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Regulation of CAZyme genes expression in a cellulolytic Clostridium bacterium
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The cellulytic bacterium Clostridium thermocellum recognizes the structure
and constituents of cellulosic biomass and secretes multiple degradative enzymes suitable for its
degradation via gene expression regulators (o -factors). Transcriptome analysis revealed that the
expression of 47 carbohydrate-active enzyme genes were promoted and eight were repressed in C.
thermocellum sigl7 expression strain. The cellulosic biomass degradation activity of the cultures of

the sigl7 strain was lower than that of the wild-type stain. Xylanases with molecular weight of
approximately 75 kDa and 50 kDa were reduced in the culture of the sigl7 strain.
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T L0, DRBEROWNEE S, MHZHEET D2 L TR =2 R, I~ 2Ok
AEFET L HAT (Biological simultaneous enzyme-production and saccharification: BSES) <0, #REHL
B A FET S HR (Consolidated bioprocessing: CBP) YMER SV T\ 5, 7T ABGPHEAF BV L
S HHEHIE Clostridium thermocellum 1%, &V 0 — AR /3A A< A5 FRIETED B T2 912 BSES
& CBP DEMMAED ENLET BTN D Y,

C. thermocellum % 4.4g/L OfEHME/L 0 — 2% | HTREBIIDET D D, Fiz, 5gL DAL v
F7 T A% 5 HT 65%., 10gL O hvEnaLdEr 7 HT 10%0ETDEEHZ2E-> ¢, C
thermocellum % & TN DO/ v — AL, B v Y — A &R S P E B SR E
BREKT 2 Y, Eam Yy —2%, BY X7 BICEB O ERERERE NG T LIk
ST S D Y, C. thermocellum 77 /7 % 130 LA EOFFE B #EERE B 22— FLTEV,
ZDHH 70 LI EOREEEREFE (exo-1,4-glucanase, endo-1,4-glucanase, endo-1,4-xylanase .,
acetylxylan esterase, xyloglucanase, endo-1,4-mannanase. lichenase. chitinase 72 &) 23&/Lm—=*
V—LERER L TCWD, C. thermocellum 1% 0.5%DMfEM /Lo — & (Avicel) & 45 Wi CTofE
T BN B X7 (CipA) KR TIZHHEZ 500 FEFRIT < 22025 Z L0256  C. thermocellum
OHE/p /O — A GREEINZITEAL T Y — ANEETHDLZ ENDroTWND 9, Eiz, il
varm Y — A LB LT, C thermocellum %15 Lz it o— X GERETeZ & bbhro
TWB 1O U728 o T, C thermocellum D)L — A 55iEEEZ L0 V) —LAOHRTIEFHATX
T Bl xiEErm Y — N E T 2 BB B R O A FEME 72 & OFEFEN, C. thermocellum D&
N —AGEECTEE TH LD & THEIND,
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b2, £/, HBETIEICHWHIEEIC L - T, WHEBEEREEER ORI F — R R
% 1213 Kahel-Raifer 1. C. thermocellum 73 /L 11— AR/ A F~ AR O LD AL & 5
DLy 7~ KF (Rsgls) TEFNL, 7 ~<K+ (Sigls) &I L Cilibl 72 e B iR B s 10
HHRAFETH L aRELTHND ™ (X 1), Rsgls OFifast KA A > Of§EIL, FEFEREGEY
= —/b (Carbohydrate-binding module: CBM) & 7= |3 ENN/K 53 fi#E%SE  (Glycosyl hydrolase: GH)
WZHEEIL TR Y, ENENRR D ZHHEZZHT 5, Hil2 X, Rsgll_CBM3 ¥ L U Rsgl4_CBM3
T — RIS L, Rsgle GHI0 1T e — 2B L OF T U0k S L, Rsgl3 PA14 [Z37
FUHEET D2 ENDIr>TND 9,

