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B E SETIHAGTASTREMANBHAESYE(N-FRERBRE) (PNIPAAN) M2 T KT8
7o LI J B R A 6 e R R IR B (LCST) TEE B F AR M P I A PNIPAAm AIE RN R E ¢ P KA %
7y F B M_PNIPAAmM(M, B 2.2x 10°g/mo ) I F B B M REE, FRAR AR ABHRARRILT
PMIPAAm 53 FEW TR EMENNESN REEE TR M_PNIPAAn B HHRPREEE . EOEMKE
HEESAGESFEMENN RN 2R E s RES M_PNPAAn X THHEMEH E RS0, B
EEEANERENE SN EX MHEZE M_PNIPAAm ASHBTAMNER HRERXANRBHYE
EMESHREREL RN HEEAEE P AERIFMEANER.

X@in BEHNESY. B N-REEVISBK(PNIPAAN) BHEN, Bt

ERIBEAMEZRESEORMRERE
BARKEDEA™ VM ERERHNTE KB
HEREFREEENS TARRERERAT
BNARMERERNEARREKR" BXHTF
ERAURRPRZABEYEOBEEREHTHN
BEEemAR, JERZMNEOREEUAR
EmMEAEE BRRERAEHERNERQEGE,
AERUBESHABEREENRMARKERE
AREEAREFTEMREB MM LD EN.
ENIERZSEARGIMTRRE R

Afinsen SFREFOHMNSE A ER L —
A RE G R A IR E T, A
AERfAERRT A RSN ER AT
e, KENSBHREHEHREORERTR
ABEF2BEPEE, PES R EAENER
EAFHNBEORRELFEMEQEERES
e HEMHEBEARRERBE RN &
AEEMIBHRAMES . BRI R ETEAD
FTRATHEF, - TEEBREEDRS TEE
T MR, R B IR Rk, R R IR 4%
A RAHEBREART , ELREWHERT  $
THREBENHEART E. 5 - FHLHRE N
BiARFELR, RBMTrEHRARENEO R &
Eohag i &, NEF B R AR F MAFTERBN,
THRARSHAGEERESYHFALIE,
SERAE B TEORERAR KERNEL

SHHESIFEMANSTEMHABERS. BATHEK
RGBRE MR B0 TREES RE
R PEG' L 5y F1£18 GroEL ™ %%

Wi e it | (SRE REAY A
ENATFEMEBAATRREmMAET ST LB
Hr EE RNEEEEERESORIEAR
HERDH, ESBEEORTEFERGEE pH
HESHORMEEERE/RY S RO 4 Fial H
HEM MECEELSTEHEARERES DL
HItEARBREYWER  SREARTEBTRG,
TESHE LRZBGFEREEGYSEHEAR
SEFAER . SRAEN ML BN, R
FRRAYMBEARTERARAERE. BT
AR, TAMATRRASBEEQREITE
TS

EXART 3 FRA PNIPAAm, F#H %
THHBBEMESAEHENRE BERT
PNIPAAm BN EHEd B h  RERE . EARE
EMEESEAASEESEHERER Y TR
R R PNIPAAm X BT B R AR MIEN, &
AREREORMENSESE ELRRREFM AN
5.

1 #RMTE

1.1 XEXA
W5 1% 7 B B (Sigma, USA), B 78 BE %
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(DTT) ( Bebeo, USA ), ¥ JiL &I, & 4L %0 2 Bk H Ak
( GSH, GSSG) ( Roche, Switzerland ), ffl ¥R B
Micrococcus { Sigma, USA Y, Tns
( Amersham, Sweden ), ¥ ¥ W B (MPA) ( Acros,
Belgium) ,EDTA R ¥ (db = # I AL ¥ S H R
AN ED), N-R TR E AW B K ( NIPAM, Acros,
Belgium),ﬁﬁ:ﬁ‘Tﬁ%(AlBN)(jtﬁﬁﬂﬁfﬁk
FamARAA).
1.2 PNIPAAm f38& B

