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THE STATISTICAL MECHANICS STUDIES OF
TYPE I ANTIFREEZE PROTEINS

ABSTRACT

With the development of scientific technology and test conditions, people
gradually isolated different types of antifreeze proteins from the organisms of ocean
fishes, terrestrial insects, plants, bacteria and fungi, and the gene sequences and
structures of these antifreeze proteins were also determined. These proteins have not
only a wealth of structural information, but also the special anti-freezing properties,
so that it makes these antifreeze proteins have broad applicational prospects, and
thus their study is also concerned in many fields, from molecular biology to
biological physics to chemical field, from oceanography to fisheries ecology and
then to the field of biological evolution. In recent years, it has also attracted the
interest of the business community. In this paper, based on the statistical mechanics
and statistic!ﬂ thermodynamics theory, the statistical mechanics model is established,
and it is applicable to explain the thermal hysteresis activity of the type I antifreeze

protein(AFPI). By using the solution lattice model and non-considering the




interaction between molecules, the thermodynamic properties of linear protein
molecular solution are discussed in detail; based on this, the thermodynamic
properties of AFPI solution are studied further when the protein-water interaction is
also considered. The interaction energy between AFPI and ice crystal is calculated
theoretically. Finally, the adsorption orientation of AFPIs on the ice surface is
considered in the statistical mechanics model. Some main results of the thesis are
generalized as following:

[1] By using statistical thermodynamics theory, the statistical mechanics model
is established, and it is applicable to explain the thermal hysteresis activity of AFPI.
Thermal hysteresis temperatures of some mutants of AFPIs as functions of
antifreeze proteins concentration are calculated. In the calculating process, it gives
the partition functions and free energies of the ice crystal with AFPIs adsorption,
and without AFPI adsorption, respectively. Mean while, it is considered the
adsorption fashion of AFPI on the ice surface is same as that of ideal gas on surface.
The function which expresses the relation of thermal hystéresis temperature and
coverage rate is given, and the thermal hysteresis temperatures of some mutants of
AFPI are calculated and compared with the experimental data. The results show that
the theoretical results are in agreement with the experimental data, and our
statistical mechanics model can explain the thermal hysteresis activity of AFPI
successfully; the increase of AFPI chemical potential will result in the increase of
thermal hysteresis temperature, and the interaction energy between AFPI and ice

also influences the thermal hysteresis temperature obviously.




[2] With the preliminary approximation of non-considering the influence of
interactions between molecules, statistical thermodynamics theory and solution
lattice model are applied to discuss the thermodynamic properties of linear protein
solution. The results show that the Gibbs function of the solution decreases with the
protein concentration, and with the continuing increase of protein concentration, the
Gibbs function will be increased, and the minimum of Gibbs function moves to the
smaller concentration when the protein molecular chain is longer. The Gibbs
function decreases with the increasing of temperature. The chemical potential of
protein increases with the increase of its concentration, and it decreases with the
increase of temperature when the concentration is small, and it increases with the
temperature when the concentration exceeds a centern value. Finally, as an
application of the theory, the chemical potential of AFPI is calculated. Comparing
the result with that of ideal solution, it can be found that, the solution is can not be
discussed simply as an ideal solution even though the solution is dilute.

[3] Considering the interaction between protein and water molecules, the
thermodynamic properties of AFPI solution are discussed in detail. The results
show the Gibbs function of the solution with concentration decreases firstly, and it
increases quickly as the concentration still increases; the chemical potential of AFPI
in the solution increases with the increase of AFPI concentration, and the chemical
potential of water in the solution decreases with the increasing of AFPI
concentration, and these result in the fact that the Gibbs function of the solution

varies with the AFPI concentration, and this variety first decreases and then
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increases. Mean while, it gives the result that the depression of the solution freezing
point caused by the addition of AFPI is a colligative effect, and the depression of
freezing point is calculated. It is found that this temperature depression is very
small, and usually can be omitted when discussing the properties of the solution and
the thermal hysteresis activity of antifreeze proteins, and this means that the
antifreeze activity of AFPs is a non-colligative effect.

[4] The formal statistical mechanics model gives the conclusion that the
interaction energy between antifreeze proteins and ice plays the important part on
the thermal hysteresis temperature, and then the interaction energy between AFPI
and ice are calculated theoretically. In the calculation process, it is considered that
only some amino acid groups at certain locations can interact with ice, and this
interaction is Van der Waals interaction, and at the mean while, the repulsive
interaction between same neighboring groups is also considered in the calculation.
As an example, the protein-ice interaction energies of some mutants of AFPIs are
calculated. The results show the interaction energy between AFPI and ice relates to
the number of methyl groups on the alanines (or threonines), and it is also
influenced by the distance between AFPI and ice. The more the number of methyl
groups, the larger the interaction energy is; the larger the distance between AFPI
and ice, the smaller the interaction energy is.

[S] With the further improvement of the statistical mechanics model, the
thermal hysteresis of AFPI is discussed when the adsorption orientatipn is included.

The results show the thermal hysteresis temperature is smaller than that of
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non-considering adsorption orientation, and this is because the coverage rate of the
former is smaller than the latter. Both of the chemical potential of AFPI and the
AFPl-ice interaction energy influence the coverage rate, and then affect the thermal
hysteresis. The statistical mechanicé model including the adsorption orientation can
express the thermal hysteresis of AFPI better, and the adsorption orientation can not

be neglected.

KEYWORDS: type I antifreeze protein(AFPI); thermal hysteresis; statistical
thermodynamics; partition function; free energy; Gibbs function; chemical potential;

interaction energy; adsorption orientation
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§1.1 BRSMARIRK

AENKEBEYNEERAEN. RE K EDR AR E RGN KA —H,
UL EYMEBERANREPER, AREYEETUERTESSFRENFET A
7, RRRARZLEEYENTRIGHNED ST, XMHRROTED TEN—FEDHE
TSRS AMTER. 1969 4, DeVries B IR KBLFE L KENA A GHIYIRN],
RETHGEAMBS. JLTER, RHUEEORHATETRZRIXNE2-17]. &4
Kk, BRAMARARCENGEAL, RN, By, AENEESELXEDET S
BREAZHIGED, JHE T ENNEEFRREH, TEFRRTEEERENRF
B4 HE RO BN HIEIUBRERER2-14]. KEFRRH, BRARAAMENTEE
HEHMEAHRA, ER2EMNH—NERGHERN5-17: 7 LREEB KR EK EE,
WHEKRMER, FERMRER. BTRENTIEIE, MEREOERSTEHAT
ZHINH[18-26]: ZERM b, BRLLERXMEYOKERTER: EX&=FE L, €Ll
fEFERARZLEL; EEA L, FUAROEKEFAR, SEBHERIRE MRS T7HEH
REBEMMNH, F%. 55, HREATEMKGENAER, TRRHEERRLERE
PEEARREEYT UHARUKARBEARFHAEEMOMA. BT8R R4
BXHEEORFAR B IZERIERT, WG FEYEREYYE LI E T, Nk
WHZAEREFA AR, EERET IR T RLEARE.

MERERZES, MIMFUEAROMARMEHMT REMTFEAR, BARRKS
K AIRERTIRE QR E B ABAE6], APIHREERD (AFGP) ML & E (AFP). AFP
WL RN A MAR, XA44 AFPI. AFPIL, AFPII & AFPIV. JLH4ER, Af7ER
AFGP Fl AFPI B R IR(5,27-34], AWCENT FHI 67%MEHEMRERNER (alanine),
HEMNMEMRZELAFEN: AFGP 3+ FEERH 3 BB AI[-Ala-Ala-Thr (RUFEE) 1L
ARELERBTK, 2 TE—MAE 2.5-33.7kDa Z /8], 2+ TWF alpha BBjjg45#. AFPI &
i 3 MER[-Thr-X(2)-Asx-X(7)-1 5 B BT U alpha SEHESLAALE#9]30,31], BRA B E M)
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R &85 (winter flounder)*=4E ) AFPI, B4E P AL RY3EVURR, B AFAERY AFPs, f43% HPLC-6.
HPLC-8. AFP9 ik % SAFPI[33-37]. AFPII £ M#/Lf (Osmerus eprlanus mordax) LA
BKFi#4 (Clupea pallasi) H 40 B E B MERNIRE D, SHRKBERN C BER Rk
AKAA YRR X F9R(38-41]. AFPIL R M4 (Zoarces elongates Kner) 74} & i ff)—FhEk
REMOEAD T, EATFHARSHEMPEEATEAR, B LSNAMEREEER
[40-44]. AFPIV &M Z KA X (Myoxocephalus octodecemspinosus) 914} 8513 Fl ) —Ff
PUAEEA, 49 108 MEEMBRE, S BN HEEEA TR AR 20%H 751 F#H(28].

BERTGEATRAMOEARE, AMIXABRE. EYRAEAESHAALTBH TS
MEROEHGED. BREAMIIEED, FIARELHEMNTE (Tenebriomolitor) 4
W BRTGEREMMNEEZE I (Choristoneurafumiferana) AR B HFIHHED. FHR
PUEEA (TmAFP) 7 FEA 8.4kDa M MIKAT B-BIEE WK F; BT HHRE
H (CfAFP) M4y F&E7E 9.0kDa iy, HEHINMNMATF p-1BIESH. HAxM, &M
RR&GHT, BROAREELARFTIGEONRELRESTS, ANTE 10-100 £
[7-10,45-54].

NEEARGFEANTARR, HHiGcEOEERK, — KA
0.2~0.4°C[11,12,55-58). R, ILmMR4H 4 A th R HUAEE R [14].

JLHER, MIFFAER, &MIUAEANEERANASAHEE, ZAEHBEER
REH, EREMNHFGEIEELNR, B. SKANESRENREES, KRR
AR BEPERK R EEK, BREBAMIKSEK RIREE, TAZRIKE R AR,
FEAE BN 15-17]. VKGR IS RUREE 5K S A K AR E 2 ZM A, FIRFERH
HEARNRIEE. PRROEREPREKEEK SRR, SIS ENEERE
B, RARENSHGEAS FERRTRORE ORED fix, HREMMEM, HmE
BARK P, BN, ZIREALENMMER —EER, MmREAERN, MEET
—ANEH, BIRE—HRAM57-61]. KAKF KUK R EHHHE BB KRR KGR
FRBATH ., RAPEEORMTRKRREE, SR TKEHEKIN, WARKTE
RAMKEEKIBNBEREAEER, AOEKERANSFER, FRTIHE DK
BHNRHER, F55[62-66].

BE & X PR R R FOBRIE S, WL R ST K B BT A R BT
Mo, HRTHLHERKRERBBRIAROINFENSE. RERELAEROAR, X
HEOVIENHGERFAKRE LS HZR: KERE, HREMERRHDE. KERZ
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B RARYE Flory B RS ER, ARSI AR BRI G E K AR BRI —ME,
HEROMMAL SEARMKAREUELFHRGRORES T RK, ER, FXLE,
PR R AR RIE TR P K S E K SIRE, TIEBIRIKRBERALL, Bk
KM HTSEATF[16,67-68]; HAZIMEIAIR NN, KB MEFEE r, DB IKkEE
BRTFIERF2 r i, DK AGREEA K QUKBIE RN T o B, KK R . %
WP U SR B PR UK Y U, PRLAS UK T R R R UK 8 ) A K AR
SHEAR[16,69], TUSERMED, LHIEEOFLISEKSEOEKI®E, FKEHER
KRR, EEBHEKEHAER: BREHEERAL, FEEARKTFKENERET,
MK G A, BOEUK B K TR, AR oK A K AR BRI 15-16,70-71]. 31
BRIALE, BE-AERTUMBERANHEEOMTURIE, ERMEMHER RN
REFER . MR Z RIS B iR

MRZ B 40 6 B 12 Y T R B4 AL 6 B - B Ramond 1 Devries T 1977 5|, ET#%
Hif, fhfi 14 T Gibbs-Thomson #%!, B} Kelvin A RMBE G E (IMARHEHE70]. B
BEIE, AR TRM-HEEE, SR, SRR FARERRI T4 KRK
b, SERASHUAR S TR SN AEKZBIRE], M B bR w5
M3, $RHTHRGEEODTE, K2 FRASHEEKREELES, BIKRAFEK,
i 3 IR B T 0K 8 B HUR R B 4 F RN SO AT K R AR AR A K (71,721, RIS,
FREMBLET 1993 F8R I TR VRN KRB ARG IET3,74], BRI R, &
AR EOFERKSKERT, KRENEAHE RN HRET AR —8BaE
BE TSR MKGEAS BB RMRN: H5—85 N2 B R E O7E KGR MR
SRR, X268 EHENSARRB TGRS SRS EERRR T KEKARK
ﬁﬁ@%ﬁ?i%.ﬁﬁﬁﬁ¢mﬁ%$&ﬂﬁﬁﬂ,%ﬁ%%ﬁﬁ%ﬁ$%$§N ﬁW
AREK, HBFEESEHEANRNSBNERNEHEHERNE, BRARFRESHIE
BAKRERXR, B 1L AHZERTEAINGXTGHEANER.

