M3 ce1ls to carbachol

3s resulted in a doubliag in the pH rate (0.01 PHU/min vs 0.02
PHUlmin), though O, a:rd CO, rates also demonstrated
iacreases above baseline lwels (see below). Post-treatrrent
rates generated during stop flow period number 6 essentially
refurned to pre-treatmetrt values.

40

Exarrple 7

Comparison of Meazured Analyte Fluxes wilh atrd without

o, the Tmporary Formation o13 gamrie Charober:

The temporary formation of a sample chamber within a
larger vessel, and containing an effectively high corcerka-
tion of cells, is a characteristic for the instaut invention.

In order to demonstrate this principle, a cylindrical vessel

5s of approximalely 12 mm il diameter and 10 mm in height
was constructd frrm polycarbonate material. Fluorescent
sensors capable of measuriag partial pressures of O, and
COr, and a sensor capable of measuring; pH, were installed
in the bottom cf the vessel aad calibraled as described

55 previously. A cylindrical cover was also fabricated fn:m
polycartonate material, witl a diameter to accommodate
itsertion into the vessel, in order to provide a gas-imper-
meable mver aad to reduce the enclosed volume of the
vessel as required. A cylindrical spacer of 0.5 mm in height

6o was aiso fabricated with a diameter to aecommodate inser-
tioa in the bottom of the vessel, &us providiog a stop for the
cover at a precise location.

Appmximately lxlff C2clzfi:ryoblast cells was prepared
as described previously. the cells were placed within the

65 vess€l along with approximately 1 mI of cell growth media,
The partial pressue of oxygen within the ceU mediia was
measured continuously usiag a calibrated fluarescent probe.

50 K Stimulated
50 K Stawed

0.311 +/- 0.091
0.O82 +/- O.019

10

Rate
Smary

o2.ipH
Rrtio

02
(nMoU
min)

CO2 pH O2ICO2
(aMolinin) ffIru-/min) Raiio25

Stop Flow 1

Stcp Flow 2
Stop FloY 3
Stop FloP 4
Stop Flow 5

3o Stop Flow 6

0.23
0.24
0.30

0.40
0.33

0.i5
0.12
0-10
0,11
0-20
0.10
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21.
The rate of change of pO, was then calculated from the
differencebetweenthepOrvaiues at 12 and 16 mirutes from
the start of the experiment.

A cylindrical co-ver was then placed oii the surface of the
cell media in order to inhibit the influx of oxygen from the
ambient air. This also reduced the volume of media exposed
to the celis to approximately 130 pl. Again, the pO, values
at 12 and 16 miautes from tlre start cf the expedmeat were
measured and recorded.

The cylindrical cover was then lowered within the vessel
(to rest on the spacer) so as to reduce the volume of media
exposed to the eells to approximately 57 gd, Agaia, t&e p0,
values at 12 and 16 minutes lroru the start of the experiment
were measrired and recorded-

The measwed rates sf ghange ofpO, within tLe cell media
for the tlree coaditions are shown irr tabular fcrm in Table
7 and in graphical form in FIG. 12.

TABLE 7

Oxygea depletion rale il a fou miaute iateral,
with ud wi&out the fosnatior of u enclosed smple churber

ApO2 %cv

SmeI (57 pL) 0.38
Medim (130 pL) 0.12
Oper -0.04

This experiment demonstrates that the formation of an
enclosed sample chamber, sealed from ambient air and
containiog a high density of ce11s, generates flux rates
sufficient to provide a rapid measuremenl with a high
si gnal- lo-noise ratio.

It is apparent that mary modifications and variations of
this invention as hereinabove set forth may be made without
departing from the spirit aad scope of the present ievetrtion
and the above examples are Irot irtended to in ary way to
limit the present inventiotr but arc merely exemplary. The
foregoing embodiments are therefore to be considered in all
respects illustrative rather than limitiag on the hvention
described hereia.

What is claimed is:
1. A method of determhing a cel1 constituent extuacte.d

from or secreted into a volume of medium (130) in a vessel
(100) by a sample comprising cells (120), the me&od
comprising:

(a) placing said sample in a vessel in an apparafus
comprising:
the vessei, includiag a chamber so&taining atr original

volume of mediurn and, within the chamber, a sur-
face to hold or contaia the sample;

a moveable barrier (14$) which alters the volume of the
medium ia coatact with the sample; and

a se&sor in sensing contact wilh the medium;
(b) moving the barrier to reduce the volume of the

chamber and thereby the medium, forming a reduced-
volume measuring chamber {150) in coutact with the
sample;

(c) determirring a cell coastituent in the medium in the
reduced volume measuring chambbr with the sensor;
and

(d) moving the barrier to increase the redrced volume of
medium about the cells to substantialiy the original
volume.

2. The method of clajm 1, furtler comprising the step of
repeating sleps b) and c).

us 7,276,351 82
22

3. The method of claim 1, further comprising the steps of:
determinilg a first concentration ofthe conslituenl; and
determidng a second conceutration ofthe coflstituetrt at a

predetermined time interval froh. detei:aining',he first
5 concentratiotr.

4. The method of claim 3 further comprisiag the step of
calculating a flux rate ofthe constiruent based on the fint
ccrceatration anC the seccrd concentratioa.

5. The method of claim 1 wherein the reduced volrrme is
10 ir a range ofabout 5-50o/o ofthe origiaai volume.

6. The method of claim 5 wherein the reduced volume is
io a range of about 5-20p/o of thc origlnal volume,

7. The mdhod of claim I wherein the reduced volume is
less thqn about 5oZ of the original volume.

ls 8. The method of claim 1 whereinthe cells comprise a cell
selected from the group consisting ofbacteri4 fungus, yeast,
a prokaryotic ce1l, a eukaryotic cel1, an animal cel1, a human
ce1l, and aa immortal cel1.

9. The metlod of claim 1 wherein at least a portion ofthe
zo cells are attached to said surface ofsaid chamber.

10. The method of claim 1 whereitr at least a portion ofthe
cells arc suspended in the media.

11 . The method of claim 1 wherein at least a portion ofthe
cells comprise iiving tissue.

2s 12. The method of claim L wherein the constituent com-
prises a mateiial selected from the group consisting of a
dissolved gas, an ioa, a pmteia, a substrate, a sa1t, and a
mineral.

13. The method of claim 12 wherein the dissolved gas is
go selected from the group consisting of Or, COr, and NHr.

14. The methcd of claim 1 wherein the constituent com-
prises a material extracted &om the media by at least a
portion of the cei1s.

15. The metlod cf claim I whereia the constituent com-
:s prises a material secreted into the media by at least a portioa

of the celis.
i6. The method of ciaim 1 wherein deiermining ihe ce1l

constituent comprises sensing a ptesence ofthe constituent.
17. T1rc method of ciaim 1 wherein determining the cell

40 constituetrt comprises ssnsing a concentration of the cr:n-
$t(tucr I r-

18. The method of claim 1 wherein determining tle ceil
constituent comprises 566sing a fust concentration of a first
cotrstituea! sensing a second concentration of a second

45 constituert, and determidng a relatioaship between the first
concentration and the second concentration.

19. The method of claim 1 wherein detamining the cell
constifuent comprises sensing a rate of cha[ge of concen-
tratiou of the eoestitueol.

50 20. The method of claim 1 wherein the sensor comprises
a serr.sor selecled from the group consisting ofa fluorescent
sensot a luminescent sensor, ao ISFET sursor, a surface
plasmoa resotlarce setsor- a sensor based on an optical
diffraction priociple, a sersor based on a principie cfWood's

ss aaomal.v, an acoustic sensor, aild a microwave sensor,
21. The method of claim 1 wherein determining the ceil

canstituetrt comprises determiniag a parameter selected
from the group consisting of celI viability, cell number, ce11

growth ratq response to at least one of a drug, a toxirl and
oo a chemical, detection of aa entity, and intemalizatiou.

22. The method of claim 1. further comprising the step of
perfusing additional media throug! the vessel.

23. The method of claim l, further comprising the step of
replenishing the media in the vessel.

65 24. The method of claim 1 wherein the barrier is disposd
in the vessel v/ithout causing displacement ofmedia out of
the vessel.

0.04 l$/o
0.05 38o/o

0.10 ah
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25. The method of claim l wherein at least a portion of the
barricr compriscs thc sensor.

26. The method ofclaim 1 wherein tbe sensor is disposed
^- .. -,.J^..^ -f--:l L--J^- :- -,^-.-^. ..,:rr- ..-:f -^r."^^rull d sul ld!( ut 5d!u udllEr llt uLrll(dut wltu salu I<uuu(u

volume neasurirg ch:u:eber. -5

27. Tlre rnethod of claim 26 whereilr the sen.sor comprises
a fluoiophore.

itQ T1.- -'prlrr.-t ^f .1";*. I ...i'-.^i- or laorr o nnai^'. ^f r1'orr o pui iiuii ui d!

vessel conrprises a sensot-
29. The nrethod of claim 1" conrprisitg tlre additional step rr.r

ofaltering arr environmelt ofat ieasl a portio[ ofthe cel1s

nno!" to reduc!ns'lhe orisinal voirrrue of media.
30. ltle method of clairn 29 wherein altering the envi-

rorrrent comprises exposing at least a portion of the cells to
at least one of a drug, a chemical, and a toxin. 1i

31. lAe nethod of claim 1. further comprising the step of
altering an envirounelt ofat least a portiol ofthe cells after
stcp b).

32. The method of claim 1 comprising tlre additional step
ofcoverirg the vessei. 20

33. The methcd cf claim 1 comprisilg the addilional step
of stirring at least a portion of the original volume of nedia
in the vessel.

34. The method of claim 1 comprising the additional step
of sealing tlre vessel. 2s

35. 'lhe methoti of claim 1 *'herein the cel1s comprise an
animal celi. a human cel1, or an immortal ce1i.

36. 'lhe method of claim 1 wherein said vessel cornprises
a w-el1 in a plate including multiple we11s for holding media
and ce1ls. 30

37. A method of anaiyzing cells disposed il mcdia withit
a vessel by analyzing constituents extracted jiom or secreted
inrr, the inedia. rire nrethod comprisiug rhe steps ol:

(a) providing a vessel having an original volume of media
about the cellst j5

(b) disposing a barrier into tlre vessel to reduce the
criginatr r,oiume of me<iia about at ieast a poriion oitire
ce1ls in the vessel and to define a rey-luced volume of
media; and

(c) anaiyzing a constituent related to the celis within the ao
" J-.. .f - 1--..- -f,._. ri^ ^..:,- -I<uultru vututuE Ur UuulJ bulg a SeUsUt tlt CUlttaUi BIiil
the reduced volurne cf media.

24
38. The method of claim 37 whereia tle cells are selected

Aom the grcup consisting of animal cells, human cells, and
immortal cells.

39. The method of claim 37 wherein tle senscr is dispcsed
on a surface of said barrier ill contact with the reduced
volume.

40. The method of claim 3? wherein the serisor comprises
a fluorophore.

4L. Tlee metkod of claim 39 wherein the sensor comFrises
a fluorophore.

42. The niethod of claim 37 eompising the additioaal *tep
cf:

d) increasing the reduced volume ofmedia about the cells
in said vessel to substantially the original volume.

43. The Bethod of claim 3? whereia the constituent
comprises a material selected from the group consisting ol
a dissolved gas, aa ion, a protein, a subskatg a salt, and a
m ineral,

44. The method of claim 37 wherein the constituent
comprises a dissolved gas selected frcm the group corsisting
of 02, CO2, and NHr.

45. Tli* me&od of clain 3? inherein the senrior coriipriSeS
a sensor selected &om the group coffistirg of a fluorescent
sensor, a lrrminescent sensor, an ISFET sensor, a surface
plasmon resorrance senso! a sessor based on an optical
difractionprincipie, a sensorbased on a priaciple of Wood's
anomaly: an acoustic sensor, and a micrcwave sensor.

46. The metbod of claim 37 wherein ihe barrier is
disposed in the vessel without caus;ng displacement of
media out of &e vessel.

47. Themethod of clgim 37 comprisingthe additional step
of repeating steps b) erd c) wi&ou11'gp6ying said ceils from
$aid media.

48. The method of claim 37 whereiu said vessel comprises
a well in a plate including multiple weIls for holding media
and cells.

*****
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EP 1 664 740 81

Description

Field of the lnvention

[0001] This application relates generally to high throughput screening techniques and, more specifically, to the meas-
urement of the constituents (analytes) of an extracellular medium surrounding living cells. All of the patents, ar.ticles,
and other references cited herein form a part o{ this patent application and their respective disclosures are incorporated
herein by reference in their entirety.

Background

[CI002] l-iving cells typically consume nutrients and oxygen from the surrcunding medium, and return metabolic by-
products, including ions, carbon dioxide, lactate, and various proteins, to this extracellular environment. The rate of
uptake and excretion of these anaiytes can provide valuable information regarding the metabr:lic processes underway
inside the cells.

[00031 Conventionai biological assays inherently exhibit significant ijmitations. An icieal biological assay is homoge-
neous (i.e", does not require the introduction of a foreign agent such as a dye), non-invasive (i.e.. has no deleterious
6ff6^+ 

^h 
rh^ hi^i^^i^^l nraanco\ a^n '^^iJr' 'u vrurvyrvur pr vverJ/, or iu i qPiu.

[0004] Many tools have been deveioped to probe the mechanistic processes of cells using internalized reporters such
as fluorescent dyes. A device that is able to measure extracellular analy.ies using a non-invasive, homogeneous assay
per{ormed within a container that is compatible with existing invasive tools would be parlicularly useful.

[0005] Some previous approaches r"elate to oxygen flux rate measurements, since respiration can be deemed to be
a basic measure of cell viability. Many devices have been developed to monitor respiration in vitro, through determination
of the rate of depletion of oxygen in the extracellular medium. The earliest instruments relied on the change in total gas
pressure in a seaiecj vessel, using the assumption that this change was primariiy due to oxygen consumption.

[0006] ln the 1960s, the Clark e]ectrode (Clark, L.C. Jnr. Ann. NY Acad. Sci. '1962; 102:2945), and laterthe miniaturized
Clark electrode, enabled a more specific measure of oxyEen partiai pressure. The relative complexiiy of the Clark design,
and the fact that the electrode itself consumed oxygen, mav have hindered its incorooration in a highly oarallel instrument
suitable forvridespread use. However, these devices were deemed successful enough to rneasure cell viability (Gesinski
RM, Morrison JH, Toepfer JR" "Measurement of oxygen consumption of rat bone marrow cells by a polarographic
method." J Appl Physiol. 1968; 24{6):751-754), to profile the toxic effects of drugs and chemicals (Shenoy MA, Biaglow
JE, Varnes ME, Hetzel FW. "lnhibition of cultured human tumor cell oxygen utilization by chlorpromazine." Adv Exp Med
Biol.1983,159:359-68), and to shovr ihe effect of agents such as insulin on ceilular metaboiic processes {Panten U and
Klein H" "O2 consurnption by isolated pancreatic islets, as measured in a Microincubation system rvith a Clarktype
olaatrnla 'r E6x^^ri6^l^nrr { OaC. 4 I 4.,i trot 4 Ann\Lr rvvur ft,vruvJ t. i uJr i vvvl,

t0007J More recently, several oxygen sensors have been developed that can enable the design of a non-invasive,
homogeneous readout of cellularrespiration. Fluorescent compounds, whose response is diminished bythe phenomenon
of oxygen-quenching, are now available. These compounds can be embedded in an oxygen permeable membrane and
exposed to cell media, and can be read using low cost, fiber coupled, semiconductor light sources and sensors (Woifbeis
OS, 2002. "Fiber-Optic Chemical Sensors and Biosensors." Annal of Chem. 2OO2;74:2663-2678).

