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ABSTRACT In this study, we assessed the effect of vitamin components (such as biotin, thiamine-HCIl, and folic acid) on
microorganism microbial growth and ethanol production was examined to enhance increase the ethanol concentration in the
Clostridium autoethanogenum culture process using syngas as a sole carbon source. Biotin and folic acid concentrations of 0.2, 2, 20,
and 100 pg/L were used in the culture experiments at 0.2, 2, 20, and 100 pg/L concentrations. The maximum ethanol concentrations of
2.81 g/L and 3.12 g/L were obtained by adding at 0.2 pg/L biotin and folic acid, respectively. Moreover, Thiaminethiamine-—HCl at
concentrations of 0.5, 5, 50, and 250 pg/L were was examined evaluated to in the culture experiments. The maximum ethanol
concentration of 2.84 g/L was observed at 0.5 pg/L of thiamine-—HCI. As a resultThus, the optimized concentrations of biotin,
thiamine-—HCI, and folic acid were determined at 0.2, 0.5, and 0.2 pg/L, respectively, for enhancing increasing the ethanol production.
In conclusion, the maximum ethanol production was obtained by adding the minimal concentration of vitamins in C. autoethanogenum
culture.

Key words Clostridium autoethanogenum(Z 2 E 2] t]-2 2 & of €} 1= 7| &), Syngas fermentation(ZH4d 7} 4 &), Biotin(H] 2 €l),
Thiamine-HCI(E] o} 71), Folic acid( g A}), Medium optimization(¥l} x| Z| & 3})
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Fig. 1. Growth and metabolite production characteristics in
Clostridium autoethanogenum at various biotin con—
centration: cell density at 600 nm, ethanol concent—
ration, and acetic acid concentration, Error bars (n=3)
represented *1 standard deviation
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Fig. 2. Growth and metabolite production characteristics in
Clostridium autoethanogenum fermentation at various
thiamine—HCI concentration: cell density at 600 nm,
ethanol concentration, and acetic acid concentration,
Error bars (n=3) represented *+1 standard deviation



HOI o] 7} §4) 95 Aol th ulebyl Aol glct
% ADHE Tk Hehyle] Qg wot ofshe Altto] 57}

= - 9&1‘3}% /ﬂﬁ‘g 05_:}7]. %h:]' [26,29]

3.3 Folic acid?| =7} O|ME M}l of|Et
Atol| O|XlE H&k

Mlfo
0=

Figure 3. uAEo] A5ie o] W45 vk T
A B 2 folic acid”} C autoethanogenum®] 474kt
offghE, oPMIEAF AAte] mIX|= Feke EAIRE Aifoltt
7] #iF B x| o)A folic acid &= 20 pg/L o]H, 5=
£ 0.2, 2, 20, 100 pg/L= WHSIA7|H vjeF HeHE 53
St A3}, folic acidE 100 pg/L ARESE ZAofA & OD
0] 1,402 Ho{(Fig. 3(a)), folic aicd?] E=E Z7HA4
8 75 0l AT, Hol7} ije 2Rl ek
E. coliz ©]&3t AFollA folic acid®] §&7} S7Fe
% e Aol /bl Aol SuAlet Ao waiet
olic acid: ofuliAte] AgHaol Mofohe w el
oo epo 2 FRARE o] Yol Z7HE A
o2 Holt} E3t folic acid®] FE7} ofEh2 W oqE
Aol WA= RS Qokz] 98l vjok 14202 olfekga}
O EAL HE S EAISIATHFig. 3(b), 3(c)). Folic acid
0.2 ug/L A A oet&o] Bis=r} 3.12 g/L2 7F
& weken, 712 wiR] 27(20 ug/L) oA A4 ofehe
=5(2.06 g/L)ET} 51% 715 20|t} Clostridium
acetobutylicums 0831 ATLo]|A] njAEo| AR o=
folic acidE tetrahydrofolate® AZFSF 4= 9Jo], folic
acid®] HEE A3F~E Wood—ljungdahl pathway®l
A| tetrahydrofolate A4 &5 {FAA|A ofghE A4t
ook a4 2o F3S 71%]a NADHS}F 22 2l
22 S7HAIA oflghE Aite] =, viA] W folic acid

o

b

HA7VHA] Q<= 790l tetrahydrofolate AY/go] A =]
ofer&o] Aato] AsiE 4= itk ATt Halx o]
ct.

° 9 iu

] [31]

%

4. &

[

2 Aol HiR] Q] /et 5 BIER /<2<l biotin,

E7tA LR HiX| L Vitamin SE2| Ot dito] chst e

2.0

(a)

4 Folic acid 0.2 ugiL

15 1 ‘ Folic acid 2 ug/L

@ Folicacid 20 ugiL
-A— Folic acid 100 ug/

1.0

0.5

Cell density at 600 nm

0 2 4 6 8 10 12 14 16
Time (day)

4l Folic acid 0.2 uglL
3 4 ’ Folic acid 2 ug/L
@ rolic acid 20 ugiL
-A— Folic acid 100 ug/L

Ethanol concentration (g/L)

0 2 4 6 8 10 12 14 16
Time (day)

(c)

¢ | 1l Folicacid 0.2 ug/L

‘ Folic acid 2 ug/L

5 1 @ Folic acid 20 uglL
-A— Folic acid 100 ug/!

Acetic acid concentration (g/L)

0 2 4 6 8 10 12 14 16
Time (day)

Fig. 3. Growth and metabolite production characteristics in
Clostridium autoethanogenum fermentation at various
folic acid concentration: cell density at 600 nm, ethanol
concentration, and acetic acid concentration. Error
bars (n=3) represented *1 standard deviation
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Table 1. Microbial growth and product formation at various concentration of biotin, thiamine—HCI and folic acid in C.
autoethanogenum culture
Concentration Optical density Ethanol Acetic acid
Coimprai=i (ug/L) at 600 nm concentration (g/L) concentration (g/L)
0.2 1,79 2.81 3.94
2 1,73 1,88 4,51
Biotin
20 1.80 2.22 4,18
100 1,72 0.43 4,02
0.5 1,05 2.84 3.96
5 1,16 1.21 4,42
Thiamine—HCI
50 1,22 2.09 3.97
250 1,38 1,29 3.97
0.2 1,01 3.12 5.07
2 1,08 1,81 5.10
Folic acid
20 1,19 2.06 5,92
100 1,40 0,93 6.58
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