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ESR Study on Conformation of Membrane

Proteins of Cerebral Cortex Neurons. Zhang

Qian, Wu Benjie, Yu Guifen (Department of
Biophysics, Beijing Medical University, Bei-
jing 100083, China); Lu Jingfen (National
Laboratory of the Nature and Biomimetic
Drugs, Medical University of Beijing, Beijing
100083, China).

Abstract

for studying the effect of hypoxia on rat cere-

Maleimide was used as spin label

bral cortex neurons. Results showed that hy-
poxia induced the lipid peroxidation in cerebral
cortex cells and increased the formation of
LLPO. By comparing the characteristics of ESR
spectra, it was found that values of r. were
significantly higher in hypoxic group than that
in control (P<C0.01). The increase in the ra-
tio of h,/h_, was well correlated with the en-
hance in hypoxia group. It was also found that
MT could inhibit the lipid peroxidation in
cerebral cortex cells.

Key words cerebral cortex, neuron, elec-
tron spin resonance techniques, spin label,

hypoxia, metallothionein
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HF NAD AEES, BA @AEERN SRk
SEMHRZ-BEMIMNFNEAERS
& BAEFEHN R B ER R AL
RN R R PR T {8 o F 2t B
i Ja RE A8 T AR TE B AL R R OF R R B L 76 1
BHTXERMRFEHE R kG AR
BRIV R ™. 55, 2RZ B
12 1 5 i B T DA — 25 AR B BUCIR I R
FO, X RERE L — D EO . A B
A5 16 010 X il 355 44 0 8 R 1 4 R T LA B
Xt Bl 48 AL AT A A IR T AR,

AR _BENEORAELIBERZZ

FEiEfb, BpfE E—APiEdtEmE, FHAAUSE
HE S F LR ETeE ] (nE BRR AR o
¥ e AP, AFEeihssmRe
B 523 B IR Bt & (cyanuric chloride, CC)
XS HE AR BRES (p-nitrophenyl carbonate,
NPC) #yigfk (B 1), LB IMETE s E
HEMBEESFT TR, BAMERFEENRS
(subtilisin Carlsberg), B H1E ML EBEA
BRERZz—, ErIECLER oo
7, M HEABER S T AR T A
Wz, R FRA 27 400, EF 9 NEE
FR.

cl O-PEG O-PEG
N i ] N

o / \:\N PEG-OH CI—{\ \:\N ENH NH4</ —_QN

N=—( N==( N:<
cl O-PEG O-PEG
T 0 0

Cl—C ~NQO, PEG-OH PEG-()—C—O@—NOQ i&* PEG-O—C—NH-E
1 BERZ-BHHBNHAERE X
el e i A A S B A Bradford 77UV IR 4 %.
1 ME™SHE

1.1 #4¥

MEMHHEDR FEERI M
(methoxy polyethylene glycol, PEG, CH;
+OCH,CH, 3:OH, F# 4+ & 5 000), XA
HEh#2 25 E Sigma L% /2 F].
1.2 E§fELH

R A HFERBEE (CC) Mty
7R kR Ee (NPC)Y#1TE 1k, ik S B Uik [ 9,
10]). REEFENMIEFMA 1 omg B EFE
& BB E L B B 2 2 ¥ (40 mg CC-PEG
3¢ 20 mg NPC-PEG). i A 5 ml ff B 28 vb %
(0.1 mol/L, pH9. ) IBE G, B AEZR TR
JiEFE 3 h, J57E 1 L BERRZE MWW (20 mol/L,
pH6.0) FFEHT 24 h GREWWE 3 K). BHEE
pPHEME 7.5 5, BT 48 h. FFB=MH

