3244 U AUUHXIEE =28(2004.12), 153 M4S
Trans. of the Korean Hydrogen and New Energy Society (2004.12), Vol. 15, No. 4, pp. 309~316

Chilamydomonas reinhardtii HIO|2IHA S 0|28}
MBS MM

DA, WEIS. YN
sulo] @uj 2 FAE], FFeUA] 7| A+, HARYA FAF AT 71-2
g ez}, @379, HABYA FAF F2F 373-1

Biological hydrogen production using Chiamydomonas
reindardtii biomass
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ABSTRACT

Chlamydomonas reinhardtii UTEX 90 was cultivated with continuous supply of 2%
CO; using TAP media at 25C and produced biomass 1.18 g of dry cell weight/L. for 4 days.
C. reinhardtii algal biomass(CAB) was concentrated to 20 times by volume and converted into
hydrogen and organic acids by anaerobic fermentation using Clostridium butyricum. Organic
acids in the fermentate of CAB were consecutively used to produce hydrogen by Rhodobacter
sphaeroides KD 131 under the light condition. Approximately 52% of starch in the concentrated
CAB which had 4-5.8, 24-26 and 6-7 g/L of starch, protein and fat, respectively was degraded
by CL butyricam at 37°C. During this process, hydrogen and some organic acids, such as
formate, acetate, propionate, and butyrate, respectively were produced. Further conversion of the
organic acids in anaerobic fermentate of CAB by Rb. sphaeroides KD131 produced hydrogen
from the anaerobic fermentate under the illumination of 8 klux using halogen lamp at 30T.
The result showed that hydrogen was evolved by the anaerobic conversion using Cl. butyricum
and then by the photosynthetic fermentation using Rb. sphaeroides KD131. It indicated that the
two-step conversion process produced the maximum amount of hydrogen from algal biomass
which contained carbohydrate, protein, and fat via organic acids.

FRIIEE0 . Chlamydomonas reinhardtii, C. reinhardtii algal biomass (CAB), Clostridium
butyricum, Rhodobacter sphaeroides, hydrogen (5~2)
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2N Ere Foivt oS a4tE I o

Z5 vlo]ovfjrol SAHE DA 7SS §
7] At F3d Miato] olF AY olgstd F
AE Aete AL Z80] W Wi 28
Hom AR A M E Wit 22
AR F7 24 AAY AAFE Fae AE
4o} gglEoly frte 2 B et 9l
k. @A AP AFoR {7 FUIEE,
s A7Me dAE, ¥ AL EE 3 AR
o Btomeol A3 Fo] Aol P
2 dFolME 2FutolvjaE o &% tu
TN FHeZ A AHA 27 FEEd 9
& olistea s uAsEe HE E A =
A& AEZ ol FAsta, + WA Costridium
butyricum NCIB %5769} Zfuto] vl &7|%

o
{0

g2 49 {HU)AHE sy, vkAY AR
Rhodobacter sphaeroides KD1319 28] 714t
& FAR HE3te FAHOZ o]FojH

2. % 4y
2.1 ZRHIOIL0HA Y

Chlamydomonas reinhardtii UTEX 902 20
mM Trs base, 1 mM phosphate buffer, 75
mM NH(l, 04mM MgSO;.7HO, 0.34mM
CaClz- 2H.08 3Hr-st H4uix|Q] TAP #jA] 9
slFstdeh. g2 g o 20mM glycial acetated
F7teA L 2% COE i3t 3718 dH53L
2 FYsdth A =3 gg9 vFdLE
g3tk 018mM BOsHs, 0.077mM  ZnSOs.
THX0, 0.026mM MnClz . 4H0, 0.018mM FeSOs-
TH:0, 0.006mM CoClz - 6H:0, 0.006mM CuSO
4. TH0, 2 0.89mM ammonium molybdate.
do2 FFEL AMEEE 200 pE/misg
ZAStY 25T oAl 547 v ettt

C reinhardtii  TMEAEE 100L FAHHH
FAERES 7] (1%1%0.1 m, lengthxheightxdepth)
o 5% (v/v) HE3st 25-28Coll A 2ujdataich
(Fig. 1). v did g AlolA 20033 580
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Chlamydomonas reinhardtii BI0IQUHA S 0]t MSSX A Mo

Fig. 1 Outdoor equipment for cultivation of
Chlamydomonas reinhardtii biomass

A 7474A S SAes wwrlE ol 8d
wjgde] oz FAld FUSA FE A
A stdek. 2F dAE A& (6000g, 158)
2 18200} FEaAch G F)AA FAF Al
B4 228 F2E FHF 5%(w/v)ol HE
5 @gste] g2 ARSI

