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 E EBEAZEAIRERY Y EM4 (archaerhodopsin-4, AR4) REHWEHBALERFLREAR 1
FEEEARMGELEG L33 7, 2B T XRAEHE =515 kAN ARMBEABEFEPHELR KT
ARd MXETEME HEATRA4QUETREZESPHEESR FESRSERM pHHE, EKT M &
MEd, - TR THRERCR BIETREHEARSRAYMESHRRTHELTFHIE.
XA HEMKOR, HRM, RZHN, EEFH, EATE

ERWEBHBNHRAFERLE +LHEEN
BU HPERESYEREMHMUKERFRE
MLt S ERUTEEESEABAIATIRER
sl 52 M, — 8RR A B A 38 5 A
EPRST.EF KB REFMNEL, BTEE
MURA, HERAFENERIIEME HER
% 47 /& (bacteriorhodopsin, bR ) {8 2 X H{Jﬂ-iﬂ’m
=Y EREORRE—MEKESRWPAE
BE TS ARERBYBEES LR T ~EXR
I, 3 — R I A R R W e B ) YE DR 3 h B 1 8l
mhH R T/ B P9 e R B B MANM, R e
W) o 0 L I B X R I AR B BB R KR B R A
EAERFH(EEREER SR EMALER
HEVRAGELB(EFE KR TR AES
AV SEFEY ARAEENHERESFHE
ZRI—TEENE.

7 % JA (archaerhodopsin, AR ) & 5 — B Y6 B &
EFA,5 bR EF T4 HERERMTIE, B
FETEERKREZE® . S %K (AR) —idH
Mukohata %ﬁ%%ﬂj[m AR RER KA T R
AMFERMESEFREENLSERERD, 3
W& R B 1(ARD M 2(AR2) . AR
bR BINHEBERFZEFFRIME . F=Fm %
i (AR3) i Thara 5% 32" 3 Brown fr &'
KR EFRRESKEAS AR F1 AR2 H L8951
HYTERIEEERAERFREERARTEN
. BB K ERRAREFRANBEEEN D ZH

TH—FMEREK SIS, AN FoBH—FfRAR
EREAFEENEEES BT THOSH
M HFFIS AR B 87% K LIH, 5 AR2
BAH 7% MEMNE, W5 bR RE 57T%HAHMHE,
BRI E Rt EE 4(AR4) AR4 BB 5K
23 PR 3K T 2% B R AR B2 W A R R R 4 B A B [
R RS T MR
MR 5 E , AR4 55 K 384 B 5 TR K IR R
REaMEM. BREEAFAZRAA R EXNE
R, R, & WF i R RN E B MR AR
XIRiE ;T AR XA RBE I TRIE EH0
W AR, 124 R I R IR T A & % R B
WP —MELR, TEQEHEIER
WS IF FE 8 T B R PR A IE B TR kg, 3 B R B
BEFOLIEHR AT AL, BT EHY S T &%
FABEEHNEEZ AXEFAXETREARS
AARSEORMEATAR AR, RE T HER
HRAEYNECHE VS RIETZEAHNIER
SFHHREAAREAGEMHNESSE.
FeA T4 F FH Needleman FrfA M TESA bR
MEEEARY EREATBEARAE AR HRE
A—FESREREE RS RE L33 B, &
HE LB OHFNERR(REEAR)FRE N

ERT FKE B =515 BB P ETRIRE M,

1% AR4 BB A MR — L.
A, 5 R EEXEM, AR BT A B BB
WARZE, AEWMA ML, T AMM BB TRES
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BEHERSGYRFAPRAEE, MXEEFRERR
B REFAMREY B REYHEESE, RAKE
MEE BRI RS U FA K bR/E
ZEBE(PVAE & R Y Wt B2
PO EE ARG G TF PVA THRB S PR .5
TMIMERFMERE, A ELEM EXHUT
HMAMBARTHALCT, ERZEARSREY
MEABAAERFMIIE, AR —FHE
HIf5 BT EER L

1 SLBIHS

1.1 #%XE AR4 HITBE

FIA pXLNov-r-bop ¥ A B4R, A Taq DNA
BARE PCROE G EOHE N )T 1 40 o 1R 3% 41 R %
HE s FRE, BEG p KENESFF
F1.PCR 3 # Ff Bl M1 3] 1 N 5'-CGGGATCC-
GACGTGAAGATG-3' (5147 1) 1 5'-GCAACAGTAC-
CTAACGAG-3' (514 2), HP T RL W4 B H
T AH) BamHI R %)+ P D B§ A & . PCR P 3y
FaBEEWHBELE, FHAMSI YA 5 -CTC-
GTTAGGTACTGTTGCATGGACCCGATAGCG-3' (34
3) #1 5'-GCGCAAGCTTCCCTTCACTCTCAAGTGCCG-
3 (3149 4), T RILE 5 25 A K HindlII R
MBS fF PCR " W A O REH
BEFFA MG %K 4 £HYFTFBIRBERTIR
A7E—E,FASIY 1 N34 4,37 F Plu DNA %
SEIHITE % PCR, ¥ 3415 3 — N F o 4 B4
4 BamHI F1 HindITI FR ] 5 N U B A2 A B R
1.2 kb B DNA K B, fir & 4 bp-AR4 . X1~ PCR
I =4 bp-AR4 FERE B pSK BB b JE #E4T DNA
ME MFEREBRLFISHEE 4 ZHTT
MEWBEIFRITEL— B B TE pSK FKL
b3t FEH W E R bp-AR4 ZEE L) BamH I #1
Hind [T 2 5 1 FR ) 4 R ED B 2 R B2 APBEE B R 35
KL pXLNov-r 1,13 3| T BE A 789 bp M &
4 B 52 B B R 32 35 UKL pXLNov-bp-AR4.