Sander £ Tkachenko F 2004 £E{RH T “HkMkigdn” HA, ZRAIRL, Rrr=E
R HyiEHE A FH UM RS RI[76]. Kristiansen F1 Zachariassen A H[15], HikE K
R AE K UK SRR AT M, T 7 A 2 o T A W B UK o i TR R Bl s v R 5 )
MR PE TR, FREY, SIEEO0EKSREARMSESAFE: EERIE A
BET, PUAEBOEKSERTABRM ISR, K& EAERPOTIGED S A EERT
%, BEERERK, BWRETPOTGEEOS FATENRM FKERE, MTSEKE0E
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Figure 1.1 Freezing point depression of fish antifreeze protein as a function of concentration. Experimental

curve is given by points. Solid lines show theoretical values (From Ref. [74]).

EFRMOHERMGEEOEKBRERMAERH T, NRA. FAEEFARE
BT IR B RO RRIA R QM AEE77-79], RATAK, FUREAEKEEE
FE S RE K BEKARE TR EERRE, MEFEEORENE N, HEKRKRET
B R MK, MIRERE— AN, BREEE e, s, #AEERE
FIHEKE, FUNMREREMME, BEEREAE, BRHRELY 2EWL.

BEETFRAEN, MUK, A —SHEEAEKS ERRMZHE TR KI5
HERONTREW, BIHIRE DT 0 RSO XARATTAE 0K 5 2% R R AR K,
MR HAAHETEB0,81]); AT MBIRE A, HhRAMMNAEL HIERON TRENF
TER), ARATR LA F B B O — R R R PTRE AT IS, RIUA RS
AWM FAROKSSE, MALZERATSENEW, MBI, RERRNREE
WHpN, FURHTFEHAGEDS FELMKERARE, SBHREERAL THEK
% THD FR) 78 5 BE 380 i 5 142 R [82,83].
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H TP E A RIS 5 BRI MR R D), BB RN R EARRA
B, $ln & ORKS FIEB G RS EERTR. WA FRBRING T %
R R AT LUE SR LA, AN+HER: 1951 4, Kirkwood A1 Buff 43 T Hi % 16 9 #i
BRI G % B 18184). Mazo T 1958 4418 T WM 2R, 1
R TR B S A B ARDRIATHE, R EFERERE S, $IRD Rk EH
BRI A% (851, 1962 4F, Hill #2H T ARG #RNFER, ATiTREREXS
FHBOARAENR, BRERTERTORNFRE SRR BT, RERN 2
WAL 58 X BB RERS) YRR FI[86]. A NKIRS K FR IR # 1R
H R G R Flory BIKS T ¥ mAE B # i2(68]. Freed ¥AK/R T Flory IR, 1€
T SRR (LCT), HEWAMHETXRANER R Flory K135 M
TRERMEIE, R, SHRTIALETESYEEREER AN ZHRNEW, LCT &
RN TR LA REVRANHELRE, BR, RERNEMTKMEEER
B T B ZNA87-89]. ETH 2 HEKEW, Curro 1 Schweizer F AR
HTHEEAREYEGKBREE, ZERWUESFANHALERANEEYRENS
FH R ISR M RE R, NTUAEET R T NIRRT ik, E2
SIS TE R AR O I P9 B 45 AN K1 [90-91]. Sanchez M Lacombe 2T 4ivt /1B 4
AHEERAHT SAERAEE, ZEUHTHRNKRS FREYRE PN FER IS4
YRR AE92-93]. 1997 4E, Sjoberg A1 Mortensen /) FE - F B4 1 Monto Carlo #4817
%, BT BN AEEARVE B A AR EHER[94]. 2002 4, FRBIHR T KT
MG A MR, AR T ERETRAETE, RA AN S R, HilE
R R RE N it &, (A4 BRI K2 FRURR A FHRE,
AR M RI95]. Prausnitz F 2003 F M FHAZEM M T E KR EARF
# R E AR TR EAER96], F4, Graziano FAZH K7 EWIA T Van der Waals
BAMBRAEER, R, THHT ZuHRTERLES, RERERKRERLESS
HRERRRR—AXEKRI7].

BEE NP R OTUREERRAA, KRBTk MG E O S5KEREKH
HEAMAGROMOTGEEREZXEERER, HN, HHGEASKEETER
A5 AR AL IS TR KHIEL198-115]. BTG a- R HEL ) B L 45 M B I g
#, % HPLC-6 BUABHA ENARNRL K—MiisED, EoFh 3 AN MEFHBREWK,
BAMHBPE UWANERER, SHARN, 40F 2, 13, 24, 35 1 B L7 (threonine)
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X LR B 4 T 78 0K 4 3R T8 R B R R 8 AR A (15-17,27,104]. BREIME R B A AR
[29,116-118], HGEAB L AWM LIEABK FIKBERE, HE, LRERKY, HEKE
BEKBRE LS HAT KA FEKBZEM S, WAKYFRBLEBHELEM, &
ZHER LM B LR EYL. BT ERFBEN G BN - His & Rk SR il
ZERELRE, EEHHEMNBGHEEOEKRR ERRBER X, BiEVE, A
A RATENEARG R AEREP 5KSHEEENEALRE, WIEANNEES
K RRERM A RE T EHRN TH17,51). AER, BTARHGREEERFE
KMGAKME RO, FRKRERENTFEEDS FEIFKOMESKRRTHELEA,
TR BK SR, PRAY FRIEKE, MEKRRSEEK, KEFAERE, HK
YEREET UG R A MRTER M+ 598 T REEMHAI[117-121]. 8K, % AFPI §1 AFPII #)
WA BR[120-125], SKSHEALEROMER T KNG AER AR IBIFEEAS T
5% GE4NWEERRN, ABRiEEOSTHAHER (threonine) AEM (alanine) L
B3 (menthyl groups) S5iKMERTAIER, MH LHFEE (hydroxyl groups) XA EAERK
TERBIKER, HBRN, WHEAFLEEER KN FESKS RN Van der Waals HHEEH
ENFEASKENEEPRERELNER, MERMELERRZHA L ESHA, X
AR R NI SR SER 2 1998 F Zhang % ABISER(120]: F A RREIF 2 A 1Ak
B HPLC-6 LRI HER, 4REKI, BRERHFEES TEREEE ImM MR
AW EMPIEEE. BT, MBAK, SUEEDSKERK Van der Waals #HEER, B
FHW TREA, RIEHGEOVREEREERRFEA43,106,107]. H%E, SUABRARHR
HIEHRREREMEW, LW, FARPGEOS FRRBRERR, BEEAR, NET
WA E N E R SBNEROEKRRDNRME R ERERE®, BEEmETRET.

ETHEERTANFARRE, AMINHEEOSKEHELEMNEERT T
. 1993 4, Lal % A Monte Carlo ¥4 &0 F31 1%, BMILEKKHIREE (WFAFP)
AFHEKSEROMNBRE, SHT AFP 5&F BB KERENWHEAEHEER
-84kcal/mol[126]. 1997 £, Cheng %1 Merz Fi#} ¥ 3 1A TS H, WFAFP 5K
FEAE R 88 k-15Tkcal/mol, %24 Lal 5 N8 345 RIOFfE(110]. 1999 %, Chen Al Jia f
HHEEARGH T AFPII 5K HA T ERRE, KI: AFPII SBEALUK S KA BRI BEIKT
54 BB KGMAEAERE, 5&FERIKE I E M 8% -100keal/mol A
[127]. 2004 &, Jorov ¥ AF Monte Carlo B/MUBIIIAS), AFPI 5UKE MM REH
%5 %4-5.0kcalimol, BT Van der Waals HEAEF] RIS AAEHISLM[17]. 2005




BoE 4

%, Liu Ml Jia SARID T HEMDFHHEEE, WHET TmAFP S0k KA EAE el
KNG T HIR R K R[51).

M EEEAH, BIHEATUES, REMHEEINHATELRRNER LTS
W EMOLNE TRAM, BEARATAFARTIER. HHAT L, MH%ED
FURDLH ML R A S E RS, RATRNAT HEER, RN ITERERY—
PMEBIRT N ERBRER AR TOGIRIE. Z TR RS RS ERERA
ME R EBIH4S HHUA R O BRI F 5 AR BT RORERRR, STATEX
HAEERAREENERTE, ANRATARERNEW, M5EHEGELHNELH
DR E R MER KR AR HIIRE, ZRRKXNAT=0AT,, HP: 0 WHGE
B AEDK SR T YA o B AT W MR E REIA ISR, R RA R LR G RITE H K,
RZHBEFMERRE. NEOFEBORA 2RO RED, THENEREGRS T
KEBEHRT B ZH R, WDENRGEEOFRORD ZERYERTA. 2
WAk, AR & B AUK S B B A R 908 £ S rp A A ELAE A R A D7 SR A
THiH R AMK A LR RIHENS HERTEREHIRUSGER, BHTEREHFR
ANAERBZ®E, SERANFA-MHUEEOSKSOELEHRENERERX, R,
B KR E T H IR R O 50K R B IR e A R AR,

gLAd, BTHRGEOTHROTREYE, REELTRHAT HONANR, B
B, WG ZA R ERATFEORGIERENE, RO R S 2R RS UK
AR R — PR, SR THE—SERRAERARHEIE, X HELUFHE
WHFA ML N EERNE X,

§$1.2 #XHRABREH

MHUHREORAE R BT ARE, ARRAETAEEENEW, AHIEE—
MER KX ARG M PMEE S EROKR, TNARHEEE X BEHNRRRGEA
TEKRREMERE, L, WER LR RONRRESERENXRRA—E
BX. PEROWROMEIN KGR A E RN, SURA L BRI A S
FWR. AR —RIFER OEKSRE KR A, NEITRDZRAE, HMTH
YRR AEVK SR T N s BN R R R, BV T &R TR R EOMAT %
R, FIRE, WEERE ORISR A E R R — KA R AR A E AT T
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WE RIS

g, EHAH T E—RHEEE SKRMMEER RN ETHEER.

EXNAFELNEHS

i)

)

HE=H

FHIED

HLEn

FEMMAT EHHFRONEH, URERMEE EXNHUREROBAN
BRAER, FR RN RIE R AT T R EAA, B TRMHUE
BT SR KR RO AT E R E X

A R % 8w, BT AFPLEKRRERM AT h#HER. 8
AR, IAHRE 2 TR R KRS SRR R AL
BT HEEREBRERAESERBERANREL, HATHEERAS
FAEKRRERMR KSR BB Zm, R, ETATRE TR
fIvk GAc 5 B BRI AL, MRATHAS T B S YU R BRI
B EHRARER, 3 HIHET AFPL b3 R 50K AR B F fext
PR IR

BT HRE ORISR RIREAETIRR, FIUARBIERTA
SFRAEAERMAGEMT, B3 THRE QRS TR 45 R
B, AEHANFERHATHERE DRERORANEM, HeT#R
BORA THRALKR, THRE ZORD FRELSYEENH
WK, EEREARS THKORE. FHRERONA, e TR —
EPFRONAES, HERERBRERSRET T HR.

B AFPLLEK¥MB T PR, BUE X E R T 5K T I BGR K6
AAEAER, BRI RIKR, AR, K=
A VB R R — G, ARORS T 5K FRGEKHE
B, #—FHET AFPLWRMI AN EHIR, FEIRT /LA AFPLS T
FERRP AL P A BE Y BOR B (R R 2 TREK AL, 3F8 T 1 T AFPI
SFRIMAT S B EBIK R E RS, RS 5 s Y
AR.

MR BT SE S0 AR, VR R 1143 F R UK 3 3R T AR B i 1 AR Y
RAERE, LRARKR, FEEAS FEKSRENBRNEERIRE
i E EREIR S KGRI Van der Waals HEEFSIREY, EREMLT




w E 4R

INEHAL. Tk, AR UE T AFPL 215 0K 5 HIAH LA Y e fy B4R £,
e THEARRMES FLEKEAHEERNTFEMNXER, UK
PREEA DT H5UKR R KR KA RE, R, R R
& T A FRR KT FHEERANREERNEE. RGN T LA
AFPL 5K @M AER e, FFRIERE RET T HE.

SN BT AFPL 2 THUNE alpha BRHELEH, A HAEKRREORIAEE
M7, AEaTEA AFPL S FREVK SRR M5 K%, FIR%H 7
FHRE, EFLT AFPI FAGRENE. HHE T LR AFPL 4 F IR
BERERIZURR, HELRERRE -HIMERLERETTHER.

