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Abstract

Along with the progressing of science and technology, the understanding of the
matter characteristics is spreading to micro scale. So the measurement of the matter
properties in a wanted micro-area becomes much more important than before. One of
the main works in this thesis is to develop a new method based on optical tweezers for
studying the physical characters in micro-area, especially the temperature. The
temperature is not only an important physical quantity, but also one of the seven
fundamental quantities in the International System of Units. The physical and
chemical characteristics of all objects in nature are temperature dependent. When the
micro scale matter is studied such as in the case of optical tweezers application, in
order to understand better the behavior of the trapped object, it is necessary to know
the local temperature field with high space resolution, that is, the measurement in
micro area is needed.

In this work a new method of measuring the temperature at a wanted micro-area in liquid
by using the technology of optical tweezers is developed. All methods of measuring the
temperature are based on the relationship between the temperature and some property of the
matter. The method here is directly based on the relationship between the temperature and the
Brownian motion of a particle suspending in the liquid. Here the Brownian particle
serves as the temperature sensor, of which the size is usually around micron, much
smaller than the size of the ordinary sensor. This fact enables the temperature

measurement with high space resolution. At the same time, the feature of the optical
tweezers, that it is easy to control the detector in a given small area of the liquid, make the
detection at any wanted micro area possibly.

Based on the above work, we studied the changing of temperature caused by optical
tweezers in a micrometer-size region. The measured temperature rising caused by trapping beam is

consistent with the theoretical value estimated before. This kind of measurement will certainly
give a criterion for choosing proper parameters of the system in different case, such as the
wave length or the intensity of the laser. In addition, we studied the relationship
between the viscosity and the concentration of solutions by optical tweezers too. The
amount of sample needed in this measurement is much less than that in other methods.
In addition, due to the non-contact feature of the optical manipulation the sample cell

used here could be a sealing one, which makes it easy to measure the volatile liquid or
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its solutions.

Another work in this thesis is to develop a new kind of portable sensitive
equipment used for detecting virus. This work is based on the result about FoF,-
ATPase biosensor of the Mr. Yue and his team in Institute of Biophysics of Chinese
Academy of Sciences. We discussed here the designing, building and testing of the
equipment prototype. The testing results indicate that the built prototype possesses
elementary functions. And proposals to improve the equipment performance are also

suggested.

Key word: Optical tweezers, Temperature; Viscosity; Brownian motion; Biosensor;

Detection equipment;
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PR BRI

HEWASHIRTA SR 2 TRk
%, BIEMBIERW 2 Hmiy, Fid

. sk :
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MINERATEEENE: MIBIAGTHIER, BERKIEEE M/ DRREG
BRMBIE, E/4 2R LA RRMEBEERRE EARREARE, &
BRI DGR ERRHIBRE S
(2) ZHESeHH

WE 1 PEERR, DREERTREEBT AR -y FEABET—
MERBE, BENLE, ENRAREKLIES), B TN p 2

10



PEMFBARREM T EA0X SRR

BITRA, MEAMARET/NREEE T TPENSIINER N R
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BABEREET @ L th e EXT R T RORA, LA 3 w6 E LR
TRENEARERT W LRSS, DERPHLMZ GRS, 1986 4
A Ashkin Fl—RERREBOLE RSKIL T X EWRLF = 418 2 23R

_ _ O RER W
ol FEAE 5 HOEREH B s

B2 RRERAHPRTHENE Fig 2 The picture of force acception

of the particle in single Baussian beam of highly convergent

B 2 AAHHEIARETERE, BANEESRISRIEAE MR L
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Foush, BERTHMBIE, MER, HTFRETHESR 2 FudshE, B/ ek
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EREBARKFW A0 AEH R

GRERTE, BAARBENAB =4t BB, NWEMERT. ARRS

FTREXFZEZEPEIR S, MEREMRETUES AT LORERF. H
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ST TR %A BRI, TRA TEM o 83D | R, KAFERK
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{EIX PR A (K75 A 9 S o688 75 A — 2 BT LUK R Tk T b 7 (2 5)
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§3.1 NS H AN B BARM X EE

BERIEEENYEE, WREFLMAHFEARERBZ —. EARR
PRI AL R SR E E AR,

L P B B ) R T LU WA IR T SRR, SO AT AT 2 A o A 0
WA, AMVEIFAR AR R BRIE S P B ARBIM AL H AR, Bk
S EEE B AMA G R IFR T . B R Z S bR B v 2 T8t
42 B M B 22 4 FEL S0 58 1 2R M0 MRS A R O B RN R AR B O, fRBEE T
W R BRSNS, RRMREROERETAS I, SHFAN, JFiEf
WS ERAE TRAMES MR,

L B R P P e e SR B U B A AL RS O O
TS IR B Sk S5 A M B T8, i O o R £ 8 A e 2 i
B EREAARNYEA S AE QRIS T RN B, BEE
BEE—MEERICLE THNK . THEERNEE, A9 5RE
FGRE AN REEN, REAEAEMARRERIMITERE, SBEER
RHERENEL AREENAREENSRAATRURKEEATEARNT
iR, I L A )t R LSRR SR BT A L7 S SV (oK )
BIERGD, BETHWIRIERT ST EIRE BB, T LU 5
T R SRR R 01T A

BELRETEMUBMERBEHED, Hdhgieykm s —gh R
R R @EREMBITET AP ENUREENE. ERN =4k
F, BRRBBER, BRI, T NG R L B R R R A
B BT, B/NIE Rk R TR R 2 ) e R4 R IR A 6
w, FEREANT HEERIT . BEMKMERASERRE, DHNE
A5 WA IE R N R R B TR R B R AR Bk, BB



