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1.1 #E5IEHR

KGR EE TGL. BL21 A R K24 3
BiRb 5 TR R A vl pBluescript KS(+)
A Stratagene v H] 7 it s 31K 2 & pET30a (+).
pACYCDuet-1. pCDFDuet-1 i H Novagen 2\ 7] ;
4 Ji ML pBlue-gpeD~ pET-aqpeD~ pACYCDuet-
hol-pcyA~ pCDFDuet-cpeS KR K22 IR B R
FH TR B @R A7 . DNA [ ik 71 &

T4 DNA 3% £ il F1 R 0 A VIRE Sma T+ Xho T+
Bglll« EcoR1+ Pst 1+ BamH 1§ H MBI A #];
Taq DNA 28 & filf &y Biostar 24 @ 77 i s IPTG N
SABC 722 &) 7= fi s 2% A2 A /v U H Amersham
Pharmacia A ;519G i LRGN 7 H A6 3t AR
WA PRI 7] 58 K.
1.2 SI¥gir5&K

MR GEALAR, R apeD TRIITH, it
TR LTG5, apeD BAx B U5 19 F0 R
19 A BRI EERL R 5 TR A B s IR
15, & BN RUAE S 1) AL R A A w5
B, BARWTR:

Table 1 The primers of the mutagenesis

Mutagenesis point

The primers of the mutagenesis

ApcD UP: 5" ATACCCGGGATGACTGTAATTAGCCAAGTT 3’
Low: 5" ACTCTCGAGGGCTTTGTATTAGGACATTGC 3’

ApcD (W59Q)
ApcD (W87E)
ApcD (Y88I)
ApcD (M115])
ApcD (Y116S)
ApcD (M126S)
ApcD (M160T)
ApcD (Y73A)

5" CAGGACGTTTCTGCTGCAGTTGTTTG 3’
5" TGTGTATCCGTGACTTTGGCCAGTACTT 3’
5" TTGGCTGGATCCTACGGCTAATTACCTATG 3’
5" TGGTGTGCGGGAGATCTACAATTCTT 3’
5" GGTGTGCGGGAGATGTCGAATTCTTTG 3’
5" CCTGTACCCGGATCCGTAGAAGCCATCA 3’
5" CTTCTCGAGGTATTAAGACGTTGCCTGAATG 3’
UP: 5" GGCGAGCGTCAGCGTGCGTTGTGTATCC 3’

Low: 5" TGCAGCGTTGCCACCAGGTGCGATAAAA 3’

1P RIS R B 1 A SR [ A
1R, AR SEAR 275 D) BV AL R, BR ApeD
(Y73A) FJ/f] TaKaRa MutanBEST Kit 17!/ 5 [ 75 1%
vt ERIESIAL, HA T AR R 2 mega
primer PCR 75 ik KB ] 5 4).

1.3 KRTERBIEESFIINE

F H mega primer PCR % TaKaRa MutanBEST
Kit WA 77, LAE AR pBlue-apeD AR
3G H AN TEAR AT BE R Fr B

PR B Sma T 5 Xho 1 BEVIfE, 5
2 3ok [)BF XU 1) (1) 5 % 35 4K pBluescript KS(+) %
Bz, REHALT KA E TGL h, HEHZANS
FER M) LB B IR AR EAT Ik . MR SOk ) 6]
WP E A A 7. EAH IR Z Sma 15 Xho 1
D) 5 D ) AME B, 5 40d EcoRV 5 Xho 1
il ) ) [T (R 2R I8 44k pET30a(+) BEAT 4 R MY,
WBEAT KA R BL21 . S A RIE =1
LB }i R L AT ik . AR¥% DNA Hivk. S A

VKHEATRI, E— P SE Tt EA . Kb e
IEBAIR B R T D
14 FRBECSERRNELHEHFE

¥  pET-apeD.  pACYCDuet-hol-peyA 5
pCDFDuet-cpeS — F' Jit ¥i , pET-gqpcD (mutant).
pACYCDuet-hol-pcyA 5 pCDFDuet-cpeS —F JFT KL
o RSL R AL T K AT B BL2I(DE3)Y (AN . H&H
RIS HE . AHERMNEERN PRI TR
1.5 ERRMFTES AL

FiL ¥ A& pET30a(+) A1 pETDuet-1 [£] T7 )3 5)
TR EA 6 MR A1,  tbi g &
ORI B i SRR R MRS
N sty P8 AT 2 AR S, WA SR S R 2 b2t AT
P4l