By XNEXHTEG.




58 5 CRHURENARTERR R R

FoEF F-EnEEARTEENEIT N FREMNETL

§2.1 3|8

BRERFERE K RN, JIREOD TR 2K R KR LR R R, A
FIK@MA AR, PAERITIR. XGRS B R R TR B i
—HREANAME ZHER, SRERENBRTZIGEONIIEEE. B, 3
BAALE, ®A—MELRETAI HEMER, WEA-FMERYMLS HHGEROE
PRI )78 e E AR B K RRIE K, RH AR KNG RN Z AR
BHoEE.

FEXAGHAFER, DIRMIMEERNEM, FHRITE TR RPUERONA
PHEMRM A KRR IR EENEIRRR, VPR T RNATHES —RIUEEO AN
EHRET DR, R, WAiiEEE CyRAMSE, THRINIFEOR
R —-RPUAED) EKRREOBRMN S ERTRRNRIRMEL, Ry, BTnEa
WRRA, BrCLHAE SR DUR R A R P AL E B REA. EAERINA, &4
T ZFIR R O KRR MR AL L, IS EREREAT T H[128).

§2.2 BREEE

AT B0 SR 8 R, WA A A B A R LR R A 0 T RE UK R AR T OB T R U B
FERGRES FRRIAEEM, HUERALFURNTKSENRE. EETHER, #
W MPIEE A S F5EKAKRILRBEREE. X, KSREREQORTE B0
BHEEAQLRE. SPUAEES TRKSRTRE RS AR TAHRRRE. ERT 0K
KEREZMAMNE, FickESEARRE, mEM. SRETREX—HRE (T
HARFEE) o, FUAERONMEERAERIBKEER, KERSEEHK, EES
WEtE. AKER BE) BESKSEKGEEZZARIRE. BR, RAHRENS
KEREHEFGEEAS TRGNEEAX.
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CE BN R g UA7 '

SINBEE 0, FonKEREHHUG RN TH AN SHE SR B . BRiEZ
BRSLRECH N, BT REFTTRERADTHNON Ny BMPURE O T # &4
RAEA WA

g=22.
Nl
WHURER A F KRR I K% S EERRTRMN T AMA, wRPHEEOS
FHAESEND . BH—MUEROD TRRME, RRZUEN « BUARGEOS TS
KERH ARG, At hFHEERSARERNERRENITE WKERTRS
B N/ MUAEOD T, B N AN REEOS TR TIKEEREN, KERET Ne,
HURE 9T FEK SR T ROIRESEON

N N,/ !

(22.D

N —W’ (222
FKIEEMAFEER O DT RER ER S BECh
~peN N _ WMDY v v [y, e Pix
ﬁcxv/z g‘oN'[(Nl/z) Nl M =pretea i, (22.3)
NAGURE DS TR ML A
1 ND g
PN = I NI € (224
B, BRI R B FRES 8
N _1 N/ v ogn - N Y
Nz-;)NP(N) H:ﬁ_o NN,/ 7)- A TSk (22.5)
PUEE A5 TEKRER I ME B RRE N ‘
SY AR l (2.2.6)

N, 1+expl-Bu-o)
HTHAEOWBRER, FTUREERERTERLERNREESR, SBIUAsEA
(k2% 4(86]
H=u,(T)+RTInm_, (22.7)
Kb, my WERIRE: o ATUREANS TR ES, RERERX, EHELAAR
K RARETEN, WA 5
FrLL, HAERAOSFHREESERTA

1



BoEE RPUEROREEE NG R R T

mS
" o Bl e, e
FIE, ko THEUK SR B B A
6, : (22.9)

“Trexpl-Blu, -,))

XN FK>FRYE, HAFESE u WEERH 10J/mol, MR & MK FERBEHNEL
1000J/mol, FrLAfilui<<le,), HH

expl- Au, —€,)] = exp(fe, ) <<1, (22.10)
FreA, IEAGAAK S FREKRRE MBS E N
6, =1. (22.11)

KW E G, SEEKGREZ BRI EKE - ERERKESHHR
HREODTHEIEOREEE. 51REWHRERH RRGE73,74]. Frbl et FH%
FARM FRAREEZ K E AL,

ERRMAERR. DRFHFR:

YHREETFERE T, i, KERIEKD TEA N, REETHREAD S THRE, &
W No MK FIRE T KSR, WRIEARKERR

Eo =N1£| +E0,1: (2.2.]2)

Hit ey A—MKDTFRIBER: Eox b No KD T5 N ANKIIIKS TFHIHEAERIRE.
No MK FAEVKGRTE (B Ny AR TARD 2 RRIR S

!
Q. =Cy' =W1%’jm (22.13)
REME S RE KR
Zy=Qy 0. (22.14)
MAR (22.12), (22.13) # (22.14), BARKKNEHEEN
N, !
F,=-kT,InZ, = kT, ln{m}ﬂvlq +E,,. (2.2.15)

LRERTFERE .0, BH MATIERASTFH N ANKSFRM T KSR,
R, —AMGREASTFES y MR, S8 o MIA, KERERAETHE
A TFEENM R A KD TR, WKE, REZREMNEEN

12




WE KPR X

E= ngl + E2,0'2 + E3,l—¢72’

(2.2.16)

HH, By Espa Ak M AMEEORTE o MKR T A KRTE Ny-oN, MK

AT EAE e

B PG RT RS RN Ny MUERAS T, B M AMUREO Y FAKEKIE R
WEER Ny MY TAE Ny ML ARE L BEIRH (—A T LR~ MID, BEAN T

PR & 4 FAEK SR E A KRR EECY

Q = (NI/Z)!
Mt [(Nlll)_Nzl!Nz!’

Ny ANK S FFE Ni-oNo AN RTEIAL A L0 MRS BN

N,-oN,)
Q =CN3 = ( : 2 '
NN, -oN, Ny-oN; [(N1 —ONz)—Ns]!Ns!

Fibtl, REME R

- -fE
Z —QNg.N‘—dVZ .QNz,Nl e ",

B H1RER

F=—kTInZ=-kTQy y _m, —kI'InQy \ +N&+ E, gy +Esyg2-

Fiel, BTHGEEON TR SBINXE B bR INEA

AF = F = F, =k, InQ,_y ~kKTInQy » o, ~KT10Qy

+ Ez,az + E3,1-a2 - EO,I

R A Rt E A B REUE

N —
nQ, y =N, h{N NIN ]+N°1n[l—N&J’
1~ %o 0

N, _ZNz]

AL 2

N
InQ, y =N, /,ﬁln(N ]N ]+N2 ln[

0Qy y_a, =N, - oiv,)ln(__]vl—‘%ﬁ—) N, h{ﬂﬂ_‘_&
3

J

N,-oN, - N,

(2217

(22.18)

(22.19)

(2.2.20)

(2221

(2222)

(22.23)

(22.24)

N AL R 4 T 5K S AR ELAEFI B8N Ero=Nog, e H— AR O4 T SUKEHIAH
TR KA TERAFRGBEERYARER, Bl No MK THKRHHLE
FIEH Eou=No(—hy)y Ny MKAFEKGBHMEMREEN Espc=N(—hy), —hy AKDF

(R LA fE.
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BE B RYURENHREERLT S ERRE T

#(2222), (2223) A1 (2224) REHEERGEHEEARA (2221), EHHHEB
FRMAMBEKENER ChHETE, EUTHEREL> THENELERE )

AF = RTe{n, In[ o ] +n, ln(”l —h J}
n = n T

- RT{(n1 -on, ) IH[MZ__J +n, IH(W)} . , (22.25)
ny = 0n, —n, n,
- RT{(n, /7) ln[ " ) +n, 1n[u”-2-J} + 1,6+ ny(~hY) — ny(~h)
1~ A VL3

K, n AADERE ERIKD FRIEERE, no ns BB ATIGR O FRM G EKRERE L
RIK D FHBEREL ny UK SRR FIHIEE O 2 FIRERE.
M T KD FEKBREREELE 0=1, FiLAE ne=0omi=n1, n=6y(mi—om)=nmy—ony, H

AF=—RT{(n1/z)ln( " )+n2 ln[n‘_znzj}+n2(oh}’+£), (2.2.26)
n=m, VL
BT 2.1 RN, BEEHETLENRER N

AF =n,RT[0106+(1-0)In(1-6)]/ ¢ + n8(chy+€) 1. (2227)

RIERAFER, RELTFERS, WHENACAREHRIREHEE, LEERT
BREER, BEEHNRERTRARE R, HEERRDREERE KR RTEX,
18 T4 05 e UK K TP P /R 5 A S R B R 2 (A 15] _

AG, = AH ~TAS . (22.28)
BREL T FERE TN, f
AG, =0=>AS = AH/T, . (22.29)

W AH M AS SRETR, SEERTFERE T.H, 75

AG, = AH - (TAH/T,)= AH[1-(T/T,)]= AH[(T, -T)/T,]= AHAT/T, , (2.2.30)
HTRENBRETRIKAE, §F
AG, = JATIT,, | (2231)

He, A KRR
ABTHEHRON FAEKBREMRMTIHERN B heErEnGE, BMRE (EK
B BRI RE R ERERZ) KE 0 B ek SR A4 N(73,74]

14




WK FI L FAR X

AG =-n,AG, +AF = -n,AATIT, +AF , (22.32)

Hep, g HIKEEA KBRS TR ERE.
¥ AmAEMIE N EREL (2227) A (2232), #H3)

n, AAT

AG =~ +n,RT[0In0+(1-6)In(1-8)]/  +n,6(chy +£)/ y. (2233

W B EKERTS], LREMEMIREALN, SEAEEK, Hk
B, URAMEAFRENBUANZN, KERFEK, FEAFRZ.
Frbk,  AG=0, 133
_n AT
Hep, T=T.—AT: FR, BKEKRBEKER, REKSFHEERBKE B> THB
A A 0.075[70,73], WIH ny=n/0.075.
BERRHRMERESEEERXRAREN

_ RT,[61n6 +(1-0)In(1-8)]+ 8(chy + €)
"~ ZA/0.075T, + R[@In6 +(1-6)In(1-6)] °

+n,RT[006+(1-0)In(1-8))/ y +n,B(chy+€)/ ¥ =0, (22.34)

(22.35)

§2.3 HELER5i11HL

&ALl AFP9. HPLC-6 (TTTT) Fl AAAA2KE =F AFPI 2 F A%, & THEEN
SFHAABERERERSAXR. HESRERE 231234 4.

WHEEY, #Ky BRGSO FR FESKY FAFENMESRR, B =M18,
M APURE O FHI5FE. HPLC-6 B4y F &4 3300Da[106], FrLA x=183; B T AAAA2KE
(4 R 5 HPLC-6 (X BICR FLE B F R MK AR, BT LU H K 55 HPLC-6 (M KA,
4 x=183; AFP9 43FH HPLC-6 £—ANH 11 NMEEMRA KA ER K E[109], il HPLC-6
SFREIAN N ANMEERARNES B, Ll AFPY 4 FH# K M HPLC-6 #I 4/3
f&, hy=244. FIFE, AFP9 5uK 5 ELAE A RE M EUE R HPLC-6 5 vk At HLAE H B
43 f&. AFP9 ISR KEERNICHRI17], R, #i% 30 FPRRESE L ERE T
N BT HPLC-6 1 AAAA2KE. JKIIAHAL ## 4=1436cal/mol[70], #RHEK 7 FH4=zht 5
¥, y=1650cm[129].
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BE B RPERAREHGE L PR T

231 2324 HT AFPY HHHR RS IR E AR R L. B TS HULES
B8 —4.0kcalimol, FTUAE 2.3.1 s %42 ¥ HIHS 54 —3.9kcal/mol, —4.0kcal/mol
F1—4.1kcal/mol, AFP 5K /5 148 /& F ik 5 —6.5keal/mol; & 2.3.2 H AFP 5uk A E
1E I 8 (¥ BU(E 4 %) 4 — 6.4kcal/mol, — 6.5kcal/mol, — 6.6kcal/mol, £ E#Hh —4.0
keal/mol. #+EIEH, WA AN 0=7[109].

B 23.1 F 232 RE, HHHRE KRN RIUKE T HRKIREE, S RIRER I,
HAEBEVR G RPN, BEERBE AN, HIIEREZHA., &SRR
e ER, RAEEEB—MRAE. NE 231 ETLUESE, BRHEELRERFE
B4F.

12 T T T v T T
10} 39 "—'-:i ..... i
g | > N ]
[Z] 7 "
Zz 08} 40 .
4 Rt .
ES .
= osf ;. \311 i
| 7.
E oY
£ o4} AL .
E (A
T /.
02} J” .
0'0 A i " 1 A 1 A A A 1 A
0 5 10 15 2 25 30
Concentration(mmol/L)

B2.3.1 AFPOWAMBREMREARLGE. L+, AR =65, FFNFFRMH A h =39,
4.0 fo-4.1, FEER[109]A nkF.