PNIPAAm Y& K A UK (21 ] Fr i Y H A
EREANE NPAAm S 3 BEELSLBHAR
CRTHABNBERTEKZED, £ 0CTR
Fi24h RIEHREZBEELRNHAER, AEHAR
Hik, A BRARERELE A—ERRMECK
HERESY. U LBEEE 3 0, BRER A A
Ml &R B ZESYBETAE TRETEAEE,
BARANAARARESY TRIBPHEN
JE% NIPAAm 1 AIBN M DL R FE BT R
AAM-FCRERTRIIERBEARL TE
HEMNREY. IR 1HR.
1.3 BEMNT EHERE

¥ ¥ B pH 8.6, 0.1 mol/L Trs-HCl &
8 mol/L R % .1 mmol/L EDTA 1 30 mmol/L. DTT 4
. E WM pH 8.2,0.1 mol/L Tris-HCl &
1 mmol/L EDTA .4 mmol/L GSSG.4 mmol/L GSH, X
SC 36 v ] E MR B B9 R B A0 PNIPAAm SR, . 1 88
FREEERARGEMBER TEERD, 0
W R 50 mg/mL, FH FRE 24 h, ZEFIE R M52
SR ESE, A pHEZE 3.0,4CHRA.

HRrRRARERESE WE—ERE
%M E&H REM PNIPAAm B E £ 7 1
EEHRBARERS . EREF 240 EHMER
#*.
1.4 BEEHRARKEME

BEORKERERASCLEE, £ 280 nm
NHEHEAMEREABHECRB SR 2.37

lysodeikticus

12.63.
1.5 EARGHUBEXSH

P & 5t % 4 ¥ K H Hitachi 2> 7] B9 F-
2500 T A B R B Oh 280 nm, # %
200 ~ 500 nm 5 B & 5 1.
1.6 EHMEHENE

F 8 BR B ( Micrococcus lysodeikticus ) K, 3¢
R E %A pH=6.2,0.2 mol " L' B MR- B h K
ACE MR E R, BT HAE 450 nm M ROGE A&
1.3, G 2.5 mL @ ¥, I0A 500 oL ¥ H B8R
W, I B2 RN Wk 7E 450 nm T A9 TR O BE A 4k, i
B EENREEERR T EEHBENERE. A
W SR S MW (Yield) R A B E M
SRR E X

Yield = EER TS ABAE N/

75 ¢ B AR S T R TR R RS h
ESHoTFRIE
ESYaSmESAMNANS TFRIERN
Waters 150C BB &GN, UFH THRHHUESR
ZAR R b o, 5 SR A HT2-HT3-HT4 =&
BEA, M sk A, R EF ORI SRR,
HWIREB BT RELFERPRUBLRE
R .
1.8

1.7

ESYH LCST ME
BHBREEHEEREY 2 mg/nl. HKE
W ESEBRE&KMETHER 20 min /5, 8& LE
500 nm &b 7% ¥ ) BN

2 ZER5itie

2.1 PNIPAAm BIS R MRE

KRB BEAE(CPC) M e W E
L_PNIPAAm .M_PNIPAAm 1 H_PNIPAAm &) ¥(33
STRM) EXRSTEM), TR UK
TR K B P8 I 70 % R BE (LCST) &5 R
21K,

Table 1 Monomer ratio of NIPAAm to AIBN in the synthesis of PNIPAAm and corresponding molecular weight, dispersity and LCST of three kinds of

PNIPAAm

NIPAAm: AIBN ( mol/mol } M, M. Polydispersity * LCST( )
L_PNIPAAm 10:1 {mol% ) MPA 4.0x 10 5.7 x 107 1.30 32.5
M_PNIPAAm 100:5 1.8x10* 2.2x 10 1.25 32.5
H_ PNIPAAmM 100: 1 4.7x10¢ 5.3 x 10 1.13 30.5

* Measured by GPC method using THF as solvent,only for reference
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F IR ERHAE KRR NIPAAD F AIBN
RATEHERS . SXFERNME-FORKE S
ZUEHER RS TEHEEMBEEE PNIPAAM,
HERBHIHREGYEARENOE Y8,
AT LU ATHRAS FEMEORGMMIENE
L
2.2 PNIPAAm BN EOREHTITH