BE =MITRLIN E. coli BL21 HIVBRHEFIZE 250 ml
LB KigRdkdr, 37C B E A=0.5~0.6, A%
WP 1 mmol/L ) IPTG, F&IKHZ K 150 t/min,
20C AW iFEFEILA, B0 5 min (6 500 r/min, 4TC)
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WA, ZRIBKVE 1 IR, —20C 147, KGAEI
M E R T 6 ml HPATREILI, S 100 k(D)%
200 W), E5.0r 15 min (12 000 g, 4°C YR i, 2
JlvE, EAEA BHEBCRH N B2 Aaife.
Vel 24 R & 50 mmol/L B M PR S 4667 3 Ji
W WA FE K 500 mmol/L K M (1) # 1
7 e M. ek AR Al 7= 4 3 BT (0.5 mol/L
NaCl, 50 mmol/L P& #H 2%t i, pH 7.2)i% #r ik
B, LR 22N A%
1.6 RiENESRRETMHE

PO EEN s o & I b 7 ) 28 T S e N P /Bl
WO AT, B/ IE T S 1 e P R
PEIRZE (8 mol/L, pH 2.0) AP, W5 (R &R
SR T oni

W WG 1% FH Lambda 25 5948 Ak \] WL G 5% X
(Perkin-Elmer )&, 2840 n] WG 445E il 300~
800 nm, FHHiHE T 960 nm/min, F4%%EZ 1.0 nm.
e N6 I o K LS-45 B 3% 56 )l % {X (Perkin-
Elmer), % $1 # & £ 500 nm/min, %k 4% %% J&
10.0 nm.
1.7 SDS-PAGE 5&ZEHFH K

A=, IMNZIRE R 10% A LT,
T=20C JACE 15 min, fFHRAEHE A RPIE. il
FAIEASE 3 K, BT Ja I EARZE PR3 5L £ 1
(9: 1), 100C 2 5min, B0J5, SFEMHECEE
G T SDS-PAGE. MUK )H, T =il MR
VKEEE 1.5 mol/L I R £ ¥ Wi ¥ 15 min, 7
280 nm AN TR AT, 2 J5 2% S i s
R250 Gt AT e tr, B0 e AT H4.
1.8 EZ&XiECD)a2

N T HEBRBKEAE CD W T, Kt alificdk
(R RE 5 FH 3% BT 292 019 (20 mmol/L KPB, 0.5 mol/L
NaCl, pH 7.2) &1 3 X, SRJ5WCERRE S FZE T 2%
M, CLUENT A 2, MIFES Y CD, %18
F| ApeD 50 F (13E B S Al RS K5,
[ IR 30 45 40 ) (6, 25 2K 19 PCB-ApeD [ 7] L )6 Fi 4%
ANEEB XM CD. [ 06 H Jasco 810 4[5 — (7
6 AW g, AT WL CD g i 41 il Y B 300 ~
800 nm, k4% % FE N 1.0 nm, 14§ E A
50 nm/min, WM A 8.0 s, FARGRECH 1k, &
AN CD 6% 49 35 V5 [l 200~ 300 nm, Bk 4% 55
0.5 nm, A E K 1 000 nm/min, Y I [E]
0.5s, FHIRECH 4 IX.

2 4 R

2.1 EFHZB ApeD AR ELHAI A TS

WK 1R, ApeD B =Y 4T G
() d5e KW K 605 nm 2247, de K9 't K S i
A 633 nm AiAT, I HRSH ) EAL S 1 5 KR
Kh 650 nm ZiAy, e KRG KRG IER 665 nm /i
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Fig. 1 Absorption and fluorescence spectra
of reconstituted products in E. coli
1: Absorption spectrum of PCB-ApcD before purification; 2: Absorption
spectrum of PCB-ApcD after purification; 3: Fluorescence spectrum of
PCB-ApcD before purification; 4: Fluorescence spectrum of PCB-ApcD

after purification.
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Fig. 2 Absorption spectrum of reconstituted product

in vivo after denaturation by urea
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P A 2 (1 22 AR K 5okl pBlue-apeD (W59Q) H
Sma 1T F1 Xho T XUEFDIRLIMNAT 2K /NA 499 bp 15
R B, FHSRARAT i B e v IR AH R D) 37w > 1 il
DR, AR B, SIUHA R 2,
Kl 3a . Hofth 7 AN s SSAR ARt S sr Il Ay
BEK/INFA] pBlue-apeD (W59Q).