C. thermocellum \Z33\F % ¥ 7 < [+ %I U T BEEIN/K 53 it 32 1B An 18 B A 2 B 5 %
WD <1%. C. thermocellum DIBIRFEDIERNREI NG | invitro F T2 1T EBFEE EITIBWNTHE
i 41T & 7=, Nataf 513 run-offassay (2 LV 7 < [K1 Sigll 23 HEHE BHERERBIR T cel48S D
G Z2HET 22 LIc D, MLDAf5ETlE, C. thermocellum 77 7 5D Sigl3 X° Sigle DA
1) & 72 DB IR RSB TEM O 7 vt — 2 =Bl A A T 4+~ T 4 7 AFHTIC
K OmHE L, BFifs 3 & U Bacillus subtilis % VT 7' &— & — M2 L T 5 1617,
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1 : C. thermocellum O ¥E'E B SE A4 PE O FHETHERE 19
C. thermocellum [IEEL D Rsgl %, /N0 —ARNA T~ ZADFERERAMT D —L LT
iz CW5b, BlzIE Rsgll 1T B m—RA% Rsgl3 I/ F %, Rsglo (37 7/ X T %
BHTE 5, ZhEEREG Lz Regl 1%, 7~ K+ (Sigh) ZMAENIZHH T 5, Sigl i RNA 7R
VAT —F LS LBETFREEZIEET D, 925D Sigl TNEINE D iR R B 1D
R AT 5, U EOHAEIZ LY C thermocellum TXHIIEINMITELET B 2B oW 7= fifB%
FaAHET D,
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AW TIX, C. thermocellum 7'~ K1 BIn T RBUEEZERL L, 2 DOWEEZ in vivo TRENTT
52 L2 Lo T, C thermocellum O FE'E B EE G /EFEMEBEZH LT 5, M T, C
thermocellum > 7"~ R {8 T RBBUMRDERET D MR 2T T 5 Z LIk > T, Bre—
AT A A A RIENEI & > THBERDHHZDOIRR 2T 2Lz AN E T2,

3. WHEDTTIE
(1) C. thermocellum DJGEHHL & | sigl EAGT DIEBLERD

C. thermocellum DSM1313 @ sigl 5% PCR THilE L, BB 7 A I NIZHALRZ Y, C
thermocellum % CTFUD 5 H (3 g/L sodium citrate tribasic dihydrate, 1.3 g/L (NH4)2SOs, 1.5 g/L KH2POs,
130 mg/L CaClz 2H20, 500 mg/L L-cysteine-HCI, 11.56 g/L 3-morpholinopropanesulfonic acid, 2.6 g/L
MgClz2 6H20, 1 mg/L FeSOs 7TH20, 4.5 g/L yeast extract, 1 mg/L resazurin, 5g/L cellobiose, pH 7.0) (T2
flE L, EHE T AL DBERMESM T T 60°CTEEE L2 ¥, C. thermocellum AIRSEEHE 20uL & 7
FAIRIlug % Ilmm =L 7 fpRlb—yarFaXy NATRAEL, V—r7Ubd—Xcell =
L7 bRl —va A7 A (Bio-Rad) #HAWVWT, FEME 1500V, 7L AE 1.5ms T, HIEK
BRIV AZEIIN LT, B L7=#ifd% . 6 ug/mL thiamphenicol % & &» CTFUD [E {554 |12
7L—hL, 55CT 3 HMEBE L, EBlkahicae=—%HEEL, thiamphenicol %#&ie
CTUFD 5t CHfE L7, R T oMK 77 2 FEEFLTND I L%, PCRIZE > TH
R LTo, WHEHIRIZKIT 5 sigl BIsFORBUL, VR ZoTuyT 4 7k T L
7o

