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(57) Abstract: The present invention relates
to a method for producing glutathione by
combining a photosynthetic cell membrane
vesicle and an enzyme that catalyzes gluta-
thione synthesis, and by using glutamic acid,
cysteine and glycine as reaction substrates.
A method of using the enzyme that catalyzes
glutathione synthesis includes a method of
using gamma glutamylcysteine and gluta-
thione synthetase together, or a method of
100 using bifunctional glutathione synthetase.
There has been a problem that expensive ad-
enosine triphosphate must be continuously

250 9

200

150 4

z SREFX|2 M4 (nmole/60min)

50 BB | ICM : 7| MZ9 4y supplied in the synthesis of glutathione, but
cc | GSHI : Ztof 22 EPUA|AH[Ql ShdE A the present invention can continuously pro-
oo| GSHII : 2R EFA2 ghgdat duce glutathione without additional input of

0 . . . T T adenosine triphosphate by using the photo-
o 3 10 15 20 25 synthetic cell membrane vesicle as a supply
ee ICM2| AfTjets source of adenosine triphosphate, and

thereby may significantly contribute to a re-
duction in the production costs of gluta-
thione.

FF(GSHI: GSHI=12:1 = 174}

AA ... Quantité de production de glutathion

BB ... ICM : vésicule de membrane de cellule d'appareil photosynthétique

CC ... GSH | : gamma glutamylcystéine synthétase (57) _S_QFA‘l :

DD ... GSH II: glutathion synthétase o == A
EE ... Activité relative d'ICM [EI'E Z A =]
FF ... Fixé en tant que GSH L:GSH Il = 12:1
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o A A
o) ¥ B AEe 2GS o] &3 FFER 29 A&7
AR
7l =2 ok
] & A Al S o] §5He] = FEHA] P(glutathione) S
Z]ixqgi A Aakakiz W el] wek Aol vt

:el—ErE]rﬂg(glutathlone GSH)< L-=F ¥ 4HL-glutamate),
L-A] 2=H| 1(L-Cysteine), = & 21(Glycine)©| 23 EZ =2 A 72
71 & A & (eukaryote) ' A 1 & A & (prokaryote) ol A 3 HTF & FEFX] 22
L-=F 82 L-A 2H Q)L S A1 Al 2t d 2 ahe], vl = FEFE A 289
4 & A (y-glutamylcysteine synthetase, GSHI, EC 6.3.2.2) & :L—ErE]rX]
14 & A (glutathione synthetase, GSHIL EC 6.3.2.3)7} & vl 5h= F+ @A ¢
fAgkgel ol A At FH 2ol = AV F 2Ad ‘?l*o‘ol O}Ur/] FA
oM T E = A2 AT 27 A, o] FEZ FhE 5AE o)V T
=FEFA] 2 944 & A (bifunctional y-glutamylcysteine synthetase/glutathione
synthetase, GshF)2} 3L $tt}(Janowiak and Griffith. 2005. J. Biol. Chem. 280:
11829-11839, Vergauwen et al. 2006. J. Biol. Chem. 281: 4380-4394).

FFEA] &2 39 o] 743 Bl 7] (thiol group)S BF-38F3L 9lo] AJA| W ol A
= FEFX| 2 248} 8 4 (GSH peroxidase), &7 EF*| 2 3H9] 8 4 (GSH reductase),
= FEFX] 2 S-7 0] 8.4 (GSH S-transferase) 2} 7] 283} o]

F4F8} A (antioxidant) 7] 52 36, H 9 =71 2 A A| o] Z(xenobiotics) 2]
15 3} (detoxification)®l] ¥o]3}7] % ﬁE}(Pastore et al. 2003. Clinica Chimica Acta
333:19-39). % S FBA2 A FrAAE S AEd A2 o, o5
TR AdH AE A= 4Fs 2~ E 2 2 (oxidative stress) 2 ZHE -3 &2 o]
ek A A o] A vhar A A Ak gk, Abghe] of o A E o] A
HFEA 2 w5 A4 Ak Bavh At Wu er al. 2004. 1. Nutr, 134:
489-492). o] wj3tol] FFEFA| 22 @Ak} AFgol o g m3bA] B AT &
Lao g A, ofofs W abdE HUHeRE Iy 2o)aL Ut

AA7HA] e FFE A S-& AAkshe Wl = F71A W, 24 E
o] -8 gk(enzymatic) W'Y, T1¥] 21 ¥ § & o] & SH(fermentative) HH o] AT}

_<r>|_7] %Lxéﬂé% ﬂﬂle HhH o &2 EE};(]Q_ 5L/H o}b H]—HJ © 2 19354 oﬂ
7Rk 5] o] 19501 ol 4+ 3} % ¢ vl (Harington and Mead. 1935. Biochem. J. 29:
1602-1611, Li et al. 2004. Appl. Microbiol. Biotechnol. 66: 233-242).