Fig. 2.3.1 Thermal hysteresis temperatures as functions of the molar concentration of AFP solution for AFP9
at interaction energy €=—6.5, and the standard chemical potentials /4 = 3.9, —4.0 and 4.1, respectively. The

experimental data [109] are shown by m.
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WE KPR

12 T T T T g T T T T T
L e — ;
10 ‘,.-":,'—"' ]
g | £=-6.6 L
< \ PN
‘2 08) R J
g LT
Q L s
E s e=6.5
£ 06} R -
£} Y
& o4t oy ]
i
,'l
02f .7 -
4
0.0 " 1 i L i 1 i 1 " 1 i
0 5 10 15 20 25 30
Concentration(mmol/L)

B 232 APPY#)#MEEMRENTMABE. L, SENELBRMM A =-40, MEKRAEIHA
=64, -6.5 #1-6.6.
Fig. 2.3.2 Thermal hysteresis temperatures as functions of the molar concentration of AFP solution for AFP9 at

standard chemical potential 4 = —4.0, and interaction energy e=—6.4, —6.5 and -6.6, respectively.

AT RAFERR AR, 8230 5HTSEUEBMARER R hL. 5537
FY, PAREMESELERRERUAT. XREA, SHEUELBKR, WBT AFP K
WE B, U AFP 7 78R 5 FEOK R R I B LA B B0k SR T ) AFP 2 T 3%,
DB R K.

Bl 23241 T AFP SUKERAEER RN KD A Em. SRExR, MEEMRE
BA, AREK. BT AFP ¥ 5UKE R KA IR, AFP 201 1EUK &R KRR
AR, AT it BE LK
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B8 8 REEAARRERZE AR

Thermal hysteresis(K)

0.0 M L " 1 N 1 A 1

0 10 20 3 40 50
Concentration(mmol/L)

A 2.3.3 HPLC-6 ##AMBAMRENTMBL, FRER 2] AukF.
Fig. 2.3.3 The thermal hysteresis temperature as a function of the molar concentration of AFP solution for

HPLC-6, and the experimental results[2] are given by m.

K 233 41 T HPLC-6 MAVRRERRBENRU X R L. WHLRES, LM
B3 o=4, AFP 50K SHIAEER AN —4.9kcal/mol[17]. FIRBIT2 % CRO171F B,
83| HPLC-6 B Z L% $ K —2.3kcal/mol. 4R BN, HPLC-6 HIRMEFEBEWR B A1k
ik 5 AFPY M- X RIBMLL, BRERELRLERAGRLT.
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WE N R EI PRI

03 v T —— g T T T

07+
06
os|
04

03}

Thermal hysteresis(K)

0.1

0.0 . 1 . ! R 1 . 1 .
0 20 4 60 80 100

Concentration(mmol/L)

B 2.3.4 AAAAZKE H#HEREMREATBEK, FRERD]AnkT.
Fig. 2.3.4 The thermal hysteresis temperature as a function of the molar concentration of AFP solution for

AAAA2KE, and the experimental results[2] are given by m.

AAAAZKE MR ERRERRU X RBE 234 £l RE AAAAKE 5 HPLC-6
(B B AT 458 AL R (o=4) 39AEIH], (2, 350K MR EAE A R84 —3.5kcal/mol[17],
f&F HPLC-6 4+ FEKGIIMHEAERARE, Fiil, BATAAHSENZAME SR HPLC-6
RIS % FPBIE— L, HHIE S AAAAKE K95 % LA BUE N —2.1kcal/mol. B iRt
HERELRERFERYE.

Gt RN F ot B AFPL I RIRBERT, FATAN, FRBAE 5 BI0K SRR
BT x MLAE SRS A B, JUUZ AFPL 2 F 5206 B H BT AAAA2KE
RNER) SKRAATHEAER, SETRARNEMAHREEM, NisEARRE. AFPI
BFH T EK GG AR HER, b HPLC-6(T 4 & 7R E MU 471 AAAA2KE

(IHEEHHERN A 4 HFLENTREENEERNME, FUHLRRREL
HPLC-6 1 AAAA2KE TR EE K —&. BITNGREXERER .
RAMEATLUEES], AFPI 2 FHIMESAX RAEKSRENE SEARARE®E (A



BF B RURENT RSN AT S R T

(22.6)). WHEEES, FFUELIRERKBRR, RIODLA T B R K
WHERMNRIELX, XRX AFPL H FHREANEEMT, RN, HE AFPLATRSELE
FBHOEEHTHAFRAXRUAE, XTRELME B TAEBRAR T2 G Ft
HaRMMMmE. Hik, ©F AFPLEBIRIFET, 52 AFPL 2 T ¥ B H R 22
WA RIRA 0 M.

§2.4 &8

AT, ETREMHES, RAKTRN2ER, BT R THRE AFPL #HE
MG hE R, MRZE, WIMeE T AFP KR B 55 A UK B R T A o EE
BXR, FFNER G W T AFPLEBIR X AR AWM. [, 1318 TH B AFPI
5 F B 3 R 3 5 UK B AR LA P RE B K/ X SR R R M. BB T o S JL
AFPI #HEYE, BEINERSLRERGFREFNFE.
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FOE CERENRNY CEREA AT PR

FZE BAREARS FRROFEIHANFER

§3.1 31§

SRR, B R RS FHBMHBAEMT, ERRNER EER LR FA
AR Z B8, Flory HH Bl R R B R RA A TR RN 2R B HHIR, 2
JETRE F TR R 2 OB B A BHR AR T Flory VBRI B KA T WM o B 7E Y
AL BREEE.

BATATE SR E], AFPT A BP0 H A A IR K95, T R alpha SR 7245 #I1K) AFPI
NTAUBERERD T, FTUNKSTEBROER, FHENEREO RS FHERAN
FUHROMARBRALE. AENARTRNZOER, ETHRIOESEE, BTN
SFEAEERRMZEUT, W TH#REQRD FRRNAT AR, RANRTE
BE2THWRE, 078K, WRERSHERANERRAEE. E0 2R,
BJETWR T AFPL 23 TR ES, HEBBHRENERETT WE.

§3.2 #RI 58}

Xh Lk, BORSFE5KIFRKOHLEREKBTRAHEORS FAS MR, &
AR TFAR, SBHEK>THHLERBAMHRE. AR, AHERS, RIBELHHIA
ABROFRS T 5K TRGEEIAERNSKY FRAALERER, HitEdBEPATAS
FRMAEAERZ®E, AR RNNRE REERRKRETER.

WERE O TEREED N NEOBS TR N MK FHBIE A BAR T
ok R R HIRIEE R A, BANEORES T LT « MESNESR MK T EE-
AR, BTEL, SRR IR mECh

N,=N,+xN. (3.2.1)

RAMT R BURTIE, K
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| W R

Z = const.XQ,Q., (32.2)

HHA, const H—HHW, SHFRBMLERRER, B PP RHAMEARRZ®,
BTEAE const.=1; Qr & N AN FHE NAME S EATBIREE: Qe REE T 4Tk
MEK N MEARS FAANERER. Q0 QciIREXYE Li M Zhao XM AREY
WA RIEAR, 45 H[95)

N,!

N _
Q& =Cy =T A (323)

Q - z-1 N (N,~l)‘. (324)
‘LN, ) (N -aN-1)

R, 2 B AR BSE A A8, B TERORSTRERGH, FrLlihik st g =
iﬁﬂ‘], ﬁ’.ﬁ%i)ﬁ, ﬁﬁﬁﬂq]’ Z=4.
H Stirling IEIRF A (3.23) 1 (3.24) FHABETF, BRHEEHER
F=—kTlnZ

=-kT[N, m[ N, ]+Nm(u)] ,
N,-N N (32.5)

e ) o)

H, NAIBBRFIERE, B N>, BilA, N—1=N, N—xN—1= N—xN. BH#E
MRERTERH
F=-kTInZ )
=—kT{-N,In(1- N/N,)+ NIn(N,/N -1)+ xN[In(z -1)-1]. (3.2.6)
+(N, = xN)In[N,/(N, - xN)[}
X (326) BERAGEHHNER, REEAARMRE. RENH AR ZRETH
gt hEHiE, B hEiRE.
WRLEHET KR V=N, HF v BBBRKE M AR TR, RENERTRECH

G=—-kTInZ+ PV =-kTInZ +vPN,, (327D
N T35 A0 1 of B/ ME R RGO, BTUE
oG 0 0 d
& T L mzZ+ Py =121 =0,
N k 3N, nZ+ BN,V kTaN, nZ+Pv=0 (32.8)

TR, E&N
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BOE BEREMML rEROLT RN EER

P=E——a—ln2
v oN

=fvz ~In(1- N/N,)-In(1~xN/N,)-xN/N,}

t
’

Brek, RAEHPRETEHR

PV ={-N,In(1- N/N,)~ N, In(1-xN/N,)- xN T .

WAL A
JoF
S==3r

=k{~ N, In(l- N/N,)+ NIn(N, /N 1)+ xN[In(z - 1)-1].

+(N, —xN)ln[N,/(N, —-xN)]}
RAERH MRk

G =F +PV =—RT{nIn(n, /n—1)+ xnfin(z - 1)~ 1]+ xnIn(1 - xn/n, )+ xn},

Hep, AHEGE, BoT NS T ERECRER.

(329

(3.2.10)

(3.2.11D)

(3.2.12)

R E O T R E BT RS AR B & O R T HWAERKRTEE, A

G

p=mm= —RT{ln(n,/n— 1)-1/(1-n/n)+xIn(z 1)+ xIn(1 - xn/n,) - £*n/(n, —-xn)}.

§3.3 HEARSWIE

(3.2.13)

o BB EERE O B AO B, BRI E TWBARLNE, TA%
KB RO TSRO RE, BERELXR, UREARS THK
SHIERS . R, EAZERNHNET, e TR RIUEEOWEPH

FEEREDTHLES.

§3.3.1 HREARS FRABANEER

3.3.1-3.3.5 43 H T OB, 5 A R BRI P R RS T AL E B & O R L

R A 2.
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B 3.3 1 BROGBMRESTGE, x25H 15, 18, 20.
Fig. 3.3.1 Molar entropies (S/nR) of the solution as functions of concentration, with x=15, 18, and 20,

respectively.

B 33.1 Gl TEARBER AN TERIMBEE SRS FRERZLXR. NEFTTLL
B, WRAHEEORRERMINEEK; IWERFEENE —ERER, HEE—&
KM BEEWRBERAREEM, BEHRD. 0K R~ BRI 8 bz i h iR N T
m#s). BORSTREKEK, MKEAER).

Bl 3.3.2 4 th T ZE /R A R IRING S A7 40 TF Y6 75 A 0 o 8 28 1 O FE MO8
&. NESALLEE, JEOFRERANE, R A00 eR HE KB 8 In PRI R 1% 5
FRMK R R, A TR B 0 PR PRI B IR B R s B
AMER, FARRELE —RAME, ZEREREREMTUIE. X R E A BRI v
BERBRBOTRZUHEROXR. BORD THREKEK, #4585 05 MEE
K, BB, #5405 H O S/ ME R B B A iR M 7 B g, KR TR
(B KRR KRR, BEERMIED, SARE RGN, R, fK&EK
{8 /5 B B K 3 I R IR BE /NI T RS B, 38T T A B R OB ME L IR DB T T B




TR BEREOAS rERNAT R RER
B WHEREEE, AR B MESD.

& 3.3.3 43 H7E AN RIVR BE B AN ) A AR 0 T 3 VR A 7 7 39 o BB B R4 4% AR
AT LA A e, RGN A ek SO AL RS T B R /D T S A
R BORR/ME IR, B, WREEH ning= 0.002 B, EOMDTHRBEKBADN, RSN
T TR RO R 24 VAR BE K T 45648 75 A bR BB R ML IR BEIE S 400 /= 0,03, BR 1R
SRR, HAMREEA (8332 BaE ).