[0008] An ion-sensitive field-effect transistor (ISFET), whose gate region can be exposed to a liquid analyte, has been
adapteci to measure oxygen pressure using enzyme caiaiyzeci conversion of oxygen (O2) to H= ions that can be cjetected
by this sensor (Lehmann, M, Baumann W. Brischwein M, Gahle H-J, Freund l, Ehret R, Dreschler S , Palzer H, Kleintges
M, Sieben U and Wolf B. "Simultaneous measurement of cellular respiration and acidification with a single CMOS ISFET.
2001." Biosensors & Bioelectronics. 2001 ;16:195-203).
[0009] Devices have been described and/or demonstrated that incorporate oxygen-quenched fluorophores, iSFETs
and other oxygen sensors within sample chambers containing bacteria or mammalian cells for the purpose of measuring
respiration rate, viability, or the effecl of drugs or toxins. These devices range in size from fluorescent patches attachecl
to the interior wall of iarge ceil cuiture botties (Tolosa L, Kostov Y, Har"ms P, Rao G. "Noninvasive measurement of
dissolved oxygen in shake flasks." Biotechnol Bioeng 20A?Dec 5;80(5):594-7), to fluorescent sensors embedded within
microscopic flow cells fabricated using microfluidics technology (Liihdesmiiki l, Scampavia LD, Beeson C, and Ruzicka
J. "Detection of Oxygen Consunrption of Cultured Adherent Cells by Bead lnjection Spectroscopy." Anal. Chem^ 1g99;
71 5248-5252), to microtitre plates with fluorescent compounds suspended within (O'Riordan TC, Buckley D., Ogurtsov
V, O'Connor R., Papkovsky DB "A cell viability assay based on monitoring respiration by optical oxygen sensor." Anal.
Biochem. 2CI0};278(2):221-227) or deposited upon the wells (Woodnicka M, Guarino RD, Hemperly JJ, Timmins MR,
Stitt D, Pitner JB. "Novei fiuorescent technology piatform for high throughput cytotoxicity and proiiferation assays."
Journal of Biomolecular Screening. 2A0A; 5:141-152).

[0010] Some patents describe a device for monitoring cells using an oxygen-quenched fluorescent compound that is
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placed in contact with a broth containing bacieria or rnammaiian cells. A fluorescence rneasurement of cells treated wiih
a drug or toxin may be compared to a reference, purportedly to determine the effect of the compound on cellular
respiration. ln an embodiment, cells are contained within a microplate that is exposed to ambient air. Cells are maintained
at a low density in order to maintain viability in this configuration, because high cell density would likeiy result in anoxia.
acidification of the media, and contact inhibition. Measurement times may, therefore, typically be tens of hours or days.
ln addition, the influx of ambient oxygen and lack of control of sample rrolume may allow only relative measurement to
control to be t'nade. ln another ernDodiment, to limit ar"nbient oxygen influx, rnineral oll is placed above lhe cel! medra.
Because cell density is typicaily quite low, long measurement times are typicaily required.
[0011] A number of patents and publications describe oxygen flux meaiurement systems incorporating small, closed
sample chambers containing high densities of cells. ln these cievices, an active perfusion system is used to intermittently
restore normal levels of dissolved oxygen, pH, and nutrients. l'.lone of these systems are designed or configured to
enable the user to easily culture cells, maintain their viability, run experiments in parallel with high throughput, or run
other types of assays without detaching and moving the cells.
[00i?] There have aiso been approaches to measuring ceiiuiar acidification rate. Living ceiis produce protons (H*
ions) as a tryproduct of various metabolic processes, including both aerobic and anaerobic respiration. protons are also
produced when ion exchange pumps on the sudace of eukaryotic cells are activated as a result of binding of a ligand
with a transmembrane receptor or ion channel. ln a fixed volume of extracellular media, this proton flux causes a graclual
acidification that can be measured using a pH sensor. Thus, an indication of metabolic rate and/or receptor activation
can be determined from a precise measurement of extracellular aeidification rate.
[0013] A number of pH sensors can be applied to the measurement of cell media. ln addition to fluorescent and ISFET
sensors similar to those described previausly, a light addressabie potentiometric sensor has been incorporated in an
lnstrument for rapid measurement of proton flux (Parce W, Owicki J. Kercso K, Sigal G, Wada H, Muir V, Bousse L,
Ross K, Sikic B, and McConnell H. 1989. "Detection of Cell-Affecting Agents with a Silicon Biosensor.,,science. 19Bg;
246(4927J:243-247).

[0014] one patent descrlbes a device employing a method for measuremeni of extracellular acidification (pH) as an
indicator of cellular metabolism. ln this device, a small sample chamber containing a high densitv of cells is intermittenfly
perfused with media and closed to allow measurement of the pH change resulting from cellular proton excretion. A series
of repetitive stop/flow cycles provides kinetic metabolic rate data. Because the sample chamber, once assembled, is
fixed in size and contains a high density of cells, active perfusion is required to prevent cell death from the rapid acidification
and depletion of oxygen from the media. The addition of a perfusion sysiem to the device results in the need for relatively
complex tubina, pumps' and other features, that create cleaning and sterilization probiems for the user. ln addition, when
cells are to be treated with a drug using this device, the drug may need to be perfused over the cells for a relatively long
period of time, thereby consuming large quantities of typically scarce and expensive compounds.
[00J 5] Other extracellular analytes can be measured using non-invasive techniques. Carbon dioxide evolution can be
determined from the measurement of carbon dioxide (Cor) partial pressure in the media using various fluorescent
sensors (Pattison R, Swamy J, Mendenhall B, Hwang C, and Frohlich B. "Measurernent and Control of Dissolved Carbon
Dioxide in ldammalian Celi Culture Processes Using an in Situ Fiber optic Chemical Sensor.',2000. Biotechnology prog.
16:769-774)(GeX, KcstovY, anc G Rac. High Stabillty non=invasive autoclavable naked cptical Co2 sensor-.2003.
Biosensor and Bioelectronics 1 B:pp.Bb7-S65).
[0016J Other ions and chemical constituenis can be rneasured using non-invasive techniques basecl on optical or
semiconductor sensors- ln addition, larger rnolecules such as proteins can be measured using non-invasive techniques
that are sensitive to the binding of these moiecuies to antibodies that are attached to sensors exposed to the extracellular
media (Flora K and J Brennan. Comparison of Forrnats for the Development of Fiber-Optic Biosensors utilizing Sol-Get
Derived Materials Entrapping Fluorescently-Labeled Proteins. Analyst, jg9g, 124, 14SS-146).
[0017i t3iher physieai phenomenon that suppori such sensors are sunace piasmon resonance (Jordan & corn, ,,sunace
Plasmon Resonance Imaging Measurements of Electrostaiic Biopolyrner Adsorption onto chemically Modified Goid
Surfaces," Anal' Chem., 69:1449-1456 (1997), grating couplers (lVlorhard et al., "lmmobilization of antibodies in micr+.
patterns for cell detection by optical diffraction," Sensors and Aetuators B, 70, p. 232-242.2000), ellipsometry (Jin et
al', "A biosensor concept based on imaging ellipsometry for visualization r:f biomolecular interactions,,' Analyticai Bio-
chemistry' 232, p. 69-72, 1995), evanescent wave devices (Huber et al., "Direct optical immunosensing (sensitlvity and
selectivity)," Sensors and Actuators B, 6, p. 122-126,1992), reflectometry (Brecht & Gauglitz, "Optical probes and
transducers," Biosensors and Bioelectronics, '10, p. 923-936, 1g9S) and Wood's anomaly (B. Cunningham. p. Li, B. Lin,
J' Pepper' "Colorimetric resonant reflection as a direct blochemical assay technique,', Sensors and Actuators B, Volume
81, p. 3'16-328, Jan. 5, 2002).

[0018] In general, the utility of devices incorporaiing these sensing iechnolcgies fcr the pu!.pose of rneasuring secretion
of proteins by cells is Iimited by detection sensitivity" Sensitiviiy can be increased, typically by increasing cell density in
the region proximal to the sensor surface. However, cellular health declines rapidly as cell density increases, due to
anoria, acicjification of the media, and contact inhibition. lt is possible, but generally undesirable, to adhere celis directly
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to the sensor surface.

[0019] A need exists for the provision of a high cell density for measurement of analytes and a lcw density for main-
tenance of cell health and growth. While many devices have been developed for the purpose of measuring flux rates of
extracellular analytes, there exists a need to rneet requirements that may enable widespread use in the fields of biological
research, drug discovery and clinical diagnostics. A need exists for devices with high throLlghput and ease of use. A
parallel configuration may be desirable. Preferably, a tradeoff between long assay tlmes and the length of time to prepare
th^.^lmhl^r^,^rrldh^^lih;r:^iad laaLaf+hncnrrlyihrrrnn|n.\,166r,lrihl^\^.^-6^l^+hfnrrahnrr+anrt{h^.^{^.^ih^^h^^iih;t:h,vyvurvuEuIrr"rruLvw.LaunurUru5udiLiiuuLU-iiidyiE-uiiiiiiuyv3diiiijtuii iiuuuiiiJijidtiuitiejiuiui eiiiuuiiipaituit;i)i
with modern drug discovery and diagnostic activities.

[0020] ln addition, there is a need for an instrument that can be used io measure extracellular flux rates of cei]s in a
non-invasive manner within a vessel ihat is commonly used for other high throughput assays, thereby allowing the use
of the flux rate measurement as a quality control or complementary measurement to existing assays.

[0021] lnternational patent application WO 031059518 describes an assay device comprising a base and glass plate
lid. The base has an array of shallow microwells each having a flat rim, all rims being co-planar. When the lid is placed
on the base a thin capiliary gap is formed on each rim, acting as a liquid seal for a mrcroweil chamber. The liquid is
excess sample liquid and further excess is accommodated in overspill cavities between the microwells. Because of the
liquid seai and shallow configuration the benefits of microfluidic devices are achieved together with the handling con-
venience and use of conventional detection equipment of conventional microplate devices.

W0221 lnternational patent application W0 98/'1 5645 discloses the preamble of appended ciaims 1 and 34. lt describes
a biological indicator test utilizing oxygen sensing within a microenvironment as a means for deiermining the presence
of viable microorganisms capable of growth, a method for biological indicator testing for determining the cornpleieness
of a sleriiization cycie utiiizing oxygen sensing as the means fbr determining oxygen content in a biological indrcator
as$ay vessel containing an optical oxygen sensor, and a method and device for Cetermining antimicrobial drug resistance
or sensitivity to a contaminated sample.

[0023] ln summary, there is a need for a device that can meet the goais of data quality, compatibility with existinq
experimental practices, and ease-of-use, thereby enabling widespread adoption of a new technology.

Summary

[0024] According to an aspect of the present invention, there is provided a method in accordance with claim t herein.
The new method has been conceived and developed for providing high cell density for measurement of analytes and
low cell densities for maintenance of cell health and growth. The instant invention can determine the fiux rates of varicus
extracellular analytes in minutes, can provide quantitative rather ihan relative readings, can be used without adversely
affecting the physiological state of the cells undertest, and does not require an active perfusion or agitation system.
[0025] One feature of the invention is the iemporary creation of a substantially closed sample chamber within a vessel
containing a low densrtir !'njxtu!'e of cells and r^neCia. and a sensor or plurality cf sensoi's for rneasuremcnt of analytcs.
Since a temporary sample chamber is created within a larger vessel, media containing high levels of dissolved oxygen
and other analytes, and normal pH, is supplied to the cells prior to, and immediately after a measurement is made. Using
this feature, cells can be grown, maintained for extended periods, treated with drug compounds, and assayed usinE any
of a variety of methods, while being periodically assayed for viability and respiration rate, without compromising the cells.
Furthermore, the media containing cells need not be removed from the vessel; it is only displaced temporarily. Therefore,
a minimal quantity of drug compound is required"

[0026i in addition, by preciseiy coniroiiing the dimensions of the temporary sample chamber, a quantitative iiux raie
for extracellular analytes can be determined easily. Therefore, an external reference is not required; a change in the
flux rates of cells in a vessel can be determined from multipie readings of this one vessel.

10027j Elements of one embodiment of the invention include:

1. Temporary formation of a small, relatively impermeable sample chamber (containing one or more cells. one or
more sensors, and a small amount of cell media) within a larger rnedia-filled vessel.
This configuration assists with:

> increasing the rate of change of analyies in the media so that a sensitive measurement can be made in a
reasonably short time, i.e., minutes vs. hours for some of the prior art methods;

> eliminating the need for a reference, by overcoming the following limitations of the prior art:

a. Low sensitivity (low cell density in the measurement broth and thereiore a small signai that may need to
be measured);
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b. Unknown sample volume (user variability in fill ievel oi each well and evaporation); and

c. 02 influx from the surrounding environment (unless the entire well is sealed with, e.g., a minerai oil coating
as suggested by the orior art, which results in a terminal experiment);

> eliminating the need for cornpiex fluidic systems to provide intermittent perfusion to a flow celi, since a high
ratio of cells/media is only created temporarily in accordance with the invention; and

> development of a high sensitivity cell-based assay system for other types of sensors, including SPR, SRU,
etc., where the analyte affected by the cells is affected at a low rate that is difflculi to measure;

2. The specific design of a device to accomplish the above, inciuding a stepped well and inverted, mushroom-shaped
probe with optical sensors on the bottom surface; and

3. Temporary insertion of the sensor described above into a variety of vessels (including clear-bottom microplaies)
containing cells.

> This enables the use of subsiantiaily ail conveniionai assays, without the neecj io move ceils or disturb their
adhesion to the vessel surface; and

> Sensors can be cieaned and reused in rninutes.

