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. DI R P RO R R GJo1 Werkeleya rutilans GJOD FMEL RH S BRI RS M R TR E R RE R F
XA BeH kE BB B R, TR D B ALY ATP BRI GIO1 40 FEAFTERUTE 00 T, 0 HF B 5 B H K& il & i B
HARR AT . SRR, B GJo1 M H k& BiBE I BSR4 10~25 T i@ pH 4 7.0: Glu. Cys- Gly
P B IR 43 5125 24 mmol L ™1 12 mmol* L1 8 mmol L ™1 Ak Met %45 Bt H BRI & st B 52w, B R R ik GJo1 1)
BEEH IR A REE B R M2 TR . IEAT L5 R W, BRI GJO1 UiF B 48 IR kA AR, 7 AR R B IR A B AR A 1
1. ¥R 30 T~ Cys R 10 mmol L™ Mgt IR EE 30 mmol* L™ 1. pH 7.5. ZHEAT DIAEFR B E R TITH. [HE

K= BlE,2007,14 (5): 829 — 835

KSR B ARAEBE GJOL: A WU H ks A5 BE k& BB ik s A4k & 1F

HESES:Q939.9 CERFRIRED: A

B H K (GSHD 2 W4l i B = & ISR AR AL
S, By — B E I E SR O RIS B H RS
B FAREE (RS PR A D IR g B MR
. HAa 2 2 Fr R &I, b DL s ¥
P& R & BB R 5 0 3. AR BE TR W o Bt A R
Fy AT M A X 8 e IR A R A B A A
AWML BRI 25 B B B R A
BN BOE B AR B RIEEE B H
IR I RER IR, ITFE R ORI R VR L 2
PIPE AL 55 f FEEAT T 902 MR TT . Alfafara %5 21
16T BRVE 8% B (Saccharomyces cerevisiae) & 7= 4% bt
HIkH R BT R, B B T 56% ; Alfafara 25
LRI T AR B IR L BT BRI SR
RORHLE B R 2 1 E R R R AR X 48
Tl ey i v I T BE I 5 48 B IR R
BEREATRL G, M T M U H IR B a TR £
IER Iy Al 22 B, 16 2 0 5K 8 i 1R 00 11 6
T, BB AT LA & A R B Bk #E I s B4R
A kb 3R AT DL i B A B A DE H TR B 8 BE T
B BEE A D IR A 7 A R R
B oA R B BBV G A DR H IRt & 52 %
T, N2 IFE AL TR AR B S A IR R B B

ks B #7:2006 — 11 - 22; 1817 HEA:2007 — 03 —29.
E€WME: BEX ARRZESERIE 40206022; 40406003 .

X EHS:1005 - 8737 — (200705 — 0829 — 07

(Escherichia coli) #8156, AT LA 250 A4 7= 45 e H ik 7
PR AT w2 e A& B 2 A0 ATP 54 R4l 2
Ak, TT LA 2t A 45 D KB S48 KB AT 1 WSH
— KEl 2010 4 J i 1 Ab 3R R RE 0% A R4 B H LD,
{2 W BE VR R AT B 1 7= e LA 2248 &, N BE AR
KPR PR st A2 23 I H IR AR = I 7 3K, IR WL B2k
B85 5 FHRHAR A A RATT I

AU BRI, B REEEE GJO1 & H 82
[y SRS A B R Y Ay S ) e
(GPA A&, H0e TIAR AT RE RS A 48 B H RO 1l ok
VR o AR AR R 1 A e IR G B R R
TE S Fy A2 = i AT DL e R Y, DL g K PR B %
CRA . A ORI 25 e H A AT A 2 B R 5 AT 3%
X H A BEH IR G RCEE 2R 1 5 e, 0 B A RO bt
KBS AT T AR, DUEACH B ARk 2 B &R
TEAS D R A= 7= 4 18 7 FH 4 8 2R 10 Bt A AR 3

