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Abstract
In this study, an experiment was conducted to investigate the effect of the concentrations of tryptone, an organic nitrogen
supplement, and sodium tungstate on the growth of microbial and the production of acetic acid and ethanol in the culture
of Clostridium ljungdahlii. Microbial growth increased by 144.6%, and ethanol and acetic acid production improved by 8.6%
and 36.7%, respectively, when 2.5 g/L of tryptone was added to the medium of the control experiment (0 g/L tryptone).
In the experiment with 1 uM Na,WO4-2H,0, which is 100 times higher than the condition of the medium used in the control
experiment (0.01 pM Na,WO,-2H,0), there was no significant difference in microbial growth or total production of C2 metab-
olites, but ethanol production increased and acetic acid production decreased. As a result, the ethanol/acetic acid production

ratio increased significantly from 0.24 in the control experiment to 0.56.
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PANA BEE S8 oMMEAl #5E C lungdahlii PETC
(55383)5 ATCC (American Type Culture Collection)ol|] %15}
AHEEFITE A BlkS Slsh okElA Q] AR A Table 13
At vk oA A A ] frIekAdo® FusA
gkom, Cco9t CoE EFete FA7IAE FallANE FF=H
A7~ 20 vol% CO, 20 vol% CO,, 10 vol% H,, 50 vol% N,2
A& 7 E A ERES MSETUES71(Pyeongtack, Gyeonggi-
Do, Korea)ollX] =i AlZ=3te] ARE-3}Glct.
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719 Bl AE vk 2.5 mLAFSe] F ok
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Figure 1. Time course profile of (A) cell density at 600 nm, (B)
ethanol concentration, and (C) acetic acid concentration in Clostridium
ljundahlii culture by adding tryptone in medium (Tryptone conc. @
solid line: 0 g/L, ¥ dotted line: 0.5 g/L, M short dash line: 2.5 g/L,
@ dash-dot-dot line: 5 g/L).

Table 1. The Medium Composition of Clostridium ljundahlii Culture
for Control Experiment

Composition of medium (per liter)

NH4Cl 1.0 g, MgCl,-6H,O 1.11 g, CaCl,-2H,O 0.1 g, KCl 0.33 g,
NaCl 1.0 g, NaHCO; 1.0 g, yeast extract 0.5 g, resazurin 2 mg,
L-cysteine-HCI 0.5g, Nap S-9 H,O 0.5 g, 1 M phosphate buffer solution
10 mL, trace mineral solution 10 mL, vitamin solution 1 mL

Composition of trace mineral solution (per liter)

Nitrilotriacetic acid 1.5 g, MgSO4:7H,0 3.0 g, MnSO4-H,O 0.5 g,
NaCl 1.0 g, FeSO4-7H,0 0.1 g, CoSO47H0 0.18 g, CaCl,-2H,0 0.1 g,
ZnS04 7TH,0 0.18 g, CuSO4-5H,O 10 mg, KAI(SO4),'12H,0 20 mg,
H3;BO; 10 mg, Na,MoO4-2H,0 10 mg, NiCl,'6H,0 10 mg,
NaSeOs3-5H,0 0.2 mg, Na,WO4-2H,0 0.4 mg

Composition of vitamin solution (per liter)

Biotin 20 mg, folic acid 20 mg, pyridoxine-HCl 100 mg, thiamine-HCl
50 mg, riboflavin 50 mg, nicotinic acid 50 mg, D-Ca-pantothenate 50 mg,
p-aminobenzoic acid 50 mg, vitamin Bj; 10 mg, lipoic acid 50 mg
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Figure 2. Time course profile of (A) cell density at 600 nm, (B)
ethanol concentration, and (C) acetic acid concentration in Clostridium
ljundahlii culture by changing tungsten concentration in medium
(Na;WO,-2H,0 conc. @ solid line: 0.01 uM, V¥ dotted line: 1 pM).
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Table 2. Effect of Tryptone and Tungsten on Cell Growth and
Metabolite Production in C. Ljundahlii Culture

Ethanol Acetic  Total Ethanol/
Component Conc. OD  conc. acid G2 acetic
(2/L) conc. products acid
/L /L ratio
g g
0gL 065 030 3.03 3.33 0.10
05 gL 121 043 292 3.35 0.15
25 ¢gL 159 041 329 3.70 0.13
50 gL 040 0.13 043 0.56 0.30
0.01 uM  0.61 092  3.87 4.79 0.24

