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W2 £5 22 v YA TR (PBS: [PO4°7]=0.01 mol/L, pH 7.4).

BETEMWCO: 3500, —Galimtkka £tk i
AT AL B Agilent 8453 48 Hk-n] W23 66 BE 3,
DYY-12C BH AL AL TR —ALAR) ), J-810 AI[5E —
{0,3%4% (H 7% JASCO); MERCRY Plus 400 %8 5 4% %
HIR I IEAL(ZEE VARIAN); LS-55 BIFE G (3
PE /A #)); GC-16 %! Shimadzu S AH 8,35%1X.

1.2 BENNUERAC AP0 Ak

FH . - O (4- 3 5 R L ) M ik B A (HL, TpHPP) $# 3C
BR125107 A . HLEERC & ¥ (ZnTpHPP) Y & B2 LA
DMF W55, H,TpHPP/Zn(OAc), J 1/5(FE /R L), 120°C
K 45 min JEIA PR K, KRG,
g, B iR, 200~300 HaERAEE 05,
FS4ENNIK [ Zn TpHPP]. H,TpHPP /1) 'H NMR(DMSO-d6):
0 9.98(s, 4H, —OH), 8.86(s, 8H, pyrrole); 7.20~7.22,
7.99~8.01(16H, Ph-H), —2.89(s, 2H, -NH). ZnTpHPP
# '"H NMR(DMSO-d6): & 9.85(s, 4H, —OH); 8.81(s,

8H, pyrrole); 7.16~7.18, 7.93~7.96(16H, Ph-H). F{Ak
kg N—H 04§ 52.89(s, 2H, -NH)7E B &%) ZnTpHPP
e, VBN Y 2 A4S H © 48 Zn B, AT
WEB] ZnTpHPP & W4 k.

1.3 BSA-ZnTpHPP (19345

43 EC | BSA/PBS 5 ZnTpHPP/EtOH 5. 1E
G55 b A A T AR S BRI 25 A A, RD
7 1 mL ZnTpHPP/EtOH ¥ i A— € HE 1) BSA/
PBS ¥, {fi ZnTpHPP 5 BSA (5> PRGN 5:1,
WA FEIEIRY 12 h. B3 mL WV IRS I A
BT, F 500 mL PBS ¥ IEHT 3 KB % EtOH, R
75 2 45 0% A A 1 BE b 45 4 1K (BSA-ZnTpHPP-5)
. Hop, BSA MR 0.091 mmol/L. [F)7%, AR
BSA 5 ZnTpHPP ¥ i it & Z [t.(BSA : ZnTpHPP=1:1,
1:3, 1:10), A 435045 2 BEnbmk/ 4= g HEH 4S5
BIARTE ) BSA-FENM k2545 1R (BSA-ZnTpHPP-n, n=1,
3, 10).

1.4 ZnTpHPP 5 BSA-ZnTpHPP [T 551 FAIE

(1) AT WOGTE. 23 T ZnTpHPP Al
BSA-ZnTpHPP 7E& A 0.4%IKFL 2 FEH) PBS(0.01
mmol/L)H i) UV-Vis Jti%.

(2) (3%, LI PBS(0.01 mol/L) K545

B2 v B2 144 0.5 umol/L 1% BSA, BSA-ZnTpHPP-1,
BSA-ZnTpHPP-3, BSA-ZnTpHPP-5, BSA-ZnTpHPP-10
TR, Ay i e H R — a3 (CD).

(3) FARAB 1 R TN s Tk e 458 112 L UK (Native-PAGE).
X A IS AR, B IR SRR 8% TR LI 7
W, BUZICERE S%MTRIR I W, % S s is
R250 Jefa. FEY IR 4 h 5, BB YL ik
PR HY, A (2 100 mL)12 h, 34T €0 Zb 2,
R AE B 2~3 b TR A — k. 198 A R A
41K 1% Native-PAGE 45 5.