P EREHEARKXFR T EALX R AR EAT SRS R RE OS2 E

IR R B 8 BUAHE P Stokes 1 Anti-Stokes 43 & M58 L 55 B A s
SRR — R RN, R EBNAMKRENGEMRERAR, NER
BEriE t0.1Cc, BAFRENZE2HE, BEREMATEANEHANS T4
. AEBRGEEMNAREABSEAREE T REASFABEH LR, &—
T B B IR B A B TR B, R S AR LA LU s, (B VR TS B — SRR
B,RKAA 0.5-5C. (BT &R R MR TE R NEEEILHHCKTEE, R
FTHAMHEEXREN TR UEFTEMNAERHZ 2R, mMH, &
THREFM T iR&ANMHG RS, XEFENARTSEN ARG RRHKX
BEMNERERTER. KEFNTELENARERAFEEXR, T ANATE
2 3 % A B

AR — A AR ANERHYKBEENT 7. ZAEETE
BB R X AR AT BRIZ S, I deEE K R A R R 8L FIA
W AR R R BRI KBRS RR B X KRR . o T AT ISl R fons, B
B\ HRKT R RBOKESRN, RO R T i bR B Y 8 PR MR Sk 3 LA
HIEK B, FHEAERSERTHRMMHRRBERMERNAS, AN
KEMPE N RIEE S FAARRANENK BRI TERET “IFih
X7 WEREMEBA. i, MAATRATRERBHW KT ZEEHE
A B AR R, AT DU RA T AR A RSk B0 AR BAKL T B AL BE R A M, L
SEULRE B E AL AR BT B . TR R AR R T AR A R AR M B S L sE
B R, MENARERNFEER, RIKNENATETZFEEFTEX
. FIRS, MR T JCEREAR R o A T IR R Sk i M A % K

§3.1.1 WERE
BRMREESWATS FENERMEXN . 2 F ARG A+
CNEREMEIN—ERR 7, SLAEF S5 R S BRI ARGy, AR
BEFHHREXFMNERTER, AN SEEAFERNXR. KABEER
BRMERMT —MERRE.
ARSI W, it it ia) At 547 BR FA088 00 7 FiE Ao

2d-K-T
a

(1) = A (D)



FEMERARRETLFART RRAE AN E B AR SRS

Ko, (1), == i - KT EERE 0 BlAt, AtZ) 241, 24tF)
n g

34, e B— RIS, 1, 1. - BEHE, d HIEEE T R0EDE
B, K RYREBEN, TRERNEINEE, «=6ran Hii R HFNE
WIS, a BRI TRER, 0 6 RT B RIZH B R

XA F BB AR, 30 h B R R L R R A

AW
THEARREERN, TRRAT peneT )
Hebv, g, FAW X FAEE—FRIEE A EOER, DEMERAELEE
FARFEE T Finfd, Erskit.
BN, FRFASHANERR, T8
.T.d. AW
s e )

ave

FAZ—x AR, BTN EHKESFNHE ARFREEIN TS, @
ALBRRZHEAREE T, M, MK TR TRERKNER.

FRCB AT 545 R B sh R B0 8 S B AL B A Th e, T LUEAE AR Sk 145
WK T RGBS MR E, HTAMEREER SN E /B E A E #Th
fE, ATLABRER/NERROATBAIZS), TR LATS B SE i 6 A B MM X IR R (E .

§3.1.2 ZRRIE

AAETEERMERAN 3) MR, FEENZAR#ITHRE, NHEL
AFHEH g MAW . ZIANEHRBHEBERHFERSEENRR, o
IFBE IR ERME, MEXRFTECELFTRAEMNERARTHAA. U
gk, FRFMERREIE, TUHE 7,20.02483F1AW=0.3555x10" .
LA TEREHFENET 273.15 70 283.15K XIHMRE TR RS, X
T ERES. MHEBE, RIONMERXATRERNNE R LR N EMLE S0 T
%, SAKQ)#HITIRE

THEHERINEN A CREMNEFESTELRRIE. £THNEEERER
MEEBRBAHRXBEENERE, RIEXRHBENEZNEENE FiE5ARFki#
ATHCEL, XTRBEZG TGN RHTHNE. EWMRERFEAFRLRTY



o ERERARKEW AL ET X RAAREAN BB RRE ORISR

0.5mm, MEARF-REH K RABEEE T, UREEBERNER BN
WMY-01 RIRLRSTA 2mm MIEFREV, REZEFESEFE (TSR
KEL, HFRTHRT)NZTEIHELRR, HEARE, MEKRKMILELES
SN REBEERTH, BXRENEES, WERWTHHN.

§3.1.2.1 LRIIEF
AFERIERFRWE 1Rk g,

- :"Alv

‘Halogen Lamp

Computar,

M Icroscope
Ob]acllva

', ', chhrolc Mirror

Baam Spilﬂarz o

ocular

CCD Camera

Camputar

B SRR

HEENIRA He-Ne %88 (10mW, Polarized, Coherent, USA) , % BIBE0OGH
KA 632.8nm, MHHBOCRAT REY R, 2HBSABRESHENGER
W& (IX70, OLYMPUS, JAPAN) , T 100 MR ¥WE (100XNA 13,
OLYMPUS, JAPAN) &£ BB AN BE. He-Ne WOLRIBIT P =R A4
RYZAE, UEHARAMNBEEMNTFE. XRFEEFH CCD (CoolsnapCF
monocamera, USA) {EABIGFET R, A R4 s3I EMEG#THEx
SHRENRMBHNE ., NHELKOBEHEANREEBELEBRHTE
(P-517.3CL, PI, German , PZT=piezoelectricity) RSLILH, FIFHtEHIEFH
BFNEEIE BT G E), WTTE =426 L35 5 S it A0 5 8 p 35
e

§3.1.2.2 LRER
K EZX lum (0.997+0.021pm PS product of Duke Scientific Corporation,

USA) MIRZEZKPKRBET KT, RERZEFRETHR MBS, B0
AE/NERK A BRIE SR EKBIR L . 0 T /NI AN IR XS B i/ BKE B )
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P EREHAKREMEETIRY BRI AR BN B AR R R RS K

Fih, FEFGRADREEEBORE KRG A 2.5x10° N m) ELRAK, LMEEBA
CCD #Mp B RA—N k.