[0028] lt is one objectof this invention to provide a rapici, non-invasive, and easy-to-use method for determining various
physiological properties of living cells. In particular, a device and method are described thai can measure overall cellular
metaboiic and respirative rates, the relaiive proportion of aerobicto anaerobic respiration, the relative rates of consumption
of various metabolic substrates, the effect oi stimulation of certain transmembrane and other ceiluiar receptors, the rates
of production of various secreted factors, and cell viability.
InO?ql Tha .'lovi-a anr{ mothar{ aan ha rnnl,arl i^ r rrrriatrr nf fial4c in^l' 

'dih^ 
hialaninal racocrah 

^rr 
rn riicaarr-^, -^.1tvv-rl urrv r!rvlrrvu loi' vE ciiPiisu iti q vdlru.y Ui iiEiuJ! ii,UlUUiiiV UiUiUViUd; iUSUdiUi l, UiUV UiSUUVEI y, d;iU

clinical diagnostics. The device can be used as a stand-alone instrument or in conjunction with existing assay methods.
For example, as a drug discovery tool, the device can be used to screen various compounds for an effect on cellular
metabolism. protein secretion, or intra/extra cellular ion exchange. ln addition, the device can be used to replace more
complex, invasive, and time consuming methods for determining the toxic effects of compounds on cells or tissue
samples. For this purpose, the device eliminates the need for the addition of dyes and incubation of cells. The device
can also be used to determine the health of cells cr lissue both before and after a conventional assay is performed,
thereby improving the penormance of such an assay.

[0030] ln one aspect, the invention includes a method of analyzing cells disposed in media within a vessel. The method
includes providing an original volume of media about the cells, reducing the original volume of media about at least a
portion of the cells to define a reduced volume of nredia, and analvzino a constituent related to the cells within the
reduced volume of media.

[00311 One or more of the following features may be included. The reduced volume of media about the cells may be
increased to substantially the original volume. A first concentration of the consiituent may be determined, and a second
concentration of the constiiuent may be determined at a predetermined time interval from the determination of the first
conceniration. A flux rate of the constituent may be calculated based on the first concentration and the second concen-
tration.

[0032] The reduced volurne rnay includc. for cxarnple abcui 5-50% of the criginal volu,'ne, prefcrabiy about 5-20% of
the original volume. ln some embodiments, the reduced volume may be less than about 5?i, of the original volume.

[0033] The cells may include bacteria, fungus, yeast, a prokaryotic cell, a eukaryotic cell, an animal ceil, a human cell,
and/or an immortal cell. At least a portion of the cells may be attached to a surfaee of the vessel. At least a portion of
the cells may be suspended in ihe media. At least a portion of the cells may include living tissue.

[00341 The constituent being analyzed may include a dissolved gas (e.g., 02, COz, NH3), an ion (e.g., H+, Na', K*,
Ca++), a protein (e.9., cytokines, insulin, chemokines, hormones, antibodies), a substrate (e"g., glucose, a fatty acid, an
amino acid, glutamine, giycogen, pyruvatei, a sait, andlor a minerai. The constituent may be extracterj from the mecjia
by at least a portion of the cells. The constituent may be secreted into the media hy at least a portion of the cells.
[0035] Analyzing the constituent may include sensing the presence and/or the concentration of the constituent. Ana-
lyzing the constituent mav include by sensing a first concentration of a first constituent, sensing a second concentration
of a second constituent, and determining a relationship between the firsi concentration and the second concentration.
Analyzing the constituent rnay include sensing a rate of change of a concentration of the constituent.
[0036] A sensor in contact with the media within the reduced volume may be used. The sensor may be a fluorescent
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sensor, a luminescent sensor, an ISFET sensor, a surface plasmon resonance sensor, a sensor based on an optical
diffraction principle, a sensor based on a principle of Wood's anomaly, an acoustic sensor, or a microlvave sensor.
[0037] Analyzing the constituent may include determining a parameter such as cell viability, cell nurnber, cell growth
rate, response to at least one of a drug, a toxin or a chemical, detection of an entity, and internalization.
[0038i The method may include perfusing additional media through the vessel andlor replenishing the media in the
vessel.
Inn2Cll D^Ar '^;^^ th^ \/^l',m^ nf mnr{in i^^!,,n^c /ii^^^^ih^ n harrinr ;h +h^ \,^--ol +,,hi^^llv nnr naloina Ji6^t^^^*^^+ ^rluvurl r\uuuuilrV urv vvruilis ui iiiuuid.irLiUuUJ u,DpubiltU d UdiiiUi ;iiiiiU UUUUUi, iylliUAil)" ItUi UaUSillU UISiJiUUUiileiii. Ui

the media out of the vessel. At least a portion of the barrier includes a sensor. Additionally, the reduced volume of media
may include a sensor, such as a fluorophore" At least a portion of the vessel may include a sensor.
[0040] The environment of at least a portion of the cells may be altered prior to reducing the original volume of media.
The environment may be altered by, e.9., exposing at least a portion of the cells to at least one of a drug, a chemical,
or a toxin.

[0041] The environment of at least a poftion of the cells may be altered after reducing the original volume of media.

[0042] The method may inciucie covering the vessei, seaiing the rressei, andlor stirring at least a portion of the originai
volume of media in the vessel.

[0043] ln another aspect, the invention relates to an apparatus for determining a constituent extracted from or secreted
by a sample comprising cell in accordance with claim 34.

[00441 One or more of the following features may be included. The sensor may be configured to analyze the constituent
without disturbing the cells. The vessel may include a weil disposed in a microplate. The well may include a step. The
barrier may be adapted to stir the media prior to anallisis of the constituent.
[0045] The sensor may be, for example, a fluorescent sensor, a iuminescent sensor, an iSFET sensor, a surface
plasmon resonance sensor, a sensor based on an optical diffraction principle, a sensor based on a principle of Wood's
anomaly, an acoustic sensor, or a microwave sensor.

[00461 An example features a plate including multiple wells for holdinq media and cells. Each of at least a portion of
the wells includes a seating surface for receiving a barrier a reduced volume.

[00471 One or more of the following features may be included. A shape of the seating surface may be generally planar,
arcuate, contoured, tapered, conical, stepped, or interlocking. The reduced volume within each of the wells may vary
by less than about '10% of a mean volume of ihe wells, preferably by iess than about 57o of the mean volume of the
we,ls, more preferably by less than about 1% of the mean volume of the wells. The seating surfaces of the wells may
each include a step disposed about an inner periphery of a respective well. The steps may lie in a step plane disposed
above a bottom plane defined by bottoms of respective wells. The step plane and the bottom ptane may be parallel
planes. A height of the step plane may be less than about 1 millimeter (mm) above the bottom plane, preferably less
than aboui 200 pm above the bottom plane, more preferabiy iess ihan about 50 pm above the bottom plane.

[0048] A fluorescent sensor may be disposed within at least one of the wells. At least one of the wells may inctude a
transparent bottom. At least one of the wells may include an opaque wall.

[0049] An example features a barrier for analysis of cells disposed in media in a vessel. The bar"rier includes a body
portion for insertion into the vessel, the body portion having a banier surface for rnating with a first surface of the vessel
tn nraafa a rarlr rnarl riallm^

[0050] One or more of the following iealures may be included. A shape of the barrier surface may be generally planar,
arcuate, contoured, tapered, conical, stepped, or interlocking. The barrier may include a cover for mating with a second
sur-face of the vessel.

[0051] A sensor is may disposed on the barrier surface for analyzing a constituent of a media disposed about at least
a portion of the cells. The sensor may include an optical sensor. The opticai sensor may be adapted to sense a fluorophore.
[0052] A conductor may be coupled to the sensor and configured to conduct signals therefrom. The conductor may
include an opticai fiber anci may be ciisposeci at least partiaiiy in ihe bociy portion. The barrier may inclucie a reaciout for
transmitting a signal from the sensor. The readout may be visual, fiber, electronics on a post, and/or a plate reader from
the bottom.

[0053] The barrier may include a plurality of barriers arranged to be received within a pluralitv of wells in a microplate"

Brief Description of the Drawings

[0054]

FlG. 1 is a partial cross-sectional view of one embodiment of the preseni invention, where ihe vessel is formed by
a single weli within a multi-well microplate, the cover and sensor assembly being shown in a pre-measurement
position;

FlG. 2 js a cross-sectional view of the cover and sensor assembly of FlG. 1 in the measurement position;
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FlG. 3 is a schematic illustration of a complete measurement system, in accordance with one embodiment of the
invention;

FIGS. 4a and 4b are schematic cross-sectional views of wells with different seating surfaces;

FlGs. 5a - 5c are schematic cross-sectional views of barriers that include both a sensor assembly and a readout;

FIG. 6 is a graph showinE the result of a study of the oxygen consumption and extraceilular acidification rates of
typical mammalian cells, depicting the mean and standard deviation of a series of eight separate measurements
using one embodiment of the invention;

FIG. 7 is a graph showing the result of a study of the oxygen consumption and carbon dioxide evolution rates of
various numbers of typical mammalian cells using one embodiment of the invention;

FlG" 8 is a graph showing the result of a study of the effect of the chemical compound 2,4, DNP on the rates of
oxygen consumption, carbon dioxide evolution, and extracellular acidification of typical mammalian cells using one
embodiment of the invention;

FlG. 9 is a graph showing the result of a study of the effeci of the chemical compound Rotenone on the rates of
oxygen consumption and extracellularacidification of typical mammalian cells using one embodimentof the invention;

FlG. 10 is a graph showing ihe result of a study of ihe effect of cell proliferation on oxygen consurnption and
extracellular acidification using one embodiment of the invention;

FlG. 11 is a graph showing the result of a study of the efiect of the chemical compound Carbachol on the rate of
extracellular acidification of typical mammalian cells using one embodiment of the invention; and

FiG. i 2 is a graph showing a comparison of the measured raies of oxygen consumpiion of typicai mammalian ceiis
in a vessel with, and without, the formation of a smali, enciosed sample chamber using one embodiment of the
invention.

Detailed Description

[0055] This invention enables the temporary creation of a highly concentrated volume of cells within a larger volume
of cell media, in order to allow sensitive measurements of the change in constituents of the media that result from
biological activity of the cells. tsy temporarily, rather than permanently, reducing the media volume (and therefore con-
centrating the cell/media mixture), ceils are exposed io a non-norrnal environment for only a brief period of time and are
therefore not adversely affected by the measurement process.

[0056] ln one embodiment of the invention, ceiis are grown or placed on the bottom of a vessel containing sufftcient
type and volume of media to support growth for an extended period of time. A sampie chamber is formed in the bottom
of the vessel, consisting of the bottom of the vessel and vertical walls, such that the enclosed volume is sufficient to
contain the cells plus a reduced vclume of media.

[0057] A barrier, having a diameter slightly less than the inside diameter of the vessel, is located above the sample
chamber on a rnovable actuator. Upon actuation, the barrier may be raised above the level of liquid in the vessel, or
lowered into the liquid and on to the vessel walls, forming a sample chamber that is relatively impervious to the diftusion
of analytes from the sample chamber to and trom the bulk medra now above the cover.
[0058] A cross-sectional view of a representative embodiment is shown in FlG. 1. The drawing details a vessel 100
that is typical of one well '1 1 0 within a multi-well microplate. The walls of this single well 1 1 0 form the vessel 100 that
contains live cells'120 and cell growth media 130. Cells may or mav not adhere to a bottom surface 132 of the vessel,
and the bottom surface may be treated or coated to encourage adherence. Alternatively, cells may be suspended within
the media and may be forced to the bottom of the vessel using gravity or centrifugal force.
[0059] A barrier 140, having a diameter slightly less than an inside diameter of the vessel 100, is used to form a cover
that defines a sample chamber 150 within the vessel. Barrier 140 may have a diameter d1 of, e.g., 6 mm, anci vessel
100 may have an inside diameter d2 of, e.9., 7 mm. ln FlG. 1, the barrier 140 is shown in a pre-measurement position
within the vessel. To effect a measurement, a rnanual or motorized plunger (actuator) can then be used to reposition
the barrier 140 slightl5r ebove the bottom su#ace 132 of the vesse! 100 as shor;n in FlG. I by lov,,ering the barr"ier 140
or raising the well 110. Orienting the barrier to the position shown in FlG. 2 prior to measurement defines the samptre
chamber 150 having a reduced volume of media, thereby enhancing measurement sensitivity.
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[0060] A sinEle vessel of nearly any size rnay be fabricated, or muitiple vessels may be fabricated in a one- or tws-
dimensional arrangement. ln one embodiment, a two-dimensional patiern of vessels corresponding to the patiern anrJ
dimensions of a microplate, as described by the Society for Biomolecular Screening standards for microplates i"SBS-'l
Footprints" and "SBS-4 Well Positions," both full proposed standards updaied May 20, 2003), and containing a total of
12, 24, 96,384, 1536, or any other number of individua! wells may be fabricated.
[00611 Thevessel and sample chambermaytypically beformed using plastic material such as, forexample, polystyrene
^F ^^,r/^r^^\,1^nn t^,i+h tts'o hnt-lnm nl^cr aa/ +h^ ^;,.1^F ^^l^.^.l hl+alz ta '^i',^^ ^h+;^^l ^F.\o6 ra!lz fram /\^^.^,^ll +^ ^h^+h^,ur F,w,yprvyyrorrs, vyrLrr L,rv uv.iuiii uiudi d,iu .iiu uiuu; uutuiuu uidun tu iuuuuc uljtiuiji uio55_ialK iiuill L)ilu vvuii ru diiuuiut .

[0062] A variety of types of barriers may be employed to temporarily reduce the volume of media about the cells without
causing displacement of media out of the vessel, such as a simple planar cover lowered vertically, a sliding cover
extended horizontally, ora pair of disks with cutouts that can be rotated to act a$ a valve. lt is desirable that the barrier
not disturb, i.e., not move, the cells or the media proximal to the cells, in order to reduce the required settling time prior
to a measurement.

[0063] A cornplete measurement system can be assembled using the components shown in FlG. 3. A vessel 300,
e"9., a piate such as a micr-oplate inciuding a piurality of weiis 302, is piaced upon a transiatton stage 3i 0. The microplate
is disposed beneaih an array of barriers 320 disposed on a plunger 322 adapted to receive the barriers and an array of
pipettors 330. Each of at least a portion of the wells includes a seating surface (see, e.g., FlGs. 4a and 4b) adapted to
receive one of lhe barriers" Barriers 320 may include sensors. An original volume of media may be disposed in the wells.
Using manual or motorized actuation, the barriers and pipettors may be lowered into the microplate wells to create a
reduced volume of media within the wells. The reduced volume may be iess than, e.g., 50%, of the original volume of
media. The barriers are adapted for insertion into the vessel, i.e., into the wells, by relative movement of the stage 310
and the piunger 322.Tne barriers and pipettors may aiso be iowered into cne of several fiuid reservoirs 340 containing
wash buffers and calibrants. When the barriers create the reduced volume of media r.vithin the vessels, sensors may be
in sensing communication with the reduced volume of media and may be configured to analyze one or more constituents
disposed within the reduced volume. The sensors may be inierroqated by an optical inter.face consistinq of illumination
sources (e.9.. light emitting diodes) and light detectors (e.9., photodiodes). with appropriate band-limiting filters inter-
spersed between the optical elements. A computer and software 350 perform actuation, calibration and measurement
functions.