BIFICER 2 [15], B LA pXLNov-
bp-AR4 JHOBL A B WG £h B Hk ( H . salinarium ) 133
oA BRAESHT 03 pml B EEE
(novobiocin) F 1 IR P 2 K8, R 5 L 50 1 3 f& 4
P JLEFED(F 0.3 pg/mL FHEBZE)3TCT
BEHEFR EP e M"REBARKEF, ZRBRUM
%0 FENRENRSETBRRHRER H
(EAEFEEY) BABIEFATEREN

AEEOAFWEER4ES.
1.2 AR4/PVA B EMH &

3.3 ¢ BROIHBE(PYA, FH 4 FR K 8x10°,
BN 98% L R ARAIIC T ) YMAZE
30 mL K H, A E QO CHBE ZREBH, WK
WE 10w WEHEBERR, BHNEEE,pH~
7.BGEE PVA B MAER 0.1 mol/L NaOH ¥
¥, 7183 pH ~ 10 1 pH ~ 12 B9 PVA KIEHK .

BWERTA ARG EH (RERFES ) ES
AR BHZBAETREMEABRIMAZ LR 3
FAE pHEK PYA MW P&, 8k 2,
AaRPEEANSHELR BAFGCHSESK.
IDMERR Y 0.2 mL RS R R ok T
MAaXHE LPE, E—cREMBET &, 83
W5, EEN 50 ~ 150 um B ARY/PVA E &
B
1.3 IR K HEH

TU-1901 R 3 4% #F 7] 4 0% )6 BE 31 (6 2
EHERIMNBEERTALE) BMENXRNETSE
1T, E B E it Ee R CB535( > 535 nm)# &
BRI S S EBR AR SEHIT SR,

FATR AR GRS ES AR4V/PVA
REBMTE, CHT & REREFM, UBEAT
LR,

2 &HR5IHRR

2.1 BAB ARMPIXETEMEE

FEDR B9 7T MEBSRE «-BIERE, A ERBNE
BAIFERBRESS 216 BMEBRME. R
G BEEBRERM, beRRE R 13- 0,
FNEARWRREEZNL, EH—RINAFAR
W Wit 38 € B o (A A ——K .L.M N O %, R E
BIAS MAERE X OLER SR, — AT H
SRR E AT IS B AN S B R R
WREER THBRE 85 MHMELER Aspss, [l
BT TR B A A A R — N R T B R
KB Asp96 FW—THFEH KR FIL, R
TALEY) Asp96 RGP R BL BT, B 5
Asp85 fEBR MR FHBHRER NEHXKE,
JBF B B P B B AR, BT IR R R
e

TER R 22515 YEBMWEF AR AR4 BF 5
bR BB fE R, ATt BA R F R I
BHEE. BIEANEFHFREAY B
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&5 AR PR 568 nm AR I TF . L SH —
RAVPRIZAECEIF, P EEER M AP EE
BABRKEERN 42 mn, SEEHLEEREKE
ENER, R AT NS,

¥4 R AR4/PVA B A Z M E RSB R
BOEKWAE 1 i ZERA . E5E5UE AU
B.ERRPARE TAREANEYEER. B
ABAEXBEENARGFEELFN 480,508,544
nm 3 MEER K E,FAMESET AR4 AES
(ground state) ¥ 7% 3 M & (M state) , 570 nm Ak Y
R, EARMRWERAR . HE B
RIEHERT LI 410 nm FHEH — B B Rk
g, ERFRAAMEBNBR. BEHTFTEOIRNE
1, B4R ARV/PVA B EBHBM AR R 43 v @
ko, REMRK.
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Fig. 1  Optical density{OD) versus wavelength of the
ground state and M state of the wild-type AR4/PYA film

2.2 HE ARYPVASAB BT EMEE
BEEEMNEETRERKBEYS AR4, K
T AR4 I EIMIER{E T . B EA ARV/PVA E
EREEMBRAHE(E2)TMR, HEEE 570
mALH —BERKE REFEEETLRNY3HE
o, W LA R TRHEARERT EA4RGR
PEEDNIRE RS EOR), X530
[(BIFFMEMRAEENENBSAERERD -
WAERAERTAERLEAERF Toton X-100
FHBRASBEROSBELAEBANEES, B
NEARYFESRERERENHEER, #E
BEORESFELAXRMABRAESTIT,REHE
AEFHEERREARS T, FEBRSEHITY
BAMBIASEAENER;MRAZELRE
FENEIMAB OB RE EL4R K E
EA.MAEERH RN ERBIANERS
PVARGAG R FERE, NGBS SH

B MRAEE LR N EABIANBEESHH
BHESEYGERY.