1 #MRFNTT%

1.1 ##

BET - [ S 7 JR) g VE AR ) MR O RS
B A B AR RE B GJO1 (Berkeleya rutilans
GJOD, TR T 4 CUKAE, S5 w2 AT G Fnalifl;
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B SRELf 2 B R U005 IR Y = B (ATP) , B3
H 5B (AMP) » Amresco 7%%; GSH, H 457 ; 45K
—HE (OPT Cyss Glus Gly, Sigma; — Bt 75 ¥ ¥
OTT) s Biomol; 28 £ 5 k¥ 2 B (PVP) s Sigmas 4
Mg B E A BSA), FigA4 T HAhE w525
FEo AT At

1.2 A%
1.2.1 BSHHEHBREHREIHIERMNE LI

Az AT ) AR ek R S, L 20 9 M LL 91 $ M 22
£/2 B R AL 00) Fe AT iE L BB SR A P B R IR E A
6~8 T, 54 20~30 puE-m™ 25~ L, AN
12 h 6 A2 h %, B RIES) 4~5 K, FEHFH 10d. A
J&i EA 6 000 ¢ /min %35 B0 8 min W3k F AR AR5 GJO1
FiFH 50 mmol » L™ VBEIR £ 25 2% pP (oH 7.3, PBS) 7
VEELIR, SRS R AT S, NN 5~10 5 [FIFE Y PBS 2%
MR, CE A3 YK LA 12 000 1 /min B0 10 min, B
BB, T GPA & M.

(D GPA W52 : N ARFR N 1 mL AR AE B4R Y
IE W # 50 mmol /L B R A AL 28 M (oH 7.3) -
L—Glu 60 mmol*L~!, L — Cys 20 mmol*L~!, Gly
20 mmol*L ™!, MgCl, 5 mmol*L~1, ATP 50 mmol*L™!,
F 37 C N 30 mine VK& IRV 5, 548K — H
B (OPT) 7t 3 M 2 43 IRk 2, %2 X 4F mg
EA® h AR 1 pmol LA BEH IS 1 AN Gk
i 1847 . S H Bradford ¥ U200 & A R SE

Q) AR T B MR GJ01 GPA il 2
BEMER N 2CT.6C-10T-18T-25TC-37C
CBR S TS IR R 72, B R, 5% SE56 20 B8 BT 4h,
fhdk 4 [F (1D o GPA KIW 5E, FF 4% H o5 il
GPA. BAISERTER 3 K, 45 RACFHRIE, R,

@ A pH T ekt #E GJO1 GPA B2 1%
pHHE N 6.0~6.5-7.0~7.5-8.0, % LK 415 pH
Ab, HAb 2 AF R (O GPA B9l 5E , 4% H 75 il
GPA.

@) AR R AT & R TR T B AR REEE GJOo1
GPA HIME 40 ) S8 b — oo B 4 2 22 18 1 R

1

B, HARSAF ] (D H GPA B , 344 5 77kl &
GPA. B E AR 5 LR, B Glu WEFRE
%4 :8 mmol* L1\ 16 mmol* L™ 1\ 24 mmol* L1,
32 mmol* L~ 11 40 mmol* L~ 1; Cys A Met ¥R EH# &
BEN: 3 mmol* L™ 6 mmol * L™ 9 mmol * L1,
12 mmol*L 115 mmol*L ™1, Il A Met BF A0 Cyss
Gly # E# E R N 4 mmol * L1\ 8 mmol * L™,
12 mmol*L~116 mmol*L ™ 1.20 mmol*L™!. &ME
FE T 11 S 50 1 S5 0 T P T w8 B 43 ) e UM B 1
Y~ 5 M. BRI ILL AL AR
M, w0 4.