1000 gy 0 —
@ |——x=15 . (b) | —— 7=250K 1
-~=x=18 i -- - T=273.15K| ]
~ w0 L x=20 ] 200 : ----- T=300K | -
@ ) 4
= LW |
. N
.g . -400 + A -
! A !
& -500 |- A
(7]
s [ "\\ !
5 600 | A //-
-500 [ N ’
-m: .‘.\\h-’/' j
800 |- .
-1000 I DR U SRS | N 900 [ 1 1 1 N
000 001 002 003 004 000 001 002 003 004
Concenu'ation(n/n) Concentration(n/n)

B 3.3.2 BANBEREAMBK (Gn) MREMHTABK: (a) T=273.15K, x 47K 15, 18 F= 20;
(b) x=15, T# #5250, 273.15, 300K.
Fig. 3.3.2 Molar Gibbs functions (G/n,) of the solution as functions of concentration: (a) T=273.15K, and x =

15, 18 and 20; (b) x = 15, and T = 250, 273.15, 300 K, respectively.
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B 3.3.3 BROBERERHBHK (Gh) MBEHTABE: (a) x=15, n/n #2771 0002, 0.02, 0.04;
(b) n/n,=0.002, x £ %3 15, 18, 20; (c) n/n=0.03, x £ AHK 15, 18, 20.
Fig. 3.3.3 Molar Gibbs functions (G/n,) of the solution as functions of the temperature: (a) x = 15, and n/n,=

0.002, 0.02, 0.04; (b) n/n,= 0.002, and x = 15, 18 and 20; (c) n/n,= 0.03, and x = 15, 18 and 20, respectively.
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BoE ERENRSCEENAT RN R

B 3.3.4 ZANFHREAT/BE: (@ T=27315K, x=15, 18, 20; (b) x=15, T=250, 273.15,
300 K.
Fig. 3.3.4 Protein chemical potentials as functions of concentration: (a) T=273.15 K, and x = 15, 18, 20; (b) x

=15, and T =250, 273.15, 300 K, respectively.

'('a)l 10 ~r—p—r—T—rT . T T T T
0F ety - ® 1 “r @ oy
3 ) TN =15
% sl n/n’=0.04 ] ] 12E >=20
Q
I~ 12 R
3 o x=18 1
2 o . " 1
g | =0 BE N 1 ’r ]
Q __-4 1 _.-, \\ J _<-=="7T 1
g S| TTTe-d T. S el \ 4
g ETEN .. ~ .X=]8
2l 02 | . e ’
r I ] Al x=15
[T S T N B Ty T T 1. T T { —"
260 270 260 290 300 260 270 280 200 300 260 270 280 290 300
Temperature(K) Temperature(K) Temperature(K)

B335 ZaRaTFHFHEBEAHTX: @ x=15, n/n=0.002, 0.02, 0.04; () n/n,=0.002, x = 15,
187 20; (C) n/m=0.03, x= 15! 18; 20.
Fig. 3.3.5 Protein chemical potentials as functions of temperature: (a) x=15, and n/n,= 0.002, 0.02, 0.04; (b) n/n,

=0.002, and x = 15, 18 and 20; (c) n/n,= 0.03, and x = 15, 18 and 20, respectively.

WIREF ARSI A A RERNER. B 334 8335 20GHT
EEARY FHEKARMELT, WRTEARS FRAFEHERORRE, URKEER
AL LR

MNE 334 REZEH, BARLEBHKRBERIMTREM, SRERER, HLEH
W, IRERHE AR, HRMERZHR/N, REEUTREMMN. BRLERR
Y AT R ROV R R B R S, WAL BB IR B (AL 55 R 4 o A 0 R BB R
MARKXARR, MFHERRDR, RESMHRAGERER MRS, BEERERE,
WAL, TR AL HRAR, SUORIRRERIRR, #5875 A iR 2 5Tk
b EEMAL, FTUARER E AR BAW TR, B AR AR
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LE B Bl

TR B 2, BE e A AR TR, BT AE —Eka, REME
A 8 o SOV B A T B b (181 3.3.2). BIPIETT A, MWREEIRMRRY, b ABEREK
WA RAR, BaKm 2B m AR BERBERM, HAL % AR K5 o if 1
m, BRI KB .

HORSFREKARAN, BOREFLHRELAMER MRBAME, Lk, =
WK NN, JLEMERT— M MiEE T=273.15K, ¥RIKRER nin~0.01 B,
BEAORKERAHRANE SEARSFIOBKIX. BHERERSEM, GEXEER
FREZMERR D, BIFXAZHR/N0 BT

ME 335 WA FE, EREAAREARS FREKARMBERT, EORKESHER
BERENBAHR. YRORRERDMY, BORKZAEEEZREMEERE, K
RN R, MREA RN, BARMFHEREA TR, HEEMLYEL.

§3.3.2 AFPI &P AFPI S FRILED

Y RZEIRIIR A, BATHRT LR AFPI 4L 4

HF AFPI 4T alpha S HEREH, LUK HEERD T, 8 AFPI ¥ AFPI ¢
FrEAm R (3.2.13) HEEH. # AFPI A TFHKER L &R, K4 FRNEERS
% 4A[130], BT & X2 THEK R x=L/4 45 1H . AFP9 2 FK & k1 80A[109], # x=20; HPLC-6
A AAAAZKE 4 TR BER 60A[77], EATERREE P FREK A x=15. BATHE T AFPY,
HPLC-6 F1 AAAA2KE WP E RS RS, FXE, AFPLHRIRM, Bl
R rh A K B BEJR IR IS SSmol/L SRS BB M BE/RIREE. 1B 3.3.6 4511 T AFP9, HPLC-6 Al
AAAAKE (L2 A0 AFPLIRE IR R R L.
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BE FEREM) TRENL SR

Chemical potential(kcal/mol)

0 50 100 150 200
Concentration(mmol/L)

B 3.3.6 AFP9, HPLC-6 #2 AAAAZKE L F HMRE M T K, BEAH T=273.15K. FHAREMN?
48R, BEATERERBAS EHLELHLER,

Fig. 3.3.6 Calculated chemical potentials of AFP9, HPLC-6 and AAAAZ2KE as functions of concentration at
T=273.15K. The calculating results are shown by solid lines, and the dashed lines are given by the ideal solution

model.

M 3.3.6 B, 7 AFP9, HPLC-6 fil AAAAZKE Wi+, AFPI % FHINFAABEIRE
WM K, ERRRERCE, W¥EREKTA5HE07 AR, MERERMEM, &
FHMKR T B AR K. |

BRI ES R SRR RS R IR, SRR, BRA%EEERBERK
BERXBIR S — AN 5RETXMEERMM, A TEMEA86]

pu=u,(T)+RTInC, (33.1)

Heh, CRHT AFPL T HIRE, woMASENES, M SRERERAS MR
xK. LWRIREREH, WRHEBERER (3.2.13) EHEREA 33.1) AUKEK,
RBENFER

29




R E PN Rl TR

fo(T) = =RT[In(55)+ xIn(z 1)~ 1], (33.2)

Kb, WKW 5Smol/L.

AHERMNGHTEERSHMEBERESEROAR, B33.6 PEGHT (33.1) ®x
M. TTUUEH, HERMRIATY A AN AFPY AR IEROBH IR 24 1 RIS
P2yt 10mmol/L B, BAIKIIHHE R SBEERBRBNE RN ERRLBESL. L L,
SERLH BN 6 AFPI 43 FHIWRE % KT 10mmol/L, BTLA, # AFPT ¥ 8] 5 24 fE B ALV IR
WRRAEER, BERAEREARS FHKSFRCHELAEMKEMR, AFPIERSHE
R H R EAR 2 HA.

B#ER (332), AFPY FIBENEH K —lkcal/mol, ZE BRI T FERME—4.0
keal/mol FIAEHI{E —5.0kcal/mol[17]. BATAT LASNIE, &Eid AFPI 4k HIEWR IR AR
EOL T EUEBR B AFPL T “SEWEH”, NSRRI PR R[], 1o,
VA T 5 VA 70 TR A LA R R i % 1

§3.4 &1t

AZg, EATASTFRALERODZEUT, Rk SEREH e TEREAR
A FHBORADFER. GREW, RENHEEOTURBERNE LY KERD, FE
A 50T B O B T SR RN SRR R TR . RS R SRR R . &

AR FREKEK, SATRKNE/MIER, RN, FAMEH0OER/MIARBERN
3 i R BEAE/N ) 77 BB

VPR RS TR AR FR BRI I, BARS FRE&EKARN, &A
FAC SRR EB W AR HE DRATORERDM, HALERBEER T Sk
1%, BEEEKIMITRAS: 2IREARN, FORAEAMEEARTMA, HEEKEM
K.

YR BRI, HET LR AFPL L4 SRRH, BERAHARORS T
S5XSFRIGHAEER, BERARBREGAERTFITS AFPLER KRN MR, Eh L,
BIRATF 5K FRPHLAE RN 28, BAET—EPEstznged—5i1ie.
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FUUE AFPL AT AR

EME AFPI BBAIANFIER

§4.1 51

E—ERR BN, BRI S RAER TIHE AP # A EH R, S

BRBIANSEHEUZANGRELRGERABKME, AN, BTEORST5KDFH
FIAEAE R 5K TR EERAR, Fel, BORSF 5K T R B

5 A0 A RE R

AEEF=FMERERE, #—PHABORDTE5KD FEMHEERGOZWH, 7
@ T JUR AFPLWMEI D # I ROHREE, BARS TIRER D THKERRKE.

§4.2 R 58

BRI GE=FAMR, B AR O RS T 5K FEM IR0 % E2SEF - AFPI
(42.1D

WHURHE, WRPEARS TR AREERADN, BAEREARS FRMMHLIER,
Rt AEORA FE5KGFRMAELERKZWE, W, RENKIREHN
exp(—ﬂN&‘o),

z—1

)
J (N, —xN -1}

N!
Z_(N,—N)!N! [N,
Hep, e h—A AFPL 4 F 5K FRIMM MG, HttSENRRAARAYERENEH

(42.2)

=FEMMA.
H Stirling AA R EF =2 FHFAFEM, REHEHEEN

F=-kTInZ
—kT{=N,In(1-N/N,)+ N1n(N,/N =1)+ xN[in(z - 1)~ 1].

+(N, = xN)In[N, /(N, - xN )[}+ Ne,
(42.3)

RERRETEN
PV ={-N,In(1-N/N,)-N,In(l-xN/N,)- xN kT,

31
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WE L RE TR

LK WIRMB, A In(1-N/N)) =~—NIN,, In(1-xNIN)) =—xNIN, REGKREHTEER

PV = NiT.
(4.2.4) A G5EBESERE T EHFE.
REMA N
oF _
U=F—Tﬁ—N£O-
REMHH
oF
="

=k{~N,In(l-N/N,)+ NIn(N,/N - 1)+ xN[in(z - 1)~ 1].
+(N, - xN)In[N, /(N, - xN )}

W5 A0 T ek B R
G=F+PV =-RT{nln(n,/n—1)+ xn[in(z—1)—1]+ xn1n(1 —xn/n,)+ xn}+ne,,

K, BT RBERECRE S T

YEIH, AFPL 4 FRILES N
G

Hopp = 3;=—RT{In(n,/n—1)—1/(1-n/n,)+ xIn(z-1)+ xIn(l-xn/n, )—x’n/(n, —xn)}+ £-

RO, Ko TFRHESH

Ly = RT[ln(n,/n -1)-1/(1-n/n)+ xIn(z—1)+ xIn(1- xn/n, ) - x’n/(n, - xn)]/x .

§4.3 HELERSTHE

(42.4)

(42.5)

(4.2.6)

(4271

(4.2.8)

(42.9)

X (427) F (42.8) B, 5E=ZE/INERANRE, AFPL ¥ K7 & HM

AFP1 4+ PRI B E AFPL 20 T 5K 2 FRIMMEAER R K.

HTE BB AFPI A F R, BATTHE T JUR AFPI %) 75 70 1 ek 3O HL
WP AFPL 2 RIS THEE S, TR H, BRI BEEL 55mol/LOUK IR EE). 4
FHK x BUE T NS E=FME, 5T AFP9, HPLC-6 f1 AAAA2KE ki, 251Kk x=20,

15, 15. HITWBI 4R, # =4.

F FI4RL AFPL 27 BB ZE MR ISR KM R FUK MR R AG 5 AFPI 21 57K 207 B (048
H{ERgE. SCER(111EE, HPLC-6 2+ 7 LW 5K BRTEMNEER I ML T E 2, 3,
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VU AFPLEHRIMA P

5, 6, 9, 10, 12, 13, 14, 16, 17, 18, 20, 21, 23, 24, 25, 27, 28, 31, 32, 34, 35,
36 L, Xuef B EREEMX B ARS, B, FATNXEA B HEERT 5K
FHEARR, KO EMEERETHAERI? FAMN, BFrebAR I EERREE
. BARREER AR RRAKRGKSHAME131-134]), FRTEA B B GKERER
AN REREKERHISSER, # HPLC-6 H5/KKMEERREMER 7.8kcal/mol. HIF
HWEM (alanine) HIF/KMEEEE T &M (threonine), W] AAAA2KE 5K/ KB
fem T HPLC-6 S/KMGKIEE/ER R, HEKSRMBIERGRMAER 8.0kcal/mol. B
BRI109145 tH i AFPO MIEEBMIMA LN, RIBESKSESRENEERNAMR, K
KA LR GEMEE A 9.5kcal/mol.