[0064] A change in the temperature of the media within the sample chamber may resuit in unwanted measurement
errors from at least two sources. First, the capacity of the rnedia to hold dissolved gasses changes wiih temperature,
and therefore a change in temperature may cause an apparent change in dissolved gas concentration as the media
seeks equilibrium with the surrounding environment. Second, ihe measurement properties of manv tlrpes of sensors
changes with temperature.

[0065] To ensure accurate and repeatable measurements, the temperaiure of a reduced volume of media in the vessel
rnay be controf led or a correction factor may be applied to the measurement. Because evaporation induces cooling of
the liquid media, control of evaporation may be desired to reduce thermal drift, thermal gradients, and gas exchange.
[0066] Providing environmental and temperature control for the sarnple chamber may reduce unwanted impact on the
measurement process. For example, uncontrolled temperature changes of the media surrounding the cells can directly
imn2at tho rrfc nf annorah+ ^v\,^an nnncr rmn+ian i/-1yrrnon will nctr rrall*r n$f=ncc fram ma/ia ac it rrrarmo +hr rc in+enir rainnuilL v^rVvi' wiiruiiiii(iwil, v-^yVEii tYrii iidiuigiiy Uii-VoJ iiviii iirEUid do ii vuUiiiiJ. il iUi iiiiiULiUUi;lg
the appearance of a change in cellular respiration when, in fact, the rate change observed is a natural function of dissolved
gas seeking equilibrium as the iernperature increases. Similarly, any evaporation from the media due to other uncontrolled
environmental conditions such as humiciity or exposure to air currents can artificially impact the measurements made
from various sensors including those of dissolved gases, ions, and temperature"

[0067] Using this measurernent system, an assay cycie is initiated by mating the sensors / barriers with the vessel
walls to form closed sample chambers with reduced volume of media containing the celis. The rate and pattern of
aciuation olthe barriers may be programmeci to preveni rapid moiion of ihe meciia ihai may ciisturb the ceils, i.e., ciispiace
the cells by or cause shear stress on the cells, and may be alternated to provide fluid motion for stirring of the media,
as desired.

[0068] Additionally, the barriers ma17 be independently biased, for example, by using springs or"other force elements,
to ensure adequate seating of the covers in all of the wells, simultaneously.
[0069] The elecko-optical interface and computer are then used to measure the change in response of the sensor or
sensors resulting from the change in concentration of extracelluiar analyies. The rates of consumption or production of
analytes may be deterrnined by making multiple readings over a period of minutes and then calculating the slope between
selected measurement points. Once the measuremeni sequence is completed, the sensorlcovers are retracted io expose
the cells to the full volume of media within each vessel"

[007C] The measurernent systern may include provis!ons ,rcl'single or rnultiple=pcint calibration of the analyte sensors.
For example, two reservoirs containing llquid of known, but different pH, oxygen, CO2, or other analyte levels may be
incorporated. and a two-point (gain and offset) calibration may be performed periodically. Alternatively, "factory" pre-
caiibration of the sensors may be used to eliminate the need forfield calibration, orto reduce the calibration to a single
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point (otfset) correction.

[0071] Referring to FlG. 4a, in one embodirnent, a rnicroplate is used io prcvide a plurality of measuremenl vessels
in a standardized pattern. By incorporating a seating surface 400 in each well, a precise reduced volume of media can
be maintained about the cells during the measurement period" The neduced volume within each of the wells disposed
in a plate may vary by less than about 10% of a mean volume of the wells. ln some embodiments, the reduced volume
may vary by less than 5% of the mean volume of ihe wells, and in some embodiments, the reduced volume may vary
bi" lcss than ,4 % of thc mean volurne of thc vrells. The scating su,.focc 4CC or slcps may lie in a step planc 41C dispcsed
above a bottom plane 420 defined by bottoms 430 of respective wells, with the step plane 410 and the bottom plane
420 being parallel planes. The height of the step plane is generally less than about 1 mm above the bottom plane and
typically less than 50 pm to 200 pm above ihe bottom plane.

[0072] Referring to FlG.4b, in anotherembodiment, a sloped surface 435 is incorporated to preventthe adhesion of
cells on the seating surface 440. Any of a variety of alternative maiing cover and seating surfaces can be employed, in
varicus combinations and permutations, including those that are generally planar, arcuate. contoured, tapered, conical,
stepped, interiocking, etc. What is generally ciesired is that mating ieatures reirabty and repeatably tsolate the reciuced
volume from the oriEinal volume, such that the reduced volume has a generaily predetermined or known capaciiy.
Auxiliary seating components, such as O-rings, or resilient or compliant sealing lips, flaps, or other features may be
employed on the covers or in the wells to enhance the seal, as desired.

[0073] The barrier can be fabricated to include a sensor assembly and a readoui for transmitting a signal from the
sensor assembiy. FlG. 5a shows a cross-sectional view of a barrier formed fronr the combination of a tubular solid
support 500 and a removable cover 510 or sheath, having an enlarged distal end that forms a structure upon which one
or more opticaliy-coupied sensors 52A are attached. ln one embodiment, the sheath may be fabrlcated from a materiai
that is either disposable or sterilizable in order to prevent contamination of the cell media. A readout 530 may be in the
form of optical fibers disposed within the tubular support for communication between the sen$ors and an electro-optical
measurement system 540. The electro-optical measurement system 540 may incorporate a source of illumination, an
optical detector, spectral filters, and signal processing components. The electro-opiical measurement system 540 may
be at.rtomated. ln some embodiments, the electro-optical measurement system 540 may be in electrical communication
wiih computer 350 (see FlG. 3).

[0074] FlG. 5b shows an alternative arrangement in which the sensors are iiluminated by an external light source 550.
Electro-optical measurement system 540 may include separate components, i.e., an optical measurement system 860
and an illumination system 570. The optical measurement system 560 and illumination system 570 may be automated.
In some embodiments, the optical measurement and illumination svstems 560, 570 may be in electrical communication
with computer 350. Referring to FlG. 5c, in an alternative embodiment, the electro-optical measurement systern 540
includes optical and measurement components 580 located within the tubular support 500 and an external electronic
measurement system 5B5. The opticai and measurement components may communicate with the external electronic
measurement system 585 through a cable 590.

[0075] Any form of signal communication can be employed, as desired. Such forms of signai commr:nication mighi
include simple visual interrogation of a signal change such as a change in color; fiber optic signai communication corning
from any siCe of the vesse!; a laser cr CCD-based plate reader interrogating the signa! from the bcttcr"n of a transpa!"ent
vessel.

[0076] ln practice, many different configurations of vessels, barriers, and sensors may be employed. The total vesse!
volume may range from many liters 1o a fraction of a microliter (ml), but is generaily less than about 1 ml. The ratio of
the reduced volume of media enclosed within the temporary sample chamber to an original volume of media provided
in the vessel may range from about 50% to less than about 5% and even as low as less than aboui 1 %, but is typically
in the range of 5-20%.

[0077] Many ciifferent types and numbers of ceiis can be anaiyzed, incluciing bacieria, fungus, yeast, prokaryoiic anci
eukaryotic cells, anirnal or human cells, etc. Cells may adhere to the vessel wall or may be suspended within the media.
lmmortalized cells, native and primary cells, and homogenized or sliced tissue may be analyzed. A centrifuge may be
used to concentrate cells within the sample chamber region of the vessel.

[0078] ,Any numberof constituents of the media may be analyzed, includinE dissolved gasses, ions, proteins, metaboiic
substrates, salts and rninerals. These constituents may be consumed by the cells {such as O2), or may tre produced by
the cells either as a byproduct (such as C02 and NH3) or as a secreied factor (such as insulin, cytokines, chemokines.
hormones or antibodies). lons such as H+, Na+, Kr, and Ca++ secreted or extracted by cells in various cellular rnetabolisrn
processes may also be analyzed. Substrates either consumed or produced by cells such as glucose, fatty acid, amino
acids, glutamine, glycogen and pyruvate rnay be analyzed. Specialized media may be used to improve the sensitivity
cf the measurernent. For exarnple, the change in pH resulting frcr'n extracellular acidification can be increased by using
a media with reduced buffer capacity, such as bicarbonate-free media.

[0079] The analysis performed using this method may simply detect the presence of a constituent in the media, or
may quantitatively analyze the amount and change in concentration, volume, or partial pressure of a constituent. With
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the incorporation of multiple sensors, one or more ratios of constituents may be anaiyzed. As an example, the ratio of
anaerobicto aerobric respiration utilized by the cell can be determined tiom a calculation of the ratioof oxygen consumption
to extracellular acidification rate that is enabled by a measurement of changes in oxygen partial pressure and pH of the
extracellular media. Analysis may include sensing a firsi concentration of a first constituent, sensing a second concen-
tration of a second constituent, and determining a relationship between the first concentration and the second concen-
tration.
rnn0n] Th^ +,,n^ ^+ ^^^-^.F , '+il;-^.1 :^^1,,n^ a,,^h -^ ^',^h^h^; {1, '^F^-^^h+tvvvvl r rru LIyu vr rei'ovrr uLr,r4uu ilrvruus v^yverrrurrruro. ruurr aJ v^yvsr!-Yuqrrurrsu rruvrsol* err.yrus-

coupled ISFET sensors, miniature Clark electrodes. or other oxygen sensors; pH sensors, including fluorescent sensors,
ISFET sensors, pH sensitive dye sensors, LAP sensors, or other pH sensors; CO2 sensors, including bicarbonate buffer
coupled and ammonium dye coupled fluorescent sensors as well as other CO? sensors; various ion and small molecule
sensors; large molecule sensors including surface plasmon resonance sensors and sensors exploiting the principle of
Wood's anomaly; acoustic sensors; and rnicrowave sensors.

[0081] The method may be used io measure any number of attributes of cells and cellular function. For example, cell

viabiiity and metabolic rate may be cietermined from measurements of oxygen consumption rate, extraceiluiaracidtficatton
rate, or other metabolic analyte fluxes. By comparison of one or more analyte flux rates to a known rate per cell, cell
number may be determined and therefore growth rates can be monitored.

[00821 The number of sensors used may range from one lo many hundreds. Sensors for dissolved gasses may be

placed within the sample charnber, but not in direct contact with the media. Other sensors, however, should be in direct
contact with the media and in close proximity to the cells. This may be accomplished by mixing an indicator compound,
e.9., a fluorophore, with the cell media, or by embedding the indicator in a compound that is permeable to the analyte
to be measured. The embedded indicator maythen be attached to any surface of ihe sampie chamber region of the vessei.

[0083] ln one embodiment, one or more sensors may be attached to the lower surface of the barrier, so as to be

exposed to the extracellular media upon lowering of the barrier. One example of a sensorforthis purpose is a fluorescent
indicator, $uch as an oxygen-quenched fluorophore, embedded in an oxygen permeable substance, such as silicone
rubber.

[00841 Sequential measurements of a single group of cells may be made at predetermined time intervals to analyze
the effect of changes in the extracellular environment on their function, for example to examine ihe effect of exposure
to a drug, chemical, or toxin. ln this method, the volume of media surrounding the cells is first reduced, the constituents
of the media are measured, and the voiume is restored to its original value, as previously described" The environment
surrounding the celis is then altered, such as by adding a chemical that activates a transmembrane reoeptor, changing
ihe dissolved oxygen level, or adding a nutrient. One or more additional measurement cycles are then performed using
the temporarily reduced volume method, to analyze the effect of the altered extracellular environment.

[00851 At any iime during the sequence of measurements, the cell media may be replenished. ln ihis way, sequential
measurements can be made over a period of minutes, hours, or days. Any one of several different approaches may be
followed to replenish the media. Media may be replenished by sr-ibstantially removing part or all of the media within the
fullvolume of the vessel using standard manual or automaied pipetting instruments. Alternatively, media may be replen-
ished only within the reduced volume of the vessel when a barrier is lowered into position. ln the latter method, media
maU ha ranlanioharl h., {l,,inia 6v+.-.+i^^ a^r{ A^1i.,^^, frnm a ran ciAa n{ +ha rracoal thrnr rah a nn+al in a nl,,naar monhaaicmtt,uJva,vy,v,"o,,!uu,,,u,v'u u,iuuu,rru,J,,v,,,qrv}/ ,,vus'iqyv,.ur,"vp,u,,yv'

or through a portal built into any one of the sides or bottom of the vessel.

[0086] The introduction of an environment altering constituent such as a chemical, dissolved gas or nutrient may also
be applied eiiher to the fuli volume of the vessel as noied above or alternatively to only the reduced volume of the vessel.
In the latter embodiment, the volurne ol media surrounding the cells is first reduced, the constituents of the media are
measured. and the volume is restored to its original value, as previously described. The volume is then again reduced

and the environment immediately surrounding the cells within only the reduced volume is then altered, by the addition
of a consiiiuent through a porial in ihe piunger or elsewhere in the vessei defining ihe reciuceci voiume. One or more
measurements are made in the presence of the constituent. After this rneasurement cycle, the media within the reduced
volume may be exchanged one or more times to flush out the constituent before exposing the cells once again to the
full original volume. This aporoach may provide a benefit of reducing the volume of compound required. lt may also
provide the possibility of studying isolated effects without contaminating the entire volume, thereby, in effect, simulating
a flow system in wellplate format.

EXAMPLES

[0087] The following examples illustrate certain exemplary and preferred embodiments and applications of the instant
invention. but are not intended to be illustrative of all embodiments and applications.
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Example 1

Repetitive measurement af the basal respiration and acidificatian rates o{ C2C12 Myoblasts:

J0088i A prototype device was fabricated in order to evaluate varicus properties and potential applications of the
invention.

[0089] The device inciuded a cylindrical vessei, fabricated from poiycarbonate material, and designed to receive a 12
mm diamete!', polycarbonate membrane assembly {Corning Snapwellrsr P/NI 3S02) with a pore size of approximately 3
pm. A cylindrical polycarbonate cover could be temporarily inserted into the vessel to form a smailer sample chamber,
approximately 1.5 mm high, with a volume of about 160 microliter (pl). A series of bores around the perimeter of the
trcscol :lln$rpd +hc incartinn nf ihrcc 4l-t0 ,r m diamoior nntirq! filrorc Tha diefol tirr nf aanh nn+iaol fihar rrrao rna+al ,r,i+huP(iud. iruEi -. i ; is uiJ(qi liiJ ut uuut i uPiiudi iiuvt v?ds uuuivu !alii i

a fluorescent sensing material to form a biosensor.

[0090] The three biosensors were designed to measure the partlai ore$sures of 02 and COr, and the pH of ihe media
contained within the vessel. One fiber tip was coated with a matrix of Ruthenium dyes, encapsulated in oxygen permeable
silicone rubber, to provide a readout of dissolved oxygen conceniration. A second fiber tip was coated with a complex
sf Fiuoroscene dye encapsuiated in silicone rubber, to provide a readout of H+ ion concentration (pH).A ihird biosensor
wasfabricated by using a CO2 permeable membraneto create a smallreservoirof NaHCC3surrounding a HydroxyPyrene
Trisocjium Saii (HPTS) pH sensiiive dye. A change in C02 concentraiion in ihe celi meciia wouici ihen cause a change
in pH of this encapsulated reageni resulting in a measurable change in the fluorescent properties of the pH sensitive
dye, and this change was calibrated to provide quantitative CO2 concentration data.

