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New Progress in The Study of Bacteri-
orhodopsin. Jiang Qiuxing, Hu Kunsheng

( Institute of Biophysics, Academia Sinica,
Beijing 100101, China).

Abstract Bacteriorhodopsin (BR) is the only
protein in the purple membrane (PM) from
Halobacterium halobium . Wild-type BR con-
tains a single-chain polypeptide of 248 aminoacid
residues and a retinal attached to Lys216 of the
peptide via a schiff base, BR has the function of
BR goes

through a photocycle which is considered to be

proton pump, Upon illumination,
correlated with its proton pumping process. The
good progress has been made in the studay of the
structure and function of BR, but the path of
photocycle and mechanism of proton pump are
still not clear. The progress of the structure,
photocycle and proton pump of BR in recent
years are briefly introduced. And the four mod-
els of the path of photocycle which are in great
argument are discussed in detail.

bacteriorhodopsin,
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TR, EABITHEERBHTREY, E
RS R B KR EZ & XA 2
—, MABREQFRLFE LHRERNZ
MEAMEARZ . W#H DNA EHEARD
BB, AEANCREKMEETEHARESR
. N THEBSESWSHEEN X R kE
fE & BWRIT IR, WER S E N
By ALY, TS R E AR TR N R Y b
RS XL HEARAM EEREZE. £
A, AMIEFKIE4 300 Z RS R0, H
PR 70 EFMAEMENWHESE, 80 £
b & B LA 150 BRERE TERS
Bl EX KUY P, HERHH
EERARBEG RERBRWER, BRIAECHNIE
PRI FH RT3 A 0 X ) B bR i R A 45 W Th e
RR, FFRANGAGESRSH > FEMAERE
BEEX. WNEERMHAEH L, AMIFEHR
MR RER, KRS RXELUS; WE
MELHRAEYLK, SHEEZERESHAL
MXHBEGELUDEFRORE, TEHEE
I 83X JLFR AL 0 0 2 R MR O

1 BEBRBE

1.1 FZ|git/RE
EHANENBEGRZH T BERTEIR: —
AR K R AR, L A e R — A
H, URFFIEFWILEKT; 5—EREAN#
RGBS KT W DA SE I AR 5 B R
IR EMNTEE. EBH, HE30~60 minA
A ML B R MR 1A = i, 120 ~ 180 min
YK E B ZERE K. T B BTG A Y B AR 5 R
HIFE ST 120 min J5 M F BB EHE, FH
S — B 2EF) 180 ~240 min, #EAUKR A —
Bt [a] Py ] ML A R 5 FE 0 B O I HE B o LA A
AR, S S B & R R T e TR R ik m
B R THEX AR, AN&FZERITH
TR R & R4 BIMERLE 8 ARG B &
AP W 5 FH Y AE 0 AT R i A B9 BBl KT
1.2 FERITER
LIRS R E EEB R P mRES

b, MU RBBEHREE KENT
107° mol/LEY, FELIBEERXTFE, KEF
F 10 mol/L B BB FE. ¥
J 5 & ) U vk B K 10 73 mol/L, MBT EE RS
Rk MEDEEENEAERN, LIANSE
el aEk, FARGERUBRGERSHE
TS, B, BRBESEELRR&E, £
Wit E R EWRN . &R ARS8
TEH T RO RS FHE 5 ZRIERASRIEE R
METEEEREE (H1). ETH, EFHE
MRS RW H 5 a. EZRBEE KT L3
AFAAf, {540 F ST P2 A A e AT A HE R 1B
H, 2Rl Bk b. £ _REEK
ST 85 ok A 6] L B A & BR AR
23]

XBFTES, WMHEERRL. JLFEE, A
1EBE 10 ZFEXBIE (1), H4F
LR ILP B RSB TRA BB &K

[B9Asp, B27Glu] NG EREMHE—F
JTEIRG. 2 B9 I B27 FREN A b [E YL AT
f&, ENZESFAMEET ZRIENER, &
HEEFERBEGHE. CHZERERFENAONE
RS EM 1/5, EENEREDE ERET
ANBES EP Y. Kang 0 GE 776 TF % A
RGN BETIRIE A R, 550 8 HEK
fEA .