1.3 BRiEMEAE

1.3.1 KERPHIEE: BEL N-3EHB-1-
7 & BE-L-79 2 Bt - L- i & 8- -2 79 & Bt A A
HEAEREH KERME. Spl BEE R (FBE
20 mmol/L, pH8. 0 f§ Tris-HCl i, &
i 2k AR 2 A6 B B UK B g B2 1 g/L
0.02 g/L) B A\ ¥ % 2 ml JE ¥ % ¥ (0. 01~
2 mmol /L 7F 20 mmol/L, pHS8. 0 #J Tris-HCI
Zmmt) Ptamd, LRI RIS AT WA
Y& Y6 BE it (Perkin-Elmer, Lamda 3) #F 412 nm
THREFEEHEREN AR (HERREE
¥4 8.48mmol « L' e cm™), IWIREHTE
HAKBIER. BE Ko Ve B ITEVLEKAF “Enz-
fit” TFHEAR]. XSOV B R B A AL A
E, EYWEE R 0.02 mmol/L, RNVIEEEH
7E 10~80°C. {E{LEEMR HE Arrhenius A X EE.
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1.3.2 HHLER A0 EE. H#EAEN-ZB-
L-ERE B L BE T B B 25 7% 5 Y Sk il
E. HERNHETREE 2ml F0.25g/L AR
. EE BRI B9 EE. 30 mmol/L N-Z Bk-L-%
HEBZEEH 1.2 mol/L FREAF AR (B
AR 25 IR, A 1 pl EiE
KB 0.5 g BB AL MK &Y (Na,HPO, «
12H,0, Na,HPO, « 7H,O, Na,P,0O, « 10H,0)
i S B 4. I R E FERIE R $(30C,150
r/min). =] N-Z,Bt-L-F 9 & 8L F ES A9 4
HAS M 1E% (Hewlett Packard 589011 FR gz e,
1.4 BRI E

1.4.1 MEEMREE: 2 mlBEE®ROER®
fF 20 mmol/L, pHS8. 0 # Tris-HCl S+,
MEHS MRS B Rlg/LH
0.04g/L) # & T 1 B # # (30~60C).
opl BHEBRBEEFIE, MA2ml &
0.02 mmol/L JE# (K 1.3.1) B Tris-HC!
(20 mmol/L, pH8.0) Frhkh, RNVIEEE
il £ 30°C, SR BE M E an 1. 3. 1 frid.
1.4.2 Xt pH WITREYE: 2 ml BEEW (BRRE
20 mmol /L, pH6.5~9.5 @ Tris-HCI Z¢ ¥
o, BWER L) #EFT 30CHERA TS, I
FEFIER ISR E A |

2 & R

2.1 EHIRZ_EEN

515 R . RS B, EF AR
FEMEE A UARANERET SR It
haa T, HARBHHEREAS TR AL
BAAN A AL . R T B R T A B
BEERETHEANGHEHLESRSE, £9
ELPHOTUMBEAHRR I _BENT. £
CC-PEG #1 NPC-PEG i3 EF B E L
EREEVA T2, W, &7, W&k, mWEsk
WEERNY, HEZR THEERNBERES S
H2g/LM1g/L. o, SDS- 3R P4 B i BE B
MK R RSB NEST. FRE
it (BB TE K44 F & 40 000 B (LB B —
W, KU S TEL 2~3 1R B

.

% CC-PEG #1 NPC-PEG #4fi/5, B
B AR iR AR R R 87. 5% AN
92.3% (Fr ABENT &K 4 20 mmol /L).
B2 NPC-PEG {&4ffi )5 # Ho 15 1 75 8 1 52 % .
BT, MG TRES 2550 FIRFER AT
% 95. 3%, 94. 6% F 93. 1% (BT HFET B m ik
# B~ 10 mmol/L). X 15 B 8 /N B & i i 722
HEESHEEHYFERE. BIEEEBNRY
J& W) BE T B AT RE R 1 F &R | (CC 8 NPC)
B TR F & pH {E (pHY. 0) FEHEH E S
BRI E Mg ER.
2.2 EEEM

M BT E O RS 7E K W EE 1L N-38 31
Bt-L-P9 & Bt-L-79 & Bt L- o = 8- L- 2 9 & Bt
XHHE B R K . BAE PEG B0 AT)G 89 K (X
HH (K., #eEREEH (ko) TN
B (ke/Ko) W 1. FFEME RN ki
b SR 2 (4 T DS — 1%, T Ko BRIFAREE, fF
BEAG T — R B BN, RS BMHEEES
WEMAHTRE, H5REXFH IR
B R G A ka1 Ko, AT HERR T BB IS ERY
P2 SR H TR A R ST A G TR R
B

F1 REFRECORENNENHNEER

JiB CC-PEG NPC-PEG

Bk e
Km/mmol « L1 0.19  0.21 0.19
kear/s7! 182 335 340
(ke/Kn)/(pmol » L +s)=!  0.96  1.60 1.79
EALHE/K] « mol™? 16.1  12.5 13.9
T 45 5748 T A S5 Rt R