[0091! Light emitting diodes were used to illuminate the three optical sensors at various wavelengths as shown in
Table f . in terms of nanometers (nm). Also shorvn in Table 1 are the wavelengths used to sense the fluorescent emission
of each sensor. ln each case, both analyte sensitive ("sensor"), and analyte insensitive ("reference") fluorescentproperties
of the dyes were measured to minimize unwanted drift and interference. Dichroic splitters were used to couple individual
fiber/dye assemblies to a pair of photodiodes/filter sets (O2 sensor) or a pair of LED/filter sets (pH and CO2).

TABLE 1

4,.^1,,+^ ^v^;t^+i^hrn.".l^ai..^i^-,r,-,/^t^h^+h-^ttotltc 
osr rour a^vrrorrvr I d, tu utiii--iui i ildvuiuiiuiii5

SensorExcitaticn ReferenceExciiation SensorEmission ReferenceEmission

Oxygen

PH

coz

488 nm 488 nm

464 nm 435 nm

460 nm 415 nm

610 nm 535 nm

530 nm 530 nm

530 nm 530 nm

[0092] Each sensor was calibrated once using multiple measurement points and a polynomial regression method to
establish a nonlinear calibration curve.

[0093] Sensors were then recalibrated daily using a two-point calibration method. pH sensors were calibrated by
sampling the optical response while submerged in a buffer solution with pH of 6.0 for 2 minutes, then in a solution with
pH 8, each for iwo rninutes. Oxygen and CO, sensors were calibrated using data points acquired while both sensors
were submerged for two minutes in a saline bath purged wiih room air, followed by a bath purged with 1 0% CO2l g0% N2.

[0094] During a typical assay, approximateiy i .5x'i05 ceils were piaced in the vessel aiong with 500 pi of liquici media,
resulting in a cell density of 3x105 ceiis/ml. To perform a measurement, the cylindrica! cover was ternporarily inserted
into the vessel. The cover displaced liquid media, but noi cells, to forrn a smaller sample chamber with a volume of 160
rrl and a therefore a cell density of approximately l xl Qo cells/ml. This resulted in more than a 6X increase in the rate of
change of analytes within ihe media in proximity to the biosensors.

[0095] ln order to evaluate the ability of the prototype device to reproducibly measure extracellular analytes flux rates,
1.5x105 trndifferentiated C2C12 murine skeletal muscle cells (obtained from ATCC, Manassas, V,A) were seeded on
each of eight separate 12 mm diameter polycarbonate membranes which were then incubated at 37 'C for a period of
12 hours.

[0096] ln a sequence of tests, wells were removed from the incubator, inspected visually, and placed into the meas-
urement device. 160 pl of bicarbonate {NaHCO3) -free DMEM Medium (obtained froni Soecialt-v Media. Philliosburg,
NJ) was then added, and the device was assembled to form an enclosed sample chamber. The concentration of each
analyte (partial pressures of 02 and CO2, and pH as an indicator of proton concentration) was then measured every 8
seconds for a period of 20 minutes, and the average rate of change of each enalyte was calculatecl over a four minute
period from t=12 minutes to t=16 minutes.

[00971 To cjetermine the extracellular flux rates of O2 and CO2, the rates of change of partial pressures were divide<j
by volume of each analytes available in the media (moles) to result in a value expressed in nmoilminute. The rate of
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acidification was expressed in mpH unitslrnin (multiplied by 20 for scaling on the chart), but can easily be shown as
protons per minute by caiculating the number of available electrons in the media buffer within the known sample volume.
[0098] The mean and standard deviation of the dissolved oxygen and pH decay rates for the series of eight tests are
shown in FlG. 6. As shown, these flux rates are highly reproducible in the prototype device.

Example 2

Measurement of basal respiration and acidification rates for various cell densities;

[0099] The experimental device described in Example 1 was used to investigate the relationship between cell number
and oxvgen and CO, flux rates. VaryinE numbers ('1 .0x10s - 4.0x105) of C2C12 myoblasts were seeded on 12 mm
diameter polycarbonate mernbranes (Corning SnapwellrM) which were then incubated at 37 'C for a period of 12 hours.
[01001 Wells were then removed from the incubator, inspected visually, and piaced into the measurement device. 1 50
pl of NaHC03-free DMEM Medium (obtained from Specialty Media, Phiilipsburg, NJ) was then added, and the device
was assembled to form an enclosed sample chamber. The concentration of each analyte was then measured every 5
seconds for a period of 20 minutes, and the average rate of change from t=10 minutes to t=20 minutes from start was
computed. The resulting flux rates are shown in Table 2 and in graphical form in FlG. 7.

TABLE 2
Measuring Metabolic Analytes from Varying Titrations of C2C12 Myoblasts

^-lI 
4 ,nnn\ A n-..^  A n^!-uEil + (uuu,/ \J2 ndrE uu2 t\itt€ un riate wvZtvZ orlPH

400 0_77

300 1.06

200 0.70

150 0.57
100 0.29

1_22

1.22

1.08

0.90

0.68

0.023

0.021

0.019

0,021

0.013

0.88
1.15

0.93
'1.63

2.50

0"33

0.50
0.35

0,26

0.22

[0101] The data in Table 2 shows, as expected, that lncreasing cell density increases analyte flux rates in a near-
linear fashion for most cell densities. Above a density of 3x105 cells, oxygen flux did not increase as rapidly, presumably
due to contact inhibition and crowding effects.

[0102] The devlce can therefore be used to evaluate the effect of high cell densities on metabolic rates.

E-^-^l^ 2L srlrPlE J

The Effect af 2,4 DNP on C2C12 Myoblasts:

[0103] The chemical compound 2,4 DNP can be used to uncouple mitochondrial respiration from ATP synthesis by
disassociating the linkage between the respiratory chain and the phosphorylation system. ln the presence of this com-
pound, it is known that oxygen consumption will increase dramatically, while proton flux remains relatively constant.
[0104] ln this experiment, C2C12 myobiastswere seecieci on 12 mm diameter polycarbonate membranes and incubateci
for 12 hours. Wells were then removed frorn the incubator, inspected visually, and placed into the measurement device.
160 pl of NaHCOu-free DMEM medium was then added, and the device was assembled to form an enctosed sample
chamber.

[0105] The dissolved concentrations of O2 and CO2, and the pH in the media were then measured every 5 seconds
for a period of 20 minutes in orderto determine a control baseline foreach analyte flux. Once the baseline was established,
a sequence of experiments were performed where varying doses of 2,4 DNP (obtained from Sigma, St. Louis M0) were
adcjed to the cell meciia and a 20 minute measurement of analyte fiux rates was perf-ormed. A controi experiment was
also performed using the highest dose of 2,4 DNP, but without cells. The data from ihe dose response is shown in Table
3 and FlG. 8,

TABLE 3
Effect of 2,4DNP on C2C12 Myoblasts

2,4 DNP Dose (pM) O, Rate (nM/nrin) C02 Rate (nMtmin) pH Rate(pH/min) CO2/O2 02/pH

0
'10

5.83 0.1 6

2.18 0.46

0.38
1.26

2.22

2.78
0.024
0.028

2A
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(continued)

Effeci of 2,4DNP on C2C12 Myoblasts

2,4 DNP Dase (pivl) 02 Rate inMlmin) CO2 Rate (ntrlimin) pH Rate(pH/min) CA2lAz O2lpH

50

100

100 No Cells

1.99

2.30
-0.18

4.24
4.59

0.'15

0.031

0.032

0.001

2j3 0.64
2.00 0.73
-0.84 -1.30

The data in Table 3 showsthatas predicted, treatmentwith 2,4 DNP causes a dose-dependent increase in 02 consumption
rates while havinq little effect on extracellular acidification.

Example 4

The Effect of Rolenone on C2C12 Myoblasts:

[0106] Rotenone is known to inhibit cellular respiration by blocking NADH dehydrogenase in the respiratory chain.
CZC1Z Myoblasts were used to show this effect. 1.5x105 CZC12 myoblasts were seeded on membranes, incubated and
placed in the measurement system along with 150 pl NaHCO.-free DM EM rnedium of as described in Example 3"

P1071 The dissolved concentrations of O, and CO2, and the pH in the media were then measured every 5 seconds
for a period of 20 minutes in orderto determine a control baseline for each analyte flux. Once the baseline was established,
a sequence of experiments were performed where varying doses of Rotenone (obtained from Sigma, St. Louis MO)
were added to the cell .media and a 20 minute measurernent of analyte flux rates was performed. A control experiment
was also performed using the highest dose of Rolenone, but without cells. The daia from the dose response is shown
in Tahl^ z4 an/ trll1 O

TABLE 4

Effect of Rotenone on C2C12 Myoblasts

Rotenone Dose O2 Rate CO, Rate pH Rate co2lo? oriPH

0 0.58
25 0.44

50 0.26
100 0.19
200 0.04

200-No Cells -A.AZ

2.s6 A.22

4.00 0.17
8.02 0.08

12.18 0.09

69.84 0.02
7.51 -0.51

1.50

1"76

2.48
1.J4

2.24

0.14

0.427

0.026

0.031

0.023
q"827

0.001

The data in Table 4 demonstrates that, as expected, treatment with Rotenone causes a dose-dependent decrease in
O, consumotion rate in these cells.

Example 5

Measttrement af respiration and acidification rate changes resulting fram cell proliferation:

[0108] The experimental device described in Example 1 was used to investigate the relationship between cel! prolif-
oralinn6nrl^wr/^an Cf\ anrlnrnlnnfluvratac (A\4fiAC2C11m!/^h!reicrrrorocaar{arianllmmdiamaiarnnirroarhanaravv2urrvyrvrv u.u^iv uaviaitiJUUiUDinWEivrvvuvvu'r r-,rrrtrurqtraUiui iiuiyLUiUUI i6iE
membranes and then incubated at 37 "C. 12 hours after being seeded, celis were placed in DMEM serurn-free media
(Gibco, Carlsbad, CA) to inhibit proliferation. After 24 hours, half of the cells were switched to DMEM serum-containing
media to stimulate proliferation, while the other half were maintained in serum-free media.

[0109] Wells were then rernoved from the incubator, inspected visually, and placed into the measurement device. 57
pl of NaHCO3-free DMEM Medium (obtained from Specialty Media, Phitlipsburg, NJ) was then added and the device
was assembled to form an enclosed sample chamber. The concentration of each analytes was then measured every B

seconds for a perioci of 20 minutes, anci the average raie of ciecay from i=i0 minutes to t=20 minutes irom start was
computed. The resulting flux rates are slrown in Table 5 and in graphical form in FlG. 10.

30

35
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TAtsLE 5

Effect of cell proliferation on extraceilular analyte fluxes

O2 Rate (nMoleslmin) PH Rate" 10 (PHUlmin)

50 K Stimulated 0.311 +l- 0.091 0.188 +l- 0.020

50 K Starved 0.082 +/- 0.019 Ci.102 +l- 0.050

The data in Table 5 demonstrates that, as expected, cell proliferation results in an increase in oxygen consumption anci
the rate cf extracellular acidification.

Example 6

Measurement of G-Protein Coupleci Receptar Activatian in CHA-M3 Cells:

[0110] Previous studies have shown that stimulation of transmembrane receptors often causes a rapid increase in
extracellular acidificalion rate, resultinq orimarily from acute activation of ion exchange pumps" ln this experiment, the
prototype device was used to detect a change in extracellular acidification rate followirrg treatment of cells with a receptor
agonisi.

[0111] Chinese hamster ovary (CHO) cells were transfected to over-express the muscarinic receptor subtype m3. The
prototype device described in Example 1 was then used to monitor 02 consumption, CO2 production, and extracellular
acidification rates, following treatment with the well-known, general acetylcholine receptor agonist, Carbachol.
[0112] Materials and Methods: Cell culture reagents were obtained from Gibco BRL (Grand lslancl, NY). Carbachol
\r,.o ^, !r.h-o6rl {rnm Qiaml Chominrl f'^ /er I nr ric tr/i'l\ Fincrhnnrra_fraa FtnItrlrrt marti, rm rrrae ntrtainsrl fraa enaniat+r,vrqa PU' uilurvu 

'r 
vr I i v'v' i 'o vi i-i i iiuor vu. \sL. LUui-! rvrv i. uiudi uut ldiu-ti uu uiui Livi , r icutui;, tdd] uu(diituu ii ulii Jijuuiciity

Media (Phillipsburg, NJ). Potycarbonate membrane snapwells (12 mm diameter, 3 pm pcre size) were obtained from
Corning (Corning, NY). CHO cells expressing m3-muscarinic receptors (CHO-M3 cells) were obtained from the American
Type Tissue Culture (ATCC; Manassas, VA). Cells were cultured in Ham's F-12 medium supplemented with 10% fetal
bovine serum (Hyclone), 1 % GlutaMax and A.1% Gentamicin and were maintained in a 5% CO2 incubaior. Cells were
subcultured when they reached 807o confluency. CHO-M3 ceils were seeded ai a density of 2x10s onto a snapwetl 24
hours prior to use. lmmediately prior to testing, cells on snapwell$ were switched to bicarbonate-free DMEl\ll medium
combineci with 3.7 gll NaCI to maintain osmolarity (meciium pH 7.4 - 7.5i.
[0113] Protocol Description; Probes were calibrated immediately prior to testing. ihe bottom of the test rressel was
filled with bicarbonate-free medium. The snapweli was removed from a 5% CO2 incubator, and the regular growth
medium {Ham's F-12) was replaced with bicarbonate-free DMEM medium. Thereafter, the snapwell was olaced into the
test vessel. Bicarbonate-free medium was pipetted onto the top of the snapwell. and the cover piece of the test vessel
was placed gently on top of the snapwell and screwed inio place, compressing the assembly. The probe software was
started, and the pH, CO2 and 02 anaiytes were measured over the next 3.5 hours. Following the initial 1.5 hours of
perfusion at a rate of 78 p.l/min, a series of stop flow (10 mlnutes each) and medium re-perfusion (10 minutes each, 78
pl/min) cycles were started. During the last 2 minutes of medium re-perfusion cycle number 5, '100 pM carbachol was
perfused across the snapwell. During re-perfusion number 6, bicarbonate-free DMEtil medium was once again perfused
across the snap'"vell. A rate of change for" the analr-tes ,,.,,as calculated <iuring each stop flow cycle.

Resuits:

[01 14] CHO-M3 Baseline followed by 100 p,M Carbachol Treatment
[01 1 5] The first four series of perfusion / stop flow cycles were done to estabiish a noise band on the three analytes
prior to carbachol treatment during perfusion number 5. Bicarbonate-free rnedium re-perfusion during per perfusion
number 6 and the raies caiculated cluring siop flow number6 were to assess poteniial continuing posicarbacholtreairnent
effects on anaiytes' rates. Resulting data are shown below in Table 6 and in FlG. '1 'l .