[B28Lys, B29Pro] ABER EMiZitS
FRRE, ERETHRESESLBRES
KEF-1 (IGF-1) (BREBESERIER) %
MR RE A . WERE & RN
SRR KLE, {3 IGF- I AE S Bk,
IGF-18 B&ME (SBSE BEMN) $
B28-B29 H AR )75 Sk & K B ##) B28-B29
Bk, RAEBE. HH, BHESEBHEMN
B28-B29 Al IGF- | B % ¥4 38 09 48 &Y 7 3] 1 &%,
TG T BRAREMB S K , [B28Lys, B29Pro]
INT-E ST 30 34 1 F Yk Bl 17 3=
¥, BRFHfEm .

DKP f% & % Bl [ B10Asp, B28Lys,
B29Pro] B8 & &, B T E FH [ B28Lys,
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B29Pro] BER R A, BT BlOAsp BRE  RFHASE, EHXEESRENEEESEN
AW, DKP Bey R AEME h L KRS mEl.

10 11 12 13 14 15 16 17 18 1920

Ala Ala Glu His Trp Ala Ala Gln Leu Arg
Trp Gly Leu S Lys Ser Glu Lys Phe Asp
Val ; Phe His Trp S Gly

f Leu

' Lys

1 2 3 4 5 6 7 8 9 11 12 13 14 15 16 17 18 19 20 21

Ala Ala Lys His Ala Asn Arg Asn Gln Ser Asp Asp Ile Gln Pro
Glu Asp Asn Asp Asn Asp Glu Glu Gin
Lys Asp Glu Asp Glu His Phe
Ser Ser : His Glu Ile Trp
Thr Phe

22 23 24 25 26 27 28 29 30

Glu Ala Gly Ala Glu Arg Ala Pro Gln
Leu Asp Phe Glu Asp Gly
Ser His His Lys Lys
Leu” Lys
Ser
Trp
Tyr

B1 ARBRN—REH
HAHRERHN NS5 “REB R ARE, BARBEGLENS 5RNREERHR
%, HRELIIRH  EARMNGZEESHIERRE, CHEBNERRERLE R

H—8 a3 FRETY, A« ENKBRRENRD K.

®1 —EERARBROEHITHRNRESERH>

&% EYIEN
ANBEBRELY

(21T) FFC MBG RBA
ABSRE (K Zn®") 4.4 100 100 100
[B9Asp] BE&HR 1.1 26 79
[B12Glu (£ B30)] B&E 1.0 0.04 0.15
[B16His] B % 1.0 43 35
[B28Asp] &y & 1.3 101 104 88
[B9Asp, B27Glu] EEH % 1.1 31 93 20
[B12Glu, B13GIn] BE& % 1.2 0.05 <0.05
[B16Glu, R27Glu] BE&ZE 1.1 13 55
[B28Lys, B29Pro) & % " 100
[A3Gly, B10Glu, B22Glu] BE& & 1.2 0.06
[A8His, B9Asp, B27Glu] BE&HE 1.1 116 114 94
[A21Asp, B9Asp, B27Glu] BEG & 1.1 25 75

[B10Asp, B28Lys, B29Pro) HG & 200
. FFC. RIEMERIES, MBG: MR, RBA: ZHEEG6EN.
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2 kRBERE

IE# A ML A B R B &R K, tWEH
HI {58 P B 355 B I R 50 BT RN RELE TR (—K
EFHRA3I W ELAHBEMLEZR). RENH
Tl RAR A HF RN AR TREEEA
SmH R R BAE B, EHE, HEE
FRWEZYRE, KFKRAMER. EE,
X R IEWTE S R B FRORE, TR
LR KRESD, FHit, RBAHEEHK