1.5 BSA-ZnTpHPP MK =% M fig

(1) BSA-ZnTpHPP [ 5tHME. DL TEOA Hik )R
#, BSA-ZnTpHPP NCHLH], RFZDENIE % 58 X
L5 (MV>)% BSA-ZnTpHPP 5 6 K e — 3% 2 [d]
) HL S A1 D

(2) BSA-ZnTpHPP J&fft /K=& PERE. LI BSA-
ZnTpHPP J Gl . MV BLFH4kY) . TEOA Xy
B IR i iR Pe R 4675 % 8 BSA-ZnTpHPP/M V>
ITEOA/EAR Pt DU 431K R 1615 S K fift 7 S Mg
Horp, ik PuPVA-P P Sk = a4 IR
T AR B4 58 B A B (R TS I #% R, RUOIAL BSA-
ZnTpHPP-1(10 pmol/L), [MV?*](4 mmol/L), TEOA
(1.7 mol/L), JEEHA Pt(20 pmol/L)), PBS(10 mmol/L). [i]

BERZ A S 1~2h IR EES, 450 W 5%
RATVE M CIR, BRI BE—E iFIR), FHERE S 3 U
AP RAAR, JEAT R M AT, E Hy B

2 #iRkGie

2.1 BSA-ZnTpHPP HJ#4iF

HE% T ZnTpHPP 454 &%t BSA-ZnTpHPP
iGN m. BOR TR BC Y ZonTpHPP 5
BSA Z5G, T4 KW BRIk S A LU FIAS [ 9 1 AR
HAE IR &5 SR (BSA-ZnTpHPP-n, n=1, 3, 5, 10). H
o, BENRIRS BSA LUK L 45 & B (BSA-ZnTpHPP-n,
n=1, 3)BCNTRE, e T E R B I H]. K
JCE B H 5 &I DUUE IR ¥ & BSA-ZnTpHPP-
10 > BSA-ZnTpHPP-5. X Uit WA /K iAW 5 4 1 4
JEINKIC &) h BSA AHRHEMS G, &
3k KB, 4 P k2 R — 9 250, R BT
A
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HR, 435I UV-Vis, CD, Native-PAGE #%%¢ T
ZnTpHPP 5 BSA Hy45 47 .

(1) 2E4A] W% (UV-Vis). H,TpHPP, ZnTpHPP,
BSA-ZnTpHPP-1 f§ UV-Vis W 1 fix. Hd, K/~
A3F N MRS A (H, TpHPP) & HAF il 4 9 (Zn TpHPP) 1E
K FPME, FIFLASK ] EtOH VR KisE E &
NNk ZE 4 {7 (BSA-ZnTpHPP) L PBS JiE#HI. MK
AT LLE H, HyTpHPP 5 Zn & AR e, MMM AE I
Wil Soret HFZL S, QA H1 4 MK 24, R T
4 JBINKEC 4. 4 ZnTpHPP 5 BSA 454 )5, Soret
WhH Q WAL, XIEH K BSA Hilpkmkit 5
ZnTpHPP %A T il 1] B3z

T BEUE BSA H R L 5 B ok & A A i A7
S, SEE b2 58T BOAAL A W IRl A C A7 P g, BV
I ECAAR 1-F 3R K mE (MeIm) 5 £F IRk (Zn TpHPP) ()
] A A . S 56 HP e A P A/ N B4 TR R Ry 5 7,
7E T ZnTpHPP 5 Melm BCLAHTJE Y UV-Vis IIOE
7. IE 2 AT LLE Y, Melm 7] g 4% it & ) (ZnTpHPP)
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By Soret 175 Q W &4 WAL, {0 MeIm X fir {4
(H2TpHPP)[J UV-Vis JEiEWA s, KPS S
(ZnTpHPP) 0> & )8 SRme 3L i N T kA&
T B AE .

T BSA AR, Hik, M4 AL
gk AN, ZnTpHPP 5 BSA 4540, 1 5eit
AT BSA WFigiKas g, AR5 5% EhHAR
FRILDRMEIA ) N RASh BN, 456 7 =CnE 3
Fi7s.

(2 B, B 6% CD)RWEEY Ko
FOLHIEE A O SRR TR T %%
S JBUNIRSS S XS BSA Z5HIR M, 30 E TR
454 i BSA 4 J@nbmkel &4 K BSA B CD i%
(Kl 4).