HEEETAY 3 #45T B PNIPAAm X
FHEMNEMIER EFMELRT BEBEs
PR BRARE SR | mg/mL, R EBRARRE SR
L2 mol/L EHEBRERARERBEIE, NER
MEHEESERY - AMALEREHE
WL IEOCEE T 2h, RISE 0CHEREH 241
i ERESE GROE .
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Fig. 1 Refclding yield of lysozyme as function of the input of
PNIPAAm at different molecular weight

ME 1A BB I PNIPAAm MR & 15
FMRERHECREASEER MK, B84k
FH7E 80% LA £ . MR FH M_PNIPAAm BY , R B MG 5
HREM PNIPAAR IREN BN MBEEAS, &
M_ PNIPAAm ¥ & 1% 3 10 mg/mL i, 35 14 8§ & 1%
a3k 8] 100% . & F H_PNIPAAm B, i A
B35 U PNIPAAm I B W K el E TS
ARERERD 02U T, TFELHF A
PNIPAAm MH B AR S A B AR R EME
BB T AL B 77 25 07 AR BE I 220K (NIPAAM ) &
75 P B9 51 R A O K O B O 98 B T R A6, F A
EXMAEMESRE R ESER.

2.3 PNIPAAm BERTHBERS FH RN
S

AE/R PNIPAAM R T EM SIS ER S
M REFNEHE, 2R TRARENBEME
M_PNIPAAm # H_PNIPAAm ¥ 3 P 0 % 6 6 &

HEMER S FREN T LR, TEERSS
EREBATORRAEEAEMBERARES
lmgmL E20CTRE 24 h R FHEERE S
KB HERE MO am SH KR EHEBE B A
EHERFEEN EEG YR EER, 828 2.3
Hl4.
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2} O mg/mL
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d) 6 mg/mL
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f) 10 mg/mi

£} 13 mg/mL

h) 16 mg/mL
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Fig. 2 Fluorescence analysis of native lysozyme by M_PNIPAAm
&) Fluotescence specira of native lysozyme in M_ PNIPAAm solution
at different concentration; b) Comparison of refolding vyield,
fluoreseence intensily and peak location of palive lysoryme as

function of M_PNIPAAm concentration

ME 2 ol AL EE L RUEN, RAKEM
RIF LR F I (a) B KR 5 I K (3b) Kb
M_PNIPAAm B3R E T, X & M_PNIPAAm £ 2
BRI RKREEMNEGH EERATEE XA
B 2FEE M_PNIPAAm ¥ FF 3% I 7 P 5 . X ) fiE
RHF(NESYBRBA SEAEHN - EHER
MEEN, BT RAFASTHEENH 20 mg/ml H
M_PNIPAAm BT L5244 280 nm 8 & Yo 85 (2)
FEE M_PNIPAAm W EW#E I, R EB 4 F5 1
1 LRI, AT BB K B Rk & 5
FiE Rl B BRI

HEIESE 2 PHER—-— L Tm, E%
B M_PNIPAAm M SR SIS A 2
AL AE 3(b)F T4, Y M_PNIPAAm R IEH X
B ERAMMENEL R, KIFBT4EARK
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Fig. 3 Fluorescence analysis of refolded lysozyme by M_
PNIPAAmM

a) Fluorescence spectra of refolded lysozyme in M_PNIPAAm
solution at different concentration; b) Comparison of refolding
yield, fluorescence intensity and peak location of refolded lysozyme

at various concentration of M_ PNIPAAm

DEBRAREAHFEAZNRARBEREER
INCTRE L BB A 340 nm A P 342 nm. M PEE M_
PNIPAAm K FE N F B EME R EWNER
100% , FEBHEAENERMEKERXRARE
VPRSI (340.5 nm) , FF A MR IRE K
ERYUXABEENET L. A, M_PNIPAAm A
BTN EEMITEN SR RRE RN =RE
o

B 4 BT 8RR S {4 % B £ H_PNIPAAm
PR R S RENY. SR 2 M3 PRER
MR, EHBEBAE L PNIPAAn fEA T
MEAEHBEMRRKENERY RS 7L,
SIS EAEIE 7 B H_PNIPAAm 3K ¥ 3% I 56
ERGETR, MM, ARNEERELETRE L
F,BARHE KM 342 nm & T FE 2] 340 nm BT
BE 348 o, SR ETHRENBFHBH KL
HEKEEA - ERTH, SEEHN H
PNIPAAm B3 0k FRHE B 2 i F 858 O B K 1, &
BABHMENNIIE MESEXRTHXE
M_ PNIPAAm.