QKT A7 YT h— LT

C. thermocellum % CTFUD ¥5HUTH:#E L, M@ AZ XL C h—# /L RNA 2 L7z, VAR Y
— X RNA %, Ribo-Zero Bacteria RNA Removal Kit (Illumina, CA, USA) % IV TRErZE L 72, TruSeq
Stranded Total RNA Sample Prep Kit (Illumina, CA, USA) #HAWTC, ¥ —J v 7 I4 75
—&HH Lz, TA4 T TV =D —27 T A% NovaSeq 6000 AT 5 2X100bp X7 U — KT
PE L, HhaEnhl-y—27 x> A% Trimmomatic 71227 Z7 A ThVU I 7 L, Bowtie 7127
Z L% HAWT C thermocellum V 7 7 L > A%/ A [GenBank: CP002416.1] IZ~ v B> 7 L7z,
~y BT HTseq 707 7 L ERWTCRET a7 74V U T EIT o7, BIE TN OIS
FEMORZ, ~ v 7SN — FEERHWTHE LTz, BB v 7 7 A VE | BEEHOR S &
BNy VORI EHUEL U CIERIL L72fE (Reads Per Kilobase of transcript per Million mapped
reads: RPKM) THH L7z,

(3) C. thermocellum £ 7 L b — 2O

C. thermocellum Y538 Zm LBt L, EiE%2 022um SV o7 4 X —TiEim L ¢, Mz
bR L7, Ai% Vivaspin 20-100K (GE Healthcare, IL, USA) TEMETL2Z &1L, 7 L b
— Lz L7,

@V areFr b Z IO

W B EREE s & C. thermocellum 77 7 2 DNA 7>5 PCRIZ L W #80E L. KB iVEC3 &
FAWT, 77 A RpETI6b (A L7z, 5617277 A KDNA %, KIFHE BL21(DE3)DJF
BHEHUZ W, KIBE CRELESE7-BRZ /37 '8 % | Profinia IMAC % /X7 B sl 25
2 (Bio-Rad, Hercules, CA, USA) % AW THRLL 7=,

(5B FATEMER &

ZHED S EETERIE OFEE & LT, kst /L 2 — & (Avicel: Sigma-Aldrich, MO, USA) , & ¥/
7 (oat spelt xylan: Fluka, Switzerland) , 3 LU /v h VLB 2 L7z, 7400 U WL
D LIE, i 5 2% T 1% NaOH (2 24 BERIIRIE L, £ O&MK T L < Peif L TR A TRtk
St FATINGHT D LTI LT, 0.1%EEIRIRIZ C. thermocellum &7 L b — L%
L. 60°CTRG STz, i SHvzBEohiE 2, DNSIAIC K-> THRE LR 1,

Z V) DHEO 3 EEERE O FE & LT, p-nitrophenyl B-D-glucopyranoside: pNPG (TCI, Japan) ,
p-nitrophenyl B-D-xylopyranoside: pNPX (TCI, Japan) . p-nitrophenyl B-D-arabinofuranoside: pNPA

(Sigma-Aldrich, MO, USA) . coniferin (ChemFaces, China) . xyloglucan oligosahccharides (Megazyme,
Ireland) %\ 7z, coniferin & xyloglucan oligosahccharide /3 /G E 1L, DNS ¥5I1Z L - TIT
572, pPNPG, pNPX, pNPA D3 fiftiE 1%, p-nitrophenol it & IZFSWTHRE L=, 8455 1 pmol
Do RPEN 2 EPET Dl FREE 1U LER LT,
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(1) C. thermocellum sigl7 73 5B E3 2 HEE Bs IR B R 1 OBRR

C. thermocellum 1% 9 O D sigl {BIn1% b, sigl BIn T ZRERINZHBEIEDLT-20D T T A
FEFALL, =L baRLb— 3 98128 T C thermocellum (38N LU=, BinFEAREE
HABEL , WRIRREHIC TR LT, 92D sigl BT D 95 b sigl7 BI51% C. thermocellum flifa
WTHERRICRISEOND ZLEd, VR Ty T 4 ZIEIC K-> ThER LT,