SEHRMMAER, BiHREE LR E
EXBEGRG RN E IR GRS, HHME
FTRERERE BERTTFHEE SN pH
5.4, NMIAEORLEN & E RS K55 F5
AERRFEEREE CERmU T s EF R A,
EHBZE T ABR pH H. XHBIHAEMUY
REBAF AR T BRI, WA ANBALT
HBEE SR LT TEIE. X LR ER T
T RAB IR RAR B R A ML, R
AWEBRAEARLTRE. R2FI%T &

BOERANIE L A% 10 77 18] KR B BB e
®2 —ERYRDENG IR
[B13GIn] B&H % BEZSRELEN R S B T B 30%
[B30ThrOBu] BE &% 5MREINES 150=10~20 h
[B30Lys BtiE] By % FrEShA, ER&HE [k
[B13Gln, B27Arg, B30Thr BtiF] BB %K @k t5s=25.5h
[A21Gly, B27Arg, B30Thr BtRE] BEM X £ tsp=35.3h

He [A21Gly, B27Arg, B30Thr Bt ]
NE & %, B Novo B 3% B 8§, # Novosol
Basal, ZHARE HAMKPERTHBEERLKN —
U4, TTik35.3 h, EEET T MERE
f F A FR 5 R A7) . Novosol Basal B #
TEKKE. ENKMRANEEET BER
I BN LA B27 i RAE 5 ¥ {2 i HAF i A
EFt (W pH 5.4 7% pH 6.8), ifi A21 {L%
THEREEREBRPUASHBE, RIETE
HIREE, XFEHIE pH 3.0 WR[ERHIF, &
HIGREEE pH X TERE &, ERTR
W, FERIEWER, FFTFEaEmEm R
& RELRE 7K i 445080,

i, AMNBEEERIBGEEEKNDY
FRPLEDEK, BEENEDEARRK, &4
MR E R 1/10. FH, Long %158t 2 H
KA/ —FMHNESE E, SXA™Y B
C-AMERERTAMR, B A-C-BBHFE
. Hit, EWASNBREEHA, TWN3R
HHMAIGly EHESESHZRNESPE
EEE/EH. A-CB ABESERMAEWIE LM

AN THRERMRARD RXIEZE, F
FERBRA—FHRHKBRGE.

3 BARBFE

HABESERUIHETAEEE. o
[B10Asp] ABEE & T 1987 £ B Schwartz %
W, EMEIEDEINZEESENRA
BESE 5 50, [B10Asp (3 B26~B30)
B25Tyr Bihke] A& EREHRINIEA{1B
MIE N B S ERS B, TR INE TR
NEE S R 11.7‘[%[“]. H.4h, Burke %IIO]E
WLEE S A 28 52 48 Jik I & 25 B3 38 0 — > B10His
RAEK Asp, WITEARE 2~51F (£ 3).

SREHERB—ESHESE, B8
WANVEME TRMZERE SR IRRRABE R
BILRES LR, RMENMEREHHAE
KA G ES. FlW Ribel £HiE, BR
[B10Asp] AB&G EHEKIMNENRRAF=YH
565, HEKRNEREARS ABLSEHRY
E. MEAHARNBRERE: BHNRGENE



+ 406 - EMESEDMIERR

Prog. Biochem. Biophys. 1996; 23 (5)

PR 2 A S0, B PHBES R
HARMZARE S, Rt HERERHE, 5
<, BEREUDSBEG XZEBFMER
=, ERERIEERR, EnREFTEFE
MIRTEEAE. Flt, RAXERUYREES
RSN EDE DM Z ARG GRS, HEAEA

