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o] AFrolM = FAAVIAE 71HZE ARk Clostridium autoethanogenum W %F 373 oA o & i & 98k
W= Ao w7t o5 H 9T} ok Aol nX = S AU C autoethanogenum gfjokef AFRE = V| E
W= A AR F HERT /<! D-Ca-pantothenate, vitamin B129P 3 FFA9l sodium sulfides FA}F A} AAE o=
A73te] o] RS TEE GBS W w5 AT olebE Aol nX = S 2183t} D-Ca-pantothenate
0.5, 5, 50, 500 mg/lL FES lt‘g;}oﬂ ©o1 0.5 mgLolA oS AAtako] kgt Frlels A ¢S BAA R AFg
FE %4$]°1]H dF9] Aot dlgkE Akl tist F5E whek o3k BEE A gt Vltamm B 0.1, 1.0, 10,
100 mg/L 2] 51 9ol 4] i‘—zr AT} olgkE AAte ]X]% QIS AF3GI oM, 0.1 mgL FEolA 01]‘5}& *ﬂ*“"‘
E7F 4RbH 71%HHA] F5E81 10 myLol A B Yl 245% S71E = RS @%6}@5} Sodium sulﬁdel_ 0.5, 5, 10 gL 55X
H"ﬂ’*ﬂ o7 233 oeke ”‘g’LOﬂ X Ge Ao, 72 A S AFEEER] 0.5 gLs 47:40}04 e F
TS W, 7 AT A dde] BFEHGTE Ao R ATt ARER Al 7HA] wiA] A+ 5, D-Ca-pantothenate
%} sodium sulfidex= HIA] W] A& 5o WE ek Aibss IS o] FA] E31% O, vitamin B 7]E viA] W)
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Abstract

In this work, the effect of the culture medium composition on microbial growth and ethanol production in Clostridium autoe-
thanogenum culture was investigated to enhance the ethanol productivity. D-Ca-pantothenate, vitamin B, (as vitamins), and
sodium sulfide (as sulfur source) were selected as examined components, and the effects of components’ concentration on
cell growth and ethanol production was investigated. For D-Ca-pantothenate concentrations varing from 0.5, 5, 50 and 500
mg/L, a slight increase in the ethanol production was observed at the 0.5 mg/L, but negligible differences in microbial growth
and ethanol production were measured for the concentration ranges examined. The effect of vitamin Bj, concentrations from
0.1, 1.0, 10, and 100 mg/L on the microbial growth and ethanol production was investigated, and it was found that the ethanol
production using a 0.1 mg/L of vitamin B;, concentration increased by 245% compared to that of using the basic medium
concentration (10 mg/L). The effect of sodium sulfide concentrations (0.5, 5, and 10 g/L) on the microbial growth and ethanol
production was also studied, and the inhibition of microbial growth was observed when the sodium sulfide usage was over
0.5 g/L. In conclusion, changes in D-Ca-pantothenate and sodium sulfide concentrations did not affect the ethanol production,
whereas even a 100 times lower concentration of vitamin Bj, than that of the basic medium improved the production.
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Table 1. Basal Medium Composition for Clostridium autoethanogenum Culture

Basal medium (per liter)

NH,CI 1.0 g, MgCly - 6H,O 1.11 g, CaCl, - 2H,O 0.1 g, KCI 0.33 g, NaCl 1.0 g, NaHCOs 1.0 g, yeast extract 0.5 g, resazurin 2 mg,
L-cysteine + HCl 0.5 g, Na,S - 9H,O 0.5 g, 1 M phosphate buffer solution 10 mL, trace mineral solution 10 mL, vitamin solution 1 mL

Trace mineral solution (per liter)