M FR AL, 208 1221 nm AbJE BSA 431 Ll
B o- B2 E S5 4, 208 nm AbJ2: FH o- SR TE AR i n-mot BRAE T |
Y, 221 nm B n-n*BRITFECY. BSA 454
ZnTpHPP 5y )5, BEE LA LAY K, 208 Fl 221 nm

E 3 BSA 5 ZnTpHPP & HE i i m B E

=]

@
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o BSA-ZnTpHPP-3
BSA-ZnTpHPP-1
BSA
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b SR NS, ULEH T E A A BSA BRBEME,
T o-IBHELE P, BT BSA I TR,
Bl BSA Z5& M ZREEM R & B, mER R
BSA-ZnTpHPP-1, BSA-ZnTpHPP-3 1, & [ J5i 1Y 44
P AR AT

(3) AR TER B BER K. AEAEMRN
545 IO i Ve JI¢ i 7K (Native-PAGE) 2 70 Hr 4 1 5 45 44 1Y
Jy—EE T H. S0 rh kR pH 8.3 I LUK ZE hl, AR
Rl S LD e a = Sk 2 3 E L ONISE ] 1 g N
B, BURRCHE, 25K 5 o, LA 1,
BSA-ZnTpHPP-10 4 H UK 81 5 e K AIG b A5 45 G 44
A, ABERE, XZEFKY BSA ZiG&RAiLE
Y1 (ZnTpHPP) [ L il ik =i B, 235200 BSA B 44
¥y, A1 BSA-ZnTpHPP-1, BSA-ZnTpHPP-3, BSA-
ZnTpHPP-5 11, BSA 454 4 J& L& Wi J= i i Dk M g
KEEBA, UL AR E AR A ) R
aksfidy, X5 CD 25 R —5L

2.2 BSA-ZnTpHPP IRk =2 fig

() JeBEFHRFEBRN. U IREEMV?
NHL TR, BET KM BSA-ZnTpHPP H)LIES
HLFHRERE SN TG . 1 58, 7F BSA-ZnTpHPP-1 /K%
Wb, RN RFE R MV*ER, %% MV R}
BSA-ZnTpHPP [5G KREE. 45 R W, Rk
W K(E)H 430 nm i, BSA-ZnTpHPP FY fic i /& 5tk
K(En)H 618 nm. Fifi MV>* ¥ B ()38 K, BSA-ZnTpHPP-1
(¢ 63 B % Wi AIK, U] MV>*X} BSA-ZnTpHPP-1
19564 1R KA .

12 3 4 5 67 8 910 1112

[T T

e e e

]
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& 5 BSA %54 ZnTpHPP J5 /) Native-PAGE &
2, 11 3 BSA; 1,3 J}y BSA-ZnTpHPP-1; 4,5 * BSA-ZnTpHPP-3;
6,7, 8 2 BSA-ZnTpHPP-5; 9,10,12 * BSA-ZnTpHPP-10

HK, H4E Stern-Volmer AZU(E(1)), FIFH L
FrAS%dE, DL Fy/F % C i Stern-Volmer 12k (& 6), 15
F| Stern-Volmer JE KN 0.596x10°, fhk ftH %
FZ 808 0.9921, $iHH MV** %} BSA-ZnTpHPP-1 HY 75t
VoK & T ah 1K

FyJF=1+K1,C=1+K,C, )

K, K, B Stern-Volmer X5 K B H AR HEL 7
KT FELE T 96T 1 Ko AEEKH
B, C PR, B MV MR

N T HE—#% % BSA-ZnTpHPP-1 TEYGHE T X
MV TR ROV, SERHllE T BSA-ZnTpHPP-
I/MV*/TEOA 1R Z o MV JE 45 (MV ) I i 6 54 i
Rl G HE S (R A A8k, S5 SR 7 7R, MVTRYFRE I
WU (605 nim)5i: 3 Bt e HE Asf (7] B4 ZE 4 i 445, 3 h s,

3.0

25

15 F

1.00 : ;
0.0 1.0 20 3.0

[MV?*] (mmollL)
B 6 MV*t BSA-ZnTpHPP-1 5835 K i)
Stern-Volmer pi %%

50
|
all
B |\ 6h
2 3} l
=]
<
2 0
]
0
400 500 600 700

Wavelength (nm)

B 7 ##53EE T BSA-ZnTpHPP-1/MV>*/TEOA R & Y
UV-Vis St E
IR ] 435008 0,0.5,1,1.5,2,6 h
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SR A B RT3 B AR BRI 60 %

5 —J7 T, BSA-ZnTpHPP H 43 J@ MMk A HRAE %
Y, Bl Soret 77 (432 nm)fY5H VA vk 5y, FRIHE
58 BSA-ZnTpHPP & A7 B EREfE. 1 MV IRRE
O B FETE 605 nm Ab RLRPERISR, LK R P K
T HESETHEB Y. X Ui BSA-TpHPPZn 1£
T, REDWMEN —ESFEHH FELBS
MV, FHH T R RO R