AR L apeD (W59Q) 43 il L K W AF B
BL21 A5 E W TRIE, HMEE ApeD (W59Q)
K5y 7 il 17.8 ku, pET 30a(+) KL AKM T7
JABNT N 6 AN 2R 135 01 FUAH Y. (1) Wi D17
Ao PHAERIRE AN T 5.1 ka, 1EEE
FIR/NA 229 ku. Kk = ¥)iE it SDS-PAGE, H
P AR/ NS A, il 3b Pras. Hith
7 AN 08 UGARAR [RAE 3 B A I 2 1 KN R pET-ape D
(W59Q).
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Fig. 3 Agarose gel electrophoresis(a) and SDS-PAGE(b)
of pBlue-apcD(mutant)
I: pBlue-ape D(W59Q) digested by two enzymes; 2: pBlue-ape D(W59Q)
digested by single enzyme; 3: DNA ladder; 4: Protein molecular mass
standard; 5: Protein from ApcD (wild type); 6: Protein from ApcD
(W59Q).

24 BEEARSDS-BABGEIRRIKEIKSFEH
k&L

Tt SDS- M W Bk fie HL ik, % Ty M o2 i
R-250 0, FME T HMEAMRIA., HTFOR
A5 Zo* A Y, ZEAWAE— e E KOt
KRR, BT EAE AR K L, e
R, AERINEIETR, B bk ELLER Ak e
Y, XUFAERN EAL R R EA S AR
BB, JHE R E 1 PCB-ApcD (W59Q) Fl

PCB-ApcD, Uil 4a. 4b, [ 4b 3. 4 3KiEH 1)
H R4 T e TR gl R AT 1/ T
FREE TR oAt 7 AN RS (A B R
¥k [7] PCB-ApcD (W59Q).
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Fig. 4 Zn* electrophoresis (a) and SDS-PAGE (b)
of PCB-ApcD and PCB-ApcD(W59Q)
1: PCB-ApcD(W59Q) stained by Zn*"; 2: PCB-ApcD stained by Zn*; 3:
Protein from PCB-ApcD; 4: Protein from PCB-ApcD(W59Q); 5: Protein

molecular mass standard.

2.5 RTREYRRELE SN TG

Wik s &3 2 fion, ApcD (YS88I) H4l {4 %k
FIAE B 405 R 1 RN 9 6 61 34 %2 H — AN g,
4394 668 nm, 690 nm, % H RIX AN IS A E
B ApeD HE A1 F R /RS 45 AL RS TR W &,
A WAL B IR R AT e T ApeD 45 84 1 AR
1, X EE TR G LE (P2 E T A R 1) 8 AN 58
R R, 5 ApeD AHLE%E:, ApeD (Y88I) 41 (%
FEAMBERMCRBA W W2, 2OtaE 1
RHIKKPEAR, AT WAZAT 2 (0 S LR A 1T 1 %8
RS R W AT —E W . T ApeD
(W59Q). ApcD (Y73A). ApcD (W87E) (% & &5 [ 4
FEAURT 5 MO GIE IO G R KA A4, 1]
W 59 AL IR . 73 KR 87 A (A Z R X
ApcD H A1 th 7 8 FI{ERR 4l HT 5 1RO 1 F el
ETEREMACR, IR A e v ReS R T 5
FIRSS A4, AT 3 21 8 A R Gk ARk
Ay AEPEIRIE O RE R 1 T I, ApeD
(W59Q) th 25 £ [ I R B 1 7 %48 ApeD 7 ]t
FAAL, ApeD(Y73A). ApcD (WS7E) {1 % & [ 1
P T R ApeD AW St E, AT 3 A
A7 SR SRR 5 1 B ) G R e AR T 5
M. ApcD(MI26S). ApcD(Y116S). ApcD(M160T)
O F R RS AU T 5 RO G ISR R A28k, T
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Fig. 5 Absorption and fluorescence spectra of PCB-ApcD (mutants)
(a) PCB-ApcD (W59Q). (b) PCB-ApcD (Y73A). (c) PCB-ApcD (W87E). (d) PCB-ApceD (Y88I). (¢) PCB-ApcD (M1151). (f) PCB-ApceD (Y116S). (g)
PCB-ApcD (M126S). (h) PCB-ApcD (M160T). (—) Absorption spectrum after purification; (---) Fluorescence spectrum after purification.
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Table 2 Quantitative absorption and fluorescence data of the mutagenesis
Chromoprotein Absorption data Fluorescence data