KR P EMCEMER N, BRaTENREFERI(E3RTFIHNEERA
¥ & RIERIF MIAAX TORAES), BHTRHRK /DR 25 &P ARG
BERRUNE . REXRACE, /MR B amelEsh. BT R RN
ST/NERYBOE SR N, BNV BR S B G YR T AR 4 R B RE VT REE AR,
FEAFEXRAE 2 DEITRRENE/NERE B & mAEs), EINRTEYFEE
FHNBELNE. REEMNENNE—RAKT 30 %, URIEFEZ R EH
BN, ANEKE BABEE RN E BERUAS T RTESGRR, AR E
BHMER REE, EALRPFRIBERICKIINES 20 AR, HA/NKE
PRI BHZUTEEY Sum. HBFLBHEENMPEHLBE, ELZKE
B ERgE, BMERMRK “HKL7 AKX, BEEHMNEKX, HREFEHAME
5. AMREEECN CCD REM/NRMEIEFEGHTLAE, 83— K5I
AR E /R e BRIE B R ME, ARSI R 8] (B)RR 0 AL, FEASK
B atA 0.11 BWOEZRFHFAK CCD). X KE M AW BIEs A B EFITHITF
¥, BEABRYTEA 0.2538um™2s, FFARERE K, MAaW, KA
)R, AEEHRMABERER S T=302.37K, B2 K4 it PR X R
W} 29224058°C, X—4 RS HAXMBENLE: EHF-REH K B ABRBEE
VAT WMY-01 BB FEBEVRMELERZEDT 2% . BN —BVEEW T H77
ER AT EEE .

A —SRAEFER TR, THERTEN—RIREAS LT EAR
M ZEKER KR AT TR, FIBERIMTRFR:

®— MEASHEEANFRK B KGR XGRS EE
Tablel The results of the ethanol-water solutions of different ethanol concentration

measured in this method

Ethanol
concentration 10% 20% 30% 40% 50% 60%
Temperature
(°C) 32.29+0.59 | 32.33+0.64 | 32.54+0.41 | 34.03+£0.33 | 31.98+0.20 | 30.17+0.31
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P EBEHARER L AR X SR ASEEOAR R B R R R S

X5 ARE-REN K RREREERE T WMY-01 B80T A v X R &
THHRMNSZHMELR B, RENT 3%.

HELAT I, AR AR LA G AR R I U E M X P A BTIZ 3
Dh e R E 1A R IR BE ) 77 v R SERR AT AT Y o

§3.1.3 itig

FRBEMNELRER, FXREFEMNERENT 3%. LRLHL
REEXRET 1000 Wil LH/NRAEEE A ot E TS, KEitEaotr
M, XET OSUMBERLRENT %, HHORERRLHM. EkEH
L, BEHEMNEFEMREEITLUEE +1°C AR, BENTF 3%, SLRER
K. ZMERERE LERTEESRNGE, SELAEEN, K
HEREEGEMNUNEFENELT, AFENNEREMNRBEMNFNEAE
B, SCH, BEWESBEORN AU EE SR B E SR, A, BETFNER
BEERRTHRE, RmMoLLEEE XS ERIES, EHXEZWENE
FEREE S P EGE R T RR T RT), EETHYESEREGNKEH, g
FE FE 738 2 i X A NMRAREI AL _E 2 0T LA & B +£0.3°C LA 1.

FEA B R KRR R AT BRAZ s SR BEAT BT, BT A= 18] 4 B R B R T4 BRIE
VG ERF R/, X 2 B BTG A MR RTOX € T BE3h B ZIRE )
MR EERERAV AT A . ALK | um BAR LK/ DERBATRN, SRIBERE
6% 20 ¥, BLETEIZS IS HEER A R 10x10xSum® e 24 2 B8 3 um BORRIVE
A RKT B, FRSBESERRS. BAEREEE BB TR ST E PR,
EEUEMEF MR EAMIREERIXECARM .

XA TR 5 PR CCD MR AR R H R S EENEEL T E
RIAREMRSE. ERINOEREZET, MEFHRELH =08 SHBUE
FREOBEN(REFBZCH —MEE CMOS R H(pco.1200hs, the cooKe
corporation) ] dn [ tH, WIEE(full frame)RTIE 636 Wi / ), {F 0] LUE A Jy vk f it
RGHEREZE 28, NMHSREHTUERZENMER K. FiH 2 8
3 um MRRI(HE, RERDOWHEERTRIEFRFNEREE, RNGEANT
MEBEENERTEIFRVEN “BRK”, WEREHEEERE, UHLEE
ERENEAFTRREUAROMESE R, it TTEB L HEREREHRE
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FEBEEARRERLZ TR RGBT R BAR G RHE M a8

RFENFELDS BK”, URENEIHE, BELUESSESHEIR
o

EALERF, £H 100 FHEETHENER, SR GENEKTHE
e E 2BV TAERE S BIRR BT D, L0JL+3eK, BIXR AT LURYE LhrtE
Bl A TR EECRHIME(60 2L 40 )RR, b, MHBEAROHHK
WEANNAG S, LMETEEREMAN.