Fig. 4  Fluorescence analysis of refolded lysozyme by H_
PNIPAAm

a) Fluorescence spectra of refolded lysozyme in H_ PNIPAAm
solution at different concentration ; b) Comparison of refolding
yield, fluorescence intensity and peak location of refolded lysozyme

in H_ PNIPAAm solution of different concentration

2.4 REMHLEY LCST ¥ M

REERERNEORZHEMN FESRFTE
ABREEEEWM K EAEERERES
PNIPAAm B R BUEERM R W, 5 R ME 5 .

B 5 %80, M_PNIPAAm i) LCST R & IR £ &
FE R 1 I R A . 3X EE 2 B9 PNIPAAm Ry B
AR WEREERE RIS K AR U E R =B
AREMSEHEIR HEF 2, MARE AT LUEEE &
P PNIPAAm [ Bi K, 3% f& PNIPAAm 5 & E
ARSERTRAKRENEARES ATAZR
BLOBEOARE#HIETEARBEEENER.
2.5 FREX M_PNIPAAm R EHERAOEM

Atk 7 B R RE S A0 B8R MR B O 50 mg/mL, 3R A
EAFMRENESCHRBEESHEED 1 mg/mL,
M_PNIPAAm M X 2 mg/mL, T 20CE ¥ 24 h
AR ESSPEERBNE N, ERE6 K.

6 F 91, I A M_PNIPAAm 9T, 55 &
AR R RENREREHN23ml/L, 5
TERCT R TSR ERE R o Bf B AR
HRET 10%. ZHEREENBERANDEERE M_
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Fig. 5 M_PNIPAAm LCSTs decrease with
increasing of urea concentration

a) Temperature dependence of optical transmittance at
500 nm in different concentration urea solution; b)

LCST  dependence of M_PNIPAAm on  urea

concentration
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Fig. 6 Lysozyme refolding yield at different final urea

concentration

PNIPAAm FEEEHNM MHEERERENH -5
RE FHMEAERMKE 10T, £HRE
XK R SRR PE 23 M_PNIPAAm 5§
RHEMNBKIERENRL AEMEETEM
SHEMHEREMK. B M_PNIPAAm SR ERR#E
ARMITERRERATFTEMEHRESISE M
PNIPAAmM BT EHERR, £ —E X FHEEY

15 E v H A B R BON
2.6 M_PNIPAAm $iBhITR T EPWESRE
g g
RAEEOFREITENOBREAEORKE,
NMUBERREAANHEARERD, Bk
T RA M_PNIPAAm B EBEEERFMN
BAREMEERROZ W AR BRI
BER SO mgmL, BB PREBRAEKER 2.3
mol/L,30°C{RIR 2 h,20C B 1k 24 h J5 M & 75 I
EALERIME TR,
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40t
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Fig. 7 Lysozyme refolding yield at different final lysozyme

concentration

ME 7 ol F i, EHE®P R & M_PNIPAAm
B, 7 O A 2 PR R AR AR 1 T A 49 i A
WA M_PNIPAAm 5, TS BE B I B #E R 7 H A%
FBEX 2 mg/mL BF {4 FF4E 80% LA L. W& M_
PNIPAAm SE BB R E LR 10:1 LI Eaf, 1
mg/mL 25 75 I Mg v 2 7] 18 B3 100% A9 R A4
X FE M_PNIPAAm 7E & ¢ B 25 A Bk S04
B o BRI B ) S R OR B R0 5 R DAL
27 ESHEBRRNEEYRE

B AR A3 F i85 PNIPAAm MM R E
REMEGKERESEOEMAHEERERE
BEEM OARERTEHBRAREMN TEOKRE
PER R AE PR B R R AR RN 10 mg/ ., FH
EHHBE 1 mg/mL, PNIPAAm %K & 4 2 mg/mL,
REWEN L.6m/L, FAEN A FTAERK
NZRPHTENE EAFMBE FHAER 2L 31T
EH RSHE20CHER 4 b M EHEHMIEN. &
RINE 8 B .