22 ZRHIOIQMAS ¥IER

7172 Clostridium butyricum NCIB 9576
& PYG #jAell 20 ml +E2 Fulgste A4
A7l ARz oAE g F 0085%
saline solution®.2 Aojulo] Zusgdul®. 150
ml serum bottled] F¥|E CL butyricums 100
mle] 5% ZFvlolujzd HFsto] 37TAA
&7 uf gt At

2.3 ZFHIOIQUHA IS US
0|2% 3By &g

Zfutoleuxe Hr|LtEAs AT
Adojd A5 WL butyrate F=7F 80-90 mMo]
5% Z 8 mM glutamate$} 0.1% KHPOsE 27}
3 GL A4 & ARt A& o]E 3
Hr wiAE ARgsgd’. 20 miel Rb
sphaeroides KD131 3417 +& YA R 3¢

sto] Fu)E FFule] Qw2 BE A HF 83
ot frElded nFe dFulE wAHE YRS
Ar 7}22 X &ste] AAE AAT F 8 klux9)
dzATOR A 30TolA widatd

24 B4

vl 87] W 472 &S gas chromato-
graphy (GC 14-B, Shimadzu, Kyoto, Japan)&
o]-&3to] molecular sieve 5A column®} TCA
detector® ®4&Act. #7714 & HPLC
(SCL-10A VP, Shimadzu, Kyoto, Japan)& ©]-&
3te] Aminex HPX-87H organic acid analysis
column (Biorad, Hercules, USA)Z #4591t}

3. Eu

3.1 ZEHI0|R0A ELit

8439 Chlamydomonas reindardtii 9%
H& TAP #iA o 5%(v/v) HF F 2% CO: T
3 F7)E 200m/min 4522 FFEY 45
200 UE/m’s 3FolA] 718 A3} doubling time& 15
A Zbol A thFig. 2). 7] #AFEE 0.13 (F3=
660nm)ol| A ¥ F 96A|7t o] F Huj FAFE 2.27
S yehhen, AzAEAZE %27 013 g
dew/L 912, 96A17F vk ¥ 1.18¢g dew/LE HU| S
UER AT

20 3

0.5 4

Dry cell weight (g dcw / L-culture)
°
Cell concentration (Abs. at 660 nm)

0.0 L]
0 20 40 60 80 100 120

time (hrs)

Fig. 2. Growth curve of C reinhardtii UTEX 90
supplemented by 20 mM acetate and 2% COs..
O, cell concentration (660nm); @, dry cell weight
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Table 1. Composition of C. reindardtii biomass

S MR Aw Zzde
5% A % 5 a=d
pH (g/L) 59-6.1 6.0-6.2 6.9-7.0
AXAZ2FF (g/L) 145 12-18 <35
A& (g/L) 0.77 4.0-58 10
@A (g/L) N.D 24-26 31
24 (g/L) N.D 6-7 5
zRutol ool BEANS Aokl YBF 3 2ds @9 L R WAE AoEs) 23
N A FAS FFOZ B 100 L FE 5 A BEAAT 2 AW F X BFHe) 2ol
ARy wFIelA Sofujgatich 1 A ) Lujs (H¥2, 3)E AT 99 starch ¥lA
SN F C reinhardtii Blol Qv AXAELES (HEDE AT AF BF F29 {714kl A
% 145g dew/L ©111, o] F 18-20M) ¥%3}o] AEQIL o] & Table 201 YeRAAL
NETH 12-18g dew/LoZ FHEATh o] o TLE HE FeAEAA v o, A 14
C reinhardtii vlo]l Qulj2-2o] AHE-S BAM3 Ay = A2} 30K o] BL okl a7} Al
TR AL, 994 2 Aoz FAH glo | Q. C reinhardtii Bho] v e AR vl
u z}zte] %E‘: 4-6, 24-26, 2 6-Tg/L. °IAt} 2 A ukghege] 747F 5 25 R 6g/LAIL ol (L
(Table 1). ZFHlo| Qo AR REIS F2A% O butyricum©. 2 37914 48A17+E9 7] wasg
ZT2 AREE Age Srdd Bge E=F74 A3} 529% starch, 10-20% @918 2 x]ubo] s
of @gata] AREEHL o9 HEE #ME 4 At o] #AoA 371 mmol HyL-FFuto] Q.