(after purification) p— & (mol™*Lecm™) p— ¢« Quantum yield)
PCB-ApcD 650 62 000 + 4 000 663 0.074 + 0.002
PCB-ApcD (W59Q) 600 78 050 + 600 635 0.040 + 0.005
PCB-ApcD (Y73A) 602, 660 91 062 + 928 635 0.205 + 0.005
PCB-ApcD (W87E) 602 100 639 + 6 000 635 0.215 £ 0.035
PCB-ApcD (YS88I) 607, 668 70 161 + 800 636, 690 0.045 + 0.005
PCB-ApcD (M1151) 638 63 635 +1 800 655 0.050 + 0.000
PCB-ApcD (Y1168S) 601 55521 +200 640 0.095 + 0.005
PCB-ApcD (M1268S) 600 71798 +1 700 638 0.070 £ 0.010
PCB-ApcD (M160T) 605 77 987 + 900 643 0.100 + 0.009

26 REAKREBREATHRNLLER

WE 6 fizn, PCB-ApeD (W59Q) HE 41 {f % &
I R YE IR ZARME G, SRAhal WGk, I
B KWL AE 662 nm, 1] UL 4125 1 7 {5, 3% PCB
IR FIVE BTB AR, R 7 AN SRR IR T
PR ZARE 45 5[] PCB-ApeD (W59Q).

03r
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A/nm

Fig. 6 Absorbance spectrum of PCB-ApcD (W59Q)

after denaturation by urea
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1 PCB-ApeD 84073 1f) CD K3 (K] 7b) By
N, AR T REH R o BRTE, 5 IRARE
PR AR, MWK 7a. &l 8a. & 9a ATLLE H,
PCB-ApcD (Y116S) 5 PCB-ApcD (M160T)f a] WLt
#5> CD %% ApeD #3417 — & R LR, ApeD H]
WS> CD 1 663 nm AL fIELE PCB-ApeD(Y116S)
. PCB-ApeD(M160T) 131 %k, 1fii PCB-ApeD(Y116S)

S PCB-ApcD (M160T) 7E 600 nm Ab = 2 — A4,
It H5 ApeD A Wot#B 43 CD HhviZzlé () 37 17 AH
B A] DL AX PR AN B TR AL A 35 ) I Al R AR 1 P
HEENORBE T M. wE 8b.
Kl 9b f 7x , PCB-ApcD (Y116S) f2 PCB-ApcD
(M160T) % 4h 43 1) CD K5 PCB-ApeD 3 A —
B, AR TR A E R o 18I, 5K
SREENRE AR ).
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Fig. 7 CD spectra of PCB-ApcD
(a) Vis-CD spectra of PCB-ApcD. (b) UV-CD spectra of PCB-ApcD.
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Fig. 8 CD spectra of PCB-ApcD (Y116S)
(a) Vis-CD spectra of PCB-ApcD (Y116S). (b) UV-CD spectra of
PCB-ApcD (Y116S).
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Fig. 9 CD spectra of PCB-ApcD (M160T)
(a) Vis-CD spectra of PCB-ApcD (M160T). (b) UV-CD spectra of
PCB-ApcD (M160T).

3 it it

ApcD A FE ARG ERA ERAE T
W LLRS, SRAlni i KB K 605 nm,
KIERIFTWE R 633 nm,  HE40 5 (1 5 KW K-
A 650 nm,  d K2OGRIEALE A 665 nm, 11 AA
R RS I ) 45 Rk F, PCB M SR
JUR A A

T ApeD FESRAEHT fE WO K& o
R AR RN, it BLAST #FEAT ALY
TS RO T 516 EE R CLUSTALWUIY) 5 1
FUFERPELCE, iz i R B3 59 £ (2R
(Trp)s 73 % &R (Try). 87 (A& R (Trp). 88
P SRR (Try)s 115 £7 R 2 B2 (Met)s 116 {7 fi%
AR (Try). 126 A7 B Z R (Met) 55 160 A7 HR
AR (Met) AT T & mMRAE, 133 T RAL4E ApeD
(W59Q). ApcD (Y73A). ApcD (WS87E). ApcD
(Y88I). ApcD (M115I). ApcD (Y116S) . ApcD
(M126S) Al ApcD (M160T), GorlV/r#friss, ik
KA G R AW (Gln). N A (Ala). B KR
(Glu). S5 (lle). 2% 1% (Ser). 7% % (Thr)
X HE T RS R N, A A 45
RO, IXRE,  ARTAE BT R R (R ER 1 TS A AR A Y
ZA GRS T ZE 5.