%7] 6]—/K-l HJ o7 6]—/Hl€] L= E}x]i o J/}tﬂxq eR=4 %ﬁlﬂ /‘]’Eﬂ(optlcally inactive
racemic) @ PO A A ¥ =U|, Y E A= L-FFEX] 7S A el 4 o & Apg-ghr)
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2
el S H e R A H S FERX S A E, o oFE o o] £3517]
A= L-=F E‘rﬂ%% w5k g o] U4 o2 E Qs
1950 d o] = ‘]%9] A+ 7 2 71 ¥4 B WH A (Bloch. 1949. J. Biol. Chem.
179: 1245-1254) *ﬂ Z—,gi S FERA] 22 At = A =TF A2 E T
=)

T Has olgsl = A2 AabshE H S A A A A o2 T Bol
Po|=HHoO g HiE l’/H;UF:FF(Escherlchla coli) == ;?L_L(Saccharomyces
cerevisiae, Candida sp.) & ©]-83t} AP 02 = X £+ T (molasses) =
o] &3, BF 20-30 Al FRtHa A Mg T FFEA S

e

-

FE T o]0l FrHH e, SFEA 2 AR SXA717] A vk
WHE O] ATh dHEl 2, L-A| Z2H Q1S wl| A o)l H7bsle] S F8A 2 SRS
S A 7] 3= WHH o] Sl th(Alfafara et al. 1992. Appl. Microbiol. Biotechol. 37:

141-146). =&t #FEHX 2= P sk 7 719 0 AHGSHLGSHID S A+t =
Woll A -8 (overexpress) A A FFEFA] & WS A 7] 8= =9 o)
RN, AA S A T U E VA etk el A ok

Aot 0 2 S FEA] & A4k et WS a4 E o] &8k
2 g 7toly g o AlH 2] Al(surfactant) &
AAAMEE S &2 AR5, L-=F 546
4kl Hadenosine triphosphate)-& % 7}35} <
o} == U o 2 A A ¥ 7hat
=TFEA 2 A EAE o] &5t BAkste=

s W& ot} o] g R4S o] & W o AR
Al Aol g & o] &3 WP B} g o] k= Aol shAIRE,

Hh&-of] G gk of el = 4] AFR1AEe] @77t oA A 37t o] il v o]
Lol & F8E] A8l ofdl Al ARIARS Al A S G At Al 2 AHA| 9

A (glycolysis)& ©]&-3Fo] oft Al 4FQlate T3 = A vt
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I A~ (photosynthetic
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Ay
s ol

Zx(bifunctional y-glutamylcysteine
= FEFA] 2-(glutathione) <]

1

4 A

=N

3

°]-&

e A 3B A~ (photosynthetic

membrane vesicle)#} 71} = FEPE Al 22 H| Q1 34 & A (y-glutamyleysteine
1L

o
1=

Z4>(glutathione synthetase, GSHII)

=

=

/Ké:g

= FERA]

T

[¢]

= EFX] 2 (glutathione) ¢] Al

1
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a=

synthetase/glutathione synthetase, GshF)

synthetase, GSHI)
membranve vesicle) 3} ©| 7]

A 32

°|

[19]
[21]

wK

B

B A7 v & obE A



WO 2016/114618 PCT/KR2016/000433

[23]

[24]

[25]

[26]

[27]

TFAAES
A A

>
=
3]
d
4
P
of.
)

hotosynthetic membrane

4= Q)= %%Lxé

i”(vesicle) FEl 2 2l
s

o
H}l.2. o 6(H6]—/\O]L‘

[
vesicle)"< 3 oﬂ YA E o] &&he] 33l
A1t (photosynthetic bacteria) == 2= ¥ (algae)°ll
o u:] 7 5 H]o] ZALE = 2
Al eheb A 9 A B o u] gk
A 71 333 Al 2 g A s 334 Al X Y (photosynthetic
membrane)<> H|AHA~2AY F3+A) M| 1 (anoxygenic photosynthetic bacteria)©l]
EA| 8= 4717 Al 9} (chromatophore membrane, = 1ntracyt0plsmic membrane
(ICM)) &, A4 A F-3+4) Ml 3f(oxygenic photosynthetic bacteria) 5=
ZF(algae)oll & A 3F= € gl o] = A 3 T (thylakoid membrane, TM)-S- 3 i o ael sy
F 71 Al £ A d(chromatophore membrane vesicle)- 3 7]~ A| 3£ 9} of] A
-2l 8k, FHk-s A A (reaction center), 335~ (light-harvesting complex),

21 2FRIAE $Hd B A (ATP synthase) 2 71 A7 & A (electron transfer chain)
& 2o Al awd B34 & on| dtr), F 7] Al R
ZAA e (ceyclic electron flow)-& &3l A ¥ A A} -5 51l (proton
motive force)©] &3} o}l =41 o] Q14k(adenosine diphosphate)2}
71214 (inorganic phosphate) & 2 -] o}t = Al 4+Q14H(adenosine
triphosphate)S & A §to}. Lt F 7] A 32 2tof] & A 8= 3 A|I(complex )2}
53 A (complex INE 5%+ & A 2} A D(reverse electron flow)-S -3l 43}3
Y FZElolulo] = o} e t}o]yE ¢ 2 EF°] = (nicotiamide adenine dinucleotide
oxidzed, NAD")ZF-¥ 313 Y FZElolnjo| = ofdd
t}o] & 2 2. B} o] = (nicotiamide adenine dinucleotide reduced, NADH)E & AJ &
T Utk ol g A A4 E sk Yl olnfo] = ol Hld
thol 7 & | L BFo] =(NADH) = ¥ 2] | 57 & o] . BFo] = 574271 o] & 4 (pyridine
nucleotide transhydrogenase)E &3l ¥ % Y d®ojnto] = ol Hy]
t}o] w2 2. Elo] = 21 4H(nicotiamide adenine dinucleotide phosphate reduced,
NADPH)© = 3k 4= 9lt}.
A7) BT AR s e 5 e v A A ek Al A gl
Slom, vl 6} Al = AFA 8] f- 3 M| 3 (purple non-sulfur bacteria) & 2 - F
ol = slow, B} vlgh A 64| = 2 52 9HE] £x(Rhodobacter sp.),
RE AT HF E(Rhodospirillum sp.), & 555 5 Y22 4:(Rhodopseudomonas sp.),
2 XA Q¥ Z£:(Roseobacter sp.), B T 2] ZH] & ——‘T(Bradyrhlzobzum sp.) &
FH] g vt E(Rubrivivax sp) 22 T EH & o2 RE AE R =
AP A o S 2 e S 4 Aok

glel F o] = M| EZ 4} A (thylakoid membrane vesicle)< & 2} 0] =

A 3 9}(thylakoid membrane)oll A F-#i 8t F+ & 572 3| (photosystemI/I) 2k
oftl Al ARIAF S a4 B AR EA G A EE E5tele Al u-whd