Na2WO4‘2H20
0puM 0.63 1.60  2.84 4.44 0.56

Tryptone

%] ekgrom, Ao A= tryptone FEE 0.5, 2.5, 5 gLE B
sto] A-S F3EATE Tryptone F5 0, 0.5, 2.5, 5 g/LS AR&3
R Eola] 1449] wjeF7)Zbell Kol Huf| optical density:= 27}
0.65, 1.21, 1.59, 0.40°]9, o&t& Hd] =& 717} 0.30, 0.43, 0.41,

23kt Ml 34 & M 3 F, 2023
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0.13 g/Lo]al, oM EAL Hu| s
TEE U 75 AT oHAEAL A Ak = e wex
7825 g/L tryptoneS F7F8F Aol gtk ofjeke AL A3k 7
T 79787} ofA EAL Ak e 0.5 g/l tryptones AMESE AT
oA At olet2 HAFEE(0.43 g/L)S ATk AT 2.5 g/L tryp-
tone s AHGSF AT olebE AAEEE 041 gLE Hulgke &
oJulgt xjo]E HolX= ASkth Tryptone 5 gLE TS A5l
w52 A3 AR S] ABatel tish A8 dolvks As gRlst
AT} 2.5 g/L9 tryptones FHT A5 2y Bl EW o5
T2 144.6% STV o, o EAL ofghge] At TR 77t
8.6%2} 36.7%= YERY A3 FXo] A adpr} Q= oz #z
3ok o= f71-dade] dikbe #gex] Al o
et e aoly, f7] Al HEE €A F5EE T7HIAA
F7HR1 FhlEl s Algetn R ofAEA BreEo} A7
I gpREE S ST wiEe s fdET) o]
o] MYATA C. autoethanogenum WSl T2st Arle} FAFSH
ZAEFolti15].

7}7} 3,03, 2.92, 3.29, 0.43 g/LE
=

3.2. Na;WO,42H,0 S=0 2I8t Clostridium ljungdahlii 3%1}
OHIEkE Mo gt

HAE Sl EEE vFEEdEel tungsten®] F5 WSE C
ljungdahlii oFNX 5= 73743} &S, ol EAL Aibel] v]X&= o
kS 723 AIE Figure 23 Table 20 VFERATE thZaol ARE-H
iAo E3+E o] Q1= NayWO,2H,0 553+ 0.01 pMo|w, thza* ul
2] F22] 10080l FsH= 1 uM2] NayWO,-2H,05 E3H3k= vljA]
oA mjekst Aol Aas sk wiA vell Na,WO,2H,0
£ 0.013 1 uM AR 735 Hl optical density= 22} 0.61, 0.639]
i, ollghE Hd s 2H7F 0.92, 1.60 g/Lolw, o EAL Ao =
= 77} 3.87, 2.84 g/LOIT} WIA] ] NayWO,-2H,0 55 Wl 5fo] w2
T 7S & Aol7t gllom, oe-gd) o EARS 931 C2thAt
AHE O] FAANETEE 4799 444 gLE FA AR gkt &
A|RE ] YRS AR AatelA] elekE/oEAL it =
0.56 g ethanol/g acetic acid® thZa-2] AYAHI|QI 0.24 g ethanol/g ace-
tic acid B0} A F7FE| o], WA'S] AR STl & ofghE A
A B 7Fs S ERIE 4 UdTh ol A1) ATl C
autoethanogenum WJFol| A Qv FERIstol] upe J733 YAHS
A AT} sds AEFS Hola JTH16]. o] acetogenoll A B
9] oJ&o] acetyl-CoA thAFE ZoA CO,E formate® HIA| AT
+ Wkl 2H83= 42?1 formate dehydrogenase (FDH)$} acetate =
acetaldehyde @ H¥A]7]= WHE9] 491 aldehyde: ferredoxin oxi-
doreductase (AOR)2] R FIAZ 21-4-31=H], FDHX. U= AORZ/Y
6%1—01] 1:-] A 7]01—5—].01 }\-]x]—o]p]. EH}\]')‘]'E B N 61:/4—51:]»‘: A
AHE opAlElo] E L] oekgm o] M) I 7]ofsly] WEoE KRl
tH16-18].
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