C. thermocellum 1%, ZAR7eHEFEE#EEE Z ZHEGER (Brr Y —L4) kT2 LT, &
N —ZAFNA F~ AR L L T D, 7~ R HERE L TR, HEE BEEEE SR 0 43
MEEINTWDIET TH D, sigl7 BInFEAKE XY Z—a ha—/LERIZ O T, RPKM
% T Differentially Expressed Genes it 17> 7=, < DOFEHR, sigl7 BAGFE AR TIE, 49 o
OFEE B R E B s DOFBAD 2 (G EOZE L THEML TWD Z Enbnote (K2), xynlld

(Clo1313 0521) . xgh744 (Clo1313 0851). celSE (Clo1313 1425). cel9V (Clo1313 0349). cel9-
44J (Clo1313_1604) . cel9P (Clo1313_1955) . rgael24 (Clo1313_0693) . rglllA (Clo1313 1983).
cel9W (Clo1313_1477) . cel48S (Clo1313_2747), lic16B (Clo1313_2022) . cel50 (Clo1313_2805) .
xyn54 (Clo1313_2856) . xynl0Y (Clo1313_1305) . cel5G (Clo1313_0413) . chil84 (Clo1313_1959) .
cbh94 (Clo1313_1808), cel84 (Clo1313_1960). xyn304 (Clo1313_0563) 72 & F¥iptim Y —
LR ERE R EIn . £72 cipd (Clol1313_0627). olpB (Clo1313 0628) L\ »7=k/nr Y/ —
LE R ORBERMPHER SN, ZDIED, sigl’ BIGFEARKIZI T endo-1,4-B-
xyllanase 157 (Clo1313_0522) OFEELDS 23 fi%, CBM-containing protein {5 - (Clo1313_1494)
DFEBLN 22 FIZHMLTBY |, HETh oo, —FH. 8 DONE MR EIR T DB sigl7
AT EAE T2 EOEZHES> TIRTFTLTWAD Z & bEB Lz, Ban Y — AR
BIRT-D—2To D cel5-26H (Clol1313 2234) DOFEBLEIL, sigl7 BAG TE AR T 4.5 5 LT
Wz, sigl7 TGS ARRTIX, sigl2 DIEED 2.2 5, sigl8 DFEBIN 3.8 FHITHIM L, sigl3 DFE
BIAS 2.1 f5I20 LT 0 | HE B R B R T ORBHERE O 7 0 A h—2 BNFHET DHH D
LN,

sigl7BIZFE AR TmRNADEIEN 2 B E(CIRo Tz
EEREERE LT Ot/ILOY — ABIRELF(349DH o2

ILOY — AFBRERDCAZyme (—4H1) Oy —-LDEE

Gene sigl7 / vector Gene sigl7 / vector
name Locus tag Domain structure fold change  name Locus tag Domain structure fold change
cel48S Clo1313_2747 GH48 3.1 ¢
Clo1313_0627 1YPe 1 cohesin, CBMS, 2.5
cel8A Clo1313_1960 GH8 2.1 cipA - Type 2 dockerin
xyn11A Clo1313_0521 GH11,CBM6,CE4 19.3
Clo1313_0628 Type 2 cohesin 2174

cgh9A Clo1313_1808 CBM4,GH9,CBM3 2.2 olpB

sigI7 B TFEAKTmRNADBIEN 2 BUT  sigi7 BT EAKTmRNADETE(C
[CIR D TeEE R EEERELF(E8 DH oI ZENN DD IesighBInF(E 3 Doz