== =2 -1
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5
B35 oujslt} el mo| = A EE ARG A 2 AL LS AR S =
ﬁx}ﬁ%% E&E‘H :ﬂ_'% S 1437_1:4 O]—H]»O]E o]_tﬂu] q_o] ﬂ E]—O]E
OJ/&(NADPH)?% A }%Efﬁuﬂ = 3 A &u} ol & A &A% A7}

O}Eﬂ—‘tﬁ ’%OJ’& o 7 3t 5= A& E ),
7] detao) = AE e g Hel s Qi abaw A FEA A

~L-

Z5 Algto] glom, uhekA 1Al = WA 1 (cyanobacteria) & 2 B #-2] & 4=

AL, Bo} vhghA s A = Al Y| ZLA] 22 E] 22 £ (Synechocystis sp.), A Ul T2 S(
Synechococcus sp.), ‘=225 Z:(Nostoc sp.), OFH WY Z-(Anabaena sp.),
= 20] Q8 £ (Gloeobacter sp.) X A o} = 8rE| 2] 7 £(Cyanobacterium sp.) -2

FARE PR E e dAF o e e 5 ok

Bk o whgh 8 7l ojo] whu, B Wy 4] BEA A E Al
g ZA}slo] o} g =41 o] 914k adenosine diphosphate, ADP)3}
71914 H(inorganic phosphate) ¢ = H oft| =4l 4F1 4k (adenosine triphosphate,
ATP)= gt A& 3

soubg ol A= I A EY £ ohemA) Q1] B U oA
ol ghiz] FRE &9 AL Frlotis RAES TREH LS AT
ﬂ@ﬂﬁdﬂiﬁ@z@%igaﬁﬁﬂwi@ﬂﬂﬁQEﬂﬂ@%
GAYFTHE la D % 1b). o) A G4 ohv] il o] 14k 3 7] Q1 Ae Fy

Zﬂ&ﬂaﬂwﬂxuwﬁf@a%%~14ﬂoumz1@@&3
A o] 2FEA & Aol gl ahiz Faol W] AIALE D 5 9l
Hmﬂﬁﬂﬁ&%@%ﬁ"%&@Eﬁ%%WWHNEJ ol Wukgg

AN
F5517] 9% 20 vl ol & Bol, BT AR 2] 4
upe2 &4 = 20-37°C9] +- 5=, 3-300 Watts/m29] 352, 350-1000 nm 7}t o] dlo]
2AbEE 270 Sl Sl B 5 er olel @ AU E F5a7] 9
WA AR S Atk Debaio A E 2] A9 kg sl
20-37°C<¢] =59} 5-500 uEinstein/m2-s(umole photons/m2-s)2] 5=, 400-700 nm
g i el Bloll A =8 o= glon o] 3 AN E F5317] Hell FFe=
ApEEE 5 LT

Vo of v E Sfto whEw, oy 2 vhE-o] BA S E 39k
= FEFX] 2 (glutathione)2] AAHEH S A &3k} a) F3Ad Al 24}
Z~'d(photosynthetic membrane veswle)oﬂ 8 Z AL Y] o d] = 4]
o] ?14}F(adenosine diphosphate, ADP) 2 71<1%}(inorganic phosphate) o ZH
o8] =41 4F<l4k(adenosine triphosphate, ATP)-& A /Ad 8= W7, b) & FEFX] 29
TS FSuleh= a7 37 @A eyl A A E of ] =4l 4]l 3 019“0}04
e A 25 A EtaL, obd =4l o] 1A B F-YIR1IA S A shE bHAlL H o)
A7 A byl A A E ol =4l o] Q1A F Fr]14ko] FEA] Al Ao
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o el 1A AHS1AE A Aol A AL H 3= ¥

B Aol A ALEE Go] "2 REA L0 B e Fulalis 4 o]
NS 2R FUA of e Al o] A4 W T Q1 GA B, o] 27
SREA S A S Sl BAE ovshe, vl A et Al 7wt
= FEFU A 2| Q1 ¥4 & A (y-glutamylcysteine synthetase, GSHI), = FEFX]
14 & A (glutathione synthetase, GSHII) % ©]7]5 = FEFA] &
14 & A (bifunctional y-glutamylcysteine synthetase/glutathione synthetase, GshF) =
TR e RPE AEE = 1 ol RAE EEET

7] FFEA 29 A& sk ads S FEA 2 Aike A

714 (substrate)= & 8 & a1, ub g2 &4 A= = F H4k(glutamate)
Al 2~ H| R (cysteine) Z = 2] A (glycine) S 7| A =2 o] &g} A=A =
L-2FEA 272 A8 A o5 AL R AR fls el o AV S FE5A
2 A28 91 L-F FEAHL-glutamate) 2 L-A] 2~ B 91(L-cysteine) 2 ©] &3} =
Ao| B} g8 4 o|t].
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7

S S G aLvae Al Edas *ﬂ q

product/min)3}H, A A| &4 o] A= a4 Fe .

