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HTE & A 7™ C R WA ) AR AT e R AR
# (Clostridium  kluyveri)!* | 3% K B 3k %
(Megasphaera elsdenii T81)P' | 2 F| i C B2 @i
(Caproiciproducens galactitolivorans)® | J& '8 i
CPB6 F#k(Ruminococcaceae sp. CPB6)%:(3 1),
AT HABE I IR, e AR R BRI ]
AR AR, AREA A a R e, DA
(CBE WEHMRR(ZIR . TR . BRIAm) AR it
FTTHR . RN RS AR TR 1) & ) 52
PR T Y BRI R IR BN R, CR D T2 224K
e, RIRESER TR, CRR/T RS2
B LW TR L s BAR vE PR A AR
FFERFFE i 80 AAEN, (H 2 4 i e 2 X3 B
st e s, HO MG BURRE M ARG LL5E
B i

HATAIBFFE R, G RO IR T R 2%
18 12356 ] B-%A 4k (reversal of the B-oxidation)i& 1% i/F
11, R TREERE R . DLT RIS N
B, s R MR TG ME(ThL: thiolase, MK
LA A CIEFROME) . 3R T LA A i
fiff(Hbd: 3-hydroxybutyryl-CoA dehydrogenase). 3-

=1
Table 1.

FEEL T R A /KB (Crt: 3-hydroxybutyryl-CoA
dehydratase) . T WA A A2 5 Y)(Bed/EtfAB
butyryl-CoA dehydrogenase complex). fifififf A H#%
fiff(Cat: CoA transferases). HifilfEfL 1 i B-
AALE WSS — R, R BELHRE A 5 2t
Hilg A TG, B0 3-HRBE AL A,
FER—A TR AL, B 1 AT N HE SR
o FORR TR A B T R AN O R A& A%

SO PRIR I BAT 3 /B At Bkt i B[R] (ehIA L
CKL 3696; thiA2, CKL 3697; thiA3, CKL _3698),
Z T HABP BRR (NI T R 2 A, FRE
24, TRIEE 21, BETRIRE 1 1), oL
X8 ThlA2 5 ThlA3 & )F90 A —
(identity) & 90%, ThlA1 5 ThlA2/ThIA3 f[n]—7
H81%, 3X 3 AN AT A R T TR TR A T )
A —PELE 75%L4 E(E 2) 7 0L v AR B 3 A4
o A ik v BE [R5, L5 T RS LR R ) A A T
B — AR BA B2 DO . BRI ZH 2R
45K FoRE , s IRARTA 3 W S I g A B K thid ]
thIA2 1 thiA3 W 4Rt )7 ) —2, 3 DL EFE
BIEIX (S'UTR) K JE 4391 & 880, 796, 182 bp, iX
3 M IERAFTE L sk ry T REVE(R] 2). ARG AR
T PERR TR AN AR R B R L, R R T B K
TRRNECRES, BERORNBREIFAZIL,
DAL AT TR DN e FR AR TR A A e il LA AN R T T
W25 IR B e Tl R I AL BE T 03X 3 ANt e Tl

ERENCEE
Reported Hexanoate-producing strains

Strains Substrate

Source and reference

Clostridium kluyveri N6

Clostridium kluyveri 3231B
Ruminococcaceae sp. CPB6 Lactate
Megasphaera elsdenii T81

Caproiciproducens galactitolivoran BS-1

Ethanol, acetate

Ethanol, acetate

Glucose, lactate

D-galactitol

Pit mud, Chinal'”’
Bovine rumen, USA!!
Pit mud, China!”’
Bovine rumen, USA

Anaerobic digester, South Korea!'?!
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6 Ethanol
6 NAD*
Adh l<—> 6 NADH
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I ATP <DTACk Ald l<_> 6 NAD* 5 Hexanoate 5 Butyrate
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1 ACCtyl-P «— 6 Acetyl-CoA —> 5 Butyry]-C()A < TTEmeeest
Cat :
5 Acetyl-CoA 5 Acetyl-CoA ;
@ oetyl=-0 5 Butyrate 5 Hexanoate |
Cat 5 Acetate 5 3-Keto-hexanoyl-CoA Cat 3 Acetate

5 Acetoacetyl-CoA

5 Butyryl-CoA

5 NADPH S NADPH !
Butyrate > Hbd Hexanoate 5 Hexanoyl-CoA
5 NADP*
Hbd .
Bed/EtfAB 7NAD™+2 H,
5 NADP 7 NADH Bed/EtAB  A> TNAD=2 H,
5 3-Hydroxybutyryl-CoA 5 3-Hydroxyhexanoyl-CoA 7 NADH

5 Crotonyl-CoA
\_Ci<

5 H,0

wx-Z-enoyl-CoA

5H,0

B 1. Z=IRHEESMTBRNSEKESERE
The metabolic pathways for butyrate and hexanoate synthesis in Clostridium kluyveri. Adh: ethanol
dehydrogenase; Ald: acetaldehyde dehydrogenase; Ack: acetate kinase; Pta: phosphotransacetylase; Thl: thiolase
(acetyl-coenzyme A acetyltransferases); Hbd: 3-hydroxybutyryl-CoA dehydrogenase; Crt: 3-hydroxybutyryl-CoA
dehydratase; Bcd/EtfAB: butyryl-CoA dehydrogenase complex; Cat: coenzyme A transferase.

Figure 1.
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Figure 2. The genomic structure of three thiolase-encoding genes and the phylogenetic tree based on the

alignment of protein sequences. A: the gene structure of C. kluyveri thiolase-encoding genes; B: the phylogenetic

tree of C. kluyveri thiolases based on protein alignment. The percentage indicates the identity between the two
subbranches.
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JERTEC R G B R Y R ETIRE, DR GH
AN TR) SRS AR S P 1 AN TR A

AR SO SR b FCMR B & T 8 1 SRR A T
TR, KRBT E LI C R FZAE Y,
B IR T PR W E R . AR SRR B 3 4
Bt e i A B S5 PR v EE R, ARG SR Ay MR 3 A
T, i 6 4 4 5 PR LA AS [ 119 2 3 /K P R T 2 3
SFAF o WSS EA T 1R B A B 3 1 2 o0 b 96 BH 7 ER A
B3 AR PURR I A s AR L)
FERNTT (K)o (B PUBRIE ) AL (ke Ko I
JETE 4 —3 ., ASCGET KBS 12 . RN IRKF
RSN 3 AN AKSE 430, W] v [ T 1Y
3 AR RS LA AT M HLAE (RN R K2k,
e 70 M A R T e A AN A AR BRI RE, R R
JE 2 v R A IR R S MR 98 2908 T I BEA

AR

1.1.2 FERFIFULES : Trizol total RNA extraction
kit RNA HEHGR ] & (Life technologies, J5[H),
PrimeScript RT reagent kit with gDNA Eraser JZ ¥%
Sk 5f &5 (TaKaRa, Ki%), SYBR Premix Ex Tag™
I (Tli RNaseH Plus)%¢ & # PCR iR il &
(TaKaRa, Ki%).

S A3 {L-FID 7890B (Agilent, 3£ [H),

NanoDrop 8000 5 42 BRI % 43 Y6 6 1 (Thermo
Fisher Scientific, 3&[H), SZATZEE & PCR ¥
(Applied Biosystems, 3£[H).,
113 HESREE: (1) SR CREREIRENE TR (/L)
“KE LRI 7.5, “REBERE A 5.0, Jok
BRREE 0.2, BiLFREL 0.5, BEREAY 10.0, EFIK 10.0,
0.1%7] K75 500 uL,pH 7.0, 1x10° Pa KB 20 min,
FERE IR R IMALARE Sy 2% (VIV)II IR L
Mo (2) LB Higfdh(g/L): BEBEHY 5.0, MR 10.0,
AL 10.0.

L1 8 1.2 BEFRITERERMN
111 BEMRAUERL: A SCRT 2 A4 B AR A SR I SRR TETE 37 °C MDA IR A B 1 9%, D
2. I T TR M B35 SR LA Oy b - 5 97 0 A I 8
R2. KIARFHREIRE KRR
Table 2.  Strains and plasmids used in this study
Strain/Plasmid Description” Source or reference

Clostridia strain
C. kluyveri DSM555

E. coli

IM109 recA”
Rosetta (DE3) pRARE, Cm'
Plasmids

pET28a Kan"

pET28a-thlA1
pET28a-th1A2
pET28a-thlA3
pET28a-thlA,,

Utilize ethanol and acetate as carbon source to produce hexanoate and butyrate

pET28a with thiA1 gene from C. kluyveri
pET28a with thl42 gene from C. kluyveri
pET28a with thiA3 gene from C. kluyveri
pET28a with thiAd., gene from C. acetobutylicum

This work

Novagen

Novagen

NTCC

This work
This work
This work
This work

Cm": chloramphenicol resistance; Kan": kanamycin resistance.

actamicro@im.ac.cn
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o VEIRRB AT L VAR E PR TR VR
BN 5 mL —geph o dkrh, 3R 24 hJRi%
10% (VIV)ydERh s fh A R fhF o5k, 4y
24 h JGHE IR 10% (VIV) 3R R 480 A 30 mL & J§
R, A 12 h A TERE, TR AT
0T KRIGFFBETE LB 535 S AT r 48 1 55
DIRAREE R (50 pg/mL)MATE R (2S5 pg/mL)s1T
R 12 o
1.3 & RNA 5

RIEEFR 2000 mL, 43 FI7E X AR 4 R
(E). M) BBl (T)FnRs e (S I AE TR
8000 r/min, 4 °C £5.0> 10 min, F2f% I8 FA
HHETWRAT . BUKRZ 0.1 g HiRE TOHkd, 78
WAL, KRB A AR AR, Wy
B EBA 1.0 mL Trizol B5FAY 1.5 mL E.O0EH,
I 37 U HR 5] IR AR B K BT AR A 2 56 2
FEAR)o A 200 pL 505, LASRINBRTTIED: , 4%
M Trizol 5718 F UL A 5 $2 HUEL RNA . RNA R
H1 NanoDrop 8000 il , 5&#& 428 1%I i Wi EE i
FiRy < ivalll
1.4 RNA-Seq 7 K Bdis ab 3

A3 BIISCAE T QAR TR X B A K RABI(B) . i
(M), HARBI(T)FEE (SR 4 DI BRI IR, K
RARDEES B B AR, R4 254 1.0 mL
Trizol I{HIH 1.5 mL BLOE . AN AETE T
v R AR A I v AR RO R 2 R 5E K
RNA-Seq M| . RNA A 5 f ¥ i 43 51 2%
Nanodrop. Qubit 2.0, Agilent 2100, Hijk 7k,
il RNA A B SERE | WRBE . ek, ARl
G865, #E4T cDNA SCEEMME., W5 R
Illumina HiSeq 2500, X} Raw Data #1751 7€ ,
ZBRIE AL P 9 S AR BT reads RAG R BT R

Y Clean Data, # Clean Data 5 7 [G#R B DSMS555
B FE R H AT P A T, 3875 Mapped Data., >k
Fl RPKM!"*(Reads Per Kilobase of transcript per
Million fragments mapped)ff Jhy 35 PH] 3¢ 1k 7K A 8 iy
wIEbR. BUREIEC 4 8% DDBI iR,
% 575 ) DRA006683 .
1.5 [REEF-HOGER PCR

i H8 350 & (PrimeScript RT reagent kit with
gDNA Eraser)Ud W] F iU EHERT, HX 0.5 pg RNA
AT B S (S FERTYE A gDNA Eraser 25 fRJE
[K41 DNA 154Y), RGSRRR 20 pL, L ¢cDNA
Bt , (IR RS W, RS -5
It PCRRSIN 3 1 A 1l s % e DS A AS [+ S 1) 5 )
FE 3K, LA 16S rRNA JERg A S B, i 5|
Yrre 9 W35 3. i T e FRAR TR 3 1 7k il 2 ) i [A]
Feal s BEARARL, Pt IS 1 W0 s et 22 8 AL PCR 47
FEFERT S TIPSR . SRR SR-IOERE
PCR S W& & (10 pL): SYBR Premix Ex Tagq 11
5uL, F. F#ESIP(10 pmol/L)4% 0.5 pL, itk
2.5 uL (Fe#% 5% cDNA TEf AT HE T A RE , A it
ffp B D AT 50 AR e, K2l 16S rRNA JE[A i
5 5000 f5Hi ), #4li/K 1.5 uL, PCR 2544 : 95 °C
PUETE 1 min; FEIRY ISR 95°C 105, 55°C
30s, 72°C30s,
1.6 GFEEMISENKEES E coli FiXkBk
iz

ARG 7 M TR DA T P R T %) A T 2t B
SHPA, RIS thidl | thiA2.| thiA3. thid.,
BENE51Y, 72 B s Ry 5"t BamH 1 BEY)
B, NFS I 5" 5miit Xho T BEDINLA, 514
FeA L 3. Bl A g IX Y PCR R Bl
pET28a #4354 BamH 1 Fl Xho 1 FiFY) . 4%,

http://journals.im.ac.cn/actamicrocn
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% 3.
Table 3.

RIFRETA 4

Primers used in this study

Primer Sequence (5'—3") Description”

16S rRNA-F AAGCAACGCGAAGAACCTTA Forward qPCR primer for 16S rRNA
16S rRNA-R CTCGTTAGGGTGCCCACCTT Reverse qPCR primer for 16S rRNA
thi41-F GAGTTAAACCAATGGCAAAATATGTTGAT Forward qPCR primer for thid1
thiA1-R CTTGCTACTGCTATACTTTGAGCT Reverse qPCR primer for thi4 1
thlA2-F ACGGACCTTTCTATGCAACAAAGTTG Forward qPCR primer for thl42
thiA2-R AACGAGTATTCTTGCACCAGAGCAG Reverse qPCR primer for thiA2
thi43-F GACATCCAGTTGGAGCATCA Forward qPCR primer for thi43
thi4A3-R ATCTCTCTACTATTAAAGCAGTTCCCAT Reverse qPCR primer for thl43

ThlA1 BamH I-F
ThlA1_Xho I-R
ThlA2 BamH I
ThlA2_Xho I-R
ThlA3 BamH I-F
ThlA3_Xho I-R
ThlA., BamH I-F
ThlA., Xho I-R

TATCggatccAGAGAAGTAGTTATTGTAAGTGCTGTA
CCTActcgagTTATCTTTCAACTACTACAGCGGTTCCTT
CGACggatccAAAGATGCAGTTATTGTAAGTGCAGTA
CGAGctcgagTTATCTTTCAACTATTAGTGCAGTTCCCAT
ACAGggatccAGAGAAGTAGTTATTGTAAGTGCAGTG
CATTctcgagTTATCTCTCTACTATTAAAGCAGTTCCCAT
ACAGggatccATGAAAGAAGTTGTAATAGCTAGT
CATTctcgagCTAGCACTTTTCTAGCAATATTG

Forward primer for thi41 cloning
Reverse primer for thi41 cloning
Forward primer for thl42 cloning
Reverse primer for thl42 cloning
Forward primer for thl43 cloning
Reverse primer for thi43 cloning
Forward primer for thiA4., cloning

Reverse primer for thiA., cloning

“thiA1, thiolase Al gene (CKL_3696) of C. kluyveri; thiA2, thiolase A2 gene (CKL 3697) of C. kluyveri; thid3, thiolase A3 gene
(CKL_3698) of C. kluyveri; thiA,,, thiolase gene (CA_C2873) of C. acetobutylicum; 16S rRNA, 16S rRNA gene (CKL_0008) of C.

kluyveri.

AL AKIGAFE IM109, 2 RIREZ (50 pg/mL)
ot AR e, 83 PCR A1 3611 3545 B 1 v
Bt o B R I FRAK AR AL AR AT T Rosetta
(DE3), }i3:4F0 37 °C. 200 r/min, H-KAR%E
(50 pg/mL) AR E (25 ng/mL)Pi A ERFE, M4
ODy00 23 0.6 I5F, LA IPTG (0.1 mmol/L)iE4 11 1% 175
TR, KiFRAMN 17 °CL 200 t/min.
1.7 HEHsik

£ 4 °C ., 10000 r/min 25 R &L 10 min YEE R
A, K4 A B T UKV A Y 2% 01 A (20 mmol/L
Tris-HCI, pH 8.0, 5 mmol/L B-3iiJk Z A1 150 mmol/L
NaCl), AL, MMM E 4 °C.
10000 r/min Z5.00 1 h EEREER o B0 5 BB
28 0.22 pm LB IES 5 Ni-NTA ZEfg it
(Qiagen)&i . B ffH 2R (142 & B (20 mmol/L
Tris-HCI, pH 8.0, 5 mmol/L B-ii3& 2B, 500 mmol/L

actamicro@im.ac.cn

BRI FT 150 mmol/L NaCl)ZR VeI, vk it T FH kg
W EESH 500 mmol/L. Afifk a8 IS (AR 4+
TRV 10 kDa)#e4d , 8 A A 22 i (20 mmol/L
Tris-HCI, pH 8.0, 1 mmol/L DTT, 150 mmol/L NaCl)
Ve 2 . HUS uL BRI 200 L 25 s i i
W, IR 3 min f5, FEERGNE 595 nm K
TUOGAE, KD E WO IE AR PR TR
HERD 2R ORI o 4 4 ATl A 8 1) A [ Ik
J& . 3HEGRAE T80 °C.

1.8 BRFEES) I ESE I E

J2 444 100 mmol/L Tris-HCI (pH 8.0),

1 mmol/L DTT, 10 mmol/L MgCl,, Z M Wtitie
A HeJEASALIE N 0-100 pmol/L, i A He B [
JETE 50 pmol/L, S A& ZR A 100 uL, A 60 ng
T RS 4R SN, SN I s B A 2 Tk 2 Tk Al iy
A ITHFE, JLAE ODsos WG 2T REAR . AR
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ACEZEAE 303 nm P T IGIE(ODs0s) , A TG
T WG 1 SO s 7 30 °C RN AT, B4)
By 1 pmol 1 ZTE £ RS A Py 2 0l 2 A
— AN 1 PO SR FSUEI R E R, A
A GraphPad Prism 7 %548 Ab ¥ 4 {25150 i it X
LTk L TORAHTIE A 1) Ko 1 koo (H o FUERAREA 3 AN
fiff T %) 25 191 4 £ i 43 A Miwai=44.66 kDa |
Mrypa=44.34 kDa, My a;=44.96 kDa, T Btk
PRI PR T8 ) 2 11 23 2 Miaca=41.25 kDa.
1.9 REERFACHT YR
TLERARTEAN T HE 10%35 R B ERR A 2 B RS
MRiEEFREE T, F 37 °C 8 IR KSR, 1% 12 h
BRE . IRV R R Y (TIR . S RRHISE
i ) A AH 3 - SR B T AR A 28 (GC-FID)#E A T
R, A SR ARk s B 1 mL R R T
B0, HL200 pL BIEW, A 50 pL AR (pH
22, %125 gL BUKIR), FFMA 250 uL ZFEkE
NAEBGR, RHER 30 s, TEELD 2 min, HUE
T BIHEA TR o 24Tk Agilent CP-Wax 57 CB,
PERETHRE 220 °C, FllEREE 220 °C, #HAA
=

\
Z |
S FE 45 mL/min, ES0#E 40 mL/min, 250

e

# 450 mL/min, #EFESE 1 pl, 2030 1, 2
FFFHE: 60 °C £+ 0.5 min, 20 °C/min FHEZ]
190 °C, 1%#F 4.5 min,

2 R

2.1 LG O RR AR BES) ) RHIE

S AR TR DL BRI B2 R, A 5T h R 1
WG 20 0 LB L FR ARV BE 43532 325 mmol/L
(15 g/L)A1 50 mmol/L (3 g/L). & BEL S, F A
M BES CRRMREE /R L 2.6 0 1.05 TR, R
FIF R 20k B2 43 1) 4 3.52 mmol/L (0.31 g/L).
45.71 mmol/L (5.31 g/L)F11.11 mmol/L (0.16 g/L),
TR, CERFI-ERREE/REL N 3041 ¢ 1, Jigteh
2:33 1 (K 3). ALK, SRR
LA O IR, G D T RN Y
VR TR IE OB R S 1R, AT
DN 5. PG AR AT 19 0 m B i D17 TR O il 2 1 1) T A
VAt RS HR T TG . R B 124 53 ik 3=
Wy, TRREIR e A AR M RIE . TRz
JRLARERE B, 4 AAAE PRI AT REME . (1) HiE A
R Cat) LA BN 2 BRI S, Cat 7]

(A) 08 B) 200 poo © 60 Butyrate
—=— Acetate e +l(1)exan0atc
3 2 ——
0.6+ éu 15 @4.5 ctanoate
E s
Q 04} = 10 = 3.0
Q "é =
g 3
0.2} £ 5 g 15
S \\-&.—. ©
0ob— 0 0.0 —
0 12 24 36 48 60 72 0 12 24 36 48 60 72 0 12 24 36 48 60 72
t/h t/h t/h
3. RRBEANACEMIBREAWRINER. KROFBMEYERES
Figure 3. The profiles of growth, substrate utilization and metabolite production in a batch fermentation of C.

kluyveri DSMS555 using ethanol and acetate as carbon sources. A: growth; B: the utilization of ethanol and acetate;

C: the production of butyrate, hexanoate and octanoate.
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DIV A # B 8 ORR EA R O A, tdun]
LK A 58380 TR b, AT BERETE A (2)
Cat AL T BR BV A « Butyryl-CoA+Acetate
= Butyrate+Acetyl-CoA, 4 LIRH B HTIIHFE) ,
N AT e ] T AT, T RRB R, ot
WERh &S, TERYI AT LI T e A, 5
— 3 LI A TERTARF B AL N R 3-F AL
LA A

LU AT BARE AR IR, b FoAR I ™
AR ERR, TRENMEHEFE, Ll
ER BRI (8] 4)o FIUL, Y ZRRAFTERT 5 [RIR TR
GO IRM TR, JTCLRRIMEM T RREG
MR o AR b AR TR B O IR R 9 80 1 AR (18 3,
B HFT IR, CRRA BRI 1), FRATHEN v %
A2 T T i T ) o ELAT AL T R B UM 2 R 5 Y
REJT, Ak il 1 4 P i A Eh BB AT BB A2 300 1
TR 4
2.2 TE PR R LA ol e P e PR SRR A

VL ERBESN 15 i, B R
Ve FERIERS, vl ORI ] T C IR AN T IR AY
B, v PR TR A it ] LA (] B e A R AT
PRI L. R TE AR T 3 00 A T G o i K]

MIFRIRFHE, FRATX T BR P R B W A K
HA, B). itk 2R B EE KT, M),
TR UHB B (R R, TR IR 58 I FERY
BrAERA S, S) 4 A OCHHILTEI B 1Y) o A 1 4
T B ) ZRIB 7K R PP FIRH#AIE 734 - RNA-Seq
WIRE T 3955 ANFEPH IR, 3 /B ik il 2t i 35
) ¢ e 2238 7K - (RPKM AH 1Y K /N 43 54 51 26
4, 23 M1 14 f5io thiAl ., thlA2 F thlA3 Feik 0 feim
RPKM {H 43>k 32303 (E #1).9331 (T #)F1 14037
(E #) (K 5-A. C. B). HHEENZ, 2R
RNA-Seq B/nH thlAl 7845 W Y55 5130 o
F thiA2 T thidA3, (RJEHH IR S
A

DA = S I e ¥ = A /S [ AT RS W S N T £
FIR AR P FRIBFAE o 724 KA W (S) Z HiT
thiAl FERYERFEE FRIR, thid2 FEFRFIKRNF T
P, thid3 FERRBEEFTIHAE 5). Ik, 7 S
W, 3 A e it e 5 5 DR P 58 X R MR BT o %
FLRYI RIS BL(F 3-B), 76 S H], BAREA KR
KR CEE, (HRR T A BEAR SR,
IR ZI R R K, B AT, AT,
3 1 i T i R R 118 38 T A M T R AR A

(A) 06 (B) 201 Ethanol (© 4+ Hexanoate
PR —=— Butyrate —~ |™ Octanoate
2154 S
0.4t 2 S
o = =
g S 2
Q S 10y 52
S E M g
0.2f 5} 5}
1> Q
§ 5t Lg) It
N ——
0.0 0 ' ' 0
0 12 24 36 48 60 72 0 12 24 36 48 60 72 0 12 24 36 48 60 72
t/h t/h t/h

4. mRREABCEMTREIRENER. KOFBM=YEREE
Figure 4. The profiles of growth, substrate utilization and metabolite production in a batch fermentation of C.
kluyveri DSM555 using ethanol and butyrate as carbon sources. A: growth; B: the utilization of ethanol and

butyrate; C: the production of hexanoate and octanoate.
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The expression levels of three thiolase-encoding genes in C. kluyveri. A, B, C, D, E and F represent

transcriptome and reverse transcription quantitative PCR (RT-qPCR) analysis of thiolase A1 encoding gene (th/41),

thiolase A2 encoding gene (th/A2), thiolase A3 encoding gene (thlA3). E, the early exponential phase of cell growth;

M, the middle exponential phase of cell growth; T, transition phase of cell growth; S, stationary phase of cell

growth.
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Figure 6. The SDS-PAGE analysis of recombinant
thiolases purified from E. coli Rosetta (DE3). M:
standard protein ladder; ThlAl: C. kluyveri thiAl,
ThlA2: C. kluyveri thlA2; ThlA3: C. kluyveri thliA3,;
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F 4. WMBHHNFESH
Table 4. Kinetic parameters for thiolase
. Acetoacetyl-CoA
Strain Reference
K/(umol/L) kea/(1/5) (kea/ Kin)/(L/(umol-s))
Clostridium pasteurianum 133 NR NR [19]
Clostridium butyricum DSM 10702 32 NR NR [20]
Clostridium acetobutylicum ATCC 824 32 NR NR [21]
Clostridium kluyveri (ThlA1) 65.1+5.1 (1.7£0.1)x10° (2.6£0.1)x10* This study
Clostridium kluyveri (ThlA2) 62.3x15.1 (2.5£0.4)x10° (4.0£0.3)x10* This study
Clostridium kluyveri (ThlA3) 65.0£10.1 (2.6+0.1)x10° (4.0£0.4)x10* This study
Clostridium acetobutylicum ATCC 824 (ThlA.,) 57.842.6 (2.4+0.2)x10° (4.120.1)x10* This study

NR, not reported
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Identification and functional analysis of the three thiolases from
Clostridium kluyveri

Jiao Yangl, Cong Ren'”, Yan Xu'*'

" Brewing and Enzyme Technology Center, School of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu Province, China
* Key Laboratory of Industrial Biotechnology, Ministry of Education, Jiangnan University, Wuxi 214122, Jiangsu Province, China

Abstract: [Objective] Clostridium kluyveri genome encodes for three highly homologous thiolases. To identify the
function of these three thiolases will help us to understand how Clostridium kluyveri can efficiently produce
hexanoate. [Methods] The characteristics of hexanoate and butyrate production were examined via fermentation
kinetics analysis. The transcriptome and reverse transcription-quantitative RCR were used to analyze the expression
profiles of thiolase-encoding genes during fermentation. Thiolases from Clostridium kluyveri were heterologously
expressed in Escherichia coli and their enzyme kinetic parameters were examined. [Results] Clostridium kluyveri
produced butyrate, hexanoate and octanoate, of which hexanoate was the major product. Transcription analysis
showed that thiAl gene was constitutively expressed, thl42 gene was up-regulated and thi43 gene was
down-regulated before the depletion of acetate. The three thiolase-encoding genes all had higher transcription
levels, and the highest expression levels of thi42 and thiA3 were approximately 29% and 43% that of thlAl,
respectively. The enzyme kinetic parameters with four-carbon substrate demonstrated that the three thiolases from
Clostridium kluyveri had similar affinity. However, the catalytic efficiency (k¢./Kwm) of ThlAl for four-carbon
substrates was lower than that of ThlA2 and ThlA3. [Conclusion] All of the three thiolases from Clostridium
kluyveri had catalytic activities, and also actively expressed in vivo.
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