Gene sigl7 / vector Gene sigl7 / vector
name Locus tag Domain structure fold change name Locus tag Domain structure  fold change
Clo1313_0820 GH1 -2.0 sigl2 Clo1313_1961 Sigma factor 2.2
Clo1313_2576 CE4 -2.2 sigl3 Clo1313_1911 Sigma factor -2.1
Clo1313_1002 GH3 -2.3 sigl8 Clo1313_0525 Sigma factor 3.8
Clo1313_1001 CBM3,CBM4 -2.3
Clo1313_0140 GT4 -2.4
Clo1313_0333 GH23 -2.6
Clo1313_0136 GT32 -3.0

cel5-26H Clo1313_2234 GH26,GH5,CBM11  -4.5
2 : C. thermocellum sigl7 AR TFEAKD T X7 U 7 ~— Lt

(2) C. thermocellum sigl7 AR FHARD TV 10— A RA F~ 253 fRTENE

C. thermocellum sigl7 BB KRN OLEZ U h—LA%ZEBILL, ZOE/ILE—AFRNA
= AGPRIEME 2 RIE LT, 7T VARG B3 T 5 sigl7 BAn - EAROIEMIE 1.00 mg
reducing sugar/mg-protein T % — 7 X7 X — a3 k17— LEEOTEM: T 0.74 mg reducing sugar/mg-
protein 72572 (¥ 3), B/ v —RAGRIGVEIR, sigl7 BIAEFE AR E X7 X —k L O THEELL
T, sigl7 BB T HAKRB LR X =D X 27 V0 iEMEIX, £ E 1 4.4 reducing
sugar/mg-protein, 7.5 reducing sugar/mg-protein T >72, ZILHDFER LV | sigl7 BIn 7
L b= LDt u— AD GG BT RN o2, 2T U ORHEEMET LTS Z
EWNDIroTo, sigl7 BIAFEAKE 7 U N— LITIFET D0 E BERE SR 2 VG PR YL 5 S TRt
Liz& 25 5y 849 75kDa 36 L O 50kDa D F & 7 F—E 23 b LT\ D Z L 2R T & 7,
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3 : C. thermocellum sigl7 BA5 TE ARt 7 L b — LA D&/ 10— AR A -~ 2555

C. thermocellum ¥3%5 % . 10 kDa molecular cut-off 7 ¢ /L% — % VT RAMEME L CEME L.
BERISIR & LT, BRI & 0.1% B IR T v 70 U ALBERR D & | Avicel, A — h AL b
X7 r) LIRAL, KCRICAEESNTZE CHEEZEE L, =7 — [ JEEREZRT,

(3) C. thermocellum D& )\ 71— A3 fRIGVEIZ BB 70 b B E i 58 D PR R

C. thermocellum 1% 100 UL EOFFEBERESZZ H O CHIR LB — A RS F~ R & 53R
15, HEH %@%f@%@éﬂﬁwH—X+A4ﬁVXAM@r CHEHETHD I LR DNoT
WHD3 20, EOFFE BIEEESR OTEEN R OTEEL #5L1m5®#%%#f&wo

ZZETOLI AT VT h—BREMER AT K DR Z B E 2 T, sigl7 BARFEARK TR
DU TV D B 2 HEE LT, B BEREREIS T Clol313 2234 DY v B v hH v
NWIBEF, BT —BERL XU T T B A RO Z L Do TV DA (M 2), sigl7 B
FHAKEZ L =2 TS 7 UG b Do fHEEICZE(IZ R 0> Te, — 5T
Clol1313 1002 BRI L7z v vy & Uo7 -iL, 7vh U AER D B fRIEIE 213 &
NERI TR TeD sigl7 BIEFEAKEZ U F—LDIEHEZERTE L2 EnbhroTz (X
4), Clo1313_1002 |, B-glucosidase (EC 3.2.1.21), B-xylosidase (EC 3.2.1.37). coniferin B-glucosidase
(EC 3.2.1.126). o-L-arabinofuranosidase (EC 3.2.1.55)i& M % 753~ GH3 S RIEEEHZ TH Y (M5),
IS DIEMN C. thermocellum D)L — AZNA A~ AGHIEMHICEE CTHDH Z & DVURE S

niz,
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vector sigