A - A Y el 2 8H3) 20099 = A8 ) 3] =54 pp.782~786

st EM R Ml Thiocapsa roseopercisinalll 2|8t
MM X XS

"y Y, o R, o 59
Optimization of photobiological H, production using

Thiocapsa roseopercisina

* **Mi-sun Kim, Yu-jin Lee, Dong-yeol Lee

Key words :Phototrophic purple sulfur bacterium(ZF&A =2 F3Al), Thiocapsa roseopercisina(
S T2 G3 M), growth condition(Ad437), photobioligical Hy oduct1on(J)f?7“H AESHH Ao
AL | Hydrogenase(F2AAtE 4)

ofN

Abstract : Zhiocapsa roseopersicina NCIB 83472 purple sulfur bacteria®|™ 3FgAFEAY 27004
T nitrogenase @A} FEFHO] AAE TASH, 45 AT, 3 FFAHEHAYE ZHANA
= hydrogenase EAAI7F 5 o] 3~470 229] E4Jo] t}2 hydrogenase”} membraneol] AT o] AA

Y, cytoplasmadll =A1HH, o] F9o] AXE= Atrsieet 259 Ao vy Qbgsirt. 2 AT
M= 7. roseopersicina NCIB 83479¢] 33 °§ & ZANA FAE A F A= ANE SR AS
H=A3}3ar, nitrogenase®} IH- hydrogenase‘?%ﬂ% Z7A3}e]  purple non-sulfur bacteria,

Rhodobacter sphaeroides KD1319] nitrogenase®} H]nlsle] =2AAMS A 3130, d2 A ZE 89
Klux/m’ =2 ZAFE wje} wjoke 26~30°C, HiFAIZE 72417 oA A At saako] 7Hd =9t
7. roseopersicina NCIB 8347 FdA SHAY, TH5GY A 25 A & = JA).

T T ATHY 247 EAGY. o] T AxE Y
o] A5l soluble FAAAMEAE AH3F 34
1. Al B Aol wel Ak 2vE FAl & F e
membrane-bound FAABAE A= HE] FE F
A ES o] &3 oAt VES AR 2 oo BaEe] u® . I o] &
RS RS 5 9 HAYA N FE o A2 gFeA Y3 aask 22 I
1 Q. A el EAEE B WARS A & A glow aba, @A el aa, AW &
Tulel EASE $aPMELE 8@ sy | BA T BEE #6484 et H= A
A2 B U] gAlE 2-s3 9lom ol e WSzt vk dEA oy Al
1 9o % theksk osto] A Qi W A% A Wl EAska gloid e Al gk
of £Alahy] AR Fadste] delat Fa | AT A7 @S 9
WA E A= Qo) Abio] oE AA BHLS 9 7. roseopersicina’?t AAslE FAAAMNE A
7] Lrﬂ_,_oﬂ /‘\}\g}\}- 4—240]] 24_9_61— L[H 637] /\lﬂ]
5 A st nAE S H43 255 1) Bh2ol|X|7| & ¢
o 7= S B ° 3 -mail : bmmskim@kier.re.kr
;20?05223 Al we J}:;Algiiu ? E_eTail(mg)aZo—s(gme Fai : (042)860-3739
i ipsa roseopersicina of< T 2) ol K| 7| &0l el
28N EAE T 244 A YA, ER e F E-mail : dohwoa82@kier .re.kr
Foleo zby glon]. AEuke] 2719 A Eut Tel : (042)860-3556 Fax : (042)860-3739
A& (membrane-bound) A4l - AUl G4 “%_ Al 3) Ei;;??a! :ZZTééﬂ;eg%fgy;gr_wjﬂﬁma' Studies
FAo FAaPANFTA 2 soluble FAYNEL Tel : 81-290-850-2725
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B | wolel F47h AAEE Fow Aekn, mk )
e G =+ U/mgproteinS @ A3y, ©id &
1= =% bovine serum albuming ZEFA|EE T}
noARHe A AFAAL dE F2AS | Lowy W olgalo] SAaAT.
Ea® F U WMZI o4 AL A &
AR dAdetE )ee FaAte 48
ek = e X]E'Qi o] Az
B Aga s EE40 a8 1% 7
Z ﬂ‘?i Y 2 B3R, Hﬁook%‘: ==y
'9

2.2.3 pHt 2=

Hydrogenase®] &% % pliE 93 rI54S
50 mM PIPES bufferS AFg&3le] 50ColA ZA 3}
Ak 97 SAHE A% HHEE 40-80TCoI
o}