EXRLEF, “HR7 PHEBSFMOTRENSE, 4H10um, £
AT “HRKT DNREMA RSN AZH SIEEZE 1, 4R,
EXAIARBERIGEMEENERRERAL, AFNNELRE—TNE
IE [ 12-15]0

§3.14 NG

AR TR B AR X B EME A%, 3 BB ik
THREBSUTEAFK ZEKEBHAT TERWFN, &E T HHENET
M, ERASRAGTHERNTESPEDI0x10x5um®, FHEHHE 3 4
B OBEMERER | E. KIEE S EARGELFREK T4, ]
SHERELBLE . Jeoh, ASOESTEFEFT . 5518 9 5 2 A0 6 23 2 10
FWHERRENERRRET L. ERENNAS, BEiEFEER TRk
fER “BK”, BHESBRT, BAUFA/RNGRES THRMAEY ‘&
K7, FEBESERERERALMIET 8], DA RRERE. o R A0 AE A o R A
R,

§3.2 JHEIIR BT R OGS R 0 # sk

B 1986 %, Ashkin % AW VR F B OCTRERE BB Th il FR I F R K
BRMKT, MOCEBEANBRYER NS, BT AEME R US4
ST RIFRER . SN R R R AR, URBARES SRR
BEMEMBMRLGE, HETRSRMNET, Tk ZNATEYDBEIEY
W BE¥E. R ERGRY GRS,
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th ERFE AR FE T Z IR R R B AR EBAD AR UE SR

SR A A R Z RN AT R F URERBE KM E MR, EERXYL
RF%E, BHEENE- M AERRNREIER. LLnEER S A E
PRI B RIS IR RS, A T PRIEM M SER MR DRI, (R FF A RIAE M A
EYERRREZEMN. HP, DAEESHHREXSRKE A E O H5E KR
BRWEANTE, BRI ENRRREA 0. len!, THEH 80nW ML
SRRBEESIEE TEORANY E—LAFHETRT, MIBEERT A
REMMAUR, LIRSS PTK, AT H LA RECERNBHIRIELE
B, SEIAEAROAEN L REREANEDNEE. BNEHHREE
&, MABESRORFAHIARMT HRNBR OGN Y, BTRESENR
MFER, E45HEREAEHNERIERERRIE. TN SEEARNE R
B IELBE T IR AL, (18 XS S S N B B H U B B AT RE

B URE LI PNREER A, MR EWRRKMETT %, WKk E
WIELE R IR . 3 IXFHR T AN K SE 3 VP VAR R SL, B 0 %Xt B A
MR ZIEFEEROESH (B, S8 RRTRENLEKE. XRNUE
FH5KE, 5EMHTH1FERANBINMAR, XERAFHALE.

§3.2.1 LK

TRERERZS A lum X 3um (4009A—0.997+0.021um FI 4203A—
3.063£0.027um, PS product of Duke Scientific Corporation, USA)#1 2 % 2.4 /NER
BEWAE LSS, TR K8 R B VR NER I A7 BB B SR AT
(. AT/ E /R BTN R TR, FEEBIFBRANREE
HEAR, EATREMHAER, RIEEEREEAD CCD MPHRERE —DIK, X
B AR B /N BRI JBE R 204 2.5 %10° /Ml

SERAT, AW CRFAFAENESRMEMBETIRARNERG L, I
T BB RIITER S P st AN RERER), BMEAF /DN
PLE, MRS, SRBRE NS G ERBEER T A —EENE
FE, REBFHEHEREENELRE. HEXHME TERD T B#EENELR
o2 51N AR R A O R o Tt ) A5 X0 R ARG AL R . SR
B, HAERCEBRNARL MR TRE, BHOTENRFER(EsEF
B HE AT & SR ISR S AEX TR E), TR /N R E R
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fEREHAKRFR L FAIRX A EEANE AN AME NS

WPRBEFAMNXE. 25, FARGATHMEKELZ XA, TERE
FOLER A FF RAR S AL AT BB/ ERTE L B o 5 B — B (8], 86 SR BN AR R B
—EREBEEEIMM. ERIMERPXBNEY—>EHRER. BE,
KL MR B AR BAE ), R T aRERERCR/NERR) B A BRIZE). |
RIRBFIE RO 18] —RAKT 30 ¥, LUMRIETEZXHRA ERER, /NEREHET
BA3E B 70 A 1) £ L B AR A T B AN 1 KT I AR AR, 5 i 5 1) A 3B T
B. "EIERHEBOABEHUBE, EZRER LERE, MEHRHR
“HRkT NER, BEIZER-HNXE, FREEAGES. PMERERRNZIE
B RAMXEEECR CCD RER/NRM IS D) BG#TAER LA, dit
A8 3 — R FUAB AR NI B h/NER I —4E AR B BN A E,  AH <R Ml B Y e () )
BB At. BT REMMAVERRRERNBE S, EXRRABHEEI T
B RCF RLB T HRTENIE, BENNENZRNESHH. A
Sof S 5K VA 5 A D B ) B PR B0 A AL A5 3 7 (AT 00 P38, AR BT iR
MIEH g AW, AR, FAHE P C8 IR P A 52 B
J&, TEXT R (8] B A IR {E

§3.22 R RAMHITR

SWHF, JEAIEG KRR RO T PITA AR B IR K R IR
B .

$—4, T CCD 7EREALFHMIE A K0 (557 At =0.11s(RZ PR FATX
FAf) CCD)LMRIE REIA T B/ 1) 4 R AL T, 22 50A Lum A0 3um f9/h3R
BREFCR T RHACEIEE S 5 R NS sEN, HTAEEREIS
RInTFFi7R:

i8] (D) 0-1 1-2 2-3 3-4 4-5

BE lum| 31.93 | 25.18 | 23.59 | 22.4 | 25.42

(°C) Jum| 28.16 | 24.34 | 24.14 | 21.64 | 25.20

WBEAE | lun 6. 75 1.59 1.19 -3.02

(°C) Sum| 3.82 0.2 2.5 -3. 56
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= 1
i '3::2

Temperature (degree)
X b5 b 8 <
1 1 1 " 1 4
L 2

1— @t
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~N
N
1 N

N
o

i 2 3 ‘ 5
Time(s)