5 THIERGEZ IR, MRARHSGED
5. H, HRTEY R U & R AR 7
RERERBTRARBEGE 24, Aid Bris-
tow! 1A R, BT ARAREI AL R 5 & 1E A
HIRIVAR, BEWAE A ZEE &6 TH R
BRAEMY, FIRETEIGRA A H PR

%3 Bl0Asp REXMBELE R LLHE Ht ko2

EYE N
kt & % REGEEREN {iE A5 5 A= AL AE
HHERE 1.0 1.0
[Bl0Asp] BT 5.3 4.4
[Al4Trp] BB R 0.4~0.6 0.4—0.6
[A14Trp, B10Asp] By & 1.2 1.0
[B5Asn] BEkhE 0.46 0.48
[B5Asn, Bl0Asp] &S, % 1.1 1.7
[B16Phe, B26Phe] M8 # 0.30 0.36
[B10Asp, B16Phe, B26Phe] Bifh % 2.2 1.7
[ (# B26~1B30) B25Tyr BERk] B & 2.7 3.3
[BL0Asp (#: B26~B30) B25Tyr Bihi] B&G % 11.7 13.5

4 BRESFNDHESHRM

MTHRGREELEENENE LS
HIEEMMRBEEENZREG S, FRTHESE
S F Y ZEE S AR ARG, R
R RS HMIEER R, (EAVLHIAGESHS
Mo FEMETSEZEY. 70 FR84, FE
MEEHRZEZRAN JUFEBAE X A75HER
BTG R SRS, JRRT B S E T
KR FLT, AANNFRBEG RS T 5H
TG GIT T TREREM. HFREBRG RS
FH ZRMIE R ER RS €82 E &3
MaES, R ERNZERESHLEER
& B85 C WAy p#e M. BITEM BO~B19 53
FERE o« BIEH — &4y, B EZd T HiKE
F* 4H . Bl2Val, Bi6Tyr, B24Phe, #
B25Phe, [F] BF A # 89 AlGly, Al19Tyr #
A21Asn BB S5ERUS W LR, A5

FEMBESRELUY, BFEkE2EHR. kE
MEFEG . LR EREN . ARFED)
P F0 B R 58 AR B DA R B 5 R R A H At X R
(fn IGF-1, IGF-1I, MELE R EE). A
PLUE, PR R T 90% By & 2R 7k 21 ¥
BSRAE, KB T KEMEEER, X
SRR A E Bl R n SAOR 18 A

{E B3, Schaffer £ B EEREGESS T L]
BEFERANZHRE 6L, MEET AL3 &
Bl7 BRI BEG RLX LR S 2B R
Z (hIR) R ERI BRI EME (sIR)
MEGRE S, KA ENMNS sIR EMH#A LK hIR
=, RATNS 5T ZENES. A13 fl BL7
HERARNFEGRPER Leu, R ANEEIE K
xKHE, LR ERESEZERG A (FFE
RHBWEESTNA) X E. Ei, Schaffer th
HEGRSTFRAEWNZEHEG S ML, 25
SR ‘LA T A13 #1 B17 &K
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ML SR “GEawma 2 (F2)0 . i
AW, Taouis %[lg]ﬁﬂﬁﬁﬁ&ﬁﬁﬁﬁiﬂ\
Leu323 HAKMIEA T Leud23/M43 B R
ZIRHESESN. AABGEZEN o RS
BRI BERENE ST, —TEmEMEAL
(H), —MEEMIMLE (L). SEEEES
B, it « LRSS —-1MBERESTFEE, —

cLEFTBMH H—1 « EEFH L, MK
TER. XS5 LARBEGES TRERAN 2L
A AL BAR AR

B2 ABRBERIRGESHUES T LAL
B &
Hep WMo WA B CHTER.