B, At EH§EOE S % PEG B,
H W AR R E PR (60C). {HEER M
WEEHREE TR (W& D. XERFLES ka
# T Em R — B,

TEK TP, BT B B A B 5 1 P
pH ER AL R BT BTGt -0 His 64 B9 H
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B X pH s~ EENMEEENS, EW
pK, s£fr B/ His 64 B9 pK, #8952,
I, B 55 %4 PEG B4 1 A9 4 24T B & H B RY
By 5 b pH EHH L, FBIF 7 BB EES
OB RERAEEmTA T, £
L8 i E B8 pK. [H A R4E pH EH H ¥R 3
Bk [12]. %5RKW, BM oK. HEMREPHHE
(8.24+0. ¥4 H CC-PEG & NPC-PEG #
BT AE. 233X #Fl PEG {244 i B 75 =
BEFEEMEM (0.01, 0.5, 1.0 mol/L) H
B pK. 43514 6. 47, 6.99. 7.09, 5HRZBEM
WIBEAY pK. EAHRLDS, T H tAELR s i & T
SR, EEEE NS FREMEM
T His 64 BB 484

AR O ZBEXMEH T F BN — A EE
A& R E IS PE i E /LA
R & AR . XA BT R S, R
A HEEY N-ZBE-L- AR E 8 2 05/ B
B T 2 i 70 B R S A 1 L e A MLEs 7] R A ik
. ARLBHMMEETEEAR -, 2
CC-PEG 1 NPC-PEG 4% 13 49 BE7E T 1 iy
FEHHRBEE, BE-BEWMAKKEKEY
(EEMEEFREBKD AL G REKE
D), e LR MR, % 2 5
T =M G97fEpH 7.5 TR HETREED %
HESHESE. FREH, &2 PEG )5, B

F2 PECHIGIIEREASEOREPE Pt

BEERBRENMEEE

30C FH BZ oMl
HKEY FEY

KiEE CC-PEG NPC-PEG
Na;HPO, « 12H,0  0.85 0. 64 0.58  0.53
Na,HPO, « 7H,0 0. 65 0.17 0.16  0.15
Na,P,0; » 10H,0 0.52 0.13 0.12  0.02
1 ul H;O 0. 07 0. 06 0.07

U f R 3R B AL A mmol « min e gl

MEERARERSBMHaTrEE A Y. L
B E, % CC-PEG BHMi B EHERS
NPC-PEG 2 1ff Bpit 5. SARLMBMHHE—

B, PIRMEIN S A BB E R R S b i &
i 7K T B A 1 T 4 K

SREUPMERE, % CC-PEG #1 NPC-PEG
B EA A E AR ER YL EREE
. HEXHMHES IS TAG Y, BEAE
VA 7R S 18] B S N % v VA6 T R T LR
P, e RIE RWEEES ) AR ZMHE
PraiHT 9. 0% 5. 5%. 1B 2404 A B 34 [H
AL TR, MR A ERIE 4 B AT ik 83. 8%
60.9%. ARG, FAHEVIBFAEESLS
A B B AR FI R A 7, MESEN
FFRHELBERELZ. 54, T RBBHS
T, REMEEABLEA0LHEGY BRIKE
T, RONAHBIANY, BHERERHFHE
ERIE RO EEERSIREN, TARKE NEE
STFERZZBEHOINESIISEN. B4
#&, NPC-PEG & #Hi#)E§ (Ll F tk CC-PEG &/
#Y B X ML I 5 3 MU .
2.3 BMEEN

EEEMRIE AN EBRENRELNES
pH {H T BB W E & B E THE —B G
RIRAIE N R e (BB RIS — L&l
BYED) SRFEAT HLERM. A F I, &L
Fir i B9 2R 3 0 B 6 U IR, N 8 B ROIR B
e, WEOEBWEREERK, BRE&5E
By 2 B v T R

MR EEMEEREmAEL. AEIWLUE
#, 7 pH 8 YEMWE, M 30CH 60C, I

&3 BISHENHBEFERORTE pHS. 0
HFEE TN
d
WE/C  REE CC-PEG 8§ NPC-PEG %%
30 1.3 11.7 37.1

40 1.1 9.52 7. 65
50 0.12 0.93 0. 83

60 0. 07 0.21 0. 22

RBMSE, BiEEliRE TR W
B, PMHRCZREWNE AT Y
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(B T 7 30 CHf NPC-PEG & #fi (¥ B kb CC-
PEG i B Et® 2.2 5, HEESE
RETHHARBHHBERESS (kY 3~
28 fi5).

i (19 £2 7 VB 2% OB B9 pH A Ak T A
. WFE4TLLEH, 7E 30CHATA 3 FhEEMY
3 HRERBE pH (TSI FF&; (E 4% 4 pH 18
B (pH 6. 5~9.5), B PEG &1t 4y Ly
HREEEfRE S %, H9 NPC-PEG &4yt
EMEH CC-PEG B4t B E 5.