B 1 3B AR S B K IR B 81 B2 Ak,

bL b5 SRR B p) OB T G B RO 4% R 45 /N ER BT E X385 | R W IB A 3R
REX ZF/Nek, FIERBIEREET FEMIRRRIEE, eIzt
MIEaRRIE R — B, AR RRK. BT, RERAFTHRERER K
HABRMEEN TERABN, FRAEHERUES 5°C RN KRR
HEKH 632.8nm. THEN 10mW K He-Ne BN B ER AT E L
), SEAMEBENZ B,

gesh, AT EEGTRANREXAE, MR S R 48 IR X 8 K
BT EER “FA I8, SMTEATFRMNE, 220 BHRENE. b
THEERK, EHXHANEN, BETHEZPE, ®RE CCD EREHMLH
7 PR et 1) 18] B 29 At =0.545s, FI lum /NEREREFCR T XA ELEELS 20
MA/NRKTEIZHER, AMLBEEREE 5 BANTHEE, S4R0TH

VAN
B 1| (75) 1-5 5-10 10-15 15-20

BE
26. 08 24. 72 25.19 24. 63

(°C)

BETNE

1.36 -0. 47 0.56

(°C)
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27]

v 264

14 { }

o

Q

z

Q25—‘ }

3 % f

©
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-

23 4
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Time(s)

B 2 KRGS O iR E RE R (3] /) 28 b

a0, KAGEE 5 B, AHRHRKMNEEDET Y, BENREKNFER
HERCEALER. RELZ, AEGRIENRANE ST XA 5 BEH
B, BRI K E B K35 .

PLEg RSP, A 3um JRBHCKDERIIER, MENEREEBERT lun p
BRI, WAFELRERNERET, A Sun BAZBDEREERE Tum
NERRD 27 £5, EHMABWMBAENIMERT Lum KBk, BITARR ESER AT
BB ENRBEF B, FeREN RRGERRELD, R EHKEK
N RER T .

§3.2.3 /Mg

ERAMATERRER “MACEEARMNEREHRKEL" 7%k, 3
BERS RPN ERNER E#TTNE, H2XHAEEROLEKA
632.8nm. HFE N 10mW #] He-Ne BULSBEALEILIE, Ha5E s CAAH
B, SEAHERENEL . MARRRTIRERLPMREERERZ
2 FAE T RES. sesb, @D EEAIETE KB TE TR AR HFE
BT KIX 20 BAGRRENE, 184 AEOIRT R AN S TSR
A5 BEHER.
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P EBERARER L FRI MAXEEAMNEBRAAGERENSES K

RERAERREMEGENR, FMRMNETHERK XARBEES.
W R B [8) SE R R AR 25 (1 PR AR R M E RS L, TS A S AU A A
MET R, X OCERALA P8 HEE AR BN S SR A T E R LRI

§3.3 MHAMMEHAMAREBWAEE T RABMATKEIR R
BAERERERY, XHBEDHEE, RACNEERENYHERMEZ
—. 1687 %, FHELRAENFERTRESZPH 0B, §KIEE TRE
NFEFFEOBS, R RIARE LT S EIEL S R L
A B LU AN B8 A TRAKRI R R, B RA AR W B AR ST V13 5)
B — R P R . TR B MO0 A A B M R R, T
fRARE A R B NE B TYHMR, WEETW AR ZHR PO
FEEMEFREN, Bt REEHREO0NE L2408 H 58 2 2 EWL
EASFRENFECHMT SFERANNAR, XTFEXHFEHIRRBE.
1798 %, ECEWATREREE W S0EF, mlt. RES. BRI
RERRT BAFE, T TG 1890 E, EBHEN T ROBERRE
Bt 190TF i BEM/RBHERAFE LR R THERIBRKEAE. A
ELHHBFRFAMEMHR S, RE. Ul THREMNESE, BBEAL,
HEMNEMTEANSRCEHEM. Hb, ERATEE: BRE BAEEN
HEEE. KBS AXNERE, SHRFRENE BRYREEE S
BN REREE, MEHFE, MEHERA ENEMBEERERERS, ¥
ERBETRAAIVR G, FEENENRNRE, BRFREXRALHE
ML HIERERE SEABERMEAR, S EBL RS AR 5Lt
BORBRTMENRRRZE: Mo, EFEHTREENREGREE T EEE
BERLETESIANNERE, URNEXNFARFHHAKERK, BAK
EFARBAEE G, RBERT T ROEAEE, ARENONERR, M
SRR E, B EITNETREPEAHERSHERKEZ, ik
REMIEERS . EHE5EE, BEMUEL RERRROEWEN, kit
F R RTRIEEE, BIIERE, FXEEHSarlc Bt SR A
CouetteRifEvt, BATHMIEATIL P EBFRA, XML RREREMNE RIS
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FEBFRAKRERLZMIOX RERJCSERAN & BRA R ME MRS

MfRES T, BREFERE BNSXESMEE R, s, &7 LA
BB REUBRRRRBYIED), NI BB £ B SRR A BN
P,

BERE MBS, ERNEHEERABGORE, BAKEET R
B, BN EERRFRESHRE. ERNOTIRIESD, FET TEL
BRI AT BRIE B AT LG BIRIOKRL B b A B — 85 B, Le A B R, O
it — 22 MRS R . T FTE R A R~ R ELK, XA
MBAZEZHTEE L 10x10x10pm’ , XFAKMD THGFERE, ATuER; B
S, WENERERETEHMERRA, X—SXTUESELZNES, U
RBRFADE BT B LLONRE MEBNEE, BB RM.

§3.3.1 WEFE

E T B Bl /2 P SR R AE M A R o L O B RS E A 01, XL
WA RO ERM T —Figsz.