2.2.4 =28FE BN

2. Mg 3 gHH FAa sHEFe w79 head space 7k
gas—tight micro-syringe® 100 & ZH—AO}Oi
2.1 HiX|Q} MEF =AH Gas Chromz_itography(shimadzu 14-B)E &4 33
o ARE3F column< molecular sieve H5A(Supel.
2.21 A= Inc.)E 73k columo] i TR FAES &3}

AL}, BA &%= colum 80C, injector 1007C,
detector 120TCo]%l o™, flow rates= 35 ml/min
O F ArS carrier7FAE ARREITEH

A e B AR T
roseopersicina NCIB  8347¢|t}. o] #5FE
Pfemig's WIXVe] AEsta S2ARZE 89

Klux/m2  ZARBPEA 25ColA] 0.2+ 0.5%) 2

o - _ : HA
S48 b2 200 ml/ming] HwE Faehe] Fat 2.2.5 77|tk &
N ERge zaow WeEsT So4re #AG AT Najg T s
L. roscopersicina NCIB 8347 wA1S W& Ml | 99 2§73 248 colum?) Aminex HPX-87H

O

gotel Fadtasnsg welsh]l fstel taat & & HPLC(Shinmadzu LC-10AT) = Aol A

T 2 = oFzlod
e ook | wtaision, 245 5714 stk 35 0.0L 8
%2 Plemig's MAo] ek, 24AZF BE HS0, 5 ol 5o =2 319 flow rate 0.6 ml/min =
A ek 3 0.05% acetate, 6 mM ammonium &3kl W detectore] s+ 210 nmoll 4 =73}
chloride®} 7z} trace elements(NasEDTA 8 uM, il
FeSO#7H:0 4 uM, CoClz6H0 0.7 pM, MnCl24H:0
0.3 uM, ZnCl> 0.3 uM, NiCl6H0 0.1 pM 225 U= AT &H

NaaMoOs2H0 0.07 uM, HsBOs 5 uM, CuCla2H0

0.01 pIDE H7HSSIT. o9} go] niei%H 0w FAEEE RN AR HHF BE o)

A2 W7heke] oF 96AIZF wW)oFElT :}iﬂ e < UV-visible spectrophotometer (Shimazu UV1)
7} 660 mmel A FB= oF 3.09 W Eheict, = I 660 mo FYEs Sgsalen], Az
A AR i 54 7] (Precisa HA300) &
_ _ o]-8&te] 5 ml wFNS 105TCNA 2023 Az
222 Fadias @ ALAVEES % =590,
SPIEES
5 ml vacuum vialel 1.3 ml¢] 50 mM PIPES 3. 23 U
buffer(pH 7.0)¢} 2.5 mM methyl viologen, F4&
Artars gol 4a, 108 59 50T water 31 el o ¥T st
bathell A wl2] 228 AJX1 $- 0.2 ml€] 230 mi o
sodium dithionite2 @o] whs-& x| Za}3it}. o] Fagre 2HH AAE Wobd F2E AAts)
w] 3241 50 mM PIPES buffer (pH 7.0) & &}, = B33 ATl 7. roseopersicina NCIB 83472
R AP 21 X]?_‘f?l’ & 37 275k A] o] heterotrophic BlFFo|A TRAT} 3G
ZolATh. HFSAIZF B 105 7FAo® 408 Eof Bz S TAFShAA WG W PAl= 48413 St
PYES _:Liu}E:qui ZA3le] AAE FAho 2.5~10 Klux/m’ &2 AN BlojlA] fAME Ag<:
Fg ZAsAT. FA BA 1 nite B 1 | FE HoH, 4 ANES dRAREE o8

- 783 -



g wi7b EQkrh. olek E2 @A purple
bacteriaolA] Yukxog WA= Ao

bacteriochlorophagel (Bchl.)¢] &<=3bgo] 800
oldell EAs7] wZoltt. 1ea dEAE
FgAT R A= de] ~dE-oe] A}
Joll o EAsHE 9, FFEEe Jduide]
HAEADS Zh=t), d2ARTE 10 Kluxo]d &=
72X et Ag- wrA|e] Adgo] ok
atE o, ok 2.5 Klux/m™ o] el FA7t
Z 2} A] Q). 7. roseopersicina NCIB 8347
S FRAMUILE 89 Klux®E FARFAA 72A417F
g o 7 2 dANEY FARANES Y

BRI AT

e 8

o

2 e

3.2 HiY 2= FEk

7. roseopersicina= a3 ol AHx
o] wgEE 25 TolAl anaerobic ZESRE
light Z) 4gshs Ao Seld Qo
AGAE ol Ut A} ol HHLES
15C~37CAlA AE3}AtH(Table 1). 15CelA
vlekel w) Al 26T~30ColA A wl oA
ol of 50%el E3ehH, sk WAEA 9k
oF mESE WY 72AIZEEE 26°C~30TellA]
succinate?} 99%°]/d ‘A=, 15TAA=
oF 30%%te] EEiE AT o] A3 A HAujY
2 b2 =i 30Tl A 48~72A1%1 o] F
Ao w HEHAH.