Table 6

Effect of carbachol exposure on oxygen consumption, carbon dioxide evoluiion, and extracellular evolution

Rate Summary 02 (nMol/min) CO2 (nMol/min) pH (PHU/min) O2lC02 Ratio O2lpH Ratio

Stop Flow 1
n aa 0.15 0.01 '1.53 0.23

Stop Flow 2 4.24 ai2 0.01 1.93 A )Fr

50
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Average baseline values compared to treatment values illustrate that a 2-minute exposure of cHo-M3 cells to carbacholresuited in a doubling in the pH rate (0.0'1 PHU/min vs 0.02 PHUlmin), though 02 and co2 rates also demonstrated
increases above baseiine levels (see below). Pclst-treatment rates generaied during itop flow f,eriod number 6 essentiallyreturnecl to pre-treatment values.

Exampie 7

comparison of measured analyte fluxes with and without the temparary formatian of a sample chamber:

[01 161 rhe temporary formation of a sarnple chamber wiihin a iarger vessei. and containing an effectively high con-centration of cells, is a characteristic for the instant inveniion.
W1171 In order to demonstrate this principle, a cylindrical vessel of approximately 12 mm in diameter and 10 mm inheight was constructed irom polycarbonate material. Fiuorescent 

""nuorc 
capable ol measurrng partial pressures oi o,and Cor' and a sensorcapable of measuring pH, were insialled in the bottom of the vessel and calibrated as describedpreviously Acylindrical coverwasalsofabricatedfrompolycarbonatemaierial,withadiametertoaccommodateinsertion

intc the Vessel, in order to prc"'ide a gas-!mpermeable ccver and to reduce the enclosed ',,clumg cf the,",essel as r-equired.A cylindricai spacer of 0'5 mm in height v,ias also fabricated, with a diameter to accommodate insertion in the bottom ofthe vessel, thus providing a stop for the cover ai a precise location.
[01 18J Approximately 1 x 105 czc12 myoblast celts was prepared as described previously. The cells were placed
within the vessel along with approximately 1 ml of cell growth media. The partial pressure of oxygen within the cell mediawas measured continuously using a calibrated fluorescent probe. The rate of change of po, ,,rr=as then calculated fromthe difference between the po2 values at 12 and 16 minutes from the start of the experiment.
ioi i 9i A cylinciricai cover was ihen piaceci on the surface of ihe ceii mecjia in orcjer io inhibii ihe infiux of oxygen fromthe ambient air' This also reduced the volume of media exposed to the cells to approximately 130 pl" Again, the po2values at 12 and 16 minutes from the start of the experiment were measured and recorded.
[0120] The cyiindricai coverwas then lowered within the vessel (to reston the spacer) so as to reduce the volume ofmedia exposed to the cells to approximately 57 pl. Again, the po, values at 12 and 15 minutes from the start of theexperiment were measured and recorded.
[0121] The measured rates of change of po2 within the cell media for the three conditions are shown in tabular formin Table 7 and in graphicat form tn Flc. 12.

t01221 rhis experiment demonstrates that the formation of an enclosed sarnple chamber, sealed from ambient air andcontainlng a high density of cells, generates flux rates sufficient to provicle a rapid measurement with a high signalto-noise ratio.

{continued)

Effect of carbachol exposure on oxygen consumption, carbon dioxide *rotuti*,unJ"rt*Jt,rt* 
"r"irfi*

Table 7
o-yE":!:q"ti"a=:afaurminuteintei^';ai,withand'witho"ttn.ro,*"tl

Volume
Small(57pL)
Medium (130pL)

Open

ApO2

0.38

at2
-0.04

s.d.

0.04

0.05

0.10

o/rCY

10%

38%

nla

45

5t)
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17. The method of claim 1 wherein determining the constituent comprises sensing a concentration of the constituent.

18. The method of claim 1 wherein determining the constituent comprises sensing a first concentration of a first con-
stituent, sensing a second concentraiion of a second constituent, and determininq a relationship between the first

5 concentration and the second concentration.

19. Themethodof claim l whereindeterminingtheconstituentcomprisessensingarateof changeof concentrationof
the constituent.

10 20. The method of claim 1 wherein the sensor comprises a sensor (520) selected from the group consisting of a flue,
rescent sensor, a luminescent sensor, an ISFET sensor, a surface plasmon resonance sensor, a sensor based on
an optical diffraciion principle, a sensor based on a pnnciple ot Wood's anomaiy, an acoustic sensor, and a microwave
sensor.

15 21. The method of claim 1 wherein determining the constituent comprises determining a parameter selected frorn the
group consisting of cell viability, cell number, cell qrowth rate, response to at least one of a drug, a toxin, and a
chemical, detection of an entity, and internalization.

22. The method of claim 1, fu(her comprising the step of perfusing additional media ('130) through the vessel.

23. The method of claim 1, further comprising the step of replenishing the media (130) in the vessel.

24. The method of claim 1 wherein the barrier {1a0) is disposed in the vessel ('100) without causing displacement of
media (130) out ofthe vessel (100).

25. The method of claim I wherein the sensor (520) comprises a fluorophore.

26. The method ot claim 1 comprising the additional step of altering an environment ot at least a portion ot the cells
(120) prior to reducing the original volume of media.

27. The method of claim 26 wherein alterinq the environment comprises exoosing at least a portion of the cells (120)
to at least one of a drug, a chemical, and a toxin.

28. The method of claim 1, further comprising the step of altering an environment of at leasl a portion of the cells (120)
3s after step b).

29. The method of claim 1 comprising the additional step of covering the vessel (100).

e0. The method of claim i comprising the additional step of stining at teast a portion of the original volume of media
40 (130) in the vesset (100).

31. The method of claim 1 comprising the additional step of sealing the vessel (100).

32. The method of claim 1 wherein the cells (120) comprise an animai cell, a human cell, or an immortal ceil.

33. Themethodof clairn'l whereinsaidvessel (120) comprisesavrell (302) inaplate(300) includingmultiplewells
(3U2) for holdtng medra and cells (120).

34. Apparatus for determining a constituent extracted from or secreled by a sampie comprising cells (120), the apparatus
50 comprisinE:

a. a vessel (100) for holding a medium (130) and having a surface (132) to hold or contain the sample within
the medium (130);
b. a moveable barrier (140) defining a sample chamber (150) within the vessel (100);

55 c. a sensor (520) for determining said constituent, said sensor (520) being disposed on the barrier (140) arranged
to be in sensing contactwith the medium (130) within said sample chamber ('150) when the vessel (100) contains
the medium (130), said appa;"atus being characterized in that it further" comprises:
d. an actuator to position said barrier (140) within the vessel (100); and
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e. a computer and software (350) for repeatedly moving the barrier (140) within the vessel io reduce an original
volume of the medium (130) in contactwith the sample, forming a reduced-volume measuring chanrber in
contact with the sample,

5 determining a constituent in the medium (130) in the reduced-volume measuring chamberwith the sensor (520)
and moving the barrier (1a0) to increase the redi.rced volume of medium about the cells (120) to substantially the
^Fi^ih^t .,^t,,M^vrrvrrror YUlurrls,

1a Patentanspriiche

1. Verfahren zum Bestimmen einer Komponente, die durch eine Zellen umfassende Probe (120) aus einem Volumen
von Medium (130) in einem Gefii8 (100) extrahiert oder in dieses hinein sezerniert wird, wobei das Verfahren umfasst:

i5 a. Einbringen besagter Probe in eine Vorrichtung, umfassend ein GefdB (100), welches ein urspr0ngliches
Volumen von Medium innerhalb des Gefii8es (100) entheilt, wobei die GefdB (100) eine Oberfliiche {132) hat,
um die Probe aufzunehmen oder zu enthalten, eine bewegliche Barriere (140), die das Volumen des Mediums
I1?O\ rlac mi+ r'ler Prnha in t{^h+-kt iqf rror:ndnrt r rnrl ainon Qoncnr /trrn\ ..16r ar rf rlar harr,anli^ha- a^F.i^,^i\uriid^L t-(r vEidiiuuiL uiiu cirivii ouitsui (Jiul, uui du; uui uuiaugtiLliuil Diliiiuiu
(140) in messendem Kontakt mit Cem Medium (13C) angeordnet ist.

20 b. Bewegen der Barriere (140), um das Volumen des Mediums (130), das mit der Probe in Kontakt ist, zu
reduzieren, wobei eine volumenreduzierte Messkammer in Kontakt mit der Probe gebildet wird,
c. Bestimmen einer Komponente im Medium (130) in der volumenreduzierten Messkammer mit dem Sensor
(520),

d. Bewegen der Barriere (140), um das reduzierte Volumen von Medium um die Zellen (120) auf das im We-
25 sentlichen ursprrjngiiche Voiumen zu steigern, ciaciurch charakterisiert, ciass mindestens ein zusatzlicher Mess-

zyklus, der Schritt (b) und (c) umfasst, nach Schritt (d) durchgefuhrt wird"

2. Verfahren nach Anspruch '1 , weiter nach Schritt (di das Modifizieren des Mediums (1 30) vordem Durchft-ihren des
mindestens einen Messzvklus umfassend.

30

3. Verfahren nach Anspruch 2, wobei das Modifizieren des Mediums (130) das Einbringen einer das Milieu veriindern-
den Konrponente umfasst.

4. Verfahren nach Anspruch 'l , weiter umfassend die Schritte des
35 Bestimmens einer ersten Konzentration der Komponente und

des Bestirnrnens einer zweiten Konzentraticn der Kcmpcnente zu einen': vcrbestin'lrnten Zeitinterva!! ab dem Be.
stimmen der ersten Konzentration.

5. Verfahren nach Anspruch 4, weiter den Schritt des Berechnens einer Flussrate der Komponente basierend auf der
4a ersten Konzentration und der zweiten Konzentration umfassend.

6. Verfahren nach Anspruch 1, wobei das reduzierte Volumen in einem Bereich von etwa 5-50 % des ursprunglichen
Volumens iiegt.

4s 7. Verfahren nach Anspruch 6, wobei das reduzierte Volumen in einem Bereich von etwa 5-2A % des urspr0nglichen
Volumens liegt.

8. Verfahren nach Anspruch'1 , wobei das reduzierte Volumen weniger als etwa 5 7o des ursprtinglichen Volumens
betrdgt.

9. Verfahren nach Anspruch 1, wobei die Zellen Bakterien, Pilze, Hefe, prokaryotischen Zellen, eukaryotische Zellen,
tierische Zellen, menschliche Zellen oder unsterbliche Zellen sind.

i0' Verfahren nach Anspruch i, wobei minciesiens ein Teii cierZellen {i20) an besagie Oberilaiche (i32) cies besagten
55 Gefd8es {100) angeheftet ist.

11. VerfahrennachAnspruchl,wobei mindeslenseinTeil derZellen(120)indenMedien(130)suspendiertist.
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12. Verfahren nach Anspruch 1 , wobei mindestens ein Teil der Zellen (1 20) lebendes Gewebe umfasst.

13. Verfahren nach Anspruch 1, wobei die Komponenie ein Material umfasst, das aus der Gruppe, die aus einem
gelosten Gas, einem lon, einem Protein, einem Substrat, einem Salz und einem Mineral besteht, ausgewdhlt ist.

14. Verfahren nach Anspruch 13, wobei das geloste Gas aus der Gruppe, die aus 02, COz und NH, besteht, ausgewiihlt
ist.

15. Veriahren nach Anspruch 1 , wobei die Komponente ein Material umfasst, das von mindestens einem Teil der Zellen
10 ('120) aus den Medien (130) extrahiert wird.

16. Verfahren nachAnspruch 1, wobei die Kornponente ein lt/aterial umfasst, das von mindestens einem Teil derZellen
(120) in die Medien (1 30) sezerniert wird.

15 17. VerfahrennachAnspruchl,wobei dasBestimmenderKomponentedasErfasseneinerKonzentrationderKom-
ponente umfasst.

18. Vertahren nach rtnspruch 1 , wobei cias Bestimmen der Komponenie cias Erfassen einer ersten Konzeniration einer
ersten Komponente, das Erfassen einer zweiten Konzentration einer zweiten Komponente und das Ermitteln einer

20 Beziehung zwischen der ersten Konzeniration und der zweiten Konzentration umfasst.

19. Verfahren nach Anspruch 1, wobei das Bestimmen der Komponente das Erfassen einer Geschwindigkeit der Kon-
zentrationsiinderung.der Komponente umfasst.

2s 20. Verfahren nach Anspruch 1, wobei der Sensor einen Sensor (520) umfasst, der aus der Gruppe, die aus einem
Fluoreszenzsensor, einem Lumineszenzsensor, einem ISFET-Sensor, einem OberflSchenplasmonresonanzsensor,
einem auf einem optischen Beugungsprinzip basierenden Sensor, einem auf einem Prinzip von Woods Anomalie
basierenCen Senscr, einern akustischen Sensor und einern l,4ikrorvellensenscr besteht, ausgerriihlt ist.

30 21. Verfahren nach Anspruch 1, wobei das Bestimmen der Komponente das Bestimmen eines Parameters umfasst,
der aus der Gruppe, die aus Zelllebensfiihigkeit, Zellzahl, Zellwachstumsrate, Reaktion auf mindestens ein Arznei-
mittel, ein Toxin und eine Chemikalie, Detektion einer Entitdt und lnternalisierung besteht, ausgewdhlt ist.

22. Verfahren nach Anspruch 'l , weiter den Schritt des Perfundierens zusdtzlicher Medien (130) durch das GefiiB
35 umfassend.

23. Verfahren nach Anspruch 1, weiter den Schritt des Nachfiillens der Medien (130) im GefdB umfassend.

24' Verfahren nach Anspruch 1, wober dre Baniere (14u) in dem GefafS (i00) angeordnet ist, ohne erne Verdrdngung
4a von Medien (130) aus dem GefiiB (100) zu verursachen.

25. Verfahren nach Anspruch 1, wobei der Senscr (520) ein Fluorophor umfasst.

26. Verfahren nach Anspruch 1, den zusdizlichen Schritt des Anderns eines Mi!ieus rnindestens eines Teils der Zellen
45 (120) vordem Reduzieren des urspninglichen Volumens der Medien umfassend.

27. Verfahren nach Anspruch 26, wobei das Andern des Milieus es umf'asst, mtndestens ernen Teii der Zelien (120)
mindestens einem von einem Arzneimittel, einer Chemikalie und einem Toxin auszusetzen.

50 28. Verfahren nach Anspruch 1, weiter den Schritt des Anderns eines Milieus mindestens eines Teils der Zellen ('t20)
nach Schritt (b) umfassend.

29. Verfahren nach Anspruch 1 , den zusiitzlichen Schritt des Bedeckens des GefdfSes (1 00) umfassend,

55 30' Verfahren nach Anspruch 1, den zusdtzlichen Schritt des Rrihrens mindestens eines Teils des ursprringlichen
Volumens der Medien (130) in dem Gefii8 (100) umfassend,

31. Verfahren nach Anspruch 1, den zusii*clichen Schritt des Verschiie8ens des Gef;i&es (100) umfassend.
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32. Verlahren nach Anspruch 1 , wobei die Zellen ('l 20) eine tierische Zelle, eine menschliche Zelle oder eine unsterbliche
Zelle umfassen.