M EE A g Aol A A DA 8] (activity ratio)E e A H] 2 U EFLS

o, el JA B GV AR A B 4EE v ko). A A RES Al A

Z:}u} E}m /\] /\Eﬂ o] 6LH gl ‘—;_LE,_E]_;(]Q Sk A) _Q_J_g] 1—1;H :%lxé H](relatlve

activity ratio)s= A| gk | eFA| v}, vpgkA &A= 1:1 WA 100:1, Bt}

vpk A &A= 4:1 WA 20:1, 7 w25 A = 8:1 WA 16:181 Al o]t} gt

JJ-K]—/K-] /q] _]_\:1]— A 7Lu} = Elrm /\]/\Eﬂ o] 5L/H i ETE}X]Q 5LHJ¢_L 9]

Ao Aol = Al gh& FA] F A b s A = 1:12:1 WA 100:12:1, Bvh
vl A & A = 1:12:1 WA 50:12:1, 7H vl A & A = 1:12:1 WA 25:12:1¢]

Al o]q_ u};q o) o o=, JJ—KLH /q] J.Fﬂ- A o] 7] - :LEE]_;(]Q S A) _9_/\/]

A 2] Al Al ghe] glow, upghA &A= 1:1 WA 1000:1, Bt}

uhsk A &A= 10:1 WA 500:1, 7HE vbs2] A = 40:1 W A] 200:1<1 A o]t}

A71 A H & Yo dr) sto] S FERA] 9] A o] E7Fs S A ol

o

A A <1 :L*EFE]rX]Q/] T8 LA E T2 S ) Y] v g hEs
o) Wk F& Aotk

= g 9 ‘j}aﬁﬁ?a of of] mp =, 7] AA S A £= AATS BE
-4k~ Z 7 (anaerobic condition)©l] 4| 3§ 3}1‘ o)t} o) 24 F3HA Al E}
el 24 & Fdsety, A=l = FEFX] 2] 4F$Hoxidation) S WA & 42

32 F

.

—“E: g el ok E dEfoll whEE, B2 0) A Al
Z

1)
‘J(photosynthetic membrane vesicle); ¥ ii) 77} = FEPE A 2~ Q]
=

N

%L/‘é B A (y-glutamylcysteine synthetase, GSHI), = FEFX| < 34 & A (glutathione

synthetase, GSHII) 2 ©]7]5 = FEF*| = ¥4 & A (bifunctional y-glutamylcysteine

synthetase/glutathione synthetase, GshF)2 -4 ¥ - © 2 F- g A8y =
e S A ) B 2 2 3kels JEE}X]SL Arbg 24 ES AF
g2 AR FYE AFstE e, EHLm/]J— J &2 A dd

Frel, kg &71 5l §HA FE5H o, & FEA 2 Ak &g 5

= A2 ALEeaa) shi= A= 3] 39 ]EE} A 3

ol A& Fush= B4V £3E A= A2 AL

2 AL ok

o
A
b

%)
o |

o] It o} GEfe] wEH, F 2 ) o}t =] AFRIAHY]
O 2 334 M A9} 4 (photosynthetic membrane vesicle); 2 ii)
2 S Sl o2 A vl S FEFE Al 2~ H| ]

(y-glutamylcysteine synthetase, GSHI), = 5 EF*] 2= 914 & A~ (glutathione
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Zx(bifunctional y-glutamylcysteine

B

synthetase, GSHII) ¥ ©] 7]

synthetase/glutathione synthetase, GshF)= -4

ol

23!

;&

jm1
_i_l
aze]

ol

[48]

ol e 4

2~ H”HIn O
E R

Ahg Al

[49]

=i

=
€l
“

A 2EQ)

A

[50]

ol
TH
mwo
<2
BK =0
A
g —
-Lm X
2, o
& o)
o) X
oy
<] gk
<
o )
< o~
o
Em
=
M\b =)
<
N
i
TN
— o
N
z ™
s o
7R
< g
2 5
= 2
X e
?
o ™
oF T

(iii) ¥ =g

[55]

ol

ol

cREL:

%"

b= oo 3

y

)

K

ol

sl

X0

)

%

#

o

N

e

ol Bo

ojo

=

NI 70

¥
_

i M

=

o B

- 1

Puk-g AR, BV Al -

Z] %

las=

-
i

[56]

bol, A4 7

o

B

A~
T

KeN
=

7] %% (SDS PAGE)

= A

eJo}z1 2 ofvtol

2+ &

-
i

[57]
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[59]

[60]

[61]

[62]

[63]

[64]

o,

4= 2T P Az AL obulm o]t AL PEE

B )
%55 =R A a4 Ao 24 (relative activity)= 12 31 A 7] 41
vl SFFEpEA 2 FA B g d e SREA 2o A FS
el gk Aol

L6 vt S FEREAAHQ A 54 B = FEA 2 A R A
SRS 12:12 3G 7] AL, 3 7] Al 2 g o] iAol uhE
TR 2 A S # S Aol

572 L-=F A LA 2 H| L, 224, ob vl =4 aFQlbo] 323k jE-g-off o A
o7’ = FEHA 2 T R SFEA 2 A 2AS SAH G A olH

5 8& olVT e F A2 S na Y AR & 12 A7) AL, BV
Al ey g Aol o] whE S FERA 2 A TS 21E Aot
gl AAE AT HA9 FH

ojst, AA| A& Foto] & A& vl GAlE dHstaral g o5 HA
di= LEA H U S Ry FAH R dYsty] A AR, & il