Table 1. Effect of temperature on the growth characteristics

and H, production of 7. roseopersicina NCIB 8347 during
photo-fermentation.

(A) 48 hr
Temp.(C) 15 26 30 37
7.89 791 7.82
H 8.63
P +0015 +0050 +0.020
dew* o3 1716 1.691 1.440
(g/1) ) +0022  £0016 *0.013
ml H; 1117 1.074 1.131
/mg-dew +£0.009 £0.109 *0.001
Succinate 7255 35.85 53.05
3l & (%) ' +1336  £3.66  +0.26
(B) 72 hr
Temp.(C) 15 26 30 37
7.76 7.79 7.73
H 8.63
P +0075  £0.040 +0.020
dew* oggy M7 1.672 1.714
(g/L) : +0180 0123  +0.069
ml H; oorg 173 1.336 1.246
/mg-dew* +0016 0100 *0.114
Succinate o 99.26 98.72 99.79
3l & (%) ’ £0.610  +1.010  +0.005

*dcw : dried cell weight

3.3 7. roseopersicina NCIB 8347
growth curve
3.2.1 A EL0 ME

oo oo

—

30T MFewofA] 2 AMZZ 8-9 Klux/m'S
AN BEAEEIY 2R WIS o
7. roseopersicina NCIB 83472 figure 13 &
A FAAS Btk #7138 succinate™
vk 2715E B8l¥ 7] Alkste] oF 48-504] ke
B Z2uEQeh. 7] pH 7.0 ¥l 15-18A41%F
7HA] pl 92 F7Fslohr A Aslete] 324177k
A pH 8.1-8.22 WHZLIL °o]F= A% A=
ok #AE 27|5E AdAste] wjek 22-24471)
Az s, Fae Add57] S0 18
AlZFEE @ A& Y] succinateZ} &M E = 454 1F
7HA] AEA AL, T o] 5= o] o)A ALkE A o
Skok. ek S5AIMA = ALk AV RS E
g2 HolX] g},

20 10 5 r 12

05

Hydrogen produced(ml Hy/ml-broth)
Cell concentration(Abs.660nm)
Succinate degradation(%)

00

Time(tr)

Figure 1. Growth curve of 7. roseopersicina NCIB 8347
during photo fermentation under the anaerobic condition
using synthetic media containing succinic acid and Na,S

3.2.2 FEANSEUSY N

7. roseopersicina NCIB 83473 & 3
AL FAAR o] gt AT FHAETSH
FAAME gX S & 4 A, ESE FEA
& HALE 7EAA 7] F olAtslEAE o]
T AATE. 100A1ZE S vigste] A= 2
g-dew/L7HA 7453t a e 10.5 mg/LAE
AR FABAE A specific evolution Hease
activitys= Wi 22A1Hd uf) 7 =)o),

oX

1o o o2 o
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0.25 4 25

® cell concentration
A protein concentration
204 o specific evolution H,ase activity 1

o
N
S

o

°
=]

o
3
cell cé)nc.(g-dcv‘v/L)

protein concentration (mg/L)

specific evolution H,ase activity (u/mg)
°
o
8

o
=
3

Incubation time (hr)

Figure 2. Effect of acetate on cell growth of T. roseopersicina
during photo-autotrophic cultivation and its evolution Hase
activity.(! acetate added(0.05%))

(A) (B)

J

Picture 1. Comparison of photo-autotrophic (A) and
-heterotrophic (B) culture conditions of 7. roseopersicina
NCIB 8347 on their growth

4 Ebaglo|

=

w

7. roseopersicina NCIB 83473} 2 3+
S AR} FAAR o] g3k AT &3 uf
Z

PHFEGY 2ANAE OIS T 5

f
S
ot

02 ol 32 10 ok

™=
R -
WERARE ol 88 5 QAW FAYEEY
_]