4.3.1-433 4 T 4k T=273.15K I}, AFP9, HPLC-6 H1 AAAA2KE ¥ A
SRR, MR AFPI L5 Rk 4 F AL HBE AFPIRE AR L 4K .

B 4.3.1 451, AFPI %M 75 A0 T sk 5Bl AFPL IR BE RN SEB8AR, TR RRA R, X
WA TR, SHRGEEEA—A /M. BE—FRER, HA050 R EEE/MER
WEERE B FR Y TR MARE NN T B3, AFPY 4+ F#K KT HPLC6 M
AAAAKE, fEBREEEMATEEIE/MINKERRITENTEE. Fit, HPLC-6 M
AAAA2KE H 7 i i R S /MBS IR BEARL ), T 25 A7 T e 0 /IME = T AFPO VR
HHER N ERME, XRBTRAMEANEHROBENZLER, C5RB PSR
MEERKMX. MiZfkl, S50 HMEIORERIEMTESZEEK, X-REN
Eighxt AFPI 5K 4 F R EAE A KT A REERERR MBI T RSB AR, mRE®
WERRER, MEERRHRIEANLERIRNE. Lk b, AFPI REEESH
n/n=0.02 ML EHEARE], R, FREMHREF A RIS RAEEEK.

%t F AFPI ¥ &5 A TR BB IR B R K R g, AT LB Sl h AFPI 43
Bk FHL AR —FR.
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WER T KF AR

2000 v Y v ~r T A
—— HPLC-6
- -~ AAAA2E
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A 4.3.1 AFP9, HPLC-6 #» AAAAZKE Bk 9 E AW B8 M AFPURE M RALW &, BA T=273.15K.
Fig. 4.3.1 Gibbs functions as functions of the AFPI concentration for AFP9, HPLC-6 and AAAAZ2KE solutions

at T=273.15K.

TR HT AFPT FIHUANLH RS BRIK SR KRB RAE, ERIK G4 K ARERAE
REERAK. B, AFPLWERUIRA, Fril, WRKSEMATREREmRE R mimmL, mi
4.3.1 fiR. FANE, WBEIVKSIRAERE AFPI R RGN AR, TRV ELKEIK SR
5 AFPI oK i FE ) (K 22 .

B0 B PR OR 55 A1 B R U A R (15,135)

AG = ALAT/T, (43.1)

Hrp, AL RAKKFIZRER, AT RIKAKFBEEE, T _RAKKKSRE.
BRBPIKREE—AIERRE. NTATESERSE, BHRRARENBRAE
i, REMEMGEHOEN (AG) REBREWIIFE, K AG=VAP [15,135]. FIEt, M
(4.2.4), BRIREERLLAN
AP =(N/N, KTy (432)




FIE AFPI BN A
Jr LAY MR OK I P R A (B R
AT =RT*(N/N,)/AL. (433)

AFPI 2} FHIMA R SBOSRMK SR EREMR, X (43.3) K], WBUK RS KR
ENSERIRER X, TSHWEMALR, KARER AFPLRE RFRRIL 2 0 KB
R, 7KHIHEAHE # AL=1436cal/mol[70], ZiKEIVKRIEBRA T,=273.15K, MK (43.3) #H#
B3], H¥BURER 30mmol/L B, VKR MFEILE R 0.05°C; Jhrt, X5 AFP REEN
30mmol/L i, HWHIREIAR] 1°C EEHE K[2,106). HRER, AFP KIHHFEMR—FhIEK S
B, SRFERZLE, KB BK SIR B PR E R D, HEI 208, 7Ll 7EiTie AFP
R AR B R E ARG RS R, BOAREE N T=273.15K.

AFP chemical potential(kcal/mol)

al —HPLC6 | ]
: - == AAAA2KE
e AFP9 1
_e A 1 i 1 A 1 i 1 i
0 20 40 60 80 100
Concentration(mmol/L)

B 4.3.2 AFP9, HPLC-6 #= AAAA2KE & ¥ AFPLILZ#M AFPLRE ¥ K1 wh &, B & T=273.15K.
Fig. 4.3.2 Chemical potentials of AFPI as functions of the AFPI concentration for AFP9, HPLC-6 and

AAAAZKE solutions at T=273.15K.
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W L RZE R ER X

045 ——

——HPLC-6
- -~ AAAA2KE

‘Water chemical potential(kcal/mol)

0.20 A [ " -

Concentration{mmol/L)

B 4.3.3 AFP9,HPLC-6 #= AAAAZKE &% F K AT 1L F 4 M AFPLIR A ) KA &, i & T=273.15K.
Fig. 4.3.3 Chemical potentials of water as functions of the AFPI concentration for AFP9, HPLC-6 and

AAAAZKE solutions at T = 273.15K.

& 4.3.2 BB AFPL L2540 AFPLIKERI NI K; B 433 Rk FH
AL SESBE AFPT ¥ (3 IO RRAR. BRATI0AE , YR 0 R A % 5B R B Y 30 T 38 K,
BT LA AFPI ({46 SABE LR B RIIMTTE K ¥ AFPL 2 TR INERE K078 B
&, ALK F RSB AFPLIRERINTTR/D. B=2CL 50 W, GWRIKRER/ N,
BARLEAE BRI ME, BT AFPLIEHBRH, BTLl AFPL LS B 4 7R
BRI T REAE.

AFPI R RO BEB RIS, Tk 2 FAEWBPIT SRLEBIRK, BrLoKa TR STRE
RE M EARTRECP & EEHAL, WK TR EHHE AFPLIRE RS s (8 4.3.3),
BT AV ) 75 7 17 B 468 AFPT IR U3 I PRI BESE AFPLIRBEI4KSEH K, AFPI 23T
TEVW LB BT R, HoxT RG0H A B STk th DR B, T AFPI L2 BB
VREE (B TN, BTCAYS RN S AT R Ak B — AN RARME, JEoRFEE AFPLIR R
T, ZRRER 431 F4H.

432454, =F AFPL 2 TR SN AFPLIRERI T XME, ZKRERICH,
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FIUE AFPIHHI RS FHER

HANT AKMUFREOK, 5B R PR TS ST HE.

AFPI (LB RIE IR B RICRT KR, JERBERER N, HIMMEH AR, BEk
F—MEEE, ZEeEE AR RN S E L FH. B 432 8%, HPLC-6 M
AAAAKE (13 %% %% 4 —3.5kcal/mol, AFP9 f]Z% k24 #4 Jj—4.5kcal/mol. AFPI
ST UL B 5 %Ak %40 — 4.0kcal/mol B —5.0kcal/mol[17]. BRITTEBIMERELE
RERMEARME, RRHTRMNMED S BREBRKUAR, BRNSELERBE
ARG REGLESR.

4.0
45 |-
5.0

55 |-

60 |-

40} . -
4.5 | .

Chemical potential(kcal/mol)

70b  AFPY “ _ Aﬁ’/9 -4.5'.

75

S0l 2 a1 ¥ %1 ) SEPU N NP — SO bl 1 1.
260 265 270 275 280 260 265 270 275 280 260 265 270 275 280

Temperature(K) Temperature(K) Temperature(K)

B 4.3.4 AFP9, HPLC-6 #» AAAADKE & ¥ AFPI L 4RI E K% AW 4: (a) Smmol/L, (b)
50mmol/L, (c¢) 100mmol/L.
Fig. 4.3.4 Chemical potentials of AFPI as functions of the temperature for AFP9, HPCL-6 and AAAA2KE

solutions, with the concentration (a) Smmol/L, (b) S0mmol/L and (¢) 100mmol/L.

Bl 4.3.4 45T AFPLIREHI7E 5. 50, 100mmol/L i, AFP9. HPLC-6 Fl AAAA2KE
I ABEE AR . MEFRER, AFPLL PR EE MLk, MiEEH
R REAK. AN AFPI AL B0 RE AR R RAHEMBL,  JR R ek % UL FAT.

ME 432 434 B, AFPLLEENHAFHRDMELRER, 2 FHKEK &
BR), HAEREBIE mTEKEK, M AFPI (L% (x=20) {&F HPLC-6 ! AAAA2KE

(x=15) 4% #%. BT HPLC-6 Fl AAAA2KE HHIFIN A THK, B el sd
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AR L KERRAR X

HEIL: FEOLFPEETIE, RETHST5KSFRERGRAELEHKK T4
L.

R LEE VK AFPL AL S ER AT T35 AFP LSRR, KGRI RATE
TR AFPL it R ER A SR

§4.4 £t

ATHEFE=FMOEME, A AFPL 5K FRMAEAERKZM, 7HET AFPLERK
TR B K AFPL {55 AFPLIRE, BKEHBEENKBRR. SRRY, B
T AT BBV B A AT R, KB —RMEE, BERRMSETH RN, HAER
Bdo/IME R BRI VR BB 7 [ 8 3h; H A BR UR MERI RS BER A K,
5P AFPL 5K 5T EAERA K.

BT AFPL 2+ F B S B RIK AR B RIS BN, 0K i R AR AER
AN, BHETREE, B AFPLIHTARNE  LIRR BN b .

AFPI [F6FRBEFRBE RN =, K2 T IS 30E AFPL R 5 038 n i
&, ASBUERME R TEEBEREEMERERKEFBHRMASR. AFPILESHE
BRI REAR. XUA AFPLALZE M THRR], AFPL A THKEK, HALEHBIE.
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HFIE AFPL T 5K MM BRI

FERE AFPI S FS5kBRHEEERENITE

§5.1 5|

LR E ORHURLE R IR O FEKSR IR SBOKSAEEK, TR
MBI R R B AT LA RO LR MR R, MR E DS FHEUKRRE IR AE N
ABBAMRN AR —MIAh, HEEOL FELARM LM EKRRES &,
F—FWA, WATEFEEROD TELH B S HRERERSKFRIE Van der Waals i E
fERRI Tk £, EILER, BRESKLRMBERMABNNTE—MHRA. %R
F1 50K ol KA B R LU RE e EE A, SO AR Y RIS — 5t
BHNE.

TEAED, BATAKN AFPL 23 F5KEKAEAER A AFPL 2 7 LR 24 e L B A%
B LR TR 5 KRR Van der Waals AHEAEM, RN, THAMSEFEX LM KE
W, FIRIHET JUR AFPL T SR EAERRE, T TRINM AFPL A TS50 EE
FIBRRE X AR EAE R B M. PR G RS LR RHET T HE.

§5.2 RESEP

SR L, AFP AT 5K EMEAT SRS EERLH, Wi AFP 4 FAA %
WE, AFP AFRBKSE, B, RELRERNY, AFP 9 FIOFLEEM EIFIK
SR AFP BUSUURTE MRS B MM, TIAU A A4 AFP 5K RETHEAER R R &
LG L.

IRETFAG RO, AFPL AT SREARH EBRMTHIEM (threonine) 5
FEM (alanine) - HBUKHHFE SR REOM IR, 05 E, RITAN, X
B LI UK SRR Van der Waals MEAEFIZE AFPL 4 F 50k RO E AL B H
FI. TR A4 th— A S YK ST Van der Waals ARTLAEFI A,
 BRATREN r GFMRTREFEA /M TR UEREEE, BAER
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WE ORI L RS

et h[136) \
wir)=-c/r', (52.1)
WA, —AoF5—A P vk i LR R R %2 T 5 4% BE AR BT A 2 1 191E
FARER A

| Wp WEGMRFEER, WEEDEERx, WA ddz BIRIEEBY 2noxdxdz,
o Bl PR T ELBE 00 D ALY R T 55 B P ) AR EL AR R e [136]

- xdx
| w(D)==27Cp| dz ——
'[ f z +x y/2
- (21”’65 ]: . (522)
_ 27Cp
((-2)i-3)D"*

\
N TF—ANFE, RITAAKSITRKE &, HEHLERRETHNR (522) 4,
BB EAER % Van der Waals #HEEM, B i=6, W—/MFREEKEMHEERER

w(D) =-nCp/6D* (52.3)

B, DEFESKSEXENEEES, p RANKENKY FEEE.
HRE Landon (318, P/ANAER FIAIA Van der Waals # B 1E F e R & L 0 [136)

3 ooy, I,

w(r)=- 2z, AL (5.2.4).