Aol whel & g o W 7E o) 5 AA] ofol] of s A §hE A =tk AL

A A

AAA 1: F7|F A X 2Fe £

F 71 Al 49 A'd(chromatophore membrane vesicle)-< o 9l = &
#110-2014-0151907 =<l A & W& o] &3t el sttt 3717
A3 5 el AR E T A B F-3 Allet o] dEQ 2R
29| & o] H| 2~ (Rhodobacter sphearoides 2.4.1, ATCC BAA-808, Cohen-Bazire et al.
1956. J. Cell. Comp. Physiol. 49: 25-68)E o] &3}tk 7] 455 e vl =
Al 22EF F 4] R (Sistrom. 1962. J. Gen. Microbiol. 28: 607-616, 3 1)E
A&ttt m < WS A 5 me o] v A 7 S|l Al el T E ST
%, 30°C, 250 rpm ol A 2 gl F3FSI Tk 660 nmell A o] &3 57120 45 HAS
), 18 mé &%l 2= F(screw cap) Al Toll 7] F35=7F0.057F ¥ ==
AlThul Fet 3, Ah A9 Frd = Ay |8l 25 A Al wel v A E TS
A-4-a DEE R Th M FE A 2ol M FaAE o, 25271 30°CE
2] ¥ = 1l 7] (incubator)©l] ¥ & 5o 2] &l 15 Watts/m22] F 5 2 Hl o]
ZALE = 27 sl A 1841 (E & F F V1l F B3t 260 me o] 8 g Fre W&
FH| 8k, 18 me =257 A Al Foll A Wi 5 8 ml W& -, L A
|2 WA 2 715 A2 2 E-5Ee] 30°Ce] 25, 15 Watts/m29] 3 =0 Mz
kol A 18AIZE & &F Vvl ¢k s itt. o) 5 FV] - Al E e Hy g B

&1 7]/ A} anaerobic chamber, model 10, Coy laboratory product)ell A =38 ¥ 1 T},
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[69]
[70]

10
71 A4F2) ore] 1A AL A A 90%, o)A B ENA 59, A SRR ?*élﬂv} 260
mﬁoﬂﬁ Hj et 2 5 ubE] A9 liOltﬂi TFE 7000 g, 4°CE 105-3F LA H-2) &

T 5 N(supernatant)2 W 2] 3L, 7 Al (cell pelle) & A AT} A = A4k

H I (phosphate buffer, 10 mM Na,HPO,, 2 mM KH,PO,, pH 7.6)5 4 m{ % 3L

8-l (resuspension) A 71 ¢ Z 2 H| o} A & A 4] £ 5 (protease inhibitor cocktail,

Roche)& A ZAF] 2| Ko uhel H7hslict. o] 39 A= BEAEE

5ol Fa 255 WA FAetHA AT o8 A2 A ZE s

8l Z-e 33} 4) 7] (sonicator, model VCX130, Sonics & Materials)E ©]-83}4],

100% Z(amplification) ©. & 2¥%-7F 2 &35 ZALSE T 287 A 8- &0l A

WA 7] = 3788 33 Wh etttk 2595 A v= I E 2 WA 8]

Adl A E AR GAstAA T E AT 93 g 7 A= 6,000 g, 4°Coll A

103 AR e & 1 A4S A0S 58], 215U F8 71(Optima

XE-90, Beckman Coulter)E ©]-835}¢] 4°C, 200,000 gol| 4] 1A 3F &<t

AAFEFRA SN AAST =, D =) 9452 (sucrose-density

gradient ultracentrifugation) & 9|3l 37| M £ A& E8sh=

A %(pellet)% 1 mee] N o &2 G A ZA T A =1l 135 me §F 9]

A28 879 W ol THE], 60%(wiv, QA HH 2 &-3f]) A g

SHlE 40% 7‘1‘:]'% IHlE 20% A g 1 ml =2 o] FoX, 7HE Yol 1 me Y]

BN T AE g & %, 200,000 g o A 447k &<t

7T A E A 20% A S ST 40%

Al =, Az e %‘—o—l:*’-— vhebd o}, 3371 AR
& W d ¥ ZE 2o Qi A E H st

EERRL MR

ﬂ

2 o
L
s _1U
L
il
Ot
ot
ER

b -

1ot ofj

P‘L

rr
HU N2

N

N,

%

(o]

M

S
-/
o

low b 2 Puoo
2 ol oft R
o o oo b
b3t

rz =
A
N

o~ >

= A7k, Tavola] oAl

kanamycin)< 5
7}el 5| 54k A (anaerobic) A E 2 E -3} o]

SERCREL w1
ERTES

N
N
-
ju]
o,
o

(ot
o
12
mlo

N
]
O
=
Py

Ex
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[3£1]

ER RS EUE P PSS E BN RES

A7t HAFEsE

KH,PO, 20 mM

NaCl 8.5 mM

(NH4),SO, 3.78 mM

L-Glutamic acid 0.67 mM

L-Aspartic acid 0.25 mM

Succinic acid 34 mM

Nitrilotriacetic acid 1.05 mM

MgCl,-6H,0O 1.2 mM

CaCl,-2H,0 0.23 mM

FeSO,-7H,O 7 uM

(NH4)sM07024 0.16 uM

EDTA 4.7 uM

ZnS0O,-7H,0 38 uM

MnSO,-H,O 9.1 uM

CuSO,5H,0 1.6 uM

Co(NO,),-6H,0 0.85 uM

H;BO; 1.8 uM

[BESA=ES 8.1 uM

Elolrl At 1.5 uM

Biotin 41 nM
[71]
[72] Ao 2: SFBA 2 FA o BosE 248 4353 e wHA R
[73] AAEES A 1a)8] Frh S FEFE A2 H| QL é:ézig‘r = FEHA] 2

