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AT
o T ) A © Q
BFHEA A egagn g2 TAH WS
H5st Gram-(+) replicon 458 0|&35}04
acetogen ! E . e =y -
St O DNA Cloning Clostridiume =2¢etst acetogen® shuttle
= plasmid 7Hgt
SAMoZ HAMEO| oz AF tae=z
O| == conjugal transferg S F+F=
ide] =¢f el
g™t & 3 [O Conjugation shuttle pIasrTndoI - ; -
22 WA O Elestroporation Electroporationge O|&st €& HMsate| AR
2= (i} . =
DNA methylationO| key factor&g kol
X 10? ~10° CFU/pg DNA == =2 A ™
2t 28 M
T2 S| , .: ~ .
. O Next-generation S22 SHO|F 485 OIM2Z NGS &AM 2F
o3| FHA , o
oy genome sequencing 2
2,3-BD0 MALS ISt CHAIEZ &M 2 =8
In Silico O MEAHEH 7|8t flux| 7t 7|20 mE W5 flux pattern S& &
LHAIS E &4 balance analysis oI5tZ| sl /n silico flux analysisg& T
ElVid=;
gte A7t JHME @lsil BiX| uWioll trace
i i | A = oF gHE] = slo
22 ot £ O Vial cultivation metal Z=Aof = bk & Xto| =kl _
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= exper iments pH-controlled &2 AYHES $£3M5I0{ MMM
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2-2. A749 g 2 23
sl a 7 o4 3
E N a 4
Clostridium sp. AWRP® tiAbE8hE 9% A9t shuttle plasmid 7% % conjugal
transfer
o 7|&E A3 protocolS ZFE Clostridium Td EHES JFslo] AHED A
FAA Y sE FAASH AbEste] G4 plasmid =90l confirm® A %S
el
o T3 A A% A= Electroporation® 2% DNA methylation ¢ £250] 185
ojof stuE, @UZte DNAR =¥ o] &5 o] Algtasie] Jao] dujyoz 42
conjugation WHS Al =335
* Conjugal transferE &4+ mobilization= $I35Fe] A BWE A orf7 A Fo] ¥3+
Fojop Fm R, o]Eo] XFH shuttle plasmidE ME  FF3}al, replicond 2
conjugal transferel] &3t =¢ &85 ¢l r| =2 g
¢ Backbone vector &4 E. coli  high copy  plasmid  origin (ColE1),
Chloramphenicol/Thiamphenicol WAl FAA carP, —1¥]3l mobilizationo] I L3k
oriT—traJ region 2 multiple cloning site7} ZA3%tE pKLIM003 ZT}An =2 A 236}
W+ (Fig. 1).
;‘;' C/% /Hind[H(Q)
; :] /PstI(12)
g 1;1' ///BamH[(16)
i 4] i

catP

EcoRV (2179)

Eagl(711)

Rep Origin 1
Figure 1. Backbone plasmid pKLIMO003. The ori7T—traJ and catP regions were
amplified from pMTLO007, and the £. coli ColE1 replicon from pMTL500E.

o« B e
Gram—(+)$& replicong
pKLIMO05(pCB102 Clostridium
Streptococcus  faecalis), pKLIMO007(pIP404; Clostridium

249161 pMTL500E,
PCRZ

replicon;

pMTLO007,

=E 3 &
=53

pIKM1 % pJIR750aiz2%H
pKLIMO0039]  cloning3ro =4,
pKLIMO06(pAMPB1;
perfringens) %

butyricum),

pKLIMO08(pIM13; Bacillus subtilis)S A2+l (Fig. 2).
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pCB102

CDS1
/
pKLIMOO05 — RepOrigin
4352bp
\\
Terminator 2 ‘ tral-oriT
=0~y
_—_RepOrigin1
| pKLIMOO6
‘ 5590 bp
repE__|
Rep Origin 1 / catP
Misc Feature

Figure 2. E. coli—Clostridium shuttle plasmids pKLJMO005 (top) and pKLIJMO006
(bottom).

olg A AZE WEHE transferdt = A= donor strain®® RP4 plasmid”} Al52del
integration¥ o] A WFT #FS S17-1 TFE= AFEERF I, ZHZHe shuttle
plasmidEL S17—-1°] =3+ 3 Clostridium sp. AWRP2}9] matings 3RS
TS LB viX|oA] SV ZAoE vkl OD 1~2 AFol9] cultureE mating©ll
AFEERA 31, Clostridium® 78-% LBFA ujx]o] ®joFsle] w7 A2 OD 1~2 Aol 9
cultures AH&3F3l &

& 7] chamber WAl eppendorf tubeo] 1 mL¢ & wldHS harvestdte] LBFA
wash 1~23] Ax Fdstod JFE IAAE AAS F, HFT A pelletS
Clostridium W<} 200 uL¥} pipetting®. 2 =1 F £33 3 [ BFA 1A v ol
HAHd 6~7 e AE "oy § gl {dxARL

27| mating plate® €71 F® WelA 37°C, 7241t wjFg 5, plate A HME=E

sl
hyA

o
°F 2 mL9 LBFA #HiX]o] 2t resuspensiond}t®d 100~200 ulLE A7 *3s+3
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Figure 3. Conjugal transfer of various £. coli—Clostridium shuttle plasmids to
Clostridium sp. AWRP.

Mobile group II introne ©]-&3%t gene editing system T35

LBFA wA]o] E23sk ¥ colony IS #EsA .
FAAZE AT  counterselections Y34 polymyxin B (100 IU/mL)E,
transconjugant®] selections ¢ &4 += thiamphenicol (5 pg/mL)S AFE3}A 2.
A7 FE3% 459 plasmid®] conjugal transfer® E3l, pCB102 replicong 7}
pKLIM0057} 7F% =& &&= transfer¥ g om, pKLIM006, 007 Atz o= %
& F9] colony® transfer¥ $le. 53+ pIM13 replicon®] pKLIMO008< conjugation
o2 Z9jo] HA ¢SS FAdSS. Donor celld &S EF 1077 o3tz 1§
w2 W9l (Fig. 3).

PKLJMO006

Clostridium 2 45 Firmicute® 2 1 AEL A% A ZE(homologous recombination)
G50l 2o Aoz dex] ¢gomn, o= recombinationd WA quaternary strand
EIaAQE F MY o]F rtHdoE ZFo|FE Holliday—junction resolvase® F-zjol 7]
Qs

ol dlZdst7] <98l ACE(Allele—Coupled Exchange), shuttle plasmid 7]%F
recombination % TF3l W Eo] A|AF o] gom, o] &= HHAA =7+ mobile
group II intron®] A& E3 E2A3t WS HHdT editing *WHS ofUAN, &8
o] djHor ¥om W27 mutantE L 5 AdvkE FHol UL

7129l Nottingham University¢] Nigel P. Minton group9| A Clostridium®| && 7}%
=2 pMTLO007 plasmidE 7/W¥slg s, o2 &8st Clostridium. sp AWRP o5
A2 KOE Al=38H8+.

Ao A+= pMTL007¢] ¥H& plasmid?l pMTL007¢c—E2 plasmidZ
o™, conjugal transferol] T3 oriT A Ldo] oju] EgE o] 9o P2 intron F-
S re—targetingdto] £ coli S17—1°] =Y3&] conjugationS 3§35} L-.

ol

[e;
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1)

pMTL007c—E22] 74$-, retrotransposition—activated  selectable  marker®A
erythromycin WA A2 7F E£&o] o] 9o o= intron WollA] frame—shifted

H AEHE EASY, introno]l AYE F splicinge] =W frameo] AAstE o] Wy
E golm=E, 7FHS}A erythromycin selections £3 intron 41 WHol|FE Fr
2~ olo

T O xT.

system AZ I pyrF AT -3

Pyrimidine?] flurorine =52 I1H dAHNA Fs A3 AdS a4 o
single—crossover mutant®] counterselection marker®A] o] 2ko]3l gJom <=7}
VA 3L Qe pyrE B pyrF FRAAES E24siete JEHE AR E.

Orotidine 5'—phosphate decarboxylaseE FIH3}IE pyrF FAAE A S 2 mobile
group Il intron®] 25 oJF-E HF37]=E 3k

pyrF A7 AA" 749, uracil auxotroph”’t HA|9F orotated] =4
5 —fluoroorotic acid(FOA)E tA&}A] E3t2 2 vjA] o] FOAES H7te| F+
Aol 7hsE.

E Ao = pMTL007 FAAE AWRP w59 pyrFel A do] @A re—targeting
gt & olE EYst HAEFTE selectiondt .

Plasmid®] =% %, thiamphenicolo] XE &% selective LBFA Bl Aol A 1~23] Ath i
S Rk, active cultureE erythromycin®] ¥3tEl LBFA 1A Ao 3|4 =
sk 9 Em® colony9HE colony PCRE genotypes 18 A} pyrF §7H =
intron®] Y=ol size7t S7He AS AT 5 AN (Fig. 4).

pyrF primer
M WT ApyrF

) -
s
—
—
e
L

Figure 4. Insertion of intron in the pyrF gene of Clostridium sp. AWRP.

pyrF FRAAE] w@dsE &9187] flste] LBFA 14| wix|el FOAS H7bst F, of
A 5ok o] FOA VIR 1sh A}, opd g FOA EAA AAsHA Rehs
WA, pyrFuint s A wiA el et s S8kl S (Fig. 5).
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LBFAagar LBFAagar
{w/ 5-FOA) (w/ 5-FOA)

Figure 5. Confirmation of pyrF inactivation in the AWRP strain. The wild—type
strain could not grow in presence of FOA, which is converted to a toxic uracil

analog 5 —fluorouracil.

2) system H5 II: spo0A AEF9 %

e spo0A FAA= Bacillus, Clostridium 5 WAXAE A= vAEANA
sporulation initiation®l]l <3} global regulator®4, HEFS A w A& H-$-
spo0AE AENZ S A5, T8 59 & Aite] Hojzivkar <A

o I W-L AZRE o|&3le Cl 728 WAlet= Clostridium® 735 spolAE
AEAZ AHZE oA glom, 43S ALY #AAE PESHA] e

o WF9 sporulations BAFORM, 5] WF The ARFE F7HA7IAL, ol wE
A kAol ThE kRS Eelsty] $18ke] sporulation signal cascade2] #HAF$ ol <9l
T spoOAF-H EZAsIF o 2N 59 g Fdo] odA GepA=A] glstr] ¢
dl spo0A AEFTE ARSI =

o pyrF AEF A FT vpzrix o] WFH O 2 intron®] AUE RS colony PCRZ #<elst
11, mutagenesis®l] AF&% plasmidE A A7) s FAA7F gl LBFA A vfx|
oA 33 AhujFE 38 3 erythromycin WAL F*8H A thiamphenicol %1734
o] el colonyE2 selection 39S (Figure 6A).

o I3 plasmid curing ©]F X AJE introne AL FAHL P AL Fodd &
A= (Figure 6B).

(B) AWRP-cf primer  spoA primer

M WT 1 2 3 Wri1 2 3

THI agaf EM agar
Figure 6. Construction of a spo0A mutant. (A) Plasmid curing after confirmation of
intron insertion. (B) Confirmation of genotype after plasmid curing.
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THEY AETE 2P, F1E 23R ate BaA J9HE A
BY e Aol A7) AnelAt R AE FAAE BAF
AL FAAAE AT7E AT A3,

) FAA FE system TF

1) system 7= I: Evoglow 3% @3z w3

* anaerobic condition®l A o] 7Hss FF TWAER] Evoglows ©]&3 WHE
gApdsta AZ2S 453 Gram—(+) replicon® & Clostridium butyricum®)
pCB102< 7FAa )+ conjugative plasmids .24 pKLIM005 ®EHE ZHlE 2
Ab&ete] Ax2F HEE AZskl S (Figure 7).

o Evoglow—Bs2 A A= Escherichia coli®) codon usaged] WEE A7|MES A3
AR ol AL, Evoglow—cl AR Clostridia®l codon usage©l 9k 4.

BBa B1010 BBa B1010
Evoglow-ci]
UTRVI tral-oriT RBS traJ-oriT
TS 5 trad ; 7 — tral

Rep Origin 1 Rep Ong

pCB102
cDs1

\ Y

catP

Figure 7. Plasmids pKLIJMO005 (left) and pKLIJM005—Evoglow—cl (right).

e pKLIMO005—Evoglow—Bs2 ®E e} pKLIM005—Evoglow—cl ®EE conjugation
v o 2 Clostirdium sp. AWRPO =95 A &3 Plasmid DNA 3% % E coli
DH5a9] back transformation ¥+ %, pKLIM005—Evoglow—Bs2%}
pKLIM005—Evoglow—cl HEIQ1S <213 (Figure 8 & 9).

<pKLJMO005> <pKLJM005—Evoglow—cl> <pKLIJMO005—Evoglow—Bs2>
Figure 8. Back transformationS €3 Z=21] &2l
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M PC #1 #2 # #4 #5 M PC #1 #2 #3 #4 #5

[750 bp]

Ll [750 bp]

[500 bp]

Target gene: P,-Evoglow-clost, 711 bp Target gene: Py,-Evoglow-Bs2, 711 bp
<P,,-Evoglow-clost, colony PCR> <P,-Evoglow-Bs2, colony PCR>

Figure 9. Back transformationS =3+ 3% chwmiz wg 7H=

-EA Nk

i

A dTEY FFS &2l & (Figure 10).

o

w3, dEAd

)

r (

Control: pKLIMO05 P, iEvoglow-Bs2 P, :Evoglow-cl

Figure 10. 8% dnA S &3 g3 =4
.

R

o Evoglow—Bs2% Evoglow—cl 3 && Zo|7} A YA &E.

2) system A= II: 2,3—-BDO AA AR Fa2 &g
e pyruvateZ25F¥H 2 3-He0E AT A2 FHAAES TEE7] 98+ pKLIM005%

HE ZHH=E HHE HApglsta Xﬂ;‘—}% ¢453 (Figure 11).
Figure 11. 2.3— 58] S WA A= A sy wg A%
Pyruvate

Construct Gene arrangement lqv

Acetolactate

Ppib
PKLIMO19 P, — alsS— alsD — bdh2 |_’ [ aisp |
alsS -alsD -

R-Acetoin

Ppio [ ban | Ic> NAD(P)H
pKLJMO21 Pow— alsS — alsD— bdh1 I—P - NAD(P)+
alsS alsD i o

o pKLIMO021 ®E|Z conjugation WHOE Clostirdium sp. AWRPY =4S AF3h
Plasmid DNA F% % E. coli DH5a9l] back transformation 3+ %, pKLIMO021 # ¥

A& &2l (Figure 12).




ZSL XOQ[00], O119Udn)

pLS T_E U930)90y

UTRv1 UTRv1
ptb cac ptb cac
pCB102 pCB102
i
CDS§1 — R\\ als$ cDS 1%@/ ‘ J\\
g \'\// ’
y’ \\\\ > \
4

A
pKLIMO19
catP catP
8002 bp
alsD

A
4 /) V i
Rep Origin 1 3 bdh2 Rep Origin 1 ( bdh1
BBa B1010 / BBa B1010
traJ traJ
tradori T tradori T
M PC #1 #
- — -
- 8080 bp 6302 bp

Target genes:
alsS-alsD-bdh1
3496 bp

=
1733 bp

<Colony PCR> <Plasmid preparation> <Plasmid confirmation by Pstl cut>

Figure 12. B2 #1129 colony PCR¥ back transformations =3+ pKLIM021 =E
HZ

o pKLIMO021 €7} =¥ Clostridium sp. AWRP(AAB1)E oF¥d w59} Bl us}o]
2,3—-Fet & A S &R1sl7] 918F9] autotrophic 274 HAMIEES A&,

e PETCHIA] 20 mle] *¥%% 160 ml serum vialol headspace gasZ simulation
syngas(BO% CO, 30% N, 10% COy, 2 10% Hy)= X3 & ZFHF 2.0 barg ¢Ho

=73} shaking incubatoro]l A 30°C, 180 RPMeolA viekLE =13y},

. headspace-J COZ} 7% 7] A(> 10 mM) 50% COZE purge & 2.0 bar® A=H3}
of WS A&38HS

o oY o} FAHMIA| FFolA CO o] &5 AAHES A% (Table 4).

>4 1:110

Table 1. tHARAIE &4

Cell density Metabolites (g/L)

Strain
(ODsgoonm) Acetic acid Ethanol 2,3—butanediol
oY A5 1.3 3.15 4.43 0.13
[ X];ﬂ@_r iLZ
°= v 1.4 0.99 6.88 0.91
(AAB1)

-« FRARA FFO) 23-HEr]& Aio] opER TH] F7H3

Electroporationg ©]| &3t Clostridium sp. AWRPS & A% Wy /g 2 J3 A% &
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(2t ool M2 pEol rdhrLuodt

&9 744

e 9bA conjugal transfer® E3l, B3kl d+= Gram—(+) replicon®] AWRP w559l A
ZF 2 es S1E ¢ Q%o o] o] 831 selections Y3 A = 5 Z

1 o
A 5 A=

o Electroporation®©] %] % o] competent celle] A|Zx WHAY] EAy 5

HAshal e Algk 2459 28 o3 EAd o= 4%,

7t

o IS 1A AFelAE FHle] AR electroporationA] 3231 WL A o] &
wpepA Falf Aol = 7PH A ko] AAE electroporators ©]-&ste] thkgk A7) %
%7, DNA methylation 15, competent cell #|Z W o] W& electroporation 7}&

4 NS RS

AT .

1) DNA methylationo] W& &2 H3t §&
o 1¥tA A FHE AWRP 4F9 AW

NEzRE A G #89 s g
sk A3 Type I A3k &4 153 Type IV Ad &4 1Fo] e o= FHE

(Table 2).

Table 2. Restriction system—related genes in the genome of Clostridium sp. AWRP.

nge D = Locus Tag Gene Product Name Genome ID
2705570098  Gal139317_111581 5-methylcytosine-specific restriction enzyme B 2703719073
2705570788  Gal138317_ 112281 type | restriction enzyme M protein 2703718073
2705570789  Ga0139317_112282 | type | restriction enzyme, S subunit 2703719072
2705570790  Ga0139317_112283  type | restriction enzyme, R subunit 2703719073

Type | restriction modification DMNA specificity domain-
containing protein

2705570791 = Ga0139317_112284 2703719073

2705572851 = Gal139317_114373  resfriction system protein 2703719073

219} operono & FEAEA] &3 GEOE EAGE Aoz B ouf o5& A s
= 9 Odé%% */F‘ gl oz FHH.

71 9ol 29 Adenine—specific DNA methyltransferase’} A5, AgF a4
a

[e]
P
2}

= E}E%XJ] e WPE‘VH Type IV Xﬂ?‘& aael oste] i

DNA HE3l g0 93] methylation® DNAZF &%= Aol oldx] Felslr] 9
3ty dem— %= dam—/dem— AT AFFE5FE plasmidE A At electroporation?

&S s wu S

e AWRP +FZE 37°C, LBFA HiA]olA ODgo = 0.2~0.37}# wjFst = 0.25M
Sucrose®t 1%(w/v)e] glycines H7Fek $- ODgoool 0.47F 2 wj7b=A] v Fst 5

competent cell® AME3}S. electroporation buffer2% 0.27 M  sucrose
SMP(0.27 M sucrose, 7 mM sodium phosphate, 1 mM MgCl,, pH 7.4)E A}-&
[e]

=1

e Serum vialolA w3 AWRP #5 A4 ODgoo”} W ice® 2007 &7 ¥z}
_]

ol &

T
T

sl

@

pul

5500 xg® 1583 A& 3sto] mixA &S A A% Electroporation bufferE vl

o] dAhto g Jof yortex® A= JHS T W HEIS. dEI 5= 5500
xgZ 103 YA e, S dEAS AEo w2t vjdd Fxo 8OHH7} 5]
== electroporation buffer& Yol5%&. 78 &7 & 100 ulL® &3+ pulsed T
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e, 0.25 mM sucrose’t H7FE LBFA HlA] 900 uLE cuvetteo] ¥o] &3tst &
1.5 mL tube® %7 37C wjg7]ol A 8AIZF 59t recovery 3. QAEY Jtof
£ Xo} Thiamphenicolo] Eo]7F LBFA 1A #iXxo] =& e, 2~3U7 37C uj

ksl & transformantsS 293 RE AL 7] AWoA 3P L.

e Electroporation cuvette< 713‘—94 4 mm gapollA 2 mm gapl & Eo|11, AL o]

e
e pMTLOO7

o7 F9 YRS, 1.5 kV A 27 200 Qo] Ay HAgdl,

c—E2 plasmidZ 7—}7—} DH5a(dam+/dem+), BL21(DE3)(dam+/dem—),

IM110(dam—/dcm—) 45 = % prepste] AWRP w59 & A3S A=3 Z
3}, DHb5aollA =3 plasmid®2+ & Asto] T gkor} BL21(DE3)3 JM110

= gAaAse] H9ee Folstgon, IM1100] AHes ¥4
o] %58 3elsld S (Fig. 13).

E. coliJM110 prep vector E_coli BL21 prep vector

Figure 13. Effect of DNA methylation on the transformation efficiency of the AWRP

strain.

* AWRP o=

= ODgoo = 0.2~0.37FA] vkt & 0.25M Sucrose®t 1% (w/v)e] glycine

< FH7Fl ODgpool 0.47F 2 wi7bA] wjeFst =13 0.4%(w/v) glycinee] E°{3+
LBFA iAol HFE&o] ODgpool 0.47F 2 wjzbA] wjekdt =71 el FJA7FE glo]

LBF Aol A
A7k sted

ke 236 FAHS a85 44 vaeels(Table 3). 1% glycine=
71 AWRPY #&°] 7H¢ =55 23k

Table 3. Comparison of transformation efficiency using cell—wall—weakening agents.

* Unit —

Additives ODgog Voltage 200 Q 400 Q
Lot 2.5kV 2.6 -
(0
glycine 0.4 2.0kV 8.4 ) 4.2
1.5kV 1.29x10 30
0.4% 2.5kV 1.6 0.4
. (9
glycine 0.4 2.0kV 1.2 0.2
1.5kV 5.8 0.4
N 2.5kV - -
0 _
additives 1.2 2.0kV 5.8
1.5kV 6.98 x 10 5.92 x 10
CFU/ug DNA

o E coli IM110 oA F=3F DNAE AT 73%, cell wallg 9F3tA]7]+= glycine
3}

S H7bslA o}k transformation©] 7}s

PCR&

mlo il
Tl

gelgk 4= 1%lal(Table 3), colony
53l transformatione # & 18135 (Fig. 14).
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075 k
0.5 kb

Figure 14. Confirmation of transformed AWRP colonies by PCR.

+ AE B 0Dl 129 ZAAN AR whol Fone
Gapol & AT AZs0l AE B0z
e detele] FAAH EHL HlaLadl
fo| AL Aow F37.
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(Table 4), #5F FLrth Agol wat

AN ol

Table 4. Comparison of transformation efficiency without additives

OD500=O.4, 240x OD600=1.2, 80x
Voltage 100 @ 200 @ 100 @ 200 Q
1.5 kV 9.5x 10 2.88 x 10 2.4 3.2
1.25 kV 9.2 5.16 x 10 3.6 2.6
1.0 kV 3.4 1.8 1 0.2
0.75 kV - - 0.4 -

* Unit - CFU/ug DNA

2) Buffer Ul A H7tel| @& &8 43¢ &9

e competent cellS A|ZFst= PAHAA ALEHE bufferEd ZA-$o drkzel  AkA& A
A o 2= FREA] Zol celld viabilityZ7}F A 4 913.

o wEhA, electroporation 2 wash buffere] L—cysteine hydrochlorideE #H7}sle] 3¢
AA F= FElA B A3 a0 FrtsteAE Sl izt 535

o WA resazurine indicator® A}-&3e] 2+ buffer’} L H+= o Qs Cysteineiﬂ
k& 3kelst Sucrose ¥ SMP buffere 2 mM, 10% glycerol bufferd] 7o+ 4
mMo] Z 23} o] FE& Cysteined H7IA pH7} #AsEE, NaOH %—0—'1% g3l
HE F== FH7bete] pH #HAE HA S oAstaz sil5.

o Buffer®] 3+ o H7} cell viabilityo] F&FS FE=AE 3237 Y3l competent cell
S Alxste A FLsA MEE A g &, electroporationstA] il aLA] vl =]
3] =3te] viable colony 5 @93 Ax QA7 H7tE 459 viable cell &
27} 2t thE] oF 2~4w) =713FS EelEhg]

o I3 AWRP #5ZE Cell-wall-weakening agentE AFE3FA] &3l ODgoo=0.47}%] Hj
sl & A7 "7 E bufferet H7FHA] X2 buffer® ZF2Z} competent cellS WF
o] electroporations F83t9S wf, Anwtdow A A3 FHo| IAFES Fols)
%%(Table 3). Electroporatione E. coli IM110°4] %3+ DNA 5ugS ARE3sle] 2

m gap®] cuvetteol] A X188 &

Uio Fﬂ

ol
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Table 5. Effects of a reducing agent (L—Cysteine-HCl) on transformation efficiencies
of Clostridium sp. AWRP
Voltage Condition 25 @ 50 @

w/o cysteine 0 72
1.75 kV
w/ cysteine 167 68
50 @ 100 @ 200 @
w/o cysteine 0 21 0
1.5 kV
w/ cysteine 170 74 28
100 @ 200 @ 300 @ 400 @
w/o cysteine 67 38 8 8
1.25 k
o kV w/ cysteine 144 158 129 29
300 @ 400 @ 600 @
w/o cysteine 18 46 7
1.0 k
0 kv w/ cysteine 121 158 114
o 7FE A HE gfo] w2 2AUS M| et AEgaS nAste] ohkd Ak
Z 7oA electroporationd. Electroporation buffer®+ 0.27 M sucrose 2} SP(0.27
M sucrose, 5 mM sodium phosphate, pH 7.4)& ©] &35S, Adow T At

ZAA W 9] transformantsE &<21&H(Table 6).

Table 6. Effects of electric field strength on transformation efficiency.

Resist—  Voltage

1.0 1.25 1.5 1.75 2.0 2.25 2.5
ance (V)
SP ucC ucC UC 5.88x10 3.0x10 4.08 x 10 6.8
200 Q
Sucrose  UC  UC ucC ucC 3.06x10 2.58x10 1.28x10

% UC - Uncountable (>10? CFU/ug DNA).

Clostridium sp. AWRPY FZ+¢] Wo|Fo wifk EA @ F44 &4

1) 52k Wol5=2] genome Hal &4
A AFo A NTG (N—methyl-N—nitro—N—nitrosoguanidine) *&lol] &3+ HF
Z 5d) oy 5ol vl CO o853 2,3-BDO Aatsol &

Ag drgk vk 5. old ofAE T thH] FE PHo| st

7] A8l FAA dVIAE A4S AP S.

o Clostridium® 745 M3XEwo] AgH DNase ZA4o] u¢ 3 Aoz Ad#HA glo
w, AWRP 59 Z$% o] algste], dutAQl spin—column FENS kit® FE3}
= A= 10 kb ©]3FE genomic DNAY smearingo] #ZE AL, webA intactdt
total genomic DNA9 F=E& 3t Joint Genome Instituteo]* A}&3t=
SDS/CTAB 7]¥F  phenol—chloroform F&%W, ¥+ Qiageniib® Genomic DNA
Purification kit ©]-83}o] long DNAE F%E3}%13L, proteinase K ﬂﬂe e 2R
EZ3 gg 12~16A17F 8o 2H ¥ DNaseES Hulst A A5

o FE9 EdWelF T CO o8] ok ¥ WiH] F7F RM c¢.2-2, ¢.8-6, ¢.16-8,
c.16—-13 4% & U422 genomic DNAE FE331S (Fig. 15)
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50 mL culture-1

50 mL culture-2
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=
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Figure 15. Examination of genomic DNA purified from mutant strains of Clostridium
sp. AWRP. (A) Mutant c¢.8-6 (Qiagen); (B) Mutant c¢.16-8 (Qiagen); (C) Mutant
c.2-2 (Qiagen); (D) Mutant ¢.16-13 (CTAB)

e FZ%¥ genomic DNAZ ©o]|&3}o] Illumina HiSeq2 ©]&3 NGSE AP35 2.
Library A3}, 4F9 HWolFolA HF 743-783 bpY
construction H L& 32131 (Fig. 16), sequencing & oFABE #F:9 genomed}

=
IR LT

construction size &

1. RMC022 (c.2-2)

’

3. RMCO1608 (c.16-08)

2. RMCO86 (c.8-6)

/ v

4. RMC01613 (c.16-13)

/ # s/
/ /
|
|
Sample Information Prep. result

Process Qubit Conc. Quantity  |DNA Adapter Molarity
o Sample 1D sample Type P 260/280  260/230 foteh Ly R seep) oo

1 RMCO22{tube:c 2-2) DNA 2016 184 232 50.7 UD0033 743 925

2 RMCO86(tube:c.8-6) DNA 3048 183 226 390 UD0034 783 851

3 RMCO1608 DNA 3324 182 203 618 UD03S 740 605

4 RMCO1613 DNA 1540 192 261 330 UDB036 782 67.3

Figure 16. Truseq Nano 550 bp library preparation

Clostridium sp. AWRP.

result of

mutant strains of
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Table 7. Mutations identified in the mutant ¢8—6 genome

Locus_tag Definition Nt. mutation H 11
DMR38_01750 chemotaxis protein (-116)-(-115)::A
DMR38_07505 integrase (-134)-(-133)::T
bifunctional .
adhE; gain of
DMR38_08340 acetaldehyde-CoA/alcohol 233-234A(TA) .
function
dehydrogenase
serine/threonine transporter
DMR38_08955 596-597::G
SstT
3-deoxy-7-phospho- Aromatic amino acid
DMR38_14815 361AA ] )
heptulonate synthase biosynthesis
DMR38_16465 hypothetical protein 765-766A(GA)
DMR38_16465 hypothetical protein 156A—AA
DMR38_16470 hypothetical protein 564_565::G
PadR family transcriptional
DMR38_16475 (-137)-(-136)::T
regulator
DMR38_17605 histidine kinase 416A—AA frame disruption
transcription 361_375::GTAGG

DMR38_20410 termination/antitermination AGAAAATGTA inframe insertion

protein NusG (duplication)

. 1%7211 ATl = F 54 Aol 25 AM vAE

Ao wiA] HAE AdE niEe
Z9] Wo| ol M= 23K 2] dae bl FF
o oo, E g2 WAEE AN WMol COAR

2 3k tﬂo]ﬁz‘é% oA 5 v "%*J% CO W<
syngas W4l 100% COE 2.0 bar® =H3}oiA] R 3Ps}S

ol g3kl o), o E w5l

2 vlFe] make W, W wpH e WAL Faje] §
2% P o147k 9

2 ARbE ks dolr

7FA 2L 9l m 2 simulation
[e]

=

o EdwWolAe] 7F stockS 10 mLe AMv2 wx|7} E£33FH 26—mL serum vial® 1

mL HE39 LS. HEFH vialS headspace gasZE simulation syngas (50% CO, 30%

Ny, 10% CO, ¥ 10% Hy)E X3 ¥ FHF 2.0 bar9

shaking incubatoro]l A 30°C, 180RPMO. 2 vjkdle] o] =

ot o g ZH3YPL. viale

seed culture® A}g3}% &

o 9ok 6UZF HIEF seed cultureS 20 mLe] AMv2 wiX]7} 83 160—mL serum vial
270l ZH2Z 1 mLA AslE e, A3 vialS headspace gasE 100% CO=E %3
T HZE 2.0 bare dHoz =AFFIL. =HE vial® seed culturedt T UEA

shacking incubatorol]l 4] 30C, 180RPMO & w3}l S,

o Wl A AMv2 wiA|A = WolF BF oF 29047
A etar wark FEHE9 (Fig. 17), 2,3-%&4
(Table 8).
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(A) WCO(c.2-2) <FCO2(c.2-2) CO (c.8-6)
<+C02 (c.86) 4CO (c.16:8) +-C02(c.16-8)

€O and CO2 (mmol/L)
5 38 8 8 &8 8

el ik S A
Bt

0 50 100 150 200 250 300 350
Time (hr)

BCO(c.22) +CO2(c.2-2) #CO (c8-6)
<-C02 (c.8-6) +CO (c.16-8) ~CO2 (c.16-8)
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o
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o

Accumulated CO consumption and
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Figure 17. Batch cultivation of mutants strains of Clostridium sp. AWRP in serum

bottles. (A) gas consumption (CO, closed symbols) or evolution (COs, open symbols)

profile.

(B) Accumulated gas consumption profile (evolution in case COg3).

c.2—2

(squares), c.8—6 (circles), c.16—8 (triangles)

Table 8. Values of ODgoonm, final pH and
Clostridium sp. AWRP in AMv2 media..

Metabolite profiles of mutants strains of

Cell density

Metabolites (g/L)

Mutant pH

(ODgoonm) Acetic acid Ethanol 2,3—butanediol

c.2—2 0.898 3.69 2.05 0.22 N.D.

c.8—6 0.855 3.89 1.79 0.12 N.D.

c.16—8 1.095 3.72 1.77 0.16 N.D.
e HWoO|F ¢.8-6, c.2—2 ¥ ¢.16—-82 "o Z PETC ulA(ATCC medium 1754)°l A
7h2s 71AS o] 83k HjYS FdEN LS. wHE xHF olAEA Ao Q| njA| 9
pH7} F=dHA ol = AS WX er] skl ajAlel 20 g/L (¢F 100 mM)<9

2—(N—morpholino)ethanesulfonic acid (MES)S #H7}sla #% pHE

==

A=

o E uje 20 mLe PETC—MES #WiA7} &

T =
o x&gsklar, 30°C &
e headspaced] C }
o] wjgS A 43

% /\1‘340]]/\11_:

simulation syngas W4l 100%2] COZ 2.0 bar®
Fe w7l A 180 RPMO.2 A ghste] wjoats &
27257 A (> 10 mM) 100% COZ purge ¥ 2 bar® A= 3}

5,92 ZA 3}

160—mL9] serum vialell 4] duplicate &=
Z st

- CO AE7F T ol QoluA 2 wWAN WFS ST on, F47e] BAvelF
o
=

Wk A28 A7 &9 culture volume B
309A]7F, 1579.7 mmol/L, c.2—2:
1320.6 mmol/L (Fig. 18)

oF 29047+
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Figure 18. Gas profiles (A,C,E) and accumulated gas consumption (evolution in case
CO,), and volumetric consumption (CO) or evlolution (CO;) rate (B,D,F) of mutant
strains of Clostridium sp. AWRP during autotrophic growth in PETC—MES media.
c.8—6: (A), (B); c.2—2: (C), (D); and c.16—8: (E), (F); arrow: gas recharge
(100% CO, 2 bar)

e WE T A, HPLCE o] &3 tAatE 4] A3, oeh&3) oA Exte] AatE Z1&
gtoldtF o1}, Aminex HPX—87H culumeolA 2,3—F€t]&3 MESY retention

timeo] 7k749] peak7F AA= AR AT Aol =rFss3 S
o ol 1A A S Tl ML C. Jungdahlii®] acetoin reductaseE ©]£3+ 7]
F A BANS Bato wjx o] 23-Fere ¥EE FHL. AssayolE £
coli Rosetta 5ol AAE C. Jungdahlii®l acetoin reductases AHE3sH oM,
96—well plates AH&3dte] & 200 uL "kgol HF &%= 20 pg/mLe &49F 5SmM2
NADP*& #7}sle] 45T 1027 W8S W335
- EAE FY WP AY A A EQWelF c8-6004 °F 1.1 glLe 2,3-F e
B FAggom, c2-29 c16-894% 27t o 04 g/, 0.6 g/l 2,3~
218k9lS (Table 9). o]& wiAlo]l EFE 20 g/l (F 100 mM)2]

[o5
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Table 9. Values of ODegoonm, final pH and Metabolite profiles of mutants strains of]
Clostridium sp. AWRP in PETC—MES media..

Metabolites (g/L)

Cell density
Mutant pH o 2,3—butane
(ODsoonm) Acetic acid Ethanol .
diol
c.2-2 2.640 4.33 3.46 4.74 0.43
c.8—-6 2.350 5.66 0.15 7.75 1.13
c.16—-8 1.460 5.06 1.27 5.79 0.60

o oMY #FE ST AF MAY vF A4 T wel, CO AR
solyes A3E vEg e R nFo] Bks W, PETC-MES WiA&
ZF W4 (Fe, Zn, Cu, Ni, WE FZFAI vlF viA & Fste] EAWo|Fo|A % 2,3—
HE]—]:]QQ 01-:79_ A(E/ﬂk]o] 6’]:)xl—El o;];qy} 9\}1\%

o o]0 E midke wF YA Fe, Cu, Ni, W& 7|& PETC " 94 oiv] oHl, Zne 3
T F% 10 M=z =3t AHS D3] Clostridium sp. AWRPE] 2,3—+-&F
o A s 9 g =20 3 Bt o] x ubsh). o Al A vt

Ll =TT
A ES 23-FEUE AAE B EdvelF c8-60A MY HdE HEstuA
st om 7|2 PETC wWiAle 2 994 kvl vu|wslbd ol FE(Table 10)9F 25

Table 10. Comparison of trace elements in PETC media

Original Modifieid conc.

Trace metal conc. (uM) (uM)

Mg 811.42 811.42

Fe 20.40 102.00

Mn 59.16 59.16

Co 8.41 8.41

Cu 1.17 5.87

Zn 0.01 10.00

Ni 0.84 4.21

Mo 0.83 0.83

Se 1.06 1.06

W 0.68 3.40
e Pre—culture2A] E<ARoIA] #F stocks 10 mLe] PETC wiA|7} 238 26—mL
serum vialZ 1 mlL A3 LS. A=H vialS headspace gasE simulation syngas

(50% CO, 30% Ny, 10% CO., E'-l 10% H.) =2 X3+ 3 FH= 2.0 bary ¢z =4
39S, vial2 shaking incubatorel A 30°C, 180RPMOo. =2 uj %43}
o OF 727} w3 PETC pre—cultures 20 mL9 PETC wix]7} ¥3H 160—mL

surum vialel 1 mL AR S, HE3 viale headspace gass simulation syngas

20
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(50% CO, 30% N, 10% CO; ® 10% Hy)2 3 & FHF 1.5 bar9 ¢Ho=z FH
39S, vial& shaking incubatoroll Al 30C, 180RPMCO. &2 vjUsle] o]= seed culture

F3k seed cultureS 20 mL9 PETC—MES ®i#] % z}7}o] AW v
A27F E3hE 160—mL serum vial 27Hel 1 mL¥ At HE3 vial> head
spaceE 100% COZ A& F HF 2.0 bard dgHo=z =43RS, 4% vial>
seed culture®} =U3}A shacking incubatoro] 4] 30°C, 180RPMC.E ksl &

o M EAWolF9] PETC-MES wi#| vt 23} 5 U3A headspace”} 2= 7] A
(>10 mM) 100% CO= purge ¥ 2 bar2 AF Akl vlFS #3192

o ¥ 257AZbe] SUSHA FRSIOH, HEUAL Ni, Feol T#H oA ©e
culture volume % Z+ZF & 1389.9 mmol/L, 1104.4 mmol/Le] COE %
= sdx2AAA 9 control(845.9 mmol/L culture) TiH] CO AXEd Slo] 3w A}
Z A8 (Fig. 19). ©]& W-L pathway?] 4 &<l CODHS®F ACS EF
iron—nickel—sulfur metal cluster® Zgst= AMAS 8] Bd, 2= Ni, Fe
ool Hjx] el HAstA E3tH o] lojof COE &40 2 tiE 5 e slow
ek,

Cell density (OD600nm) m Metabolites =Acc. CO
12 1600

1200
1000
800

600

OD values and Titer (g/L)

400

200

Accumulated CO consumption (mmol/L culture)

Control Ni Fe Cu w Zn

Figure 19. Values of ODgoonm, Accumulated CO consumption, and Metabolites profiles
of mutants strain c¢.8—6 of Clostridium sp. AWRP in PETC—MES media
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Figure 20. Values of ODgoonm, Accumulated CO consumption, and Metabolites profiles
of mutants strain c¢.8—6 of Clostridium sp. AWRP in PETC—MES media

Table 11. Values of ODsgoonm, and Metabolite profiles of mutants strain ¢.8—6 of]
Clostridium sp. AWRP in PETC—MES media..

Cell Metabolites (g/L)
Trace . .
density 2,3—butanedi  Ratio*
element Acetic acid Ethanol
(ODGOOnm) ol
Ni 1.63 3.67 5.41 1.11 2.87
Fe 2.06 1.49 5.77 0.71 1.83
Control 1.79 0.64 4.72 0.39 1.00
Cu 1.67 0.47 4.98 0.34 0.87
W 1.55 0.31 4.67 0.32 0.83
7n 1.48 0.19 4.66 0.25 0.65

*Relative 2,3—butanediol titer

In silico QALEERAE T3 olAEAN A &FE A4t

M
2

o Ax FF A UEYAE o]83 i siico MALEEERAL nAE gALES B s
TTEA dE ogxHa on, H: UAbEst dFoME RAXH T ALEEIL Q)
S AE FF A RdS o] &ste] gALEE HEFe &8 £ Qe opkd B ow
HZ(MOMA, OptForce, FSEOF S)E0] AAHo] 9o}, @a A% AFors=

MILP(A &3 AEAZEH)S o] &3 7|2 A2l loopless FBA(flux balance analysis)
E o]&3sto] ofMEAl FFo HWuEAQl tiAL S SlEkdlE.

o O] 93| o|n] FFHo By vl U Clostridium ljungdahliidl A& 5 WA 2
dQl iHN637S  o]&3te] Tt A dixl EEFS EAENS =
MATLAB 2018b¢} CPLEX 12.8.0& AF&3}31 S (Fig. 21).
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Figure 21. Metabolic reconstruction
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Figure 22. Overall metabolic pathway of Clostridium sp. AWRP.
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U = Al 218 FIHeA S, olgls A s & fdx AE 55 §8)
of AAZ Az dabe] s FEA Flo] Hadh Fo=w W,

o WAl £ LT 100% COE AMg3sl:E 1S 718l COY uptake rates 30

mmol/g DCW/hZ A3}l cell growth(w)d HU3E 54 stz 44 & 23-4%
g2 AL fluxs 7 71HA wel WEE #3235t trade—off analysisES G333}
Ao, 71¥€ 2o £3¥ NAD-dependent BDHYHS: A&l 7 9-9F, AA] A& oA
gAo] = Aoz delxl NADP—dependent BDHRHS AF83E A2 27 viFo
APkl

o O] FE&Y AT F a2 Aoyt glddled, w > 0.03 h'd ASE
NAD—dependent BDH7} 2,3—F-&ht]& AA4ke] o fre]gh 21 o= vebd(Fig. 23). ©f
+ reduced ferredoxin®} NADHZHE NADPH 2845 AA 3= NfnAB uj&o]m,
NADPH A4 Al reduced ferredoxino] AF&E P2 E 293 ATP yieldol A & &A 2
23} A © (- reduced ferredoxine Rnfe] oA Yo = pmfet NADHE &A). 18y
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Figure 23. Trade—off anlaysis between 2,3—butanediol production and cellular

growth.

e CO uptake Z@do =2 37}% 2% &<4(biomass, 2,3—FEU]-& oet&)o] thdlo] flux
AMS Ak, BiomassE H74 = ANT A, ol EAe] FiER A
= s 9T F AANS(Fig. 24).
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U d3s S 524 3R AN S B5, Rofd flux T2 A 92 A
S7bebAl RSke. ol &3e AAbel SlolA Rnfe] 7]weo] ATP A/ X th= NADH
Aol o] v A7] W<l Ao® Holw AAE flux AL Aol A Rnfe p.m.f
2 AAdE ATPO AEE F43% A maintenance energy= AF&H RS A3
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Figure 24. Metabolic fluxes of Clostridium sp.
balance analysis. The fluxes calculated under a given objective function are shown in
shaded box: Max. biomass, top; Max. 2,3—BDO, middle; Max. EtOH, bottom.
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Clostridium sp. AWRP9] 2,3—-%80& AL TS A vjE =4 24
o H Ao EAHL A 27X 2 (1) Clostridium sp. AWRPS] HZA A3 4

A gA(2) g5
Aol QoA wiFr] Hrrel Eoi71r] A I wigS Foke] #59 9
a&do=m A8gs 4 9+ protocol FHe| 1 HAHo] 9l&.

D A% A g 94 Sl wE W dE W gl

o 194 AFeME B3 Clostridium w52 W3S
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A E sZ=7F dol A e shAI7E A=
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=
BAbES W Rabe Bovel 4YS Ba R TR/t AgHE
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o

== =X

e Acetogen®] EtA 1A AHE=E AFESFE= Wood—Ljungdahl 7 =904, CODH, FDH,

o] A4S Ye Y] ¢34 = cofactorZ2A Fe flo%=
S738k, ol#gk ngF AT A wix] o A Adgh
S dojof =2 AXE FEot AMAES dS T USs Ao=E dddE,

Ni, W, Se

TERZ

s =% AL vtE o R @Al AFESkal lE Modified DSM 614 Hi=](o]3} AMHI=]) <}

d_ as PSS
BI% Acetogen WA 9 F& Ui 3FS vlwshH Table 129 &8

Table 12. Comparison of trace elements in various media used for acetogens

o werc Mepell Vst
Mg 811.42 811.42 2459.42 5373.26 811.42 811.42
Ca 136.05 136.05 901.06 680.23 680.23 0.00
Fe 20.40 200.25 62.89 3.60 50.00 100.00
Mn 59.16 59.16 29.58 20.74 50.00 50.00
Co 8.41 8.41 8.41 5.57 10.00 50.00
Cu 1.17 1.17 1.17 0.40 2.00 0.00
Zn 0.01 0.01 6.96 6.26 10.00 30.00
Ni 0.84 0.84 0.84 1.26 2.00 10.00
Mo 0.83 0.83 1.24 0.41 1.36 1.00
Se 1.06 1.06 1.16 0.01 1.00 5.00
W 0.68 0.68 0.61 0.01 1.00 10.00

o Acetobacterium® 75, T8 WAb AbEo] ol EALL Bl WHH | Clostridium® 735
g Zukel A AJA 7] (acidogenic phase)o} Fwke] &w] A 7] (solventogenic

phase)7} o= AE FEIFH = dAS HY.

. LAY ClostridiumI A9 HIE-HEe—olge BEe] A%, Fe 59 57
A47h BESGW A AT o) ARV 4B ABHA = A9 dom,
ge] WA sk W aERL ul Fe, Se, W FEE P

AM HjA¢] 9= e &
HhE, Mgl sEe =g

o 92 gwdn

a

WA AM WA Z s o W]
< ZZA|Z1 AMv2 HiX](Table
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13)ellA AWRP 9] wjF dedS S35
Table 13. Composition of the AMv2 medium
Component Amount per L
NH,CI 1.0 g
KzHPO4 0.5 g
KH2P04 0.5 g
MgSO4-7H20 0.2 g
CaCly-2H,0 0.1¢
Yeast extract 05 g
NaCl 1.0 g
Cysteine-HCl 0.3 ¢g
0.1% Resazurin 1 mL
Trace element solution I 1 mL
Trace element solution II 0.2 mL
pH (before autoclave) 6.0

Add below after autoclave
Reducing agent

(3% Na,S-9H,0 + 10 mM NaOH) 10 mL
100X Wolfe’s vitamin solution 10 mL
Trace element sol. I Amount per L

HCl (>30%) 10 mL
FeSO4-7H,0 (50 mM stock) 13.90 g
MnCly-4H,0 (50 mM) 9.90 g
ZnCl, (10 mM) 1.36 g
CoCl,'6H,0 (10 mM) 2.38 g
CuCly-2H,0 (2 mM) 0.34 g
NiCly-6H,0 (2 mM) 0.48 g
Trace element sol. II Amount per L
NasMo0O4 2H,0 (6.8 mM stock) 1.65 g
N328603'5H20 (5 mM) 0.86 g
NagWO42HZO (5 mM) 1.65 g
NaOH (10 mM) 04 ¢

Pre—culture®4] ©FA3 AWRP 59 endospore stock 20 uL=S 5 mL% LBFA Hj
A (Fructose 5 g/L, Bacto™ Tryptone 10 g/L, Bacto™ Yeast Extract 5 g/L, NaCl
0.1 g/L, 3 CH;COONa-3H,O 5 g/L)ell & 5 80°ColA ¢ 10&3t F@ato] =
vegitative cell& B4 5 &7 AW U 37°C 3= wjd7]olA widsials. A=
= L—CysteineHCIS #HF 0.5 g/Lo] 32 Al&3%S.

Activedr LBFA pre—cultureE 20 mL9 AMv2 wjX|7} ¥3t% 160—mL serum vial
2 1 mL HE39S. 853 viale headspace gasE simulation syngas(50% CO,
30% Nj, 10% COz, % 10% Hy)® A% 5 HF 1.5 bard] gHow FHIAAS. F
AW vial& shaking incubatorol A 30°C, 180 RPMCO. & vj%3}e] o]E seed culture
2 AHg3kelE.

o

ok 527 vl 3l seed culture 20 mLe AMv2 BiA7} £8% 160—mL serum vial 3

o ZZ 2 mL® AdsES. HE3 vial2 headspace gasES simulation

N
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syngas(50% CO, 30% Nj, 10% CO,, ¥ 10% H,)E A3+ & Z3F 1.5 bare] €2
2 T8 49 vial& seed culture®} U3t shaking incubatorell A 30°C,
150RPM . &2 Hj %3} 5 2.
© Y At 15047 BE Sast COE AANE AL FASROM (Fig. 254),
F AHE B4 4w}, olAEA 2.36 £ 0.28 g/L, ol 0.44 £ 0.04 gL, 2,3- 8]
0.06 £ 0.02 g/L7} AAEE AL 39139 L.

tlo o

o I3F gas AR A #F ZA(Fig. 25B), I CO &E £Z7F 2k 80 mmol/L
culture/day 2 7]=38}o], 7] AM Hix] tiv] 2v) AL AtE AL Felss. AM
I AMv2el Al 7H & X}O]E io]: U] dae Fe °]™, acetogen®] Q'OJ?} A

A
2]

a )
o EEI0] olok B4 ast ool 5 9}—%% A,
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Figure 25. Batch -cultivation of Clostridium sp. AWRP in serum bottles. (A)
Accumulated gas consumption (evolution in case CO,) profile. (B) Volumetric gas

consumption (or evolution) rates.
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Figure 26. Gas profiles (A) and volumetric consumption (CO) or evolution (CO,)
rates (B) of Clostridium sp. AWRP during autotrophic growth in AM (open symbols)
and AMv2 (closed symbols) media.
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Table 14. Metabolite profiles of Clostridium sp. AWRP in AM and AMvZ2 media.

Gas Metabolites (g/L)
Medium  pressure
Acetic acid Ethanol 2,3—Butanediol
(bar)
AM 2.0 1.96 £ 0.06 N.D. N.D.
AMv2 1.5 2.36 £ 0.28 0.44 £ 0.04 0.06 £ 0.02
AMv2 2.0 2.28 £ 0.22 0.95 £ 0.15 0.06 £ 0.01

|
PN

2) Rich medium® ©] &3 1F% AX ZHA S CO A H7}

o Zhx EmelM A7t S 9slM = yeast extract &
2 Hger A Faf ol sfit, e A

Ho] ¢Jom batch® v A7 =712 Qs zt
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off
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av)
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’

w7te] Bited el Wt
G AL o] ofele
gl
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cooling®] Z Qs ox], BoAe 7tx anz 8 &4 5)o Z7} wak mE s ok
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T et 98 v RUY Ay

SN
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A9 ZEPW ol AT FEE Eolt A% TR

ES-7] ol e 7h=9

e A7 defined medium= ©]-&3k acetogenQ] g Algl+= adaptive evolution® 3l 7§
ZE A5 AYsH =3 A9 o)W, membrane cell recycling ¢ 7o) glvH
2 iAo aFEe MEE oé% diel sA7F 5.

o wWtA, B AFo A= complex nutrientd] 2 A3 =k

= o°
= =

EE ST, olel whE A FY H E AR 9

[e)

=)

Eate], W Fol AE
g seleaz

A

o ol AFoA]  A}LFH  wixel  Rich Medium(RM)S  C  ragsdalei,
autoethanogenum < A HAs3s} #H TS

=
[e)
O

sl

C.

Fzatol MY as 24 el

FA o yeast extractE 7]¥€ 0.5 g/LolA] 5 g/LE ZTdFR LS. 3 buffering
agent® T2 A& & 17ke] MESE wiAl8l7] $18F4], potassium phosphated %
33l sodium acetateE H7Fsto =2 HiA| 9] over—acidificationeS WA s} A} A S

(Table 15).

e Seed HI%E 20 mL AMv2 ®lA]7} £33 160—mL serum vialell simulation syn

gas

£ 1.5 bar® A3t ZAdgstor, E wdFe 40 mLe RM X7} x3sk#
160—mL serum viald] 100% COE 2 bar® Z#3sle] 3wWkE 339 S. BE U

30°Col 4] 180 RPMe] HEuje7]E o] &3t FaE Qo™ headspace W CO

[e)
T7F 10 mM 2o ® ZAEE A 100% CO 2bar® purge 2 AEAS F33H
2
s

=+ ATAE 7] A, 2 mLe samples FH3te] OD, pH ¥ tixitE SHES
R =s
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Table 15. Composition of the RM medium

Component Amount per L
NH,Cl 1.0
MgS04-7H;0 0.2
CaClg'ZHQO 0.1
Yeast extract 5
NaCl 1.0
CH3COONa-3H,0 5
0.1% Resazurin 1 mL
Trace element solution I 1 mL
Trace element solution II 1 mL
Add below after autoclave

100 g/L Ky;HPO, + 100 g/L KHyPO, 25 mL
3% Na,S9H,0 + 3% Cys—HCI 10 mlL
+ 7.61 g/L NaOH

100X Wolfe’s vitamin solution 10 mL
Trace element sol. | Amount per L

HCl (>30%) 10 mL
FeS0O,47H,0 (50 mM stock) 27.80 g
MnCl;-4H,0 (50 mM) 9.90 g
7ZnCly (10 mM) 4.09 g
CoCly6H,0 (10 mM) 11.90 g
NiCly-6H,0 (2 mM) 2.38 g
Trace element sol. II Amount per L
Na;Mo0O4 2H,0 (6.8 mM stock) 1.65 g
Na»Se03-5H,0 (5 mM) 0.86 ¢
N82WO4'2H20 (5 mM) 1.65 g
NaOH (10 mM) 04 g
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Figure 27. Headspace gas concentrations (A), accumulated CO consumption and COg
evolution, and consumption rates (B) during the cultivation of the AWRP strain in
the RM medium.
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Figure 28. Cell growth and pH profile of the AWRP strain cultivated in the RM
medium. The samples between gas recharge were examined only.
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Table 16. Composition of the RMv2 medium

B AN =

[e)
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a7t

pH Al

2239 a1, yeast
extract?] &%+ 2 g/L® St F S, T3+, Clostridium ragsdalei 52 wA| =23}

Component Amount per L
NH,CI 0.5
MgSO4-7H20 0.2
Yeast extract 2
KCI 0.5
CH3COONa-3H,0 5
0.1% Resazurin 1 mL
Trace element solution I 1 mL
Trace element solution II 1 mL
Add below after autoclave

100 g/L K.HPO; + 100 g/l KH,PO, 25 mL
3% Na»,S9H,0 + 3% Cys—HCI

+ 7.61 g/L NaOH 10 mL
100X Wolfe's vitamin solution 10 mL
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Trace element sol. [ Amount per L

HCl (>30%) 10 mL
FGSO4'7H20 27.80 g
MnCl,-4H-0 9.90 ¢
ZnCl, 4.09 g
COC12'6H20 11.90 g
NiCl;-6H,0 2.38 g
Trace element sol. II Amount per L

NagMoO4'2HzO 0.24 g
N325603'5H20 1.31 g
Na, WO, 2H,0 3.29 g

* Seed culture= RMv2 ¥l#] 40 mLo] ©3% 160—mL vial 47}E ©]&3to] & 160 mL
o] seedE 1.44 Lo RMv2 uiA7} &7 wid7]o] #HE3](10% moculum) Hl S
Agetdls. AdE A9 g Fal ARoA e ofAEAL A wE pH A3stE
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Figure 30. Time—course profile of Clostridium sp. AWRP cultivated in a bioreactor
equipped with a microsparger.
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SRR

Component Amount per L
NH,Cl 1
MgSO4-7HQO 0.2
Yeast extract 2
KCI 0.2
NaCl 1
CH3COON&‘3H20 5
0.1% Resazurin 1 mL
Trace element solution I 1 mL
Trace element solution II 1 mL
Add below after autoclave

32 g/L NaH,PO,2H,0+ 8 g/L K,HPO, 25 mL
3% Na»,S9H,0 + 3% Cys—HCI

+ 7.61 g/L NaOH 10 mL
100X Wolfe's vitamin solution 10 mL
Trace element sol. I Amount per L

HCl (>30%) 10 mL
FGSO4'7H20 27.80 g
MnCl,-4H,0 9.90 g
ZnCl, 4.09 g
COC12'6HQO 11.90 g
NiCl,-6H,0 2.38 g
Trace element sol. II Amount per L
N32M004'2H20 0.24 g
Na25603'5H20 1.31 g
N82WO4'2HQO 3.29 g
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Figure 31. Time—course profile of Clostridium sp. AWRP cultivated in a bioreactor

equipped with a microsparger. The RMv4 medium was used both in seed and main

cultivation.
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