HATBRIE BB TG, B iE] At J5 A0 BRRL FRLA HOSE 5 EME R

2d-K.T
a

(1) ave = At ("

Hep, (b, = Z|; T AR TIERTE ARG 0 FIAt, AtF) 2At, 2AtF

3At, W= RIMIB L, . . - HIEE, d ARPRTFHIES %
¥}, KREREEFH, TRERMANRE, o=06ran hHmWkT %%
WA, a AABARLT R, o hARBIR TR R R R 30 1 B R AL

BI(1/8: 77:%;:—(:12;—“ 3y

SEBIAS M B0 A B A R A o

§3.32 %
LAk A, MAREMTEBRTRIESLR. BEABHN 1 um
(0.997+0.021pm PS product of Duke Scientific Corporation, USA) KIZEE Z 4/
BREEFETKE, @M RE A BIES R B K E RS, A TRARE
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FEHFHEARFT LML R AR E B SRR e #

ANERRT AN ANRIEEN P, REEARRENADAROEEORERLAH 2.5x10°
Mol LR, LMEEEADN CCD MBERF k. TREFLHHE, 5
§3.0 PHNER, XERAFER. M XENMHSHTBERITETFE, B
AL ER 0.2538um™s, [RAGYR, ATHBESBAREEEN
7=7683x10"kgf m/K. B—ERSHEHAMB VNN ELREZENT 9
%. ENE—BHEIEM T TER TR,

FEALRT ACKH 0.1 B STRENAEENTBEBITEITS, BH6
BT AT, AEYRAE:

3 K-T-2x0.11
37-0.5%10°x02538x10"

HeP RiRE T=29.22°C, EHMRLRT S 0 5om, #EL G M- GER K T
Mo R R S .

BAHEENEN BRI ET - FHMFRm A, XS TRHESE
KEEE M EZLER. RO —HRERD LSRR/ LB KERETE 30°CTH
FEHAT TUE, ZRERMOT.

7 =76.83x107 kgl - m/K (3)"

IR %

(RE 10% 20% 30% 40% 50% 60% | 70% 80% 90%
HEAaE)

I |
(kef -m/K) 105.53 1 13735 | 164.51 | 174.68 | 191.51 | 194.62 i 186.89 [ 168.31 | 141.91

UL EMEE RS 20°C . 40°C A A i 28 8w 3L P bl 2,85 5 B35 (L

HRE—EmM, WTER:
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E 3 ARAET JERERBES ZBYENRA

%%,ﬂmﬁnmmﬁmmamm2wa4mc%&ﬁﬂ%ﬁﬂ%ﬁﬁ,
AL E Y 30°C I AR A RSN ERAEA, BLRMANSEREE -
o, A ZNFRENTF 15%, T

T'  caculated value 1
| = measired value
o relative error

200 . [ ] f__

180 4 . ][ I

220

00

- 3

o
? _
& + -‘su ®
£ 180 o
& * 2
3 B
»
2 120 I L 140 2
by 3
2 . ®
g 1
120
2 120
3
100 - “ a . . +
- - — T 4 T a
0 2 40 €0 4 100

cancantration of ethanol (E1%)

B 4 AR FTiE MR R s ST A H AR (T=30%
AW
B, pene’t ZXWEE LM AEMER T @0 unEsR, A
(F1 7, AW M THE S s NEH, RENEHEETERNRR
B T FHIpE, EaRM. 20°C M 2EKE ﬁﬁﬁ?ﬁlh$ﬂm¢‘mm

M7 BARBENE AR ETFRRET K.
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FEBEHARKE L EIL ERAATEAR R BB ARRE S5

PLEER, EAFENAEERME TH#—PIEEFEN, Wi T AR
EERTHERFR. URRBSHRBNHENNE. Gt R, FRAXERS
5 AT WL 5 2 Am B B B0 RN BRI R BN TS, HEXT R AN
AT LU — A, AT LR 54 R BV R BB S VR

§3.3.3 STt /G

EREREREY, ETHEEANBGHENESERITITH. XBR
MHMEBEE— TR, BTATERBIRWIHT/NRFAZIRELIAM,
EmMEEN S RBEER+IEE. BAIMLRRENSRET 1000 B L/
HRATEAEE B R it E R, K EA T, T 95%HBFEERRE D
T 5%, WEKXEERLHH. EHEME, X ERAFENELRLERET &
Wi, B R IR MRS AT LU B £10kef - m/K LAY, FEMMEREANT 15
%o o, NESEREEMIHERSHE —FOMEMNREEL 13%UR, &
RUEB—EH. A%, FHTHNLSERMENKERECRKE, X—FHEHT
PR LR ERESE, MRAEMHNREEE, ERAEET 5 E LR E KR
@y A AE, MEREERKEE LERRTFHETRE, Fia LBk
g BERRE.

XMTERMEFRFRE, 2 CCD MMUEF A felk 28 & a5 B MRS
WEXZAERNRE, ERINOTREHT, WESEESMEL. S
MU S PR A R RV AT LUK R 48 S A VL K B e (], 358 F 3 A& I IR B 5T
THEE. HEH 2 33 um MBI, RER D KEE B AT RIEH R
B B E AR RAT R T, BN A E B4,

EEARLZR S, KT E/NEREMA RIS R 2R iR E & m 1, N
fE/NERTERE BG4 b TR T4 10pm M S B RAIZ ) . 5%, BT WS
5 o i G TED RS 3 AR B T (932 B SR ST AN B R AT LARY, (BFRSTINE 4 R1E
—EHBE v,

AE S TAER B EARYN BRI H E R S BRI T %
W9, BT MEFENIFEARE, F2 L& % AER A RRE, XAk
BT HERRARELREERAEENE. Mo, XM EFAT LR
WMAERRMBTH, FUKKBETHEROTERE, 4 70u 2R, TUE
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FEBFBRAKRER L EMABX (R P53 T ik A Yy 1 R R IR