A E 428 95 3 (coding)dHE A2 2 A A -2 B(E 1b)9] ] 7] %

22 G FELS %iu(clomng)o}ﬂ o &) =3t EJ\O%HHP 2 (polymerase
chain reaction)S =351t} vl SFFEPEA 2 H Q) A G40 A9 Adt

= eto| ¥ (forward primer) & A Oeﬂ‘ﬂi 1S, 4 3Z o] M (reverse primer) =
MANE 28 AL 289 1, ZREX S A FG 2o 2o A Zalo]n 2
AAWE 3, T Lol 2 N AW E 45 AHgsol, 42 o) 43t (Escherichia
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[74]
[75]

[76]
[77]

[78]
[79]

12

coli str. K-12 substr. MG1655)2] &A1 iﬂ DNA (chromosomal DNA)E

T3 (template) & 2 FE A HE =33} o) 7] s S FEFA &
A § A Al Zgfo) 2 Hoﬂﬁqi 52, 3 2 glo] &2 A IdHE 62
AL-&5lo], 2 E R E 3 A A o}l = E| oK(Streptococcus Agalactiae str. 2603V/R,
ATCC BAA-611)2] &9 A DNA (chromosomal DNA)E =3 (template) ©. =
=3 g AA S a5ttt o)E A = a4 AHure o g FHF 8-A )
AR (fragment)/] F2 kol = A S E A Bsal®] 912 A <E 2 IBA Aol A
A3 27 DS A ste] o] & IBAALO) A A|3-3H= w3 W E] (expression
vector)ol pASK—IBA7pluS(7Lﬂ} FEPA A AHQ A g 4, o7 5 S FEFR =
St 8 4) 9 pASK-IBA3plus(& FEFA & A a4)oll Attt dap4 o=
N-Zttol] ~E =l EHZl(strep tag)7]- Aslel Zial ZFepdA Al g s
o|7]%5 S FEHA 2 A T4}, C-dvhol] ~E SV E] TL(strep-tag) 7t A 7HE
ZROAe FYELE TAAYE TRES BASA,

qawz [wg (44

1 gshA-F |5S'-AAAAAAGGTCTCTGCGCTTGATCCCGGACGTATCAC
A-3'

2 gshA-R |5S'-AAAAAAGGTCTCTTATCATCAGGCGTGTTTTTCCAG
CC-3'

%3

[3%3]

S-AAAAAAGGTCTCTAATGATCAAGCTCGGCATCGT-3'

W
oq
2
=
w
Tl

gshB-R |5'-AAAAAAGGTCTCTGCGCTCTGCTGCTGTAAACGTGC
TT-3'

Ex
~
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[80]
[81]
[82]

[83]

13

[324]

o5 FREA & FAEA FAA ML H1g Zefol

Aanz [4z (44

5 gshF-F |5-AAAAAAGGTCTCAGCGCATGATTATCGATCGACTGT
TAC -3’

6 gshF-R |5'-AAAAAAGGTCTCGTATCATTATAATTCTGGGAACAG
TTTAG-3'

AR 3: SFERA L FA S FHste 249 BA
2 AN ol o) M= A Ao 20| A A 2HeE AW E] T REE T T
BL21(DE3)& & 2 A $H(transformation) 3} 2 2

FREAL FHEE L oY% FFEAL GHEAE 474 Badshe
=
(o)

il 5 0 ug/ml 2] P32 A (ampicillin) 3 §&F= LB(Luria-Bertani) 1 #] 5
S Wi, A A 55 FE 5] 250 rpm, 37°Col A 1241 7F B¢t

g el A A FSt 55 50 pg/me ] e A o] x5k
500 m¢ LB W A 7F 31 1L Eek 2= A(flask)oll &3 th A& Al 600 m<]
#2534 57H0.057F | =5 3 F 250 rpm, 37°Col Al gl skt &3 w7t
0.4 =23 578 E 2}Alo] £ ¢ (anhydrotetracylcine) < 0.2 yg/mé "5 5
718 . 250 rpm, 30°CoN Al oF 1241 3F B <F 2N &bkl F 3 4,000 goll A 108-3F
A8 5 E A sk T A (pelley S &S5t A E 10 me 2
B 3 W(100 mM Tris-HCI, pH 8.0, 150 mM NaCl, 1 mM EDTA)°l &3]3+ &
= zefob ] oAl 4] & ol(Roche)S AZEAVS] AR Wrbeled n, AT
v st7] el -3 34 7] (Branson sonifier 250) & ©] &3+ th. 2533 &=
oF%-F(output) 39] IR 5HF A G F 5L D EEolM FehE g s
33) FEEaFSI T w4 F 6,000 gol Al 102 3F LA el she] -840 ATt
F3H AEo g Falelo) 25 BT o] 83 234
A 2 vFE 218 9] (affinity chromatography) @ 845 A A8 A th ~E8 1
e A RnbE e 9= Al ZAKIBA)O A A= Wl S ARSIt
HEH o2 A AALES 10%2] SDS Eelolaoluto] = A 7] & (SDS
polyacrylamide gel electrophoresis) = 213} TH(5 2). oA A2 Tt
=FEFI A 2~ Q) 34 247} ¢F 58 kDa(Watanabe et al. 1986. Nucleic Acids Res.
14: 4393), = FEFX] = T4 8.4 7) ¢F 35 kDa(Gushima er al. 1984. Nucleic Acids
Res. 12: 9299), ©] 7] 5 & FEFX| 2 34 & 47} ¢F 85 kDa(Janowiak and Griffith.
2005. J. Biol. Chem. 280: 11829-11839)] $1t}.
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[84] DA o] 4: BLo] FAbe] o] 7 FT] T AL g ol Al ARIA A #A