& NFBERFIRE T m AR GJ01 GPA il
T W FIREME N 2.5 mmol L1 5.0 mmol
L™ 1.7.5 mmol*L™1.10.0 mmol* L™ 12.5 mmol *
L™ HABSAFR (D o GPA HIWI 5, 3% H 773
7E GPA-
1.2.2 EEEFABEROSERE TEoEFE
GJO1 fAAE B IL N, BRIT 2 R H7 A & h B 3R & B
PR IR B4 2, R A AT . RS R
PRFAT A 100 mL, HH7: 0.1 mol - L~ B IR4H £h 2%
MR (pH B IEAZ 77 A8 5D 5 10 mL $2 B A B s
10 mmol*L~! AMP; 24 mmol*L ™! Glu, ; 8 mmol*L ™!
Gly; MgClL~Cys #IERZ A E A RN RIEMAE
A B 308375 4b T Rk R G017 M L Rk A F 6
X 107 cell /mL, ¥ & F1 & & 1) pH (. IEA 77 R4
), 6 H8 10 pE*m™ 2+s™ 1,25 C1HH K 240 min,
30 min #2580 1 . LIERXTEER SN 9 4, &
PHwIANEE, BETE 1.2.1 AR KA E
T3 ESy 0 E B AR A e TR B, T B
HIkRLS = . REEE GJO1 BIE % AL 21, Bk oK
FAVKI 1 90 % TN B AL ¥ 5 min & $HIE, IR R 7 %
B, ERKFERRIELTENDHNE1E 2.
B JE iR AR 45 A AT BOK B E SE 48, BPSR A S LAk
% s MgCly~Cys~pH Flilf [F 4% 5 fh 77 ik, HAh 4k
PEARTR, $% 1,21 B9 e 2 e H BRI B, FF et
HEr-&g&. #E31MEL.

EXKEEFKFR

Tab.1 L, 3* orthogonal test designed for optimization of enzyme method with B. rutilans GJ01

7K # Factor

Level W% (A /C Temperature  Cys®) /(mmol* L™ Mgt (© /@nmol*L™D pH D
1 30 20 10 8.0
2 18 30 20 7.0
3 25 10 30 7.5
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1.2.3 #HELAIE RS E SPSS11.0
HEATHE A 5 Ab 38, FFvF AR iR .

2 ZRE5H

2.1 ARIBEXEWMEE GJo1 S HKE B A
koA

AN[RI FE X B AR A EE GJO1 GPA 12 M an 1] 1
Fi7R. 7E 10~25 C #H B IKE Bohe e, #e 8k
it 20.0 pmol* Loh mg> ™1, & GPA M B IE IR % .
LA 37 T HF GPA JFUA TR, 29745 15.0 pmol* Lehe
mg 1. EMKIR2CHI 6 CH, L AHERMH K&
HERE ST, R/NE 7.5~10.0 pmol* (Lehemg) ~L2[H].

2 6 10 18 25 37
Wi E/°C Temperature

1 REX R GJo1 B H k& A I
Fig.1 Influence of temperature on GPA of 3. ruti-

lans GJO1

2.2 [ pH EXEREEER GJo1 ARt H K& X &8
kb

AR pH B0 B AR AL B GJO1 GPA FY #2141 14
2 Hi7c. pH A 7.0 I, 2 HEE GJO1 GPA 1Y & id
fH, ik 35.7 pmol® (L-hemg) ~ L & TEMKT 7.0
I, GPA # 2 % T %, pH A 6.0 I, & kA
12.8 pmol* (L*h*mg> ~!.

)
(=
1

LBt H TR ke
GPA/[umol® (L*h*mg) ']
o

60 65 70 75 80
pH

2 pH W RREESE GJO1 A Bt H K& muRe 1
Fig.2 Influence of pH on GPA of 3. rutilans GJO1

2.3 FEBIMAEEERKE X BRER GJ01 &8t
RN AL

A R TR X MR A GJO1 GPA B 3% i L ]
3. A, Cys RIS T 12 mmol* L™1 G 4 40 1,
GPA Fifi Ffe B3 R 34K, B =i 1 34.9 pmol* (Leh
‘mg) "L B WK, GPA W R . Glu W N
24 mmol* L1 G 3 2D I, GPA &K, 4 18.9 pmol* (L
*h*mg) ~!. Gly BIEWELE 8 mmol L1 G 2 40D,
GPA % 29.4 pmol* (L*h*mg> "1 HH K EHE—F
T, GPA WFFEE T . Met ¥ /N T 12 mmol*
L™VGE 4 40D 0, GPA 5 H R 2 IEAR G, B A
30.3 pmol* (L+h*mg) ~ 1 (AL 12 mmol* L1, 744
HIL TR . e —FhE IR N RS 8, AN
R A B R B 44 GPA 1E 2.0~5.0 pmol* L+h
‘mg) ~ 1A, I A TR AR 1 SRR A