B SEAR R A Y AL PR IO 0 4 R R
ApcD (Y88D) A Wit i K, A
FRAl 5 MO OIS 2 H— AN, 53]
668 nm, 690 nm, % H [FIX P AN U 1) 4T B IR
ApcD FA (OB H FIER 4G M o, i
ApcD (W59Q). ApcD (Y73A). ApcD (W87E) 41
PGSR SR AT 5 TR K A4S ApeD AL Y)
(GG L0 R ApeD(MI26S). ApcD(Y116S)F1 ApeD
(M160T) =20 7= 1 W SC ' 1 7 B 4l I 3% K
AR, U SR A R A S R B Al T AT /N 1)
at%, a4 7 5nom. 7nm H 10 nm; ApeD
(M1151) =Py (16385 A S 00T )5 48 ApeD H
e —FERAETRKAY, HEOBREALE
AT, AT ) s KRG 605 nm Rl K 9804
633 nm A2 A4 E 1) 638 nm F1 655 nm.

T A AR R AL EL Y
PCB-ApcD(Y116S) % PCB-ApcD(M160T), il 5g
B =06, OBk aras R LUE H, eAmm]
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WIEHE4> CD # PCB-ApeD 77242 T W (78 4k, %
B %P A R IR IR S AR AR A3 8 (I Tt 3%
PRI T —E5em; T ERSMGHE 3 ) CD &
Al WL, PCB-ApcD(Y116S) /2 PCB-ApcD(M160T) 5
PCB-ApcD B:A—2, Frfd 3 Wn) — g f 3%
o BRE, 5HIRIRENNE F AR

gr PR, o> M EEE TR 8 AN SRR
RN P PROEESE BB, 1% 8 MR BER IR
A%, R Anabaena sp. PCC7120 5 3 H A o T
55 ApeD A A EE 20 AR 1 R B RS 2 1 TR (R
MG T Rem,  HOR AN [A) 2 BRI 1 5 i 2 AN
A, 5w B2 B B B T R HES) . ApeD
(Y88I) > ApcD (W59Q). ApcD (Y73A). ApcD
(W87E) > ApcD (M126S) > ApcD (Y116S) > ApcD
(M160T) > ApcD (M1151). [ #fH, ML 11
PNE T HKE, §RBEEM Y5 EET
e 28 ApeD AT AN )RR FE M v B, R EEAL
PR GRS 7 T AR R BE 1 50

s % X W
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Site-directed Mutagenesis of ApcD of Core Subunit
and Their Spectral Study”

WANG Xing”, ZHANG Qian”, YANG Bei", ZHAO Kai-Hong"?, ZHOU Ming>¥™
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Abstract Absorption and fluorescence spectra of the chromoprotein changed during the ApcD of core subunit
from Anabaena sp. PCC 7120 bound PCB with reconstitution in E. coli, the A, of absorption and fluorescence
spectra were 605 nm and 633 nm before purification, while the A, of absorption and fluorescence spectra were
650 nm and 665 nm after purification. To study the phenomenon above, eight mutants were constructed. It is
indicated with reconstitution in E. coli that: the mutant ApcD (Y88I) had one more absorbance and fluorescence
peaks after purification , the A, of absorption and fluorescence spectra were 668 nm and 690 nm. The spectra of
ApcD (W59Q), ApcD (Y73A), ApcD (W87E) had no change during the purification. The absorption spectra of
ApcD (M1268S), ApcD (Y116S), ApcD (M160T) had no change during the purification, but the fluorescence
spectra had red shifts by 5 nm, 7 nm and 10 nm after purification, respectively. The A, of absorption and
fluorescence spectra of ApcD (M115I) had changed from 605 nm and 633 nm to 638 nm and 655 nm. Under acidic
urea conditions, those chromoproteins had maximal absorption at 662 nm, indicating that they had PCB
chromophore. Under the study of CD spectra of PCB-ApcD, PCB-ApcD (Y116S) and PCB-ApcD (M160T), the
two mutants influenced the conformation of chromophore which bound with apoprotein, but not affected the

secondary structure of the reconstitution proteins.
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