54

[85] F71 AR ] JEF L EASH S ggnly 55 &4
A110-2014-0151907 5l A W& o] &tk F7] 7 A 2T g2
Hhe 2] @ & 2 2 of o](bacteriochlorophyll a, bch a) F5E o]-&35to

)Jl

A a‘%}oﬂ o, o}t Al AFIAHATP) A A 24 4] 0.25-0.5 ug beh a/ml 9]
L2 F7T A E S ARSI T B8 10 mM {14 EF(Na,HPO,),
2mM 21 AHHE(KH,PO,), 10 mM ¢ 81714 4 (MgCl,), 0.4 mM o} el =41
ojelato & A E v ol 7] M E2 AS Ak BQld T 30°C, 15
Watts/m' 2] M & 50| ZALE] = Ak (anaerobic) = 7 ol A Al ZHE E AA &)=
ol =21 AFR1IARS] &F& ol d =21 AFRIAE H & 7] E(Sigma-Aldrich)E ©]-831
=8k th BT A Ee g 48 99 A A ofd

AFelake] %k(nmole ATP/min) 0.2 ¥ & &SIt

[86]

[87] AA A 5 Av SFELA 2 FHEL S} SFERL FAHEL
B2Aa8A EH

[88] B 2 A of o] A = A Al o] 30| A A S Fhnp FFEPIA|AEHQl A A E

S FEA 2 A 549 8484 (enzyme activity) S 57317 8l of el A

o]N4F F A S 54 8= W (Seelig and Meister. 1985. Methods in Enzymol. 113:

379-390)= AH&3F AT 254 Al A E RE-S- B9 3= 0.1 mM E & 2(Tris-Cl,

pH 7.6), 10 mM % 3} 14 45 (MgCl,), 0.8 mM o}t =21 A1 AHATP), 2 mM ¢14F
o] & 3| 5 H AkK(phosphoenolpyruvate), 0.2 mM Y ZE o}no] = o} dd

E}O] T2 d S B =(NADH), 14.3 Unit/m¢ 3] B A4k Q14F8} 8 A~ (pyruvate kinase),

14.3 Unit/m¢ 44t €+ 4~ & A~ (lactic dehydrogenase)= 1~/ ¥ t}. #a}

FFEPAAIZER] A E AR S SHT A S 7] v H ol 10 mM Y]

L-=F % 2HL-glutamate) 2} 10 mM 2] L-A] 2~ H| 1(L-cysteine)& % 7}8l] 5% a1,

=FE A2 FAA TR S SATE AT 47 REEHH ol 10 mM

=8 Al(glycine), 1 mM 7} = FEFE Al 22 H| Q1 (y-glutamyleysteine) S 3 7F5}F 3 T

W3- 5= 30°CE &l hat :El*ErE]rm Al 2=HR1 S B Aok S FEHA

st/H ARl _‘§:/\H]-.9_ ol A o]_tﬂLJ\] o] 0]/\}0] /\gﬂgtn] o]ﬂ. ] o]

ole| .4l o] 14k} A g WFel skl ¥l Yk olwjo] = of e

thol & ¢l L Bl =(NADH) 7} 2t 2k¥l & Bf(NAD") = skt skl &

Yz onjo] = ol tho] - F el LE| 3= 340 nmoll Al &34 -S Holi= v

Al e EgAlo] glorm R At hE 340 ol A 9] §3 % A AE

ZZJ'&‘]—OE_};HT& /]:C):]—/K-]_Q_Ol—/\olq_ _L_3v—7LU]>:lEE]-DE] %]—/Kéﬁﬁ/l\_g]

A8 =5 A o] T, & 4= FEEFX S A Ao BAS =AE

[ Aol t}, &4 B4 A4k Al 340 muell A =587 576220 M—lcml)-g— o] &5}o]
U @ elobrto] 1= ofd i Tho] -2 ¥ S EbO| = (NADH)®] 5 & ¥ 8132

_l
o}
<o

2

o3
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[89]
[90]

[91]

[92]
[93]

[94]

15

T8 AL, 1 e Yakolao] = oftld tlo] - # LEo| =7F AR E wf 7
aao AtEol 1 ¥ A E T 7FA SESITE o E A AlLkE TG A| M
A ¥ AbE 2] 4 (nmole product/min)E & A8 ol g il XA S

AA A 6: 7 SFEFEAIZHQ FH B SFEX 2 G B 9%

SFEA= §’é g

B Ao o M 3= At S FEPEA| 2 HQ A ah e S FEA 2 A B A
& L-=F A LA ZH]L =24 oo i=Al 2RIt e 27
= FEA o] YA = A S Felst vk ARE g vEE B 3= 10 mM

Q1 A} E H(Na,HPO,), 2mM 1 2HZHF (KH,PO,), 10 mM §3 34t 214] 45 (MgCL),
0.8 mM o}t = A1 AFQ1AHATP), 10 mM L-=FE2F, 10 mM L-A] 2~ E| 21, 10 mM
=l o2 7 AE 1, A E S F A 29 4 EE A 5] éﬂ 30°C,
4k Z 71 (anaerobic) ol A BH&-& X &) S FEFA 29 A&

= FEFX| 2 A = 7] E(GSH-Glo™ Glutathione Assay, Promega) = O]%O}C}j\q Ay

FAE A4 59 WA o;,_leHQZﬁa% g A& 7dto 2 Aeksl gt &
57 S FEA 2 A 5L A2l s 1A 7] AL, TLof) wE 2wt
FFEEA 2 E Q] A R AR 2 WEA 7 HA = FEFA] 20|
A E = s 548 Aotk AR A o8 F gid o8 S FEA 0]

P Y= A s e elaL, = F e A2 B* IJMM =T R HA
244 H] (activity ratio, 5= 59] GSHL:GSHID)<= ¢F 12:1 o] 1t} ufebAd, 5171 <