FWE ST 570 nm &b B Wi B A I Ak T
410 nm 4R BE — A B R B, Bl M B R K (E
) ERFAESI MAENTA, Big LA LB
fa B HTFEE .
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Fig. 2 Optical density {(OD) versus wavelength of the
ground state and M state of the recombinant AR4/PVA film

23 EAARYPVARSHEH M ESEEZ N¥

BT IERF pH M PVA BRFE DB IH
HA ARY/PVA R AHE M BRI 1%, Il 3 i
AL BE%E pH EREIN M S ERMEN LS.
PVARY pH A 7B M S X EHH 105, HiAY
PVA Y pH (BN 12 I T HIIEK B) T 45 80 s.bR
BHMAPREFRIESHIR, EFTATBHN
FEBARBE NN RILERNFEFE %
BRI kX — BT ERTE R
MERNEM BIEIEE pHEMNFE . EKT
B4 AR/PVAEABR M BN HF, 0 AR4 5
bR7E MAEW T EAMHELIAMILE.

1.0 Recombinant AR4/PVA film

A4I2/A412, max

1 L 1 1 1
0 100 200 300 400 500 600
Time (s)

Fig. 3 Decay of M state in the recombinant AR4/PVA
film a1 different pH’s

2.4 XWEAARYPVAESHHTRIAHEIZR
HB AR/PVAESIRA B EHN Y %6, WHE
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Ma) iR HEEAELCFTRAEE, B
T 16 mmx 16 mm K/PDEHH “AR4”EFREH
PET % 4 F ¥ B, #) F OB 3T ER BL WS 3B B R B2
“ARAFEHIWAABITIRRAFBAK
B, wE 40b) Fin . ARAEEERIEES R CBS35
(>335 m)MWEIEITHEAEAREMES ARY
PVAE A XABITHBEEERS, AL
VLB AR ICRE AR FENE K, E 4

(IR A TFRHRAENEYS AR R I 570 nm
EA MESENBENRE, KBMER AR ™
A YRAB PR 3 AR Ik B W W% R 412 nm B M A,
B BOEMREC. RAFERIBNE AR
AR4MBERE/ITMEULAAREENEIEE.
MA1FE 2 WERBTUEHERERE FHKX
7.

Fig. 4 Images of a recombinant AR4/FVA film and a visualized record of the pattern in a mask after illuminated
a) AR4/PVA film; b) PET mask; ¢) Film after illuminated

SZrFR, AdENIBEAERTHES
ERAZEERRBYPELRNTE, KKESR
THABZEER: F/PELEBER pH EHH
FEERKT MAEHFR.6ET AR EARSKE

HEEGYNESE, XRABORIAUAREFN
EmN, MHEERT TRAERER, X —FHE
REWEENESHHLENTEBMBERITT
TRAY .
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A MEMBRANE PROTEIN/POLYMER COMPOSITE FILM
WITH PHOTOCHROMIC RESPONSE

MA Dewang' , MING Ming', HONG Jie’, WU Jia', LI Qingguo’ , HUANG Weida’ , DING Jiandong'

(" Key Laboratory of Molecular Engineering of Polymers of Chinese Minisiry of Education, Department of Macromoleculor Science ,
Fudan University , Shanghai 200433)
(* Depariment of Biochemistry , School of Life Seiences, Fudan University, Shanghai 200433)
* Depariment of Physiology and Biophysics , School of Life Sciences, Fudan University, Shanghai 200433)

Abstract A gene of a membrane protein, Archaerhodopsin-4 (AR4) , was expressed into an H. salinarum strain
L133, which is negative for synthesis of bacterio-opsin and whose lipid environment is free of carotenoid. The
carotenoid has three characterized absorption peaks at 480,508 and 544 nm which cover the absorption peak of
membrane protein AR4 at 5700 nm at the ground state. In contrast to the wide-type AR4 isolated from the
conventional strain H . sp . 22515, the recombinant AR4 removed the binded carotenoid . The underlying photechromic
properties of the recombinant AR4 was thus improved, and the contrast between M,,, intermediate and ground state
was greatly enhanced. Composite films were further made by embedding the recombinant AR4 into poly(vinyl
aleohol ) (PVA) . By ‘enhancing its pH, the decay of the M intermediate was slowed down.A simple pattern recording
as an optical information storage material was also realized by the compostie films. During this process, light was
illuminated into the composite covered with a mask, and the pattem in the mask was observed even after removing
the mask . Hence, this paper demonstrates that the polymer technique and gene engineering could be combined to
prepare information materials with both the biological activities of proteins and the good processing properties of
polymers .

Key words Bacteriorhodopsin, Archaerhodopsin, Poly(vinyl alcohol), Information storage, Gene engineering