W (52.3) PEHE CHREXN

_3aye, LI,

“2Wm, )V L+, (5.2.5)
KA, ogifdneos ogfdmeo 53 HIAUKAS FRIRERMBTFRLE, L, L 2HRKS FRRER
BB,

4K SOk FRUE AT B
p_& xN,, (5.2.6)

Hdt, po RUKIIHEE, M EIKHIBERKR, No=6.02%10"/mol RFIR1N%ES 5.
¥ (525) M (52.6) RN (5.23), BE—NHFESKRIIMHEAERRHREA N




F 1.8 AFPI 4 50K HMEAEN GRS

3m @y 11, pyN, 1
2 (4ne))* I,+1, M 6D°°
& —/ AFP1 9 F LA n AN BEX HAK SR PR R EIER, BiX n A FEE§HE
B K, ENFEKSRE IR AZIMPERAE W, e, AFPL 3 FS5UKEMHE %
FIREA n MR SKBNMEERRRR, ERELHR

_EZ[_ .y LI, pN, 1 n
2 (4me,)* I,+1, M 6D°

(527D

E=wn= (5.2.8)

H—F1ER, X AFPI 4 FAEKGREEHRIEH KPR HERERMEH, ENZ
[BIRIRE AR/, BAZE T B4 40 ) BB 2 o) B HE P A LA 0 B A UK 2 T AR B
W, THERMER, MAKHER (threonine) Xt AFPY FEVK F R MR A —E i
EW109]. WEtRU, EFEMMNERT, AFPI7EKGERETHANNZE FESK
dhf¥) Van der Waals W5 | A0 BAE A %M, T EARAR B 2R A1 A0 BLAE It AR ELPE F B R
BR. FHASHER A EAERX AFPL 2 7 SUKE A EAEHENEWRA E £r, WEXH
f&5LF, AFPL 4+ F 5K R A BRI R RN

__mawa, LI, pN, 1
2 (4me))* 1,+1, M 6D’

REHERENARRER136], BRE—X (FAMAH) FEN AR
BREHD 1.4kcalimol, 34 AFPI 43F L m X FEARERNT, AH&R AR B A AH ELVE AL A ELAE
F B TR E<1.4m, W AFPI 2 F 51K &M EAERIRER

E=-F ] UL 13xn+1.4m. (5.2.10)
2 (4re,)’ 1,+1, M 6D

xn+E,. (529

FRXE BT AFPI T 5K B EAERRE, 24 m=0 B, AFPI 50K & 8 A4 B AERH
A Van der Waals |51 #HEAEH, HEREAAHR (5.29).

§5.3 HELRE5HE

A (5.2.9) BghgH, HXRERERNRERMAH, AFPI 50K5 M LER-GE
B/ E M (threonine) BAEM (valine) HIFEMAMBMIGIMTILIER K, b AFPL 5
DK 5 0 26 S 384 TRk 2> . AFPT 5 K 3 ] A L4 P 0 52 B AH 48 A B PRV A EL AR F e
EEMTEAR, AFPI 5UKBHHEERRERA (52.100 S, HHSEREKYN, AFPLGT
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Sk EREATERAEG S FLREMM A XRR, EXAFEMERNZMN.

TR, X TR TRHI136], an/dnee=148*10"m’, 1=12.6eV; % T HE[135],
aodneo=1.84*10"m’, L=10.4eV. M TIKF, po=0.9*10kg/m’, M=18g/mol.

B 5.3.1 AT m=0, n 35 4, 75 8 B, AFPI T SiKRMMHEIERfEBE AFPI
T 5K D AL,

AFPY %74 T A HERFEMRAER, SMAEREF—AFE, Wa=7, NHEH
BIREH, 5FLERX AR, B m=2[109]; HPLC-6 £ 4 M HER, HEAIN
PLE SR 2, 13, 24 135, EARHI4E, BTLl n=4, m=0[16,122]; AAAAKE L% 4 AN
FMAT5KHER, X 4 AHEROAMES HPLC-6 L AERMAEMFR, HEMNER
EH-ARE, Fibl n=4, m=0[122]; BAMHER LAHIMFE, HXHFEAES, U
%t F VVVV2KE 3K i, n=8,m=4[122]. B 5.3.2 45 H{ T AFP9, HPLC-6, AAAA2KE 1 VVVV2KE
LUK &M AR BB 7 5 0K S RIEE B I AR AL B 2%,

Interaction energy/kcal/mol

. 1 N L )
1.6 1.8 20 22 24

B 5.3.1 AFPI 5 F 5ok bt A M ALMES D 9T/ m=0, n 9 F1IK 4, 7, 8.
Fig. 5.3.1 Interaction energies of AFPI-ice as functions of the distance D when m=0, and n=4, 7 and 8,

respectively.
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FILE AFPLO T 50K MR TAE HRER S

Interaction energy/kcal/mol

-15

lf6 ) 1f8 ' 2?0 22 . 2?4
Distance/A
B 5.3.2 AFP9, HPLC-6, AAAA2KE, VVVV2KE 9 F 5k e E R 4EMEIEE D 9 T b 4.

Fig. 5.3.2 Interaction energies of AFP-ice as functions of the distance D for AFP9, HPLC-6, AAAA2KE and

VVVV2KE, respectively.

5.3.1 431, 25 m=0 B}, B} AFPI 50K 5 i) AH BLAE R A B B2 550K & [R] ) Van der Waals
RS FHEAE R, A ELAE A AEBE TR AN T K, B AFPL 2 F 50K RIRIBEBS ()38 K
M. XREFEAELERNREEEER, HIEAMEESSRNERESS, FUMEE
Y F et gE & TR

KR 5.3.1 FE 5.3.2 K, X FE—FHEm AFPL 57Xk, HS5KEMHELER
BEBIK/ANEZ RS F LARAR R AR EAE A M, XA mERE N, Mg 2. K
5324, 4 AFPL4F5UKR MR/, AFP9 M VVVV2KE 50K S EERBER
F HPLC-6 & AAAA2KE 50K @ IHEIERRE, BRMEHE I BE#ism, wEMTE
. XRET4HEER/M, Van der Waals R 5[ A EAEF7E AFPI 2 F 50K S E /R
b EEHA, HITMEEEN, FUATRKEEME PR L, K Van der Waals
WEIMEARBA AR (5.2.10) FiR), AFPY fl VVVVV2KE T W M # R &M%
F HPLC-6 M1 AAAA2KE, FTLIRTEREER T/a#; BHEHEHZEHIEA, Van der Waals
SUARE{E A B sTRkiER s/, AR AT BRI 9 HE 7 1R R A LA Al O STk B A R E
Bl B RIR S EAE R BSS, L, 72 F5KEMEERKRN, AFP9 fl VVVV2KE
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AR TR LR

KRB E/ER KT HPLC-6 F1 AAAA2KE 53K G H0AH EAE At

B, AFPI AT 50K SR HERHRE TAHLERRRRAD.

C-H 848K % 1A, K4 FEBH 1.38A. AFPL - FIRIR TUKGZ L, BTLL, 3 F AFP9,
HPLC-6 fl VVVV2KE it, AFPI 4 F b B8 b5 0K 3 1M1 2 B BE 4 (M MU D=1.38+0.5=1.88A;
SER R BIR, AAAAKE £ TREAR LK FER M HPLC-6 4+ F HEME VVVV2KE 4 F
HER PR EREBN22), PRERLOFESKRMESHI FHERKIGER L
REGKERBER, PTLNT AAAAZKE K, RATE D=2.18A. K531 4HTitHIR
H BRI S8 K AFP9, HPLC-6, AAAA2KE, VVVV2KE 53K& MM EER M E 4 R.

£S5.3.1 it HAR A 2 0 A SR IUAAFPISF Sk dh #9480 4 A 4 a3t 4 R,

. [, BAIAT

Table 5.3.1 The parameters in calculation and AFP-ice interaction energies of some mutants of AFPL

Mutants of type I Distance between Number of methyl  Pairs of neighboring Calculating
antifreeze protein methyl group and groups n methyl groups m results(kcal/mol)
ice D(A)
AFP9 1.88 7 2 —6.1
HPLC-6 1.88 4 0 —5.1
AAAA2KE 2.18 4 0 —33
VVVV2kE 1.88 8 4 —4.5

AFP9 50K S HIAR ELAE I e TH B 45 8 —6.1kcalimol, 5 SEH 4 R —6.5kcal/mol A
B4 ; HPLC-6 5YKaBIAE ELAEF #60 —5.1kcal/mol, SEHE H—4.9kcal/mol[17], HEi
THEELRER—B; AAAA2KE KITHE 4 5 —3.3kcal/mol, S5 LK 45 R —3.5keal/mol
REAENT). HEERKY, AAAAKE S5KGHREAEHSS T HPLC-6 S5uk @ MR EIEA,
GE R ELREL—B. VVVV2KE 59KE KA B AR A8 M8 v B 4 —4.5keal/mol, 5
LGB (45 B —7.9keal/mol BRI ZEFE[17].

Bt 5L S R, TR, HPLC-6 Rl AAAA2KE 5K @AM B/ R RS
REERERHRGHRS, HEZTF, AFPY M VVVV2KE S50K& KA EE AN ERE
5 EARAMERE, UHE VVVV2AE, HERHESLREREERK. BRXMER
s, HPLC-6 Ml AAAA2KE 5K E/E R R R 4 B, HiK&KAHA LR A
R EKME Van der Waals WEIMEMEA, FIUHERHHEXRERIT SR AFPI
M VVVV2KE, BATGKE KA RG22 H 4T EARSR i B 2 (0 HE A B4R R G
T T3k Pl R A R AT STR,  BRATIUIS SRR RS 43 LT, sk b, AFP9 ERIEEM




FILE AFPL 4} - 5UKE KR RIGER 5T

SR BT AEREAHAERE, T VVVV2KE WE—MHEM L ABA TR0 R R
HI48, BTUAX iR o> T L A4R B R B 5 A LA F BE N R AN, Tt Bt A2,
PRAVITET BNk — XA 40 B ot AR B 7R F e ST R AR TR B 0 HE BR A0 AT B A S RS M I
WHERGLREFBRMENFEEHE, WENZEHREREEH TS, GRS ELT
_—

§5.4 &t

T EHARYH, AFPIfrF EREA B RRER LK FESKG M IERNHE
KR E MR EEER, AZEFEEM L, ANXERE 5K Van der Waals
SUAHEAE X AFPI 59K S BOAR ELAE R A DTk & FEHAT, FEok ARSI X B AE R B8
Kigm, WHET AFPl 27 5KGKHEEEREE, e T AFPL 2 F5KRIKERS, AFPI
7 F LR WR R 1 A B AR E AR RB ) B2 ) B9 AR X AR R RE RO M. R
EMAMBE, MEEHRBK, AFPIZFEKSNERRK, HE/ERRED. &Eit
HT LM AFPL 3 FEIKGIM TR, HEERERETTHR, KAERUHESERS
LR G R AR,
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FNE AFPI M FRHE i I ¥ER ARG 2w

ERE AFPI 2 FRMI A o) X AR

§6.1 3|13

AFPI 7+ F BA MM alpha SRS, 250 FHREAERNRE R E AL, BIX
PR BG4, 673 AFPL 4T 7EUK F R MR By B o R 5 S kg, BIVHCOR Y
FARBTTAY. AR AFPL 417K SR H R ME AN RE T 1, BR—F 4 TIEKES
RIEH A FIRTT IR B, SRR B 7 1 0 ST i th AT S .

S —ER I EE R R, AT AFPL 2 TIRE T IR, R0
FHHEREFHTRT AFPL 2 FHEKBRENERE, AR BEESERRNXR. BE%
H T LR AFPL B S IR EBEIR B AR AR R 2R, BT HERELRERREZENS
RHATT . WHIES, HEIH AFPL} TRLES, RIEEKRMHAEERGESRS
WEMELELHNERER.

§6.2 WA S®EE

SE_EhWER I EMLL, RIS S AFPL ) TEK SR K # &K RS
X REHEARARNFER, #—ParE AR SERENKRR.

§6.2.1 BREMItH

BT AFPL 2 TR ER B, 8MFERE 1 AMEHER, Bl RAITAN, &
—ANERRBEFEMER, KSR AR R S S B0 No B4 AFPLZ T 5 y 4
HESHKE R, AFPL - F BTN alpha SRHEEEH, {33 /E0KG R RBRMEE —E 1
iy, HE—F AFPL 4T EIB T R HE, Brik, A4 AFPI 23 F7E0K &R KR 4
— YRR, N A AFPL 2 TAEVK R IR B I BOOAR A 404 (137,138)

oY - (N, = yN + N)!
(N, -yN)IN!

(6.2.1)

N




A PN B AT

KRR UK BRI AFPL 2} FEE— RS, WRAKKERD RECH

gy N N +N) }
E= ) N NN TR xp[NA(-6)],

Hrb, p & AFPLFTRILES, ¢ & AFPL 2} T 50KG LA BE.

(6.2.2)

HTRENEMRS, Bk, &AIEHA Bragg-Williams B4 4:(139-141], BER4S

BRE E KA B KR AR SR AT
THRBER SRS (62.2) FHEKM:
HKBHE, 4

_(N,—yN+N)!