G55 SCHR[30145 5, AT, 4@ nbukst & &
(S5 =X %Y 5 SR (Vi b - = W iR R AT
W, HBFARLE AR B8R, M 4mik
WRER . 5 H A GILAIR R

(2) BSA-ZnTpHPP SGifs K fif = A kRE. (T4
— AR = RR R, BT B G HGR WOE BE SR 3K
H—AH L RS, i HE U Hy A CLL BSA-
ZnTpHPP-1 SROGHELH . MV* 7 4k¥ . TEOA
T4 A AR PO AL %5 %2 T BSA-ZnTpHPP-
1/MV>*/TEOA/JEAR Pt UL 4314 2 A9 615 S K il 7= A
PERE, TR RIEELLEIRE R, Hy A7 1 [7] 6 BE i )
MR WE 8 fias. MIEH A, 7E06HE 5 h JRIAR
PPARIAE 1.73 mL (Hy)/L. 8848 0otk
| (BSA-ZnTpHPP)# L (TON)y 7.7, HAE 5 h N,
FiFs T 18 K = A A Dk 5

MK = S WL BRI an & 9 fifaR. 78 AT Lok
HR, J6HH BSA-ZnTpHPP ¥4 58545 MV
A MV®, TEHEALF AR PCAEAE R, MV*R] USRS 7K
) H B0 J5 A Hy, 4R AS GHGR (BSA-
ZnTpHPP")# TEOA Fridi, fJa, At TEOA
BAE T ROWAR R .

3 5ip

B 5 A BB K XE I 1 1 B Ik (Zn TpHPP) 5 A=

RPN

20

H, (mLL)

Time (h)

B8 BSA-ZnTpHPP-1:1/MV>*/TEOA/BK Pt T4 431k &
EEERT H, =B 5B X R

o

hu
i)(i‘!lanﬁﬂiil':><: nmﬁ':):)<jﬂmHz
E 9 BSA-ZnTpHPP/MV*/TEOA/f{E Pt TUZH4MA R Y
HfK AR MR EE

TEOA

TEOA

HATF BSA 454, il —ZE ks e g
TR, AE LA DR OR 2 MUAs 8 R
M) a0 | KiEtE S REE, XREYRS TER
MBOGEER BLAT R B K = Sk RE, FEJERE 5 h
JER R PP S %355 1.73 mL(HL)/L, SEHON AL 56k
7.7, BFFTLE IR A PHAE B A B0 T8 2 B K i
PECEETR, T3 T T GRS () e 155 Fl.
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Albumin/zinc porphyrin conjugates for photosensitized reduction of wa-
ter to hydrogen

ZHU YongFeng, HE YuFeng, WANG RongMin, LI Yan & SONG PengFei

Key Laboratory of Eco-Environment-Related Polymer Materials of Ministry of Education, Key Laboratory of Polymer Materials of Gansu Province,
College of Chemistry and Chemical Engineering, Northwest Normal University, Lanzhou 730070, China

A novel water soluble biopolymer metalloporphyrin complex (BSA-ZnTpHPP) was prepared by combination of insoluble
meso-tetra(4-hydroxyphenyl) porphyrin zinc complex (ZnTpHPP) and bovine serum albumin (BSA). The complex was characterized
by UV-Vis spectroscopy, circular dichroism, and native polyacrylamide gel electrophoresis. The secondary structure of BSA was
maintained after coordination of the metalloporphyrin complex at a low ratio. The photosensitivity of BSA-ZnTpHPP was also
investigated. Its fluorescence was quenched by methyl viologen (MV?"), which suggests that photo-induced electron transfer occurs
from BSA-ZnTpHPP to MV?* in the BSA-ZnTpHPP/MV?*/triethanolamine (TEOA) system. Under light, BSA-ZnTpHPP was easily
excited to the triplet state, and then transferred an electron to MV**. The BSA-ZnTpHPP/MV**/TEOA/colloidal Pt system was applied
to photosensitized reduction of water for preparation of hydrogen. The water-soluble biopolymer metalloporphyrin complex was an
excellent biopolymer photosensitizer.

biopolymer photosensitizer, albumin, metalloporphyrins, photoinduced electron transfer reaction, hydrogen production
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