——Cys

407 —&—Gly
35r

——Glu
—¥— Met

30r
25F
20+

B HKG HeBt F

GPA/ (umol*L ™ *h ™ *mg ™"
I
T

0 1 1 1 1 1 1
0 1 2 3 4 5

2195 Groups

3 RUACEEER W R REEEE GJo1 A B H IS ARk
pakinh- Al
Fig.3 Influence of substrate amino acid on GPA of I3.
rutilans GJO1

2.4 AREREBTFRETBREER GJ01 &M HEK
BREENNE I

Mg?* % B REBE GJO1 GPA 1M WLIE 4. ]
BB MR I, 24 Mg? T W ETE 10~20 mmol* L™ 12 [H]
I, GPA & 1, Ut B 2 Bl 1 8RB TR B P A
15 mmol* L™, GPA i E| 5 X, 4 34.5 pmol* L+
hemg) 1. HAFVE B AR 6 B 3 O 3R AR R B
1%, 4 15.2 pmol* L*h*mg> ~!.
2.5 EEEEFABMEREGHRULNER

T/ B B R GJO1 fE/E M TE &L T, B B
JRE LB A P 8 B IR R B 5 R LR 2.
ATLLE H, ANBAC.D 4 /MR 2500 28 B H k= 2 2
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(I B R BN A BAC- DA A, Bl Cys £l Mg?*
R R R B K TR B R pH L, 45 0 2 Cys I
mIEE BE. RUSTHRE. 4 REREHAEN A
B;C;D;5, BEE A 30 T Cys 4 10 mmol*L~ 1. Mg?*
930 mmol* L™ L\pH 4 7.5, 1l 5 L R RBOKES
I, A H R = &AL 3 0,702 g+ L7 (R 3D, B
mT &R R &SR

B B A ke
GPA/ (umol-L ™" +h '*mg )
— N W oW s
w (=) w < W <
1

(=)

F=T V]

4 Mgl IREE W r R EETE GJO1 & BEH K& R e
pakinh- Al
Fig.4 Influence of Mg®* concentration on GPA of 3.
rutilans GJO1

3 it
AL R, AR RE B GI01 GPA FY S IE 1Y

*z2

H10~25C, HERKE2CH 6 CHtLEF —xEN
E (A D, UL B REEEE GJO1 A B H KB & Ak
i 8 TR, 76 IRIE 45 18 T 68 & Bl 2B iy ¥ ) B
TR B IR, o Sk 2N F 4 B IR A AR et
KRKBLREEENERE. RN E GPA HEEREE
& TREE GJo1 IS R KB 6~8TH 13!, £
EHATFHHME T GPA R IA B & KM, (HIXFI 5
W R B Rl B ) A AR R B — A, 6 R i 1Y
REENERERN. KA E GPA M RIEEE
45 C U4, w7 IR A S s MR GJ01 B
EREEREAFEMN. ZBE K& R
AR v, AT e 5 e IO V& T RE R /= 3 3R 18 S5 1A
FAHK, KL AN RO RIR BT — A B
F71A)

pH 1H 2 7 M AL A R0 S PR BV i o — &
BT, A4 RKH, MIREE GJo1 1 GPA
BiE pHE A 7.0 (B 2), T Watanabe 251447 18 K
Wkt B 1 GPA 1 B JE pH N 8.5, nI WL B9 A% feE v
GJ01 5RERM DX pH ME R AR AW E 7, X
MLEESE—SHIT. MEREELE KBRS
pH {84 8.0~9.013), o] L GPA 1% iE pH fE 1%
TA KM RIS pH {E, ULt iE S GJO1 ReW 4E+F
JHE PN B 3 O PR TR E RB A A R BEEBE, B
W B SEFr pH E 75 LR AT

EEEAME RN EERULERARERER

Tab.2 Orthogonal test scheme and results of optimization for GSH produce using enzyme method

I X% Factor BHHKTE /@L™D
Experimental group A B C D GSH product
1 1 1 1 1 0.469
2 1 2 2 2 0.595
3 1 3 3 3 0.666
4 2 1 2 3 0.519
5 2 2 3 1 0.593
6 2 3 1 2 0.544
7 3 1 3 2 0.545
8 3 2 1 3 0.559
9 3 3 2 1 0.576
21 0.577 0.511 0.524 0.546
22 0.552 0.582 0.563 0.561
23 0.560 0.595 0.601 0.581
Pt 7KF Optimal level 1 3 3 3
W2 Range 0.025 0.084 0.077 0.035
o 4
ERAH B>C>D>A

Primary and secondary order
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*3 WIEXKER

Tab.3 Results of verification experiment

Nl BREH KR /g L™D THFEE /(LD
Experimental group GSH product Average GSH product
1 0.679
2 0.720 0.702
3 0.708

BBt H BE B Cyss Glus Gly 3 Ff Al 44 & 2 8 14
Bl AT A DR KR AR g B e i AT LA 6. B
etk 5 GJO1 7 45 Bt H Bk & it #2 ', Glu. Cys- Gly
P15 38 96 E 43 5 0 24 mmol * L™ 1412 mmol * L™ 14
8 mmol°L ™1, M4t Met % 4 Bt H Bk B & me i %
M, £F 12 mmol * L™ 45 Bt H ik & i 5 5ok (B
3. M Cys AT &4 BEH k& i PR i 7k 4 3%,
Cys AT U A BB 5 (B A s 1) W MK B
THRRE IR &Rl mAEEATESHEEEWN
Cys- {2 st 2 e H Ik & 5], (8 Cys it — &
WS, HIXE 45 BEH Bk (0 & B B e, X 5
Cys iz R4 A X, MK #E GJO1 /& Cys # ik
12 mmol* L™ 1B, % B H Bk & RS B, i B T
X AREFIEE— AR SE T Cys W& BEH K& L
(EENE. Met 5 Cys, R it 72 o B AT 35 50 AH
5] BB A%, # Mlet BEW5 [0 B2 4R 4 s, Aszih
7R Met [/ Cys —FF, AR REZ 2 Bt H
TR B & R, BERAE— B R L Met 7T AREF Cys B
YEM

A Sz 8 48 BE W, 44 78 Glu W&
24 mmol* L™, 23 bk H K& o B et Ui B 4
FFE A Glu /KF X4 @ 4 e H R & B A
OE R E A e IR A R o k. SRR,
MR E AR Gly iR E7E 8 mmol L™, H B F T4
BEH BRI P= 4. Gly £ — BT, AE 25 b H
JR & B BE S (B 223 B H Ik i & gt B R A I
Gly %45 e Tk & it 2 ok 3 3 5 4 I 18) . ap
ILEF AL GJO1 FEAR LR AT, B H k&
R R BN B & . (BRRE SRR AT AR
T PR TR

AL ¢ KRB, B GJ01 B GPA = Mg?*
IR, (B IF AR LT M2t WA B H ik
(G R B HL AT 0 AR L, W ATP P & g
M L7V, BT A8 I Tk £ & B M2 ™ (4 i ok
FZ 24 10 mmol L1077, py 45 4 09 th 1 7 Mg+ ik

49 10 mmol * L™, 18 £ 23 bt H Ik & Bl RE ) B -
AGE R PUESE T Mg+ FE A3 WU H Bk & e 72
FIPE R, 32 (i E 2 1) Mg?™ A DU Rt A 3R 45 Bt 1
R e

BIR A  A BEH IR B A w i TE R S
e I L | PRt e MR A= S K e
A, B A 8 BRI A AR, AN T R R SR ek A
ARBEH K. B0 H re AR A D H AT & plls B A IR
PEE A, AT DR R v > RE B AR ANHT T AE
EhEE GI01 AR EOL T, 4 BEH Ik & pk
B AT DA 20 & A BEH IR R G A S
B,/ EREEE GIO1 41 M AT DUA ROt 0 4 B H KA
BB LB 0 ATP, X A BEH R & B A R
EHAMEBEAE T, LB Al BB IR S R E N . &
A FARALEE R AT I, Cys F1 Mg?* M 20 TR
JEA0 pH E /. Cys WM pH M &R 41 5 5 K
REWLR B B M R LA S5 5 A
REMAARIE R RE L. R, BRG] E
r TR RAER] . g Ok U R A R AL fE )
Ko AP SRR B R Al ORI E AT % B
S U SR EETE 53 M Y e A A 3 1 R Bl s, AT A
T8 2 FRARIELE, (A T B IEAT SERR A4S Y A B
TTRBA UL AR TUESE GE 30, WM R AT
RIS 2 AR B 72 AT B, (B B HE— P
KRB FRIL T E AR S EAT A S UESE .