33. Verfahren nach Anspruch 1, wobei besagtes GefdB (120) eine Vertiefung (302) in einer Platte (300), die mehrere
5 VertiefunEen (302) enthalt, zum Aufnehmen von Medien und Zellen (120) umfasst.

34. Vcrr'ichtung zum Bestinnnrcn cinei' Komponentc. dic aus ciner" Zclie n umfasscnden Probc i12C) extr.ahicr-t odcr von
dieser sezerniert wird, wobei die Vorrichtung umfasst:

10 a. ein GefdB (100) zum Aufnehmen eines Mediums (130) und mit einer Obertliiche (132) zum Aufnehmen oder
Enthalten der Probe innerhalb des Mediums (130),

b. eine bewegliche Barriere (140), die eine Probenkammer (150) innerhalb des GefdBes (100) abgrenzt,
c. einen Sensor (520) zum Bestimmen der besagten Komponente, wobei besagier Sensor {520), der auf der
Barriere (140) angeordnet ist, eingerichtet ist, um in messendem Kontakt mit dem Medium (130) innerhalb der

15 besagten Probenkammer (1 50) zu sein, w6hrend das GefdB (100) das Medium ('130) enthdlt, wobei die besagte
Vorrichtung dadurch charakterisiert ist, dass sie weiter umfasst:
d. einen Steliantrieb, um die besagte Barriere (140) innerhalb des GefiiBes (100) zu positionieren und
e. einen Cornputer und eine Soft-*are (350) zurn ',viederholten Bev;egen der Barrie:'e (140) inner.helb des Ge-
fd8es, urn ein ursprungliches Volumen des Mediums {130) im Kontakt mit der Probe zu verringern, zum Bilden

20 einer volumenreduzierten Messkammer in Kontakt mit der Probe.

zum Bestimmen einer Komponente im Medium (1 30) in der volumenreduzierten Messkammer mit dem Sensor (520)
und zum Bewegen der Barriere ('140), um das reduzierte Volumen von Medium um die Zellen (120) auf das im
Wesentliche ursprringliche Volumen zu steigern.

Revendications

1. Procdd6 de ddtermination d'un constituant extrait de ou s6cr6t6 dans un volume de milieu ('i 30) dans un rdcipient
3a (100) par un 6chantillon comprenant des cellules (120), le proc6d6 comprenant :

a. ie piacement dudtt echantiiion clans un appareri comprenant un r6cipient (100) contenant un volume d'origine
de milieu i l'int6rieur du rdcipient (100), le r6cipient (100) ayant une surface {132) pour recevoir ou contenir
l'dchantillon ; une barridre mobile (140) qui change le voiurne du milieu (130) en contact avec l'6chantillon; et

35 un capteur (520) dispose sur la barridre mobile (140) en contact de ci6teciion avec le milieu (130) 
;

b. le d6placement de la barridre (140) pour r6duire le volume du milieu (130) en contact avec l'dchantillon, ce
qui forme une chambre de mesure d volume r6duit en contact avec l'6chantillon ;

c. la d6terrnination d'un consiituant dans le milieu (130) dans la chambre cie mesure i volume r6duit avec le
capteur (520) ;

4a d. le d6placement de la barriEre (140) pour augmenter le volume r6duit de milieu (130) autour des cellules (120)
sensiblement jusqu'au volume d'origine ;

caract6ris6 en ce que
au moins un cycle de mesure additionnel comprenant t'6tape (b) et (ci est effeciu6 aprds l'6tape (d).

2. Procddd selon la revendication 1, comprenant en outre, aprds l'etape (d), la modification du milieu (130) avant de
rdaliser I'au moins un cycle de rnesure.

3. Proc6d6 seion la revendication 2 dans lequel la modification du milieu (130) comprend l'introduction d'un constituant
50 rnodiflant l'environnement"

4, Proc6d6 selon la revendication 1, comprenant en outre les 6iapes consistant d : d6terminer une premidre concen-
tration du constituant ; et
determiner une seconde concentration du constituant a un intervalle de temps determin6 par rapport a la determi-

55 nation de la premidre concentration.

5' Proc6d6 selon la i'evendication 4 comprenant en outre l'6tape consistant i calculer un taux de flux du constituant
sur la base de la premidre concentration et de la seconde concentration.
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Proc6d6 selon la revendication 1 dans lequel le volume rdduit est dans une plage d'environ S & 50 % du volume
d'origine.

Proc6d6 seion la revendication 6 dans lequel le volume r6duit est dans une plage d'environ 5 i 20 % du volume
d'origine.

Proc6dd selon !a revendication 1 dans lequel le volume r'€duit est rnfririeur * environ 5 % du volume d'origine.

Proc6d6 selon la revendication 1 dans lequel les cellules (120) sont des bact6ries, un champignon, de ia levure,
des cellules procaryotes, des celluies eucaryotes, des cellules animales, des cellules humaines, ou des cellules
immortelles.

Proc6d6 selon la revendication 1 dans lequel au moins une partie des cellules (120) sontfix6es i ladite surface
{132} dudit r6cipient (100).

Proc6d6 selon Ia revendication 1 dans lequel au moins une parlie des cellules (120) sont en suspension dans le
milieu (130).

12. Procdde selon la revendication 1 dans lequel au moins une partie cies celluies ('120) comprennent du tissu vivant.

'!3. Proc6C6 selon la revendication 1 dans iequel le constituant comprend un matSriau choisi Cans le groupe constitud
d'un gaz dissous, d'un ion, d'une prot6ine, d'un substrat, d'un sel et d'un min6ral.

14. Proc6d6 selon la revendication 13 dans lequel le gaz dissous est choisi dans le groupe constitu6 d'O2, de CO, et
de NHa.

'15' Proc6d6 selon la revendication 1 dans lequel le constituant comprend un mat6riau extrait du milieu (130) par au
moins une partie des cellules (120).

16" Proc6d6 selon la revendication 1 dans lequel le constituant comprend un mat6riau s6cr6t6 dans le milieu (130) par
au moins une partie des cellules (120).

17. Proced6 selon la revendication 1 dans lequel la ddtermination du constituant comprend la ddtection d'une concen-
tration du constituant.

18. Procede $eion la revendication 1 dans lequei ia d6termination du constituant ccmprend la d6tection d'une premidre
concentration d'un premier constituant, ia d6tection d'une secende concentration d'un second constituant et la
d6terminaiion d'une relation entre la premidre concentration et la seconde concentration.

19' Proc6d6 selon la revendication 1 dans lequel la d6termination du constituant comprend la d6tection d'un taux de
ehangement de concentration du constituant.

20. Proc6d6 selon la revendication 1 dans lequel le capteur comprend un capteur (520) choisi dans le groupe constitu6
d'un capteur fluorescent, d'un capteur luminescent, d'un capteur ISFET, d'un capteur i r6sonance plasmonique de
surface, d'un capteur basd sur un principe de diffraction optique, d'un capteur bas6 sur un principe d'anomalie de
Wooci, ci'un capieur acoustique et d'un capieur ir micro-ondes.

21. Proc6d6 selon la r"evendication '1 dans lequel la determination du constituant comprend la d6termination d'un pa-
ramdtre choisi dans le groupe constitu6 de la viabilit6 des celiules, du nombre de cellules, du taux de croissance
des cellules, de la r6ponse d au moins l'un d'un m6dicament, d'une toxine et d'un produit chimique, la d6teciion
d'une entit6 et l'internalisaiion.

22. Procddb selon la revendication 1, comprenant en outre l'6tape consistant d perfuser du milieu (130) additionnel a
travers le r6cipient.

23. Procdde selon la revendication 1 , comprenant en outre l'6tape consistant i remettre i niveau le milieu (1 30) dans
le r6cipient.

10.

11.
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24' Proc6d6 selon la revendication 1 dans lequel la barridre (140) est dispos6e dans le r6cipient (1 00) sans causer de
d6placement de milieu (130) hors du r6cipient (100).

25. Proced6 selon la revendication 1 dans lequel le capteur {520) comprend un fluorophore.
5

26^ Proc6d6 selon la revendication 1 comprenant l'6tape additionnelle consistant d modifier un environnement d'au
moins une partie des cellules (120) avant de r6duire le volume d'origine du milieu.

27- Proc6d6 selon la revendication 1 dans lequel la modification de l'environnement comprend l'exposition d'au moins
10 une partie des cellules (120) a au moins I'un d'un m6dicament, d'un produit chimique et d'une toxine.

28. Procrld6 selon la revendication 1 , comprenant en outre l'6tape consistant d modifier un environnement d'au moins
une partie des cellules {120) apres l'etape b).

15 29. Proc6d6 selon la revendication 1 comprenant i'6tape additionnelle consistant d couvrir le rdcipient (100)"

30. Proc6d6 selon la revendication 1, comprenant l'6tape addiiionnelle consistant i agiter au moins une partie du volume
d'origine de milieu {130) dans le recioient {1 00).

20 31. Proc6d6 selon la revendication 1 comprenant l'6tape additionnelle de fermeture 6tanche du r6cipient (100).

32. Proc6d6 selon la revendication 1 dans lequel les cellules (120) comprennent une cellule animale, une cellule humaine
ou une cellule immorteHe.

25 33. Proc6d6 selon la revendication 1 , dans lequel ledit r6cipient ('1 20) comprend un puits (302) dans une plaque (300)
incluant de multiples puits (302) destin6s d contenir du milieu et des cellules (120)"

34. Appareil de d6termination d'un constiiuant extrait de ou s6crdt6 dans un 6chantillon comprenant des cellules (120),
l'appareil comprenant :

30

a. un r6rcipient (100) destin6 d recevoir un milieu (130) et ayant une surface (132) pour recevoir ou contenir
l'6chantillon d l'int6rieur du milieu i130) ;

b. une barridre mobile (.140) d6finissant une chambre d,6chantillon (lS0) a l,int6rieurdu r6cipient (100);
c. un capteur (520) destine d d6terminer ledit constituant, ledit capteur (520) etant dispos6 sur la barridre {140)35 de fapon d 6tre en contact de detection avec le milieu ('130) d l'int6rieur de ladite chambre d'echantillon (150)
quand le r6cipient (100) contient le milieu (130), ledit appareil 6tant caract6ris6 en ce qu'il comprend en outre :

d. un actionneur pour positionner ladite barriere (140) a I'interieur du r6cipient (100) ; et
e. un ordinateur et un logiciel (350) destin6s d d6placer de faqon r6p6ter la barridre (140) a I'int6rieur du r6cipient
afin de rdduire un volume d'origine du milieu (130) en contact avec l'6chantillon, ce qui forme une chambre de40 mesure d volume r6duit en contact avec l'6chantillon ; d6terminer un constituant dans le milieu (130) dans la
charnbre de mesure i volume r6duit avec Ie capteur (520) et deplacer la barridre i140) pour augmenter le
volume r6duit de milieu ('130) autour des cellules (120) sensiblement jusqu'au volume d'origine.

45

50
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1. Search String: Metabolic'Analyzer

Search type: Product
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rirtil i(i !;i\ ii:,rl /')r' '1ltiiri !]tti: i '.n,1{) l.\'.,1i.i i}i7i ,i!)i !}ri, {ii j{. n,'r,il i li,llrr i:
n.)nriiIiII('i'i ilri- t ht.: ;rllr:'..r: :,tlrii ptt";i'i)()s{'.

'l'lris issiii"s; *'ilh thi' ltiltir'(.r\..:rl r;1- l)(illS

Yr: i': liritll,l'lriir,
'!

!Arll-ri1;rrii
Dtpr-ltl Ilirr-"i:tcr

Tci. No. {011i 2i}t)6i}539
Copy to,

}. PPS it; LX}I{S
2. Dr. Atnilir Briir. (ltui{'} {SA{l}-DI}C(P} lJLr.:.(}HS {HQi i.riring u'ir}r it

t:opr l;I L{)lr*intL1nir irt ii:Ir rr:li.'rrcci lri}r:r,t:.

c.
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ALL I}ISIA IHSTITUTE OT UED'CAL SCIENCES
ANSART NAGAft, NEtlt DELHT- 110029 {tNDtA}

Ph. 0 1 1 -? 6594305/4800, Email : d irqcfor@ aji ms. gby.irr
ftqiqllnated :....... Z?.os:ozs.

tr
B

dEft
E.
F,*
E

'l i:
', irr: ilt1"1,{';ali i,i:rtrI..i. iri }li:,:,1i'i .',r .,.,r ..:..
i:i:'r'i:riil;i:r-'iti If ii.; t.i i;t,
1' I : : r : :r i li' r, i I i r :.: i I i r,li: Ij,,r III i i,,,'r",',, I I

l'.J i ri'r: ;r n i:i i :..;',r'l i r,

i,llilr'it ir,l. 'i .i {r, ;i !i'iit::.,
l'"r:'.'; !ii'titi i I i:iii: i
lr.,:.i,:':.'.

Silllll'Ct: [r*l"rv*trdittg *f ]iequesl !lrr I]c'Frrting I]i;!iS !**:ir;er: f*1.!:i*; iir;ili*r: *i-i'cr:l:*ir;lf
5irer!ficali*rts iot' []r'nlur"{:*r*nl of i,r:xiriiiiii:i ,,,,i1",' l{lLi}{ !}r r;!ri i {C,. lip
ll\lIll{jlr;/1:f l2$:r{.-iltr {}tilt.:{2, ijrai*i:r irltie; i"-}?fii}};rt All}lL

i.li,,, I rr:r'ir:ii i'.i,, Li,; Ir:

lti,.,'.,,,r' j'irr,j trt:i ]!:';r:ii ; rr:'i;i:i.r::r ': 'i , .. , rr,': i r:i j:;,r;ir:r lri::rir::,i lri it:,]r,:
,t::li:lli:-,: r;f \1r-'.i't,.tl :il:.,:l:,.'i'ri l \1li.l:l l.jl',.i i;,'iitr ri,:1.;irjiitat ii:i, i:i.',!i,,,r.,:,i,1: ,,i ,:

:i:.iril,;i lt iill'l:i:l i i.lL:i': I l;iiLl ,

'i'l:i,l i'i:riili''ii i5 ia)t\.1.1:ili:ii i,;i ir,iit lliltti,'r,tr',rli;.l.rlt,,ir.,l,rt itr.,.r-r.,.:,1i r .:r i:,r,,

1 rr.rl :, t'',i : l'l l'ir.

