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Hydrogen Production by Purple Sulfur Bacteria,
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The purple sulfur phototrophic bacterium, Thiocapsa roseopersicina NCIB 8347 has been studied on hydrogen production and
cell growth under different culture conditions, such as light source, light intensity, and growth temperature. T. roseopersicina
showed maximum cell growth of 1.38 and 1.42 g-DCW/L under 7.5-10 kiux of halogen and fluorescent light, respectively,
and produced maximum amount of hydrogen with values of 0.90 and 0.48 mL-Hy/mg-DCW under the irradiation of 10 klux
of halogen and fluorescent light, respectively. The optimum growth temperature for hydrogen production was 26°C, and
hydrogen production rate was lowered over 30°C. When T. roseopersicina was grown photoheterotrophically under irradiation
of 8-9 klux of halogen lamp, the generation time was 4.2 hr. The strains started producing hydrgen from the middle of the
logarithmic growth phase and continued until succinate concentration leveled out.
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oA FFEHe F71EEE Ao g AEEH, oj2R
H d47 e, F 2 T AAE A FAE 1
Zo Y= cytochrome©. 2 21, cyclic AARGAZS A

L=
Thiocapsa roseopercisina= WXZQ FTA £&£ ¢ =g
FEE & F U= TF A, nitrogenase 9} hydrogenase -
AAE 25 ZEa dokl). B4 5YISG 2des wY
S o hydrogenaseE BAFE 5 U= HHQ AFoH, F&
FE 2P nitrogenase”} F7] T AAE 2AFHAY,
F4E AMNE = Y & T roseopercisina= mixotrophic
o8 g 24N A FAE AT F oy
W, £ T 95wz oidid & 224 A gk
o] AFMe FM FBMHE T roseopercisina NCIB
83475 o] &3t B FEHAY =AM SN o
o, £, B4, FA7) %S A

g4 HEE 4

B
F®

E3tgon, ¢4 Ak Bois}
.

fijt
A

A8 BFE Y A

T. roseopersicina NCIB 83472 0.04% Na,S 2 33.87 mM
succinic acid, 0.3 mM L-aspartic aicd, 3.8 mM (NH;),SO,Z
8H--3 modified Sistrom’s B} X oA 25 u}c} A B %s}o]
4TolA Basty ALgstATh Fv Mg o wiAe
A€ serum bottles] Wi 27TCoA E=2A% 7,500~8,000
xe] A71E 719N s B owge 27 7
AFZ7F 660 nmo| A FFEr}t 0571 HE2 HE3ka, v
FAg ojzzoz SEL ABs WAL WE
27C F24olAM HF pH 68°F wigsiHch. FHho
2ATE AHEsIgem 7,500~8,000 luxe] A|7]|=Z H]
o HA FdH FAZE AAI A3 LEAT
EEE AHEStd A AR FAANE wwsy.
o] ogs =A3)9ste] 0, 2,500, 5,000, 7,500,
10,000 xZ ®HwdAT. HH WMIFLEE 43798
15C, 26T, 30T 2 37CoN F2ZASL o) &3dtd 7500
luxoll A ¢Zo 2 X33 T roseopersicinas 37 %3}
eom W T FAAEE, pH, #A TR 2 A4 2
&S DA

B o

Nitrogenase %! hydrognease &

By F4H9% ZANA wF3 T roseopersicina
NCIB 8347 wj¢ke} 20 mlg ¥4 EE3ld dojA #A&
chloramphenicol 20 pg/mL F=2 -3+ A Wiz @5
¥ serum bottled] P31 P& AFAIZ] el A 1087 Ar
A&t H7) 24¢ TE F 27C, daolA 1027 A
SAA Y. Serum bottle®] head space gas 10% (3 m)S
A2 Wil 5o acetylene gasE A YFE ¥ 7,500 lux
o dRAYZE uFH 27CoA wEAA T whE AzE
108 Ao E GCE SH3td A4 ethylene 712%&
=43t A4S AArslg ). Nitrogenase 1 unitS 1 pmol
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of ethylene/min Ao 2 A3} ATh
$2 A &4 (H, evolution activity)2- dithioniteZ Y
methyl viologeng o] &3} Haseoll 2|3 A=
%4 gas chromatograph 14-B (Shimadzu, kyoto, Japan)Z
Agte] 24389 tH2). 10 mL vacuum viale] 1.2 mLe]
.5 mM methyl viologen (MV)3} 0.2 ml2] 230 mM sodium
dithionite® 71t § H3FE HEE FHAE 01 mLe
Hase® o) #88 ARSIk ol MVE 50 mM Na
phosphate buffer (pH 7.0)2 A|=3HoH, EE ¥HE-2 Ar
Azz AB F WAZAIA oFol AT B A F 5
® 0hoz GCE 25 44 2% FPaAA0H
224 g4 1 mit® 2% 1 umoled) 471 AAEHE 4o
2 A3y, 4 YA EE unitfmg- TR AZ FeYch
A A8 @A (Uptake hydrogenase activity)& a7}
2 ¥3}% methylene blue GAA|FS] Hoaseo] 23+ 4h3}
W0 o)gt galg BPgEA (UV/VIS, Shimadzu, kyoto,
Japan)E 21359 tH3). 3 mL stoppered cuvetteo] 50 mM
sodium phosphate buffer (pH 7.0)& #|Z3% 2 mL¢] 0.5 mM
methylene blueE 3l F4 722 1087F &3 & 93
2&oA 3083 HFP ol2A F F HII HEE 3
g 05 mLe HaseE Yo ¥h&-& AFsPoh. g A
Z & 108 Fo) 2AYTE 575 nmollA SFsHTh &
A A 1 unitE 2% 1 pmole®] methylene blue7} A3}
' oz Ay, F4 HTAEE uifmg-BYA o=

4S9k

M b

—

=

dup 3 nE

3 ¢ &3
T. roseopersicina NCIB 8347% succinateE Et2 902 3
743 Wiz AN A g FARA ¥& W #AF S
A ggon, £4% AAHA FUch. W A7t FobA
FE FYF HFAT FL succinate B E0] EohH I,
FARNFEE 271819 tH(Table 1). &} 10-30 klux o)A+
M #FA Aol %7F Ao 75 kluxE FAIE o
o] &k 90%<] itk 2.5-10 kluxol A A FAS L AV
S E9A 30 klux o] oz ZARIAS W FEAo] A
oz AAN3 Wikgon, AFHo2E 42E YU o
o 2o B dAont F As dL 3 uFF AT
o] oF 400 W/m’ (100 KluxZ #2219, 1 klux = 4 W/m’)o]
A A "gFdely JdFFoE FFA Ade] AHA
EAU, T ol A AEloA A Loz 3t A
£ de A7 Rug FHo| ok4-7). ofF7A FA
el g 43 A XA ke FFA

of BAEAY, W AV =& W S
o] & ZoR FSFAL Urhe). FF #
Ze Bdoe® 2AE ) Faat 1A
Aol AR AES HPo, TAUY T roseopersicina
NCIB 8347-& ujokdl7)d FAgs4ct =, =24 d=E
7.5 kKluxE ZAL3IAA oF 48A17F W& o] succinate?] £
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Table 1. Effect of light intensities using halogen or fluorescent lamps
on the growth characteristics and H; production of T. reseopersiciana
NCIB 8347 during 48hr of photo-fermentation

(A) Halogen lamp

Light Dry cell H, Succinic acid

intensity ~ pH weight ml Hyf H degradation
(Klux) (/L) mg-dew 2 % (%)
0 7.02 0.215 0 0 1.58
25 8.42 1.196 0.11 7.14 55.73
5.0 8.02 1.266 0.50 27.98 61.42
7.5 7.90 1.378 0.79 32.00 70.43
10 7.81 1.236 0.90 37.90 88.65

(B) Fluorescent lamp

Light Dry cell H, Succinic acid

intensity ~ pH weight ml Hy/ H 4% degradation
(klux) /L) mg-dew 2 (%)
0 7.02 0215 0 0 1.58
25 7.94 0932 0 0 34.87
5.0 8.45 1.304 0.28 16.51 58.79
75 8.25 1.342 0.24 15.50 61.07
10 8.07 1.414 0.48 28.04 72.30

Purple sulfur bacteria, T. roseopersicina NCIB 8347= T =
BmE ZASEA FEIFEANA o 429 WS
Hi %79 82-8.67b7 k7t Z7)stg o) 2447
792 obgth el %] pH 708t} o}
}E} A= 24475 oF 1.154 g-DCW/L-v] ok<h
, WA Tk F SRS oF 20%0]1, Hjok
247 o] 029 mL-Hyg-dew 7}eko] AT
WA S guccinater}t EYF ABVIE = 2A7MEA] oF 3.9u)7)
7k Wb, o] Fole 7t AT AE Fav)
dE ZAidsle AL A 8]$3AM e Rhodobacter
spharoidesE o] 8% FAAL AT HuHATH, o
= A ETo] A3E uptake hydrogenaseo] 9|3t Ho = A}
E A tH(Table 2).

EdzddMe fe £F g7 xHoA ¢ 75 -
10 KuxE &2 oz zABMAA wIFE w7 T
roseopersicing NCIB 8347 oA A&y 4442 713 &

EM Ao AnET olld #Avle dwHoR A
13 Alxto]l A e, & AFo Ax FrdE
:‘)Z“)ﬂ’ﬂ =P = "1”75} wj o} vlmslH of 20HH o)Ak
A8 WA velt). o|¥3d A= T roseopersicina NCIB
83470] A A AE e W ArldXe FeA F8-S 8
WA 37 F9 olidaAd nAE, A3 A=
v, 94 FEYY wdxdoE 22 W AVE

s
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z
Fr "1’40}% "ﬂﬁ‘oi s A4
o] 200-500 lux AX °F3}A H
ojzjgt X FAME
= ] &-3}o] sulfate reducing
o] wAT H257} %*‘?‘5} ﬂ%"]b]r ® 2E 3o F=2
- | Julsiol BgR F
W we Av, Jer go) wuo] U% Faan
Aoe B3PS 517198l bacteriochlorophyll
(Behl) a, bl A EFFu4S zh=th Behl a HU £43%F
£ 375, 590, 805, 830-890 nmojil, Behl b= 400, 605, 840,
1020-1040 nm<ld], purple bacteriaol ] t)E-E FFuiAo]
800 nm o]/tel] &gt

Table 2. Growth characteristics and H; production of T.
roseopersicina NCIB 8347 during photo-fermentation under the 7.5-10
klux irradiation using halogen lamp

Time Dry cell H, Succinic ficid
) pH weight mL Hy/ H (%) degradation
(@L)  mgDCW %)
0 7.03 0.226 0 0 0
24 8.25 1.154 0.29 18.91 432
48 776 1.423 0.87 44.17 85.99
72 7.98 1.437 1.13 51.76 99.23
96 7.88 1.370 1.03 46.24 99.46

Table 3. Effect of temperature on the growth characteristics and H»
production of 7. roseopersicina NCIB 8347 during 72 hr of
photo-heterotropic under the irradiation of 7.5 klux using halogen
lamp

Temperature 15T 26C 30T 37C

pH 8.63 7.76 7.79 7.3

Dry cell weight (g/L) 0.881 1.179 1.672 1.714
mL-H; /mg-DCW 0.011 1.736 1.336 1.246

Succinate degradation (%)  32.04 99.26 98.72 99.79

e

Succinate 2 B2 90 23l BIA FEHEIUZAANAA T
roseopersicina NCIB 83478 15CAlAM% A7} ==k,
succinate 23] &8 ¢F 32%0] B3It 26~37ColA )
ks W= 15THRTE 9 13~1.99 7k A ko] 2ok,
H7}8 succinate™ E5F EFH AT 2Eu FAYMES
LT} 260X 31C2 Z7MT4E wrolF tHTable 3).
Purple sulfur bacteria™ UhoFsl BF A EA)8l, #3F7)
e HA wdesT AV S AAZE 32 FHA
e Agd £ YR, X AFEY AL T
roseopersicina NCIB 8347%- 26-30CoA & Ags T4
purple sulfur bacteria©] 1t} H3 X FF2HNAM E
H purple sulfur bacterias= ¥ =7} 35~44T 2 =2 2
T A AgtE Fo|w, Chromatium vinosum 2 48~507 o]
A 7R & Age 542 2t ok Purple sulfur bacteria

0_L4

F Y¥E wdes 30T 1,000~2,000 luxe] w2 g
WAZE d&aiM Bd o & Age B, bE FFE
& ge HgerE 2009 2 WAZ|el 50~300 luxof A
F7149 oz e AL Hdzse A= Utk T
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roseopersicina BBSE &2 7] 9] NiFe-hydrogenaseE A| X )
X s, AR SHIYG ZANA wFE w 30T
ol gell M= AR FAT, MET] EASe FAAT &
AE 25~28TCHUE 80ToA 97t wtix K=ok,

o

1 - .
—t pH

~o— Dry oell weight
104 —¥— Sucdnate

:
i

Succinate concentration (miV)
8
Dry cell weight (9)
Hydrogen produced (ml H

time (hr)
Figure 1. Growth curve of T. roseopersicina NCIB 8347 during
photo fermentation under the anaerobic condition using Sistrom’s
media containing succinic acid and NaS (&; pH, @; cell
concentration, W; Succinate cencentration, (O: Hydrogen production).

4FaM

30C wlexoly S24 P=Ze 8-9 kluxE FAMIH
A} photoheterotrophic ZHA o2 ¥ %S w) T. roseopersicina
NCIB 8347% #7438 succinate® M|} %7]%E F&)37)
Al Zate] 48~50A17F Ftel B5 AWIEATHEg 1). 27|
pH 702 ui<k 15~18A174A pH 92 ZF7lsitizt A3
A3late] 32212071 X] pH 8.1~-82%2 WEZtE o)&E: A
FAEAJT. T roseopersicina ¢ TAARA HA pHE
70~7128 ¥elA doH, FaM HA pHe ofF 4
2wk k@), a4 A 2 AL 9 pH Wike
purple non-sulfur bacteria®l R. sphaeroideso| X B2 H A
FA, o W W T pH AEe FaAM ny
poly-p-hydroxybutyrate (PHB)S} 22 574 tjARIER 9 of
AHE EREE o2 HoZYh Koku er al2 Hj %o
%7]) pHE 6894 752 W& W F2HNFLE < 74
ZH4st9 3 PHBY A FL 302 5910, pHE 68%
BASAE W Bk B 4o Ao H2%9 PHBY} &
HEAATAL EAATHY). o9k #E pH EXe T
roseopersicinad| = Zgo] 715 Aoy AR T3
27158 st wjd 22-244 70 Aoz s
» AITHAIZEE oF 4241701 Qi) ahe AU 3¢
18A1ZFRE wHAEY] succinate?} AHIEE 4547171
AR, 1 o)Fe o o) A Fgkn) g 55
MR E Fa7F RAEE d4e HolA ¥
AL, W FAIZEe] ARHEA LA Fhe Ao A
of wet FHAsAT. FAE o] wFRAdA oF 70 Azt
7}
o]

0 R orlr

me

A BA WG Fol FAsA ARRAD o 043
Fole FAZ M2 RGO, anozE s
¥ & gE ROE vR NG F dAsE o
AT sl¥el AHE APAA P Auoz F
%ok A olfE WAAA ggth 2 2 4
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e £2 AdAdde o3 Al &3 dde] dFE
A 9skth. T roseopersicina NCIB 83473 & H3AE
S Az FAAR olg3tE AT Hed v
photoheterotrophic ZANAE wALE & & U3, =3
photoautorophic ALE: 7tAA F7) F ol taldLE o
& 4 A9k, photoheterotropic ZANA <] &8 = 9=
#7189 HeE AgHA Uk B AFHAAM o|&F
roseopersicina NCIB 83472 Na,SZ 3 JHES FHE
succinate$} lactateS AP0 T o|&se HA| A
4 o1} succinate7} £ Aite] 22L& y]|Foleor o]
) FAAAAL 33 mM succinateE FEgEHE A wi A9
A 2.5-2.8 mL Hy mL-brothe]lt}. ©]= 1 mol succinate®
e A 6 mol Hy7} A 4 o 7}HE o o 5
6~63% H3-& sFect.

*
e
S

T
o
s

Table 4. Enzyme activitiy of T. roseopersicina NCIB 8347

Dry cell <272tz  Nitrogenase Uptake Nitrogenase
weight (mL-Hymlbrothy ~ activity of hydrogenase  activity of
@/L) T activity Rb.
roseopersicina  (Unit/mg-protein)  sphaeroides
(Unit/mg-DCW) (Unit/mg-DCW)
1.36 1.1 1.73 5.8x10” 1.61

TAUY 52

dubH o2 T roseopersicinaw phototrophic purple sulfur
bacteria2 A 4@ 33}3HE (sulfide, thiosulfide, T sulfur)S
olg3te FrZANNA FFHAEL 39, gxAAAE #71
E (BF 2 acetate)S o] &3t ARZE 4 Yvk10). T
roseopersicina glutamateo|L} arginineS X 35}= vl o) A
viekslAY, 4R 274 wjdd o nitrogenaseol] &
A FAE s, EF nitrogenase 7} AsjE 23
(B Bl1A Z27Q)9ME hydrogenaseo] oJsf 4=47F A4t
ot dEA drki2). o] #Fe Hi 4719 hydrogenaseE
M3 Qlow, o]F 2/le MEr] A8t A 270
E Axdd ZA5te FA0 Ak, AH 2 $£4 sensor &
& Fi(1). B AT X photoheterotrophic ZHOZ 1l
Azt on oluf 44 WAL hydrogenase E.Uh nitrogenase
of 93 Aoz ALEEHTable 4). 2 ek 231 A 4843t
Z¢k  Hjdd FAE  F38te  nitrogenase,  uptake
hydrogenase, 3 hydrogenase®] #2474 #4& F48% 2,
nitrogenase 4L 1.73 unit/mg-DCWE JERAR] T, uptake
hydrogenase®] A2 58 x 107 unit/mg-protein©] ] .0, 4=
242 hydrogenase®] AL F4%F SHHUTE Pumple
non-sulfur bacteria®l R sphaeroidest= nitrogenase®l] &3 44
g dAEe AR 4eA o, Y ik A 48
A Eh WD FAS S niogenased] BHE 5
A Az FAgo] 161 witmg-DCWE JeEhi® T
roseopersicina 9} A8 & UeT. o] AH R 1] Fo]
2 oHjtzAN Y] A AHAL nitrogenase7} HF FAAYA
o Bodtd H'S #98 Aoz f35Ak
ekt ARl AEE7|
photoautotrophic =7 et o))}, photoheterotrophic, %
heterotrophic 27 T34 Aol 7Fsste] thrd ANy

T.  roseopersicina=
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£ £ £ Qe AS®E HY AF71A photoautotrophic

AFE= Wo] o]Fo0iF o1}, photoheterotrophic &7
Mo #A A 8 Faiatd AHF A7 Bo| o]Fo
A2 gkl B Aol A= photoheterotrphic =AM A A4
2 g Faatd i B, A5, 2 Lxe] 9E #FS
For, doz FHANF 94 F2P44 HAHEE T B@id,
pH 2 3719% 59 a7t A&E Aotk

2 o
S A-8-3kx| 5, Thiocapsa roseopersicina7} 44 F459%F
RGN 28 A AR A A QA TN 3
9, B, gex Qe AFsidd. £F 49 A
AaAF ol 4 A Ald JFL FE HA: IV
o] W3ls 24 =AY FFSE A8k A
AR FAYS BAS AT ik 48417 ghol| A A
AL FBEL 7510 kluxZ 2AE W) 747+ 1.38
141 g¢DCWLE 714 2 44 A%3E EQa, 24
qe ARATH AT 10 Kuxd @ 247 090 2 048
ml-Hy/mg-dewE B $2AF 10 kluxd o 7} & ¢
28 R AF FaA) EEE 260C0I31, 30°C
ol e FaAte] AT 30°CAAM A PE=
8~9 kluxZ ZA}3}HA photoheterotrophic ZALE B
W T. roseopersicina NCIB 8347 A|thA|7+e oF 4247 0}
o i AFUSF7] FHA 18AEE HAste] succinate
7} BE 2HIEE 4SAZRR) SEa, 1ol d 9
4 AAEA gt ey W gAIe] AEEA T
GaE A Asdel meh s T B WY 2
AN A FAYAE nitrogenasedl] 93 AOE AlRE
ek

P> NE rlo

Al

o] AT(=B)e Forleie AQoe Faske 2147 =
2HIATARAY GaduANdme) dBoz +999
Utk
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