FNEFEHE DT LR EY LR
7t R AL U (SCATT 1

§4.151F
O OBRREIBRE . REISWTS THRBE A BT R AR RSB AR
EREBEN. RSN, MRS & 0 5 5 M X S T
RIERK, UBAERII S RBEAAS SH MK EPRNEAR. 7
%, MARRSEHSHPMER. K, WEFHKHAE ELISA(enzyme linked
immunosorbent assay, EEBX S EW IR A, S BIKEAR. EFHUNE
HIK A . PCR(polymerase chain reaction, B&EIHER M) A%, EhTE
BV S RWEXOREES FWEES PHHELBRIERPHEERIE, U
BARAZ B RSB ARETRGH T F ST E. WHTRRITH
ELISA 777, BARBAMEY, BHEERELIEEZEMANA . HRHE
EX. URKNRES, MRBEAES, S SHhakER, a2
MIHFERE/D, AEER, EEIMRE, KMREKE: ETHRNENN
KEAN, HEMBRE, TLEE 10° Mml, MHEEBR, HFREKE
L, MAA—FHEBEIRMOEAR, BEFENSELZER, RMBREHRER
®: PCR HA, WERIARMEA. J7iEp s E A B s Ar—5, SlRE
g, FTLUEE] 10° A/ml, H&OEEEDRD, ERSRQMUSRER, &
WA, BT, HANXERATEEL LB EREH., REA
FEETERNE. Ff, EVFERRE-MERBMED S FEREAR, LA
WREY. EFERFEK.
TH 1 25 A1 T A R —— R HIV G R) iR B IR & 3 %
T 2003 FEAEH E 71 KM A ATl 28 B R SARS W 8 (— MR RmE)
FItRiERR. LR BERTRRT2ERTEN HNL BRBREFEX ALMBE, 1
SRREHRAEEMN™RIE, MEHTRBHRELRE. By 8URIT S KM
BREOEEREE. I3 K—FaedKmMa R s, REETELSHN
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P ERFRHAKRFERLEA0 X EH ST DIk Y 1% BB R B T B &)

FHEA. HAE, URBRAEEAR. FEOEUREE, FREBREMHNE
FARFER B384t ABTIAGS, BB AR S TR 2 R AR ) £ B Hh )
Ko 1 B R,
EFEREEEDRSFHORRT, KW FF-ATPase FFLIER—
MHSTFNRD, EREKOLEHETE, F2AET RBRNEYERE
HIEEMSE. 2005 FXERZRAE-TRAMHREARES FIEFDE
HEYERBOEAR, HRABENT FF-ATPase 2 FDikEARERE R
MERBHOMARE, BTNEYS FRARM. BAx, XE, #ESEX
EEEARS FOEMAARFERANTERE R, PERERXENAFT
S R P R
 HE, MEAKHAROEE, EERENNAKRKTFENEDHTS
BERANEFEBENCARES, HETUMNAREAREER EHEMEIEY
SF (ks %K, SVERESYVUHNERMRRENEYSH. mE
BFHEMBEBAEM EREREKNK DPN(Dip-Pen Nanolithography, #
EENKFREDBIA) A, MRS CET EERENHRE, Fa
UERAED G HEE. B, NEY. EFURPAKRESE L HEMK
BEMATEKKE, REAKBERMOEDERSE, REWHNSEHALK—
B RAEAEGHERRI—AEZESMH.
H—HHEEEMES. BERY. RN, FRES AR TIRER
ZRGHMINANERE, AT AEHRE TEFEMN/ PR, RELHEKX,
ERLRRZ& AR, BFih MGHHEN, ERSFTRNE) DEKNHE
EREmE W SN RIERER. BT, WEERHEEER
AT HEALTEEERLRENSRH /ML, BELEE2EHERH R
53K, BT TR RGN EHERE . AR
M FUEBRA O EER v HEo TSR MEsh it L. 2RSS,
FELTENBENR ATP SHIEH 2 FOEARNRKREM S NRTTRE
R B SRS R BT £, YRR AR A i iR 4
KRS FEREAR, REEBMORITFR. ULV RER. 4]
SR, FANHE—PTENRHBNE, BLERABHNS SHBEARPHR
RIFAR IR A BRI B8 R RIEE SRR BIHESEA .
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FERF AR E WL LIS 3 S F Dk Y45 0 R G

§4.2 K E YRR —

FoFi-ATPase 4 F Dk A W45 1 3%

AR RTAEBT AT, HTEFOTRANRIME, EleREN
BT e e T —— PR A WY RN B2 MR /N B8 0 TR,

SRR AR MU R T R0 B 0T T B MRS 40 F Dk B R/ 7E [ R A
SENTHET, B THES TSRS SEENHTR, LR mAHHS
FOAMEBE TR — M e ERROTREE, 22ENMASRE, B
AR LU T SERR R

1. RIVIENE 4+ F ik PP~ ATPase f9 B W b4 AR AESH
BRI IE .
. Rfi-ATPase R—MEHAFDEE 1), dETMETHBAAR, TH
PSR LBt & B R LT RR e P AR MBS IE T3 %, UL ADP FITEH B MR
HEBR AR ATP, MR, FF-ATPase £MBEAMEERT, SEEAM
PHAETHES: Tide ATP JKMRATHEAE, PoF-ATPase &M IGZITFEH ATP KRR
BRI G E, SRR a7 e, FrBnsERT, £
WK PH EFE(K. FFH, ATP &R (BUKAE) MIREL FF-ATPase HIFEHIE R
Eth, T FoF-ATPase KINERsE % LAILLR A THIERFHORIE. EiL, 2
Fof\-ATPase & FEUK M ATP HIE M MY, THIEHT HER MR,

Bl | HA SR HebE- FoF,-ATPase MG RS R 1
1. FoF|-ATPase £f) B TWH: 2. B W EHidk; 3. biotin-streptavidin —biotin(4 W E-Hi
EYEREO-EYER) EHRFRA: 4. H SHRBHRETE, 5. H BREBHRE: 6. FoFr-
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hERERAKRERLER TR0 T DIk Y 15 B R BN WA