Nitrilotriacetic acid 1.5 g, MgSO4 + 7TH,O 3.0 g, MnSO, * H,0O 0.5 g, NaCl 1.0 g, FeSO, + 7H,0 0.1 g, CoSO, * 7H,0 0.18 g, CaCl, - 2H,O 0.1 g,
ZnSO, + TH,0 0.18 g, CuSOs * 5H,0 10 mg, KAI(SOy), + 12H,0 20 mg, H;BO; 10 mg, Na,MoO, * 2H,0 10 mg, NiCl, * 6H,O 10 mg,
NaySeOs * 5H,0 0.3 mg, Na,WO, * 2H,O 0.4mg

Vitamin solution (per liter)

Biotin 20 mg, folic acid 20 mg, pyridoxine -+ HCI 100 mg, thiamine -+ HCl 50 mg, riboflavin 50 mg, nicotinic acid 50 mg,
D-Ca-pantothenate 50 mg, p-aminobenzoic acid 50 mg, vitamin By, 10 mg, lipoic acid 50 mg

A5 FANES BIT 5 e 2 A de R Bty
o] 7P 28 AL AARE 7RI T 1-4]. A5 ke o] 383t
1A vlol e oekE A ]Ee ES VINIO R ke AlAFlo]
H, 370 vlwA st FRo] gl Wi ARl HES AR
Shz AIE 7HAAL QU 241 Hlol @ oflekg A= Al
o) AME F9E) Sl AEr o= udEzex ad &
O o]Fojl 1 AEZ Q= o] AL o] g3l AS 5
o= gt

AFARA 24 Hlo] @ oehg A Ee AERQAE TRl
sto] W Thedt GRE Wk deledd v ds ar
dheg]o} 55 o] gste] oehER Adkehs YaFTPYORE o]Fofzit
7)ol Fetad SR8t g&o] Wol HA viol e oeks Ay
Aol a&5 Adetal o, B=dHE] JirEsfol 3 @k 7
IdE EfiskA] ke SHAIE 7L Qlnk ofel vlsl AstetE ¥
Q1 7kt L vlo] QujAE FAISE BE TS
T M e RS T dTs.e). GRS dishe
7|2, Hlo] eu s 7islste] 3 7F (syngas)E AJAL
7129 44821 CO, CO,, HyE 718 E A 4= Q& acetogen V]
AES o] gsto] W &g} e oghs, Fekst 2 nlole
ABE APAlels A7t BUs] o] FoIX 1 QTHT-11]. Clostridium
autoethanogenum, Clostridium ljungdahlii 5-2] acetogen ]A&-2 &
712719141 Wood-Ljungdal pathwayE 5319 acetyl-CoAE YAk
11, acetyl-CoA7} o8& o= oA EALO 2 Agkwr, AYAlE oM E
ARE oM EL TS| EE A oebEE A = Slth

7kxstel] gsf BAE FAETIAE o83 A=A A% Ve
Fischer-Tropsch ¥787]& = thixs= 1|82 B33 3184 2]
ASE 9= Hlo| Quix &8 7we] T 588 F e VeE ¥
7REIL Il 12-16]. SHAIRE AAZMA Ad7EAe] AR COE &
&9 BETE] A A AR wAES] ST =E|a HE
o] AFEET} stol Aado] WojRl= §A7F Qlnk oleldt &
I4st7] 2eiA Aeedeehs] AHo= W-87] A, 347
3, 2 ek iR AR 2 24 55 sk ks Alevt
o]FolA gktH17-22]. olg 71E AT Aol b kA
B3 oAA MH L e PAEL S flgh BFA JdEL
= ATE Wk ot tiiF T AERs ol gate]l WS St
A g vkar sk iR o R vix] AR S FI9HEA 2 Q)),
v (F 5 5 enzyme cofactors 52| AJE> Wood-Ljungdahl
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UFR1 Clostridium autoethanogenum-=s ©]-8-3F0] wljokel] A% = wl
A8 235 WA =L A dles A S A
ok Al AR WA Ao EE 8AdH]ERIR] D-Ca-pantothenate,
vitamin B¢t & 3H-9<] sodium sulfides A7F3ta 2 AE-2) AR
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2. HEME S