[Frof. M. Srinivas]
Birector

-L.-.
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iY'{ {-'' -f ; ;

: r:: Cillili.'

itt :j- '' \1,:.liC.'ij '::r-;e i^,:.;
':.:1 .:,r \r.),r, i]t:i:r,-,):t

1 i,. ! _ r i1 i !,- j,, t,j i I ilo;':{;'l_L' !-s-$:ljj-.. -f:: iqi: 1 *i.,ljits., jj j_I! $ j

,, , , ,,; -r;i1:_:q ! $ig .

f:t l. i.r:llt::]ii:,': :','l.:i,.li:;:;iic i\naiy:e r
t .r':i . r,l.)lri'' S!/SfF'el-l

r.1,,.:., 1iv,'1,;1i;r-.:i;:,, .-lliJ i:rvali.Jati*n i:cil,,t t;ile* , ISLC: i.)i:tnilv**ir,lgn:intt*,J LlLjfanase

,iri:r:r.,,;..*' i1 iile t*rl<X**t*q:i re*f!1e f* th* *r:rrlr*itte*

*r A*ushr*e *upta, Arjrjr i*nai ltr;1is5gi..y & .$gad, Dr;Dai-irrrerl ,:i 8r*i*:,:hn,:bc.lv, &ij ir:iJi;r iii:riiir;lr: r:i
L,1i:,ir;:i Iri+r-:r:*s iAlifulS1, I nsari iu. gar, i.icw l]eil-ii-1.liil,)!i

,,-r::icirr-:cs iAlltu4;Ci, Ans::rj tu;;ic, t*r:rv |]*:ii:r- Ii-iij2q {,Eg:l-_U$**,I"Egq_Utlilmgm$g,l_fl*!*q{-tj:e*e5?.r*$jJ,i *r surxit Kathore, A:sr,r; rti: flrilfes-ccr *nr,r s.tgr=*r, lryq!:grgg, i-;epannrerrl i-:f Bi*ts:ci:r:c,ji:erv, &Jj ii:r.ri;,r
jrii;trir.iir: ,;i &4rr-lrc*i Scie nc*r iAtil,JSi, Anseri hlaeai. }J*ut, Delhi-i iilrj:g

. *{'. &r"ig*l ffiamjafi, Aiiditiln* f}i,*{essi:i, i-ii;spiiaiA'lr-tirii:iraii*r:. Alll,,{S Ai:sar; Fj;;,;ar, hje*v **iiri iii:i,r;:?}
,ffS-i:,u:ry*t*
Ilr X.alpena Luthrx, Fr*f*;smr & Fleari. i)er-parimenl ,il Bir:;r-:itr,:llislrv. /iii lr:,:Iie insiilul+: ,;i I"it-:iJtrl.:l
.:,r:t iri.*:. ir\iitulS;, Ai-rsirri [.i;:, ai. fuer,* {}l;11:i,11et3ii #jeS.d.Sl,Qega*jteet_"Af-"he_-{e141ed_#f1cfqlf**i

' {.'*r Jaswinrj*r $ingh Frlar: s, Assr:r:ialc i)rcfessrr, iii, *;:rln'rr:nt *f lv!*ir:r.:uial i,irrrj il*lii;l*i rv,i*rJir.:lnr

i-l;,:i** I !j fi: .la?i

:.:rllti. jli:. ,.;i i iyr.1 arid fiili6rv :: rit:il,-.aj I,JA,v,V i,i*iiti
' *r' $h;tpi L4in*el'*a. Ats;star, irraf{.:s;r,,r. i{i;slln:il Scli*i:, li si:ie n,:e-c, t H ii t/\l; i r.i : l' i'Ii r: i,r i_) i-

'li.lrll{*i,'iiGY D[Li-i{. riaru; Khar. ltiew Delhi- 11'}il1* it{DtA.lqxqe{ftaj-€I&ertl
lr s".'1!1i5t1i,; r:i f*n:ily and l'Jealth flerliar+ Nlil,":a* fihawar:, 5i.:w ileihi. inGl-l$ n*rninee!

Thanking you

Best regards

:i;iiii i.:,i.r'r:r! i;"';}-irur.:*ini;y. dlste*ir-rnl ln*i*<Jy &,ffir1'ir"ti"[iiinr*sir: L-.i] iT]L]11 )
,i::: ., ,', -iir:. ..r.fliii,:,ti:]liitq ()f:,,iii.t: t.i; l.:ff; :i/S..la:1,: :,rr iir;liir .Jl*ili:
. .,t, t,.:,,: i.t r:.:,i'ti ri i,itfri+Ciii:aitlr;.1.
;i r:',:,,, 1:r:Liti.rlir:;:;j 1"l*:liiL:*i :iitii.:nc*s Allfullll .4ls;*ri ioJauar hi**"'Ji:lli i lCii?!J
iri .,:: ' '1.;3ir.".:il_l!i

ti .5
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DEPARTMENT OF BIOTECHNOLOGY
ALL tNqtA tNsflrurE gF MEptcaL gctrNcEq

Ans*ri Nagar. New Defhi- 110029
Dated; 0910?120?5

A Technical $pecification Committee Meeting has been fixed on Lzlfi7tZOZS at 10"30 AM in the
Seminar Room, $econd Floor, Departrnent of Biotechnology, AllMS, New Delhi-29"

:::__ :l
The following members of the Departmental Store Technical Specification Committee are
requested io attend the above said meeting.

i T:l il.- Ru pesh Kurnai6ri,rastava jddi*Anal P'ofessor, Dernnnenaoil Charrrnan.--*
i ,rBiotechnoloov i 

;+._.l.. 

-*.*

) ') i l1r Aa,.oh.aa ltrrnla A.a.tili^hal n-*{^^^^- o u^^) n--.-.^^*-r | *lj
I 2 i ?1. Anushree Gupta, Additional Professor & Head, Depaffffint ofj Head, 

* -Aepartmenf-l?l
'( i Biotechnology, All lndta_ Institute of Medical Sciences (AllMS), Ansari I Biotechnology (Member) 

it tt rrrrv/, r. .vrvu, trvrv, r rver / i

, New Delhi-110029" i - 
I

Dr. Angel Ranja n, Additional Professor, Hospttat Adrn inistration, At tUtS I M.S Nominee (Member)
Ansari Nasar, New Delhi-11002S
Dr. Kalpana Luthra, Proieisor & Head.@t
lndia lnstitute of Medical $ciences {AtlMS}, Ansari Nagar. New Delhi-
1 10029.;1iUtlzg.5 lEr. s u m it Rattrore, As$irate Professor. G,pa rlnnent dT-Eiiotech"notogy ;

i j nrr lndia lnstitute of Medical$ciences {AtlMs), Ansari Nagar, New Dethi-
1 10029.

SeuAellrljlUq, INQIA
Dr. Amlta Bali, CMO, (SAG ODG Dte.

Head of Department of the
related disciptine (Mernber)

M+r*her ($tore ln-charge)

ExternalExpert

DGHS Naminee

I

i*---1

. -l; l1

,,,5r1

7,
z(qtr

*..*"1

*,th nr fuirjl, trtlir {iltill lti'riiir,
: mi u'ddlaadrilcnai Ptofcest r\ *t **

h.'F{
-r"J*t 

\r^,
$q !k)&S lm,'l**pt.';{ Si*icirl *l*6

q. q. ffi .{., Ef &dlAg.rd.g. f{qn fl*ttf,.l'f${}

Chairman
{Technical Specification Committee)

Department of Biotechnology
AllMS, New Delhi* 110029

\ r),,^3\x 
\--r-

,u%
ffiq#**i;J*;"*,
&8# €tq ihilffi
-\fr- Department of Bi
. qk qr<fi'q qrgi*tn -

A[ lndh ]I]stihlte of Msdi€l S(

Dtst{bution gs abgvq;

Molecular and cellular Medicine, lnstitute of Liver and Bitiary $cience.
New Delhi
Br. $hilpi Minocha, Assi$tant Profe$$or, Kusuma $choolof Biotogical
Sciences, INDIAN INSTITUTE OF TECHNOLOGY DELH|, Hauz Khas,
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1
i rflii@

if"ffir. tr\r! t flq

: , i;:;i!\: S:1;;I.riir;.]:
L*ratl rcrnrnqdsla;tu,tpd n!( ri

rnr*e ffiTSffirq Grgsts{FT qftq€
I Ir t"r} A i\ {-ttltt rsc iL ei r. n4g6* C A[, RE$:E A E CH' tr5:,' 

.._ "" t"yryryWa.qrq$gs,sk#m*s*r,lr{ffi.rr$uie
gxd,wvatrG/r3/2024_0rlffii*A'q$:tr{-r 

BHa$Hr& eFaE} o*c^*'rw* #*rii.** #*,- ,**u
-{ - t:. , .r'i.i.:.r:: .' B*te&I.0I.}0?5

The Director,

" All India Medical Scientp,
New Dethi- I t0029.

subjvrt' - ''invesligating*the- 
Diagnostic ?otenrial of cut-Associared Metabolites in post-Menopausal

SHff ilxi-ffi ;1 fi i.*Xr?: 
ini Ii. i' n'*ip--}. r;;;i ;$"-C r in ica r r,,r oo,r or our*porosi s : An

Sir.rlrrladarn,

l'he llurctor oensal oftx ICMR sancticxrs 
fe abo+e rnentioned rmeareh rchecreinitially for &e pciodof one year iriitiaily from subjeet to exrension ,, ,, ,,r" *iir#*'-i*,fied in para 4 below:-l ' TIre Dir"ictor Geneat ofthe lcMR' also sancrlon*$eG;'.tiL*r of Rs*4?,23,?24/- as d*aired in

llri*#* 
statem€nt for the period torn 1sr4-2s. fi,; #,il&rr be gi,vea *ul* to the forrowing

2' The paynent of the graff will be rnade in lumpstq tq.fte l"isad of tkc ln fiit te. The first insta{lmqt ofthe grant wilr 
'e 

paid eYou,I as $,oo, as .*pur,,red*q*qq*q*q*;ril;*ir#Jr[TJ,X. *.**.nThe Staff appoirsed o* rhe.prqieor should be paid ;!@_**,sr@r**3' The staffamYpu9*YdiI be recnritl ar ra#Gffirw,*.ofec insdt*,tea$dsse*dpart of&ermd*raking bG obhined from the 
""ph&'#,e*6;;;,T*; *t*e **r.*rrlnr.ur**** o**.the required ,nrtertaking [part-Il] tom Head of the Insiute is r€coiv.d in thia offtce.4' The dernand fm 

larmcat 
of the subsequd*i;;r;#*, shourd bepraced with the counc, inthe pescribed profrrna' The approved ouration of the schorne * rn 

""'v**. The annual extension will be givenafter review of rhe work done qn the seherne dwing *reprevious year.5' Five copies of the annuaLprogress repor{ should k strhnitted to the rcMR ey€ry year after compretion

;':fr ffifil:Hffi;ff:igf"'l*a-*"*ir* "r;;;;;;"-* done. Faihrre to submit &e teporr
6' subject fo the Yury e" tire grant will be utitiz+ a*er foltqsing rhe p,ovisims traid dowrn in &eGFRs-20t7 & rA &utes pree kaup trre nia tu e; +;J;:rG.#l Aqsiirt spqlcd ftr rclff,R frrndedResearch projwts so that intoeet wnea theneon ir 

""otJ to" *J;;*
The receipt of this letter may Sease be 

".k 
;.dg*d.- 

Ely swvw'

y€urs &irhfully- /

''##''r"tSr. Adrrrini${tiwGffi*,

copy together with a copy of the budget satement fonqardetr to infa.Eralion
. /""r'''

Y Hrfftrlil#m;*;H.'""Pro&ssor,AlllndiatnstiiuteorMedicarsciences,NewDethi-lr00ze.
3' 

["fi-'"6:!}:lwith 
*re budget forwarded to Budget seeion fFinance section] for compitation of r]re4. IRIS CeltNo. EMEMG/13/2024-0! -Wt4Z

t

ffi ,ol,ll',,'j{ 
I,'H$*YATTAIA

l.ryilqdlulfiffr frqrErl Dept. of Biotch nology
/ h. q. f,i '{.. d fdlA'l'l'trl'$" Ntw DelhLtlon?$

-..:\:.i r.;1.:i -r::.; i-1:,
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Lll.r Q"il,E: t* .ri l":i:*i-.ti:lr1-!,1;"1'

{2(}},4 -}$}

SUbteci: Researcl-r ilriliect eilliilei]. "lrrl*rn'ierJialr: t;}:r**tsr Adilrrr" Pa'v-tlt*tll ot'1"' 1,'eai i'r'; rhe

r.u*urch i:roiect entitled "lnvestigating the lliagr,cstic .Fcrtslttitrl o{'Uut-Associated Metab*lites irr

post-Menopausal Osteoporolic Wofiren andEx,plbrii:rgTlrtir Tlier,apeutic Potetriai irt Pre-Clli:ricai

Model 01' Osteoporosis; An Osteoirnmunokrgieat Approach" under Dr^ Rupesh

Srivastav& Associate Professor, All inelia Institute of Medieal Sciences, New Delhi-l 10029

1'otal budget aiiotment of Rs.5,47,23,?24|(Rupees Five Crores

T'hree Thousand Seven I{undred Twenty- Four On$}

F. N o. EMIR/IGI 13 t $l-2024-00842

Fort,v Seven Lakhs TrventY

xt"4x\,\d
(Jaibk Singh)

Administrative Officer
For Directsr General

ilM-,,!,#IyflIllfl:t:tu**

Research Scientist" I

i\on-Medical)(qi 56,000r- Pm -

)'e t{RA €).'-= I 6,800f ""i?" 8{X}r -

Salary increased fur 3rd Year 59r,

10,45t200

+ 30% HRA @l-=20.100i-

Satrary increased for 3rd Year 5olo

+ 30% HRA @r--6,0001-

Salary increased for 3rd

*Wr,rn;
Sr.
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All-India Institute of Medical Sciences 
Ansari Nagar, New Delhi-29 

(RESEARCH SECTION) 
 

 
Ref. No. 10/Prop/BioT/R.K.S/25-26/RS                             Dated: -________ 
 

Subject: Procurement of Metabolic Analyzer. 

******** 

 
The request has been received  Dr. Rupesh Kumar Srivastava, Additional Prof. 

Dept. of Biotechnology, AIIMS to Purchase the subject item from M/s Medispec 

Inida Ltd., Mfg:- M/s. Agilent Technologies Singapore (International) Pte. Ltd.) on 

proprietary basis. The proposals submitted by M/s Medispec Inida Ltd., Mfg:- 

M/s. Agilent Technologies Singapore (International) Pte. Ltd.) and Performa 

Invoice and Departmental PAC certifications are attached. 

The above documents are being uploaded for open information to submit 

objections, nature of the equipment/item within issue of 15 days 

10/Prop/BioT/R.K.S/25-26/RS. The comments should be received by office of 

Stores Officer (RS), Research Section at AIIMS on or before __________________ 

upto12:00 p.m., failing which it will be presumed that any other vendor is 

having no comment to offer and case will be decided on merits. 

 

 
 
 

STORES OFFICER (RS)  
Encl: Related documents enclosed. 
 

1. PAC Certificate enclosed. 
2. Performa Invoice. 
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