ATPase SEBIER 2 F kM3 &1k chromatophores(Ot & MEH ENFIMBIETEA): 7. B
B,

JERN K, RF-ATPase MIEirEE<ZE TR B TE LFrEEAES D
fimd. XBEELMT HEE HELMHEHMEHER, KIA FF-ATPase
HERFHERTIST. BTt BIRTRESTHANE S TERT
MmE. EPKRFTEODTTFENTIE,

2. RY, FF-ATPase RIMEHEMEH 8 WE L GEZ /M ANREL
BiRER, TEXA—/MED FF-ATPase RINERIE M MINEI 2 h BIEHI15 A
FEMFINE.

FERI FF-ATPase MIEH ERCEZITH B TE LFERNBEML
¥, AN ZHE RPN RLCE, B8 EEEFTERMABRER
K, FoFi-ATPase MR R E IS, SR MNE R, TIRE RN
B, ENZEKEBEE— A, Y8 IE EMARET—ERER,
AR KT RoF-ATPase HEH & M H WK NI HIZR A BUE, RMRT
FoF\-ATPase RIBEHEER. MBHEB U E LAE—MRENB(RFRES
) 75 45 & %t % B AT S 00 R OR [ S B0 BRI 4 R AL T IE B T Bk AR
HERE, EMX—HREMER, HIEFREEETER FF-ATPase 4F
DERBEGMRTOEDERES, BEETHIBRLREM.

3. RIL FiF- ATPase #FDiknt B WA b FTERBHIBUNAAT (NEA 4
W45 ) T BA-H43 SRR S R L e TR M O (B BB E R R WA 5 R pCT
HFREE, Hi55: PCT/CN2005/002195) .

AU IR ERRIC 4kl F1300, & —F PH EEUSHI M EL, HR
SCIREEREE PH R INTIHE hn. 230 F1300 #RCEIEA S, 76 ATP W& REE
KIEEFEF, WATFTR, RoF-ATPase MINERTEMERINHIIE R T KRR MR
18, TOHERFHREERISE AR SBEA PHEZK, XA EHEH F1300 &
FIRBERIA L R SR, B FoF - ATPase WIfESE T LA F1300 %63
FERAEWRIBM . 4§ F1300 BIARCEIEAMEAR, MBRT g S
] BRI TS SRR, FhLEFRAZN pH UBRE IR T ¥
BB FHRARES S FHRARNELER T LA,

37



e L RFSEHR NS 154 1 000 T T8 S A4 R R T T

=

SRR, SREMABIEER T 00T ik f 5 77 W AR R 58 5 ik i
ERRBHEA, LR AUE R R B0 T BRI G EEAY, HEns
FHATCRILETREERRARATS FDENTLRPBE TS ER
(i 2 BraR)

Omn  lgin  Zmin  3sin  dmin  Smin  6min  7min  Smin  dmin  i0min

Bl 2 WIS HAERERE FoF -ATPase A ARIER F 45 HO B U 5
BTSRRI PH AE R RO
BVE: BT HO BUUBHES FIA (B WS- LN E-NEWEEA-EME-
H9 HUK) RIS BERE 43 TIK FoF -ATPase Lj H9 B EEHM A AL S, 4 fn ADP #2
R G R TR AL RBRT FoF-ATPase (1B Wik FMRAEREATSLE, fl
BT FoF-ATPase RBEFHEE MANBIETE N BURMILS) |
by B WE L RIS SIBAI SLHER 7 F Tk FoF\-ATPase, B ADP 231K M AT AR
WRT FoF\-ATPase [15 e G R ATP & & ML 1)
cv  BWE EVEHT HO SUSH A R (B WS- E-EEEHA-EDE-
HO HLIK) 19 SR HERG 5 F T I FoF\-ATPase, AL HO B IBM S & A, fn ADP
R RV (RIET FF-ATPase 9 B WH: LRI ST 44 4 201, L FF-
ATPase JE¥: i HE MBI S 5
B AL _E RN o] S B e BE G 43 F Thik FoFy-ATPase , {R&H5/n ADP (TNizh R
I, BNAME FoF-ATPase EfGEs, RURT %EHRET FI300 (15K ) o

o
.

(=%
.

GRETIIL, XECHWAHRRE. RE R EE2NE B RSD (8
AIAE) , CRP &R S ST A A Y AT Sk i S BIE AR FOARR M PR A T 1540
ELISA J7VEMT 100-1000 ) RHEATRE, 55 R B 5 F K T I h oL
M —ERFMIEW . AN ENHEAR, Bk, MFRA FF-
ATPase 7 T HAME N B R, €0 ¥ EM MR DGESTOERR
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P EHFEAKER LR R T HIEE WS B R P )

ML &, M LR FoF\- ATPase B4 FAEMERKE, BRANKKT
S5 FREREREAR, RAREOEDTH, EaULR—METF
BATOERERENATRUMERENTER, AXTHONLS T
BEYEBRERSERENBRBERMNUSBNGEMHNTR, BETE
EREYF .

§4.3 AL A B ,

HATEERX—, WEAEARN AR, BARITH0 M0 STk 4 i 5 BT 3t
TEHD FHIEEHMARRR(IELA, FRBEEN LS TR IS H
HHCEREHER.

§4.3.1 Bt BR

R ATP SE§NEH 5T 31Kk FoFi- ATPase $ERkRISEH SIhRSIE hEY
fEIRBERBITT ATP 73T DIERINEH R IRAIE AR (F R RZ -2 0. AHA
FMPESABATE SR A I 88) FEERE b, FFR R &R RE S SR AL
R BRI R RS ThEe, UL REE (FEASIRSTFESR) . EE
LEA MRE-SHRARSE BERBORMATEE. SHER, REFRS
AR, SREASHESEEART AN EL, EER. EHBEOT
—HREWI . BETE, BXBIUTHEARER:

L Rzt %: AP E
KEEE: JLTREGt
RO : IR RN E—10"/4/n]

RGaHE: UHeK

ZHATIZ: 100 BOK <75 1k

FEIRE: THAMES FRESHESIES
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