2.1. #F Ui

e o]&% nBEL Clostridium autoethanogenum (DSM 10061)
< German Collection of Microorganisms and Cell Culture®lX] %13}
o] ARESISITE o vk $18t 712 uiA| 2] 2282 Table 101 A3}
Sk Age] ARgE M7 MS W7 F(Pyeongtaek, Gyeong-
gi-Do, Korea)oll4] Tt AZ=3t0] 3553127 20 vol% CO, 20 vol%
CO,, 10 vol% Ha, 50 vol% N2 %o et

2.2, HIR[Z=N B} HHQUAIH

150 mL serum bottlell 25 mLe] HjHIAE We & uFuplE
o]g3to] Q17 HES W, &FvE Hor il 9Fee] At
2 AES AN EE 7EAE HAste] FY|20E T
ek Al wieke vAAE ks wiA] F319] 10 vol% HEShA,
w57F JED iAo F7EAE 5 min BRF FYSGIE owf se-
rum bottle 5422 240 kPa W2]2 FX]E Itk FH]% serum bot-
tole> X EHHk7 oA HlEL % 37 T, 200 rpme] WREZAOF HY
3ttt A4S A% AR AFHE Pl el FAPIE £
AlA 48 hvick F=a8skich vijx] 24 HAsE flal] AFH 8ilA] T
A A#-© 2= D-Ca-pantothenate, vitamin Bi, sodium sulfide (Na,S
- 9H,0)2] 37HA & AHE-sIGlT o] Adso] w5 3% oeks, of
NEAE Aate]] v 2= a8 dotrr] $l8) viA] U ald A &
EE gste] A8S x18eict 71+ A Z71-> D-Ca-pantothenate
50 mg/L, vitamin Bj, 10 mg/L, sodium sulfide 0.5 g/Lo]™, D-Ca-pan-
tothenates= 0.5, 5, 50, 500 mg/L, vitamin B+ 0.1, 1, 10, 100 mg/L,
sodium sulfidet= 0.5, 5, 10 g/L2] “sollA] vk AHS Sy}t

2.3, A g

59 A4S B43817] Yste] UV-Vis 44 7(Optizen POP,
Mecasys Co., Korea)E ©]-8-3F°] 600 nmellA] B ¥ 2] optical density
& 5731t 57 ¥ optical densityi= AFdoll 2/J¥ =4l o
g AlxpzdsEos Wlsto] A e] Altel o] 8-31ich uljekl



Clostridium Autoethanogenum-=- ©]-8-3+

R I R A A
pore size 0.45 um<! syringe filter (6784-1304, Whatman, Germany)=
ofHste] AE BAS 28 AEE It AR U] ok
OFMEAFS] 5% gas chromatograph (Agilent 7890B, Santa Clara,
CA, USA)E ol&sto] S3319ler, AHE HP-5 column (30 m x

0.32 mm x 0.25 m)<, A&7]% flame ionization detectorE ©]-85F3)
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3.1. D-Ca-pantothenate2| ST7} O[M= M&L FSLE MA0|
Ojxl= g