Bk A EHIKEAE T 2 M 22K, 41 Mura-
ta 2 BIKE I FF 1 45 Bt Ik A M X B R ATP 7
ARG E A, AT LA ROt e R A B K. AEAS T
FUH, DA AR A 5 GJO1 T 40 ML A B2 VR Ol 4 Bt Tk
FI BB R, DA /b B 22 T 37 b R A T MR GJ01
AMAE A ATP HIAR 78K, IF B GJO1 4 it R A
JABHAS I H IR 18 B0 D RE 5 XA AT LACRUIE IR AN B
PRI L PN TS T A5 ke A I H B OF ELRE S B —
B SRR XA AR BN, X F R e A
A WEH IR A = U f ) N R A IR R . (3
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GSH produce by GSH synthesis enzymes with Antarctic diatom Berkeleya rutilans
GJ01

DING Yu'; MIAO Jin-lai?, TANG Xiao-chen!; LI Guang-you?; JIAN Ji-chang', WU Zao-he!

(1.Guangdong Provincial Key Laboratory of Pathogenic Biology and Epidemiology for Aquatic Economic Animals; Fisheries College of
Guangdong Ocean University» Zhanjiang 524025 China: 2.Key Laboratory of Marine Bioactive Substances: State of Ocean Adminis-
tration Qingdao 266061 China)

Abstract: GSH is an essential component of the Asc-glutathione cycles and its role in the protection of tissues
from toxicants and keeping normal redox state of cells has been verified. It is synthesized from its con-
stituent amino acids (Glu, Cys and Gly) by the consecutive actions of y-blutamylcysteine synthetase and
GSH synthetase; both of which are generally named GSH synthesis enzymes. Antarctic microalgae; one of
the extreme microorganisms with special characters; is one of the main producers of primary production in
marine ecology system of Antarctic pole region. Our former results showed that GSH content and GSH pro-
duce ability (GPA) of Antarctic microalgae were higher than those of control (mesophile microalgae) . They
have the potential to become new resources of GSH. In this paper; effects of amino acid contributed to GSH
on GSH product activity of Antarctic diatom I3. rutilans GJO1,isolated from five different phylum growing
in Antarctic seawater and Antarctic ice; were studied; as well as the optimization of synthesis condition
through free-cell GSH synthesis enzymes and a few I3. rutilans GJO1 cells. GSH content- GSH produce a-
bility and protein concentration were assessed using the spectrophotometer methods. It showed that the op-
timum temperature of GSH synthesis enzymes was 10 — 25 C ; and optimum pH of that was 7.0. The results
also showed that optimum concentrations of amino acid such as Glus Cyss and Gly were 24 mmol*L ™1, 12
mmol*L ! and 8 mmol*L ™!, respectively with only factor test. GPA of 3. rutilans GJO1 was dependent on
Mg?* ; optimum concentration of which was 10 — 20 mmol* L™!. It was disclosed through the orthogonal
test that the primary and second order was respectively Cyss Mg?" > pH and temperature from high to low>
and the optimum condition of GSH product was 30 T > 10 mmol*L ™! Cys>30 mmol*L~! Mg?" and pH 7.5
using the method of free-cell GSH synthesis enzymes of 3. rutilans GJO1. These results were also verified
by the experiment with higher volume cultural system (5 L) . It was concluded that the optimization of GSH
synthesis condition using GSH synthesis enzymes method with the microalga; containing higher GSH; made
it possible produce GSH as an industry. [Journal of Fishery Sciences of Chinas 200714 (5):829 —835]
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