AA el M= vt S FEFE A 2 H < %“éﬁ+ =FEA 2 FAdm A B E

12: 1% A3t

Al A] o 7: W o] ZALE

& 2N F71F A XY 23, 7w
e Y EE

A %
] ZREA 2 A EL0 o SFEX S A

1A
é

—

2 AN oo M= F7] g Al A, T = FEPEA2H IRl A E A,
A2 A mdnel] o8 obtl mAl ARIMHATP)] §1a, Blo] Z2AME =
X ZFRER 2 A sl t) AFE 3 HES B 3= 10 mM
1A E F(Na,HPO,), 2mM {1 42HZ4F(KH,PO,), 10 mM $3 37} 14| 5 (MgCl,),
0.4 mM o}t =41 o] 214HADP), 10 mM L-%‘%’—%ﬁ, 10 mM L-A] 2= €21, 10 mM
=2 2& 238, 30°C, FAt = ol A JE-S-& 285 gi ) U dight
source) & = 15 Watts/m' 2] o] A 58 AL 2319 & 62 A}
=FEHEAI A e =T FAA L IS 12102
A7 AL, BT A A ] AT A S A lUW = FEHA] -9
TS 1 Aot} 3]+ Al 32w
A= S5 E)0] F7HEHE gl slaL, J* FrL A Z 9 Avd ol

G o) 25 o] Wl =FEHA =2 Aol el 4 8Tt

= 0

¢
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[95]
[96]
[97]

[98]
[99]

[100]

[101]

16

AN d 8: 075 TREX L AN ELY FEEXL AA BA =4

B A ollol) Mz L-2FRL, LA 2 B8], 240§ obe] Al 4l atol
F3E v oM o] 7] ZREFX] S FA G AT ZREX &S s AL
h2la}ol e, whg ol o] 24 10 mM 4HHE B (Na,HPO,), 2mM 91412 (KH,

PO,), 10 mM 4 }v} 145 (MgCly), 100 mM L-—%‘%’—%ﬁ, 10 mM L-A] 2~ H]¢1, 25
mM =221, 0.8 mM o}t .= Al A1 AHATP) & &2 A 819 a1, 30°Col A Wk-e-&
=33} = 78 27 T & gk9] o) 7|5 S FEF A& 6]—/%]_9‘/\.4 Z3tsl=
HES- ol o] 4] A] 7he]) whE ZFEFX & A S =A 5], o] 7] %5 FFELX
A 8 A4 9] &4 (nmole glutathione/min)S A7 ¢+ A o]t} o] 7] 5 = FEFA
§Hd B o] Hha-& Fubol] -527](lag phase)7F = A 8] Wikl 24 & A
o of] = A & (linear) 7-712] WH-&-& = AL

o rir

> rlo

3]
=

AA o 9: Wo] ZALE = ZAAA F7]|F AXY 29T o] 7|5 SFEAZ
gt 9 S FER 2 YA <

B Ao ol A = o}l Al QLA T Al o} H 2= 4] o] A4S 7}
ALY = 2o A Y| Al g o) 7] T S FERA S A A
AbEste] L-2F 8L L-A 2 H QL 2 8|2l S 2 5B 2 FEH A 2o A H
GRISHATE §EZ M-S 7] A Al 8] Hh-Z- Aol A4 0.8 mME] o}t =41 4
Al 0.4 mMe] oft] =4l o] Qlakg H7tel & AL ALE3I o W2 15
Watts/m29] g o] WA Fo] 2AFE = 300Ce] FakAhz A S EH AL =

L ol7|5 FREA L A g ANBAA S 18 AR 7| BT A E9
o] g e SFERA 20 A ZFE S Ao, F7] - Al
*”ﬂ Fol 57}%’“% = FERA] 2 o] Aol F7HEHE gl
=l FiA o B

A et A 491 V& whX] npEA g 7 o Y
o|, o] el £ kg o] W 9|7} A gkx] = Alo] ofd H2 ‘33 }D} EEPEW, L

A}
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AT

[d-7-3 1] F3+A Al 3249 A d(photosynthetic membrane vesicle) 2} 77}
= FEFU A 2| Q1 ¥4 & 4 (y-glutamylcysteine synthetase, GSHI) 2
= FEFX] 2 314 & A (glutathione synthetase, GSHII)E ©] -8t
= FEFA] 2 (glutathione) 2] AR ol Qloj A, 7] W& &34
A 32} Agof] W& Z2A)sle] o) H] x= 4] o] Q14 (adenosine diphosphate,

ADP)Z} 7] 914 (phosphate) & 2 5B o}t 4] 4FQ14 adenosine
triphosphate, ATP)2 Al &}= @& ¥ 3sl= 218 5302 3=
AR,

[7d -3} 2] F3+4 Al 324 Ay (photosynthetic membranve vesicle) 2} ©] 7] -5
=FEFA] 2 944 & A (bifunctional y-glutamylcysteine synthetase/glutathione
synthetase, GshF) & ©| 8 ¢t & FE}F %] 2(glutathione) 2] A 4FH o] 1o A,
A7) LS AL AT Aol 9 AYERo] obd] Al
o] 1:k(adenosine diphosphate, ADP) ¥} 7] 214k (phosphate) & 2 - F
o8] =41 4F<l4kadenosine triphosphate, ATP)-& & A = WAl &
I35 E AS EH o = AL,

ONE

[7d - 3] o£-o GAE E ek & FEFX] 2 (glutathione) @] A -
a) &34 Al 9 A (photosynthetic membrane veswle)oﬂ g ZALshe
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