¥4 ZpHETHBHNEHNREFEEDN
7E 30 CH Ry
d

pH 6.5 7.0 7.5 80 85 9.0 9.5

RO
CC-PEG f&%if§ 20.3 17.6 13.9 11.7 10.0 9.3 7.6

2.0 1. 2.1 1.3 1.2 1.3 1.0

NPC-PEG ¥ Hi¥§ 42.8 40.5 37.1 37.1 31.8 30.0 26.5

AT UERA LA 3256 B AG RIA B B9 S R E 1
RHAERZ RIS TR R FH &
SRFEN. 2HETRMSRC BEESR
BN KREBEMHMHMAETEEAQ B
(0.1 g/L) HIREHITT HEH. BEHETHEM
A 10 g/L FEBERZ B GREEL) #4
B (k5. GREH, 2V EAENE (A~
E) IEhE5RSEMAEEAEE (F) HY, e
AN ETERES.

x5 B RETRUMARZ BN BREMLN

Fm (30C)
;53 =2 A B C D E F
b3 v Vv
B AL HE BEF®R Vv v v
A 10 g/L v WV
PEG
$—X 100 100 100 100 100 100
A% _
HaE FB-K  28.230.3 280 34.0 33.0 25.0
/% FT|=X  17.0 18.6 17-8 23.2 21.1 16.9
’ WK 12.6 14.3 12.6 15.9 15.7 12.2

3 3 O’

EAKERY, BENEEQBLLRE
JafE N IEILRE T BE, BRIEHRE, HXHAR
EWRERZ_ENG SR TEEEP LMK
. By pK. H, e pH HM K. ERELE
A e B — MBI IERS. HaEk, 1E
HHORIFATREHN, HARL _HEH
AESEA FEAFERZEN «ER4 4,
FHAREW R EEPL, MEBTRESIRE
HE AR A YR, IREES
FEHEHROEN TR REAEENT
fk.

EBYLERF, B % PEG B4 /5 154 1
REMP BN, XEF NS PEGESET
LA AL B, ER RO
BRI, BS5REBMAEE ", 4 CC-
PEG il NPC-PEG. i B & T & — MK
fEmgrEAL, W HEIEEME R TR KIEER K
K. PEG B BEEE AL E At A7 2K
MR, ERFHKSM 0. 04%HE 0.18%
IR IR YRR & 275 1.

ERFA MK AR R E (30~60C) f pH
(6.5~9.5) F, Mifh% PEG MM EE
HEOBHILARZENMBRAAFESNREH.
XEFAMBEOST FREES L —RXKER
PEG K 5B TEKBW P ERRE, N
T S5 5358k 0 7 B8R 2R A TS5 4 Y R T 1T {5
HiEHBIRE B, Gaertner Al
Puigserver'" il 8 & [ B8 4 1k B 5 3L | (3 B R
ELHLRIER, 2 PEG B, M/KREX
REIE N RIE¥EW 1/10, WRAZ PEG &4t
A g 51 L3 e A M P R i % R RO Y
ZRRK o FIEHI S EALEE , P R H K %
FEHRE (BIEE S MEES.

MTEZ, &CARFELEZ B
HEAEEOEHT T e, EEEEEMR
BREMH T EEAB I T #E S, Gaertner
Puigserver 44 %t i NPC-PEG iy EE H
BRHEAT T AL HE. XBEREEDEN
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Effect of Polyethylene Glycol-Modification on
Enzyme's Activity and Stability. Yang Zhen
(Center for Biotechnology and Bioengineering,
Department of Chemical Engineering, Univer-
sity of Pittsburgh, Pittsburgh PA 15219,
USA).
Abstract Methoxypolyethylene  glycol
(Mr 5000), activated by cyanuric chloride
and nitrophenol carbonate respectively, was
used to modify subtilisin Carlsberg. The en-
zyme after PEG-modification maintained its
catalytic activity both in aqueous solution and
in organic solvents, and an enhancement in ac-
tivity and stability in aqueous solution was
achieved : the k., increased accompanied with a
lower activation energy, while K, was not
changed; the stability of the enzyme against
both temperature and pH was greatly en-
hanced, but the optimal reaction temperature
was unchanged. The pH dependence of the
modified and unmodified subtilisin has also
been compared.

Key words subtilisin, polyethylene glycol,

enzyme activity, enzyme stability
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