n|AEo] Adadsh=t] 42l HER F 3R] pantothenate”} C.
autoethanogenum®] ’37¢7} olghE, oA EAL kel H|X = &S
A8 A5 Figure 10 Z=AISGITE 7]& wljekui=] )X D-Ca-pan-
tothenate 55+ 50 mg/LO]™, pantothenate?] E%Z 0.5, 5, 50, 500
mg/LE AHESE A3 Aol #52] Hd 0D 1.50- 0.5 mg/L &
EolA #EE L 0.5 mg/L 019 sEolA= nAES] o] oF
2 Al s S Holu, & Ao)E BolX= WSkTHFigure 1(a)].
Saccharomyces cerevisiaes U/FOZ gt B} AFtollA 4-873 vlghl
<1 pantothenatex= "]/ 8& /37l B2 o) st A4S FERES
2 o] 7Fssitial ®arskgl 0w, o]i= pantothenate 557t C.
autoethanogenum®] 7370l 221 G&Fs T4 e & A7 A
o AT} F-gotrH26]. B3 pantothenated] -5 =7) oflghs Ul oA
Ejle] wjA]& GE dolry] Q3 149 vk F ollehgi) o E
Ab B Bt Figure 1(b), (¢)]. 718 wWix| & Z7)A
o] Ak 3.81 g/Lo]1l, pantothenate 0.5 mg/L Z=71of|A] of
e-g-0] Ak 4.02 g/LO& 7B zAA B FEr)
5.5% S7FEIQITE BEgt ol EARS] AFEEE TR x| FEeA]
1.73 gL]1d] H]3l 0.5 mg/L2| pantothenate =714 2.22 glLE F7}
SFItE Pantothenate®] F%7F W& 7oA ogeh& ) ol EALS]
s} ST e A&l BEEN O, o= Clostridium ragsda-
lei, E. Colie T’ 22 & 7] A7ol|A] pantothenate™ coenzyme A
o] AFAZ, pantothenated] HJX] FEE Akt acetyl-coAl]
AET7T CO cycle SERTF AAsto] 3HE ferredoxing S 71
7131, o] 2 s NAD(P)H7} S7Feto] k=9 %7 57K = Q)
th= ®aLel §-3hitH27,28].
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3.2. Vitamin B, S=Jt OIS ME0t R4 MAll O[Xl= J&
Figure 2= " E0] A4k o] A4ad nlel 4 A ZF vi-
tamin B,7} C. autoethanogenum®) 73743} o|ghL, oA EAL AJAte]]
"2 GEFE S Aatolrh 71E wieFA] o4 vitamin B9 &
T 10 mg/Lo|™, vitamin B2 ¥ 52 0.1, 1, 10, 100 mg/LE W3}
AlA wjFA-S 538191t} Vitamin B S 100 mg/L ARE3E 2719
A1 At 0DY! 1.73-% A THFigure 2(a)]. Vitamin B,] 557} of|gk
< 4 oM EAL At m|X)= P dofry] S18) vk T ke
7} ol EAL FEE EA ST wiF oA 14 day o] Sl ok
& Abo] A &E e dato] B ] 18 dayZHA] ok A8 433
SAtHFigure 2(b), (c)]. A3 A, 73 wiA] ZxdolA] ofeks2] YAt
FEE 0.85 g/Lo]™, vitamin By, 0.1 mg/Le] Z7of|A] ofghg-2] Ak
FE7F2.93 gLE 7S w8kar, 71 uilx] 203 AAksEe) vl

S | 245% S7VSISIC). Clostridium ragsdaleis ©]83F EF -l
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Figure 1. Time course profile of (a) optical density (b) ethanol con-
centration, and (c) acetic acid concentration in C. autoethanogenum
culture at various pantothenate addition (4: 0.5 mg/L ,O: 5 mg/L, @:
50 mg/L ,O: 500 mg/L). Error bars (n = 3) represented = 1 standard
deviation.

2] vitamin BI2% cobalamin-dependent methyl transferase synthase
(MeTr)oll T8 93 F83t, vitamin B8] $EE AeHA714
Wood-Ljungdahl pathwayoll4] tetrahydrofolate cycle <=5 FHAAIA
oehE kel Hofehs AAA a4 G2l 93-S 71X 3 NADH
9] HlEE STHAA ke A S SRt Ba) glew
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Figure 2. Time course profile of (a) optical density (b) ethanol con-
centration, and (c) acetic acid concentration in C. autoethanogenum
culture at various vitamin B,, addition (¢: 0.1 mg/L ,0: 1 mg/L ,
@®: 10 mg/L ,O: 100 mg/L). Error bars (n = 3) represented + 1
standard deviation.