w

3 AR, @93, 0 Age) s 474 10
% 5g/L o|Ath (Table 1).

3.2 ZFRHIOIQURAS &olua

Clostridium butyricum NCIB 9576< o] &3t
C reinhardtii Z258po] Qv w59 AJHE &

Table 2. Hydrogen and organic acid production b

of29] Favt AAHUAL, F714H R formate,
acetate, propionate %! butyrate7} 2}z 136, 255,
74 2 493 mM A8HEAY. FrigE F Add
ofg] ARA f7lab A A1 Hfele

acetate’t  F2HEQD  wbA A¥29l 3o e
butyrate’} FAFEOIUTE EF ¥rida F9

Cl butyricum NCIB 9576 using algal biomasses

starch TR F7)4F (mM)

T Telg ol (ml=/ tat ionate  butyrat

ormate  acetate ropionate  butyrate
(%) i eFed) oo Y

1 1% starch'’ 80.0 453 210 5.0 55.5 13.0 30.0
2 Chlamydomonas'"’ 52.0 6.70 0.83 136 255 74 493.0

Chlorella'’ 225 6.40 0.21 937 7.89 - 33.3

3 Chlorella*” 814 4.88 0.93 79 5.7 56 845

zhzbe] wjoFele 37CelA 4827 2 96A17HY ok #rj Ko wYgs ATt

e
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pH W& E8 HF vjx]e} ZFulo]Quji Apo]
o & zolg BT

Z5opo) Qo A7t $H7-3F starch vl 3|
w3l s o] 24X 7HEek 23-52% EEEHUL pH =
b 64-672 el ZAwHE Ho waE A&
1305 kg, PY Q13 uix|o] &f8 HES 244
ek 3 80% Ea= sl 11 AT acetate’}
ArkEle] o A% pH 452 HojA 1 o]
Fg b AR s

(RO

L

3.3 Rb. sphaeroides KD1319]
oAU T0 ot =AM

FgA4 AF F T A5
photo-heterotropic Z=7 9l A
Aatstdt, &3] Rhodobacter
& o] &3t FAANE dte ALR o] diz)
oju] & A7t o]FyXa Qo HZ AAA
ZRY Rald 28K A9 Rb. sphaeroides
KDI319] 4244 d72 F9a90”. gdas
5714F ZFo| A acetate, lactate, malate 2
butyrate® ©A9o28 o Rb sphaeroides
KDI319] #A 433 F2484E8 vusidt
(Table 3). 43AZF &t I wad
malate®] 7§ 9%6%9 B ¥
butyratex 40%, lactate®} acetate®] 4%
73-74%9) 3 &% Bt o] #Fo g
A2t lactate7t 718 9-9-3191 2.1, malate®=
g FAe HEe B2 FagAES B

Rb. sphaeroides KDI131¥ acetateZ o] -&35}¢

RN
Mmoo

ziles

2

SLoporlr

=0 FNARZS RO FAAMTE HYr)
ol¢} & AFE lactatet} malateS 9 F714HE
o] 83t #¢ wFlel pHE 74-792 vehd uk

W acetate’} 7122 24 u& wigdy pH7L
85-872 ZF7Fst7] wWlE]l Aoz FAHA 6,
ol st pHel A%-& cell membrane potentialS-
AZA7| 1, AFH o7 PHBE &3ty B
Haith 714 FaE2 vustds W lactatest
acetate®] 79 Y3 &S YO Y &
AL lactated o] &8 AF A 2 vf &
#E Bl 3 acetates AFES A WY &
pH7} 85-872 45 HAEH ol acetateZ F-E]
Frelgk RAE o] Rb, sphaeroides KD1319) g
T TrgolA wickede] 2" AAE H]Ith o
213 acetate9} lactateE @2 UORE o] &3H &
u} Rb. sphaeroides KD1312] pH W3} 2 F44
Aol Agoldt ADE 9617 BAIA Y (Fig.

3). Acetate™ lactate® o] F$-HU wE
A4S HQ wvbH FAaAAd glojME

lactate®] ¢ 5.1 ml =4/ml-uj kol © 2 acetate
7399 41 ml F2a/ml-ujgd B 22 44
238 Bt} Butyrate= 484 7kol F 40%%to]
A E AR b AY A ofstH Hitg
B} 90% ool FaE ™ 20047t o] A&

< OG-8 fr]td HEA 58
Butyrate= ZFHpo]l X
BE 3¢ AFeh folee olel Wbz

Table 3. Hydrogen production of Rb. sphaeroides KD131 using various organic acids

9 AT T SN K714+
71 pH (Abs. at 660nm) (m! Hz/ml broth) B8 (%)
lactate 7.719-7.87 341-3.96 2.79-2.94 73.7
acetate 8.46-8.74 3.77-4.15 1.28-1.43 729
malate 7.35-7.49 2.21-262 241 959
butyrate 7.50-7.60 3.50-3.61 1.94 40.3

F714ke] 5= GL A 30 mME 2AHAUG. T AT Rb. sphaeroides KD131 Fuig )& 660 nmoll A &%
027 922 HEH 30T oA, 8 klux FEAFE ZASIY 4847 F¢+ gt
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Fig. 3. Hydorgen production and cell growth of Rhodobacter
sphaeroides KD131 using 50mM acetate and lactate.