=y CPNAw el

FF Stirling 3L, A
InP =(N, - yN + N)In(N, - yN + N)— (N, — yN) In(N, — yN)

—NInN+NB(u-¢)

dlnp

N =0=(-y+D)In(N,~yN"+N*)-y+1+ yIn(N, - yN")

N, v/lvf:ﬂ

+y-InN" -1+ B(u-¢)

N Rf§18 PEB KM N IE, EXEH, N ANy u & THEE.
Fril, ERCH s Eh
InZ=InP(N")
=(N,—yN " +N")In(N,—-yN" +N")—=(N, - yN")In(N, - yN").
~N'InN " +N'B(u—e)
WA A EER, WHE AFPL 2 F P58 TG H:

olnZ dlnP(N")
N, =kT =kT .
: ol ou

T N u KIERE, A

AnP(N') _3lnP(N)|  3lnP(N") N’
ol w |, oN ou

M (6.2.5) A4,
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(6.24)

(6.2.5)

(6.2.6)

(6.2.7)

(6.2.8)



HFNE AFPLSY PIRERE Jr 1R AERS Sl 1) 3%

alnP(N")=

| 0, (6.2.9)
oN
B (62.6), 54
dlnP(N") “N'B. (6.2.10)
ou |,

¥ (6.2.8), (6.2.9) fl (62.10) RN (6.2.7), BEHIIRM T K &FEK AFPL 14
TN K

N,=N". (6.2.11)
B3k (6.2.5), 18 FW I ¥ AFPI 53 F N4 N, 5K ER B SN H N X RRRA

- — VN -
—yln[N’ yN”NZ)Hn(N' y 2+N2]= W-e) (62.12)

N, - )N, N, kT
58 _EME ARSI, BT R K N A AFPL 4 FEZ M SN ST
Rk BRI RNE SN A EGEE, HoRR, WA

_IN,
0= N (6.2.13)
¥ (6.2.13) RN (6.2.12), BREEZE 0BXNFRE, HREL D
_ 1-6+86/y 1-6+6/y)_ (u-¢)
yln[ —o )+ln( oy )— T (6.2.14)

§6.2.2 RiFRESESZEMXAR

ERAEERF, h AFPL 3 T—A i 11 MEERARNER A B EE—MLA,
BT CAEH 10K B R T R 0K 2 F BN B0 K T R AR e AN SRR, A
2 Rk SR T RITK A F RN B N 5YKERTE ATt AFPT R B9 BN 80 NI EL TR A,
TR e R T UK R BRI UK A1 N0 Ni= A N

TR SHE FZRKU.

LB TFERE T 6, J& AFPI R, UKD FRI, REREHARKRER
58 -%MHE, A

F,=—kT,InQ, + Ng, + N, (-hy), (6.2.15)

i, ESRMBEXRRERAEEZE (2215 FSHWBIHR, KEAHER.
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eE PN VA

W T NFERIRE T, 5 N/ AFPL TR, Ny KD TR, MR
&%
E=N,g,+N,e+N,(-hy), (6.2.16)
b, SBERENBXEEST (22.16) HEHHE HA. |
i1 AFPI 4 T2k SR A HOR M — 2 77161, FTEL Ny A AFPL 4 T MO RS
ol
N, _ (N, -yN, +N,)!

Q,=Cl = .
2= = N, (6.2.17)
N3 ANK G T OAR S Eh
N,-oN,)
Q,=Cy (, o, ) (6.2.18)

M TN N, —aN, - N, )
Hep, 2SHMBEXSE-E (22.18) $SHHESGHF.
Frbk, REMHE BN
F=-kTInQ, -kTInQ, + N,g + N,e—N,hy (6.2.19)

REFE-TPMHE, K FEKSROMEREHR 1, FTLA N=Ni, Ns=Ni—0oN,,
FEF, Q=1, Q=1.

FIF Stirling EfB, NS FIRBERECRRES T, H (6.2.19) WE (6.2.15),
33 AFPI R P B B e Be 8 in R

AF =-RT[(n, — yn, +n,)In(n, — yn, +n,)—(n, — yn,)In(n, — yn,)
—n,Inn,]+n,€+on,hy

= —RT[(n, - yn,) n{”—fﬂﬂ'z) +n, ln(_"' ~ym, +n, J] : (6.2.20)

n, = yn, n,
+n,€+on,hy '
BB REREXR (62.13), B

1-60+80/y
6/y

BB R ATHE, ERKKE SRR P I M KA S K5 A
BB R B F AFPI 4 FIRBRES R B iR A 2 A0, BTLLRZE B 103 A e B 4

1-6+6/y
1

AF = —n,RT[(l - a)m[

)+(0/ y)ln[ H+n,0(oh7+ €)fy- (6.221)
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/NG AFPI 5 TR 7 1 R AR ) S

AG =—-n,Ag + AF =—(n, [0.075)AAT /T, + AF
=—(An, /0.075)AAT /T, + AF C
He, EBHMAENSE -2 (2232) $35H0E ER.
¥ (6221) /A (6.2.22), FIBTH AG=0, BFEHFINMBERRELH

_Rr{ya-mmp_—_ﬂﬂx},mn[ﬂﬂmmm)
AT 1-6 8y

YAA/(0.075T, )~ R[ y(1-6) m(_l:_f_%‘_’/_y) P ln( 1- 00 /+y6’/ yﬂ

AFPI 7} PRI F R R BN EHRE R (42.8) ABiH, b
p=-RT{in(n, /n-1)=1/(1=n/n,)+ xIn(z = 1)+ xIn(l- xn/n, ) - x*n/(n, - xn)}+ £, (6.2.24)
Heft, T=T-AT, HESHHMBXESENE (42.8) FHEXHRA.

(6.2.14), (6.2.23) H (6.2.24) BRVAHEXT AT, 0 Fl u =T 24, KEZH
B4, BHAIHEE AT.

(6.2.22)

(6.2.23)

§6.3 HEER5TR

HT AFP9 7+ F i 4 4~ 11 MEERAMMESR B AL, BTl y=4[109]; HPLC-6 3
AN AMEEBRARNESR B, Hik, y=3[15-17); AAAA2KE 1 VVVV2KE 45
HPLC-6 M, ¥ 3 M 11 MEERARMER BN, N TFRHEHY T, AEE
y=3[17,122].

Rk BERE KT BN, 50K G R AT 4 AFPI R B (9% s AN N, B ELAE O AL
§4 AFPI 4 TAIE &N REKY FRINMBHR Y FEE KA Fo FEMILERS S,
x=M/18, M }j AFP1 % F 4 F&; 4 AFPLEH MK SN y, BT A=ply, BHE
yA=y.

WEBRXR (6224) B, BT AFPLEWIRM, FTUARKMWKE SSmolL T
VAREOVREE, TR AR, FTRA z=4. 50K MAR BV R AR 00 18 i 38 LB 03
BHERES531 A, WHEIBEPTHENERSHNERE 6.3.1 4H: HP, VVVVAE
FEKHHB R 5K M EAERREIBUE S HPLC-6 S5KMAHEEFaemMEAMRE, XEREY,
SN A B VVVV2KE %8 5 HPLC-6 Wi M IRA W3 B 2 515,122]; HESHK
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AR REG PR

W LEH AN H, KRAFER.

£6.3.1 i FidaE ¥ AE G AT A

Table 6.3.1 The parameters in the calculation of thermal hysteresis temperatures.

X y g X gokcal/mol)  e(kcal/mol)
AFP9 244 4 7 20 9.5 —6.1
HPLC-6 183 3 4 15 78 —5.1
AAAA2KE 183 3 4 15 8.0 —33
VVVV2KE 183 3 4 15 7.8 —35

K 6.3.1-6.3.4 51 T AFP9, HPLC-6, AAAA2KE 1 VVVV2KE [ #H 5 R B (38
HWREMZE. HETHELR, BEPERNEHRTE_EMNERMERLRER.

Thermal hysteresis(K)

0.0 A Il " 1 i L A . A 1

0 5 10 15 20 25 30
Concentration(mmol/L)

A 6.3.1AFPY th BB AMARENEMNRE. FRTRM AR (LX), T4 RAMFT O (EX),
FH 4R [109] Alwk T
Fig. 6.3.1 The thermal hysteresis temperature of AFP9 as a function of AFP concentration with adsorption

orientation (solid line), without adsorption orientation (dashed line), and the experimental data[109] are given as
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H/NE AFPLI ORI Jy 1n HER A0 () W

Thermal hysteresis(K)

0.0 A L A 1 Py il R 1 A
0 10 20 30 20 50
Concentration(mmol/L)

A 6. 3. 2HPLC6 MM RAMAREHENXE. FETARFTAN (FX), FERARFOH (&
%), FBRLEX2]AnkT.

Fig. 6.3.2 The thermal hysteresis temperature of HPLC-6 as a function of AFP concentration with adsorption
orientation (solid line), without adsorption orientation (dashed line), and the experimental data[2] are given as

v — r — T .
07 | B
06| g

) J

Z ost J

w

g 5

e

g 04 |- P 7 p

£ y

Y

E 03l 1

Q

= 02} -
01} 4
n'o i 1 o L A 1 A | A

0 20 ") 60 80 100
Concentration(mmol/L)

B 6.3 3AAAAE HRAFBAMAREN LR FETEANFTAR(ER), FEBEAHFaM(E
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WERE L EAIE X

%), FR4ER2) Ak,
Fig. 6.3.3 The thermal hysteresis temperature of AAAAZKE as a function of AFP concentration with adsorption
orientation (solid line), without adsorption orientation (dashed line), and the experimental dataf2] are given as

a

Thermal hysteresis(K)

0.0 P L 1 " 1 ’ 1 ’ 1 -

0 5 10 15 20 25 30
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A 6.3.4 VVVV2KE B RMILRAEG TR AR, FBER 2] AniF.
Fig. 6.3.4 The thermal hysteresis temperature of VVVV2KE as a function of AFP concentration, and the

experimental data[2] are given as w.

M 6.3.1-6.3.3 ATLMRESE H, THA TR WA QRERE (L8 A% ER K
T EmOAGRE (B%) BER/D. XERKN  AFPL 4 FH R EE FER B KL T
TEK B REORIN B RSN, HNik, AFPIZEVK SR G 0 K/ ARG
MK, BHEEEK, HAMRBEBK. ITATRH RS, AFPI 4 F7E0K SR KA &
FEANFATE IR B 7 ] PR (78 s BE PR, BT LA BB . 7 BE X #uii i AE
/M EE MR, BCFE TS AFPL 4 F I & & i SNy, AFPL LS R
5K G AR AR R e 8 s AR . UL HPLC-6 5%, B 6.3.5 4 T MR B 7 I X AFPI
KRR AGEREW; B 63.6 MG HT AFPL 2 FHILFH, AFPI 2T 5KEH
FEEL A FH e 3 LR UK B 3R T 0 28 i P

& 6.3.5 451 T HPLC-6 ZEVK & K I A8 H MR (B 2R, BB RAATE AR
FhH (B y=1) #15%, mE=FTPE (22.6) RAWH. NETEH, LERREREN,
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Fig. 6.3.5 Coverage rates of HPLC-6 as functions of AFP concentration with adsorption orientation (solid line),

and without adsorption orientation (dashed line).

ME 6.3.6 (a) FILASNIE, %R AFPL 5ok & KA EERRepMRTg . XK
A AFPL 7+ F 5K @B RRERIIE R, BWE AFPL 5K RIRIMKR S M EERERRE, #
BERAGEM, NTTSBERRER: BEENK, BEIBHMEEEK, BRER, #
VR EREAR LA R KT R, B —FEhE 232 £1FR. B 636 (b) B, &
RS AFPL 4 T 5K FRIMGKERBEHERTIYA. AMeEHHREL
(6.2.24) Fili, AFPI 2T 5K FRIMBKEREBA, HEABK; BAERBX,
AFPI 2 FHAEE K, WS TEKRRIBRM, BREH, ERBX, 85 TR,
BHRESK, BEAMRERRLRER, 5E-FHE 231 MR8, RAERERHLE
BT K.
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B 6.3.6 HPLC-6&EZAMRKEMTMX A : (a)AFPI 2 F 5ok & 4948 L4 A 4% 4 ~4.5kcal/mol ( ££),
=5.1kcal/mol ( & £, ); (b) AFPI 2-F 5 K4 F 18 95 AKA Rl 46 % 8.0kcal/mol ( % 4,), 7.8kcal/mol ( £ £,).
Fig. 6.3.6 Coverage rates of HPLC-6 as functions of AFP concentration: (a) the AFPI-ice interaction energy
are —4.5kcal/mol (solid line), and - 5.1kcal/mol (dashed line); (b) the AFPI-water hydrophobic interaction

energy are 8.0kcal/mol (solid line), and 7.8kcal/mot (dashed line), respectively.
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