[28), & A7 A3 o] AT Ansl FAKE AFS wolm 9k

3.3, Sodium sulfide SE7} NJ4Ze] AFTH RBAZ M| 0[]
= o

Figure 32 ajfalx] W 3 33921 sodium sulfide®] &%= 37t

C. autoethanogenum 7 "7} o|gh& 4 ofA|EAL AAbel] w|X|&=

JeS 23 Aajoltk Sodium sulfide] 7]¥ %] F5+& 0.5 g/L
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Figure 3. Time course profile of (a) optical density (b) ethanol con-
centration, and (c) acetic acid concentration in C. autoethanogenum
culture at various sodium sulfide addition (¢: 0.5 g/L ,{: 5g/L , @:
10g/L). Error bars (n = 3) represented + 1 standard deviation.

oln, ¥ FUF St W AT A FXE AIEE] 9

= skt #ol oD 1.80
OF 7]E wix] F591 0.5 g/LollA TR, viA] W sodium sul-
fide 557k 71 W] E1ee] 104 2GS gLyellA 25 el ot
=3k 3L, 208 2710 g/LyelAE w5=2] Aol ALl dojubA] o
= Zlo] T A HFigure 3(a)]. Clostridium aceticum-s ©]-8-3F 7]1%&
ATolA sodium sulfide®] F& ¥H FE7F w7 37 5495 o
ERA] ok v Bk QA A 2 ol wae v AR
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Table 2. Comparison of Microbial Growth and Product Formation in
C. autoethanogenum Culture at Various Concentration of D-Ca-panto-
thenate, Vitamin B, and Sodium Sulfide

b el ofd viehast & 33

. Ethanol Acetic acid
Optical . .
density concentration  concentration
(glL) (gD
0.5 mg/L 1.50 4.02 2.22
D-Ca- 5 mg/L 1.07 3.16 1.08
pantothenate 50 mg/L 1.27 3.81 1.73
500 mg/L 1.37 3.54 1.70
0.1 mg/L 1.55 2.93 5.45
1 mg/L 1.41 1.43 5.47
Vitamin B,
10 mg/L 1.17 0.85 4.85
100 mg/L 1.73 1.77 4.99
0.5 g/L 1.80 3.88 2.87
Sodium sulfide 5 g/L 1.13 1.81 3.32
10 g/L 0.20 0.00 0.25

o 53& Yehl7] wiel Adst g2 FaAlsto] dast 710
2 HQItH29]. ®3} sodium sulfide®] FE7} kS W ol EA A
Abe)] mIXE JERE Lot Y] 93l 14 day ok §- olghE T ol E
A FEE A5 tHFigure 3(b), (¢)]. 4 A¥ZFE] sodium sul-
fide®] 7] wix] 2711 0.5 g/LolA] olghe ArbEEr) 3.88 gLE
7P =%k, sodium sulfide®] AHE-EE7F F7eHA olfbs ABisE
7} Fashs AdS 19k ol oA EARS] AAFEEE sodium sul-
fide 0.5} 5 g/Le] ZHeM = & zlolE Holx| sttt
4.2 =B

B Aol A= viA] F+49/d8<1 D-Ca-pantothenate, vitamin B, so-
dium sulfide®] &%= H3}e) w2} F7]4 we|gloll C autoethanoge-
num?] 3737 -8 kel uist J3-s BAslglon I AvE
Table 20] 2oFIt) A8 A2 HE pantothenate, vitamin B,
FEE gEetlE o Al FEEHA dEs HolA dgton,
pantothenate AHE-TF2 of|ghS At = Z7A] S T4 =t 1]
3l vitamin B, E 7182 WA FE] 0.019] IS o oS AT
o] 245% Z7}EE= ZS FRIsI3AtE T3 sodium sulfide 0.5 g/LS
saE A A7 373 oleg Ao Hdlg) Hly, kst 1
F59] sodium sulfide AH-> = A4 AsE BT

Z Al

o] =2 A S ARFAT] O Fh=ATAE - C1 7R
glato|q2AFg 9] A Y(NRF-2018M3D3A1A0107944) 7 w-5-312] 7|
Yo Z S k-o] F e8] 2 A7 GAFI(NRF-2018R1D1A-
1B07043323)°] A& o} a3k A9y
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