B8 =, AEMHRENRERAFEEN, &
M_PNIPAAm £ RBNEHEHEERT
AE T M_PNIPAAm M EHEWE A E 1 874,
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lemperature

1.6 mol/L REBFEMER T, M_PNIPAAm B
LCST % 32C . X # 8 X it PNIPAAm £ T £ Hi b
RO THRERS KEREREBFER. ]
5b,7E M PNIPAAm FEMITETE T, B E R E R
EEFICRERF 2ICE . FEHBESEERH
Brarfl X B H Y IKAT M_PNIPAAm 2 LR E
K (R T LCST) R E RWA (B T LCST &Y
M, SEEMNES A HAE TR MAEX
B b R ISR NI BE R R T, X
FTERMEBEN FERARTETEESRKE
L

(- S . I R T R

BEEFR RABHERAHNAEGMT 3

M4 FEMEERRERY PNIPAAD; T 5 T IRE
I 4 F PNIPAAm HBN SR MEM AT 174 45
BEHESTERE 2.2x10° g/mol 9 M_PNIPAAm
AERBEAREHMEL Mo FRER 5.3 x
10*g/mol By L_PNIPAAm 7E{i% ¥k 2%+ T 7T ¥ Bb
BEMEY MAESKENCHBEABEE. T
%5 TR PNIPAAm AR HEBE HER
WEE .

W ERBIA T M_PNIPAAn S BN E S T
BEHBRTRERE EARKEREERNEE
EXEEBE A . R IE PNIPAAM Y
WEr R ARG ERE SFEMATIERER
EaymimeEtEEMEEANER, REH
USRS ETERTH KT FESERERR
A3 W R % P PEBE . PNIPAAm 5 R B R /£ A
MTFHREMAEE ARG RN BEtERERE
X M_PNIPAAm B EBITERA B8 &
WL,EEAXHRRANEREGT FEMEERE
BEAATTHR.

EXERFHEEEESY PNIPAAm 7] LU
FRBEREARKNESER A TEIBERA
MEAERI M AT $2, 5 T BK \PNIPAAm B F [o] e fdf
MR S TR K M R g Bk S B b A AR
B Rz A& R AU
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TEMPERATURE SENSITIVE PNIPAAm ASSISTED PROTEIN REFOLDING in vitro

LU Diannan, LIU Zheng
( Department of Chemical Engineering , Tsinghua University , Bejjing  100084)

Abstract Temperature sensitive polymers, poly- N-isopropyl acrylamides ( PNIPAAm) with different molecular
weights, were prepared by radical polymerization. The molecular weight distribution and lower critical solution
temperature of these polymers were deter mined by GPC and spectrophotometry . The feasibility of the polymer in
assisting the refolding of denatured lysozyme was examined, by directly diluting the denatured lysozyme into refolding
buffer containing PNIPAAm of different molecular weight. PNIPAAm with the mean molecular weight of 22, 000
(M_PNIPAAm)} showed the best function of assisting lysozyme refolding, as indicated by the recovery of lysozyme
activity from the denatured lysozyme sample. The molecular interaction of PNIPAAm with lysozyme and its
implication on the structure change of lysozyme were investigated by fluorescence emission spectroscopy. The effects
of lysozyme concentration and temperature on the lysozyme refolding were examined and the synergy of urea and M_
PNIPAAm on lysozyme refolding was identified. The suitable temperature for lysozyme refolding was chosen according
to the temperature responsive behavior of PNIPAAm. The results shown by present study showed the high potential of
temperature sensitive polfmers in high concentration protein refolding in witro in large scale.

Key words Protein refolding in vitro, Temperature sensitive polymer, Lysozyme, Poly- ¥-isopropyl acrylamide