2 W
0,
r
i1

off
=2
=3
o T
011) :10

. Sl 7. roseopersicina
NCIB 8347 NaS= 3 sjtes 3Hd W
succinate$} lactated ©rAYO R o]g35lo] 4
7 2473 4= 2l ot succinateZt A4 Aol F
< 7|™olglem ol FAAAIS 33 mM
succinateE ¥38Hsl= A viX|ol A 2.5~2.8 ml
Ho/ml-v Aol AH(Table 2). ©°]= 1 mol
succinateZ5-E Hth 6 mol H7} &S 4= Ao}
. 7Pger uf oF 56~63% ASkEol] 3t
AcetateE o|&3to] A= A43SI AL vl 244]
7t Foll M7+ acetate] oF 80%7| w3l = Aot
wjFdo] pl 10017 &3t a4 e
Al gkttt ¥y o] % formate,
DL-malate, butyrate:= BtAhg o2 o]-83}X] 2k

o},

Table 2. Effect of organic acids and Na,S on H,
production and cell growth by 7. roseopersicina NCIB
8347 at 48hr of photo-heterotrophic incubation

Organic ml Hy/ otganic acid
S pH dew*(g/L .
acids NaSp ew*(g/1) mg-dew 3l £(%)
) + 790 1.366 1.359 92.32
Succinate
- 7.78 1.396 1.341 88.82
+  8.04 1.486 0.843 96.21
Malate
- 7.82 1.348 0.931 96.08
+ 791 1.793 0.215 95.35
Lactate
- 7.78 1.869 0.176 94.05
Sodium + 1092 1477 0 97.35
-acetate - 1044 1.217 0 99.28
butyrate +  7.03 0.354 0 3.372

*dew : dried cell weight

3.5 Aagl % olygel Hat

B MAE WS S A WA R FF AR
&)= sistrom 2 GL HI A& 0]-8-3}] T. roseopersicina
NCIB 83478 ¥ 33 Th o] 753 succinateZ 9.
o=z o]83}al, (NH4),SOs aspartate 2
nitriloacetate 5 Y7 AP SR ALE-3}:= sistrom Hl
A A 7A G L T o] F2 WA, lactate 2}
L-glutamate & 717} €497 FAaPg o2 7S H)
R M= 422 AYakA] o] #8183 T (Table 3).

Table 3. Comparison of synthetic culture media on H»
production by 7. roseopersicina during photo fermentation

Culture Time Organic  Nitrogen sources Org?;;c
media  (hr) acids(mM) (mM) = :ﬁ‘ S0
48 (NH4)2804 (3.78) ... 09:53
. Succinate  Aspartate (0.30)
Sistrom oo
72 (33.87) Nitrilotriacetate 98.83
(1.05)
Gl 48 Lactate Glutamate 1948
’ 72 (70) (10) 32.12
H
Culture Cell growth THy/ 2
. ml Hs
media (Abs. 660nm) ml-Hj okl %
. 7.74 3.563 2.29 61.93
Sistrom
7.70 2.472 2.93 068.33
GI 7.70 2.773 0.96 35.89
) 7.47 2.999 1.27 43.99

3.6 7. roseopersicina NCIB 8347
el nitrogenase2l &4
7. roseopersicina NCIB 8347°] sistrom ®iA]
A HAzxzHoZ A u =45l 28 &
o]&}= nitrogenase 7h= WiFAIZTO] 73 Elol
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upe} wj < 2R304 S7FeFAtH(Table 4).

Table 4. Nitrogenase activity of 7. roseopersicina NCIB 8347

culture Drycell  gas q mlH,  Nitrogenase activity
time weight %% 0/2 /mlbro  (10-3 mol CHy/
() (/L) (mD 0 th  min * mgof dew)
24 1.6739 20 8.7 0217 1.493
48 2.4737 43 55.95  2.034 1.738
72 21259 47 58.07  2.236 2.399
4. 2 B

1) 7. roseopersicina NCIB 8347 E2ARIE §
Klux® ZAFFAA 72A12F BlSE o 718 &
1’483} FAaAES YERler HA 4

A 2m AR 30T, 48-72A17F o Slth.

Al Eadokz AN T, roseopersicina NCIB
8347 succinateZ 50417t o BF AH|EH AL
oju] WA 2L 1.2 nl Ho/ml Wi FH o)L},

3) AASHAYZHNA T, roseopersicina NCIB
83479] specific evolution Hease activitys 224
7wl A 0.17 umol He/mg-protein®] YT}

4) 7. roseopersicina NCIB 83472 succinate®}
lactate® ©aYo R o]gste] A7} I &
AN AL 33 M succinated EESF=
A wiAolA 2.5-2.8 ml N/ miwjFoz of
56~63% &l gt

5) T. roseopersicina NCIB 8347°] sistrom HJ=]ol| A
HAAzAo 2 A3 v nitrogenase G7H= w9k
2N IVHA] F 7V

-9
pin

o
T
2 A

2

>

2)

OE'

71

o

o] ATF(=B)E WEIAY|EH] Afdow
SR 21417] TEE|O AT WAL (el L]
ARRIED e Adgbow Az
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