B o, droRE X/ PES RIE (mini -
proinsulin) WF %, BRI BB X EXKREE
mf, HB&CH (FEZB24~-B283HrE) ]
RERIZE AW NN, BRIESTREWNEE
b, A2 F1 A3 FRERE, RS ERNELE
K201 T8 EA R 4 LA BR SR E £ B29 #i AL
TR/ NES R, HaAEmRS KRB
BEZeMHEE, BEETB#E CWmEMNEE A
BN ¥, MAREZD), MEEEDIET. Hua
&2\ NMR W & T A RESE &9 B24Gly R &
RHBHRHWE, XML B CRZIZEI A
B N¥, HRE _HKEmHEE, HENKRE

8% R RIES . RERHE L LFFT LAR
%, MR E B CIRIEE AR NN, 2H
e L RN.

Grhird, MEBRIREARLENK
B, ATELHEE T RENBESREMUY. XT
XA, DI T AT TG R4S
MSThEEM X R RS REAVIIEY T #%.
IR, A1k T —/E KRG X,
EATRIRIT FHR L KRS RN, HE
BERRARITIRAE TERTR. H—HH, H
FixX R F AKREE, BTREEH,
eS| R G ER Y, FEROYERFRIRNY
RAEKER. Bk, £ 2N TFIERZH,
HEEXME T8 2 ¥ A A4 38 SN VR AT [E]
A AEIRLE
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Progresses in the Study on Insulin Protein Engi-
Wang Qiongging, Feng Youmin
(State Key Laboratory of Molecular Biology,
Chinese

200031,

neering.

Shanghai Institute of Biochemistry,

Academy of Sciences, Shanghai

China) .

Abstract  The insulin protein engineering is

MBE LWL (L EERY 5

quickly progressing. The recent progesses in the
studies of fast-acting, slow-acting and high
potent-acting insulins, including their molecular
design, biological activity and clinical prospect,
which were obtained by means of protein engi-
neering are introduced. The progesses in the
receptor binding sites of insulin and the intereac-
tion of insulin with its receptor is also discussed.
Key words insulin protein engineering,
fast-acting insulin, long-acting insulin, insulin

receptor
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WME BRI (SOD) E—MHEABEAYHETEHEREBARY, £REAMSERLE
HEEEE. BRHESWERE T, K44 Fe-SOD, Mn-SOD fl CuZn-SOD =f. Fe-SOD F EHFETF
JRE AP ; Mn-SOD TERZ M ABRMAR T EFE; CuZn-SOD EEFHETEZAMF. Fe, Mn-SOD
M —REH, THSEHEEERBMEU, FE—MERIMME; CuZn-SODHEH SHTRHEMER K,

RAELGH AR PRI .

@A EEAYBLEE, oA, —REW, ZEEH, 2T

BEAY B ILE (superoxide dismutase,
SOD, EC1.15.1.1) B—FfT ZHFET .
EOMMEDFHEREY. SEEBEL
VA FEME () RAEBMREY, MH
W O;.

20; + 2H' — 0, + H,0,

SOD ZE A AR HNBEAREFE HE
EEEEBRMSISTFEFEEEENER. ©
ARG, BBV EH RGN,
AR EE, FE—BER (g, RIiE
KHBRBEERWE) MIBTHPEFREFNIT
%. HETEMAX SOD MR ETEEPENH
PUERSNHERMEXHNERERLHIFR L.

SOD BEi#EALtm. BmMELFHEH. X
FJELE, SODMHRENE, EAFMMERN
AISE.

SOD # EZE WS RBRE T, A4 A Fe
SOD, Mn-SOD 1 CuZn-SOD =, BIf E#:
FARMEM. BEEEAR—REW. FEEW.
SR JEIEHE R BT R R 7 A 8RS
HHE, SEEEELK. —HEH, Fe. Mn-
SOD £ R #% 4 ¥ 8§, T CuZn-SOD R E# 4
Yk, mSIHT SOD # FH R, —
FEIAN Mn, Fe-SOD E£EMRE, X BHFAH
55, T CuZn-SOD B7E DL G M & F& 28 1 oF
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