O, lactate H, production; [7], lactate cell growth;, A, lactate
hydrolysis; @, acetate H, production; M, acetate cell growth;
A, acetate hydrolysis

HeH TN vS Fr2 g thFig. 4). 9
o] butyrate ] —”FZI:EPJ A3&2 1 mol butyrate
2RE Add o234 F4%<A 8 mole]
ok 90%0]1.2.1 olt g f71R 7t w2
FoldTk 17 toll A m]lupe} o] 7] pH 7.0
o wg AN 73752 274593, butyrate
360417He] FEER A3 ZEHA 2 o] Fo
TAhE AE AAEHAT
C renhardtii Whol2mjx wgadle 15mM
formate, 21mM acetate, 4mM propionate %
520mM butyrate®} #7145t 24& B o]&
2, 4, 8¥l 3AXste] Rb. sphaeroides KD131 3¢t
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Fig. 4. Hydrogen production by photofermentation of
Rb. sphaeroides KD131 using 70mM butyrate

i V908 Agadn H48 2R
Rb. sphaeroides KD131¢| 23} 96-192 Aj7t =
o FLE AUT o] FeHe BE Aol fgz
£ 8 klux 2 H|FOFRL, a5 F
F1 30TAA sdstdnh

2 A3} Table 40 wlufe} o] gu) 5j4jat
a- g Aol A butyrate7} ZH2F 37% 2 50% RS}
S ™ 165 mM 2 357 mMe] A7 AAFHA
74 mM butyrate 5 FFRo] FAH AR L FA
AAbeko] =& Wby 144 mM 2 285 mM butyrate
Sy Ba A A= FAY Aol AUt

rlo

ur

HQ

sz =

4.
G 525 C reinfardtiiz CO, T ©A

Table 4. Hydrogen production by photofermentation of Rb. sphaeroides KD131 using anaerobic fermentate of

C. reinhardtii biomass
T A T #7134 = (mM)
& ;‘L_L & 0 3 g A /‘\_}at -
AT T BN B $uE 2 $uE 5
8] A uf = (Abs.  (ml-Hy/ml-
660nm) broth) formate acetate  butyrate formate acetate butyrate
2 8.87 254 1.24 90.0 10.8 285.1 95H.0 0 274.9
761 4.10 2.89 465 5.25 144.0 478 1.8 1215
7.43 4.18 371 19.0 32 73.8 26.7 1.2 46.3
8t 741 450 8.00 19.0 3.2 73.8 30.0 1.0 369
A= 8 mM sodium glutamate 2 1 mM K:HPOsZ 853 GL vixle] 349 #7|2gde 2 A% 8 klux o)A

96217 R 192413 ot M gE ATk
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b o] Fof 9% ]1 Z5upo| QA&
A Ak sl R0 R HEg F o]F o] &
3l Rhodobium marinum®l| 2|3 45 AjAlsH
vl QItH). B AP M s C reinhardtii Z51}o]
QA8 C butyricums °l-&3le Hr71tg &
o8N FAE ANET FAlY 747 136, 255,
74 2 493 mM 9| formate, acetate, propionate,
% butyrate®] 7|30 2 A#ME 5 U o] E
o83 Rb. sphaeroides KD1312] #tgo o &
HFHoZ ZFuo]lm~9 1 mol starch-
glucose @ 83 mol 4 At 2Fulo)
Qo9 279 1% starch Q1Fuix] ] &7
a9 F714 24 F9A E3] butyric acid?]
FgFAA Z Aol & B ZRuto]2uf2e] 75
71 gdo] FqRdte ¥2 F59Y butyrates

Futol 29 AAZL 3 w2 s ‘I’l‘i‘
Az A g g4 glgx Als g ojn| &
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Atk CL butyricum %Y Fol SAn ¢
24 Q= 98 7}A lipase 3 A E3)s}
o butyrate® &0 7HHA JjdEg & A

[e]
At @A ke 7 gAIRA L 8
742 47 v glo] Yo wwAd X9
ot 1 AR £A 2 B4 A9 28
T AbsEth
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71 &= Enterobacter sp. Y59] El#F9| &)
HERT 52 T4 Q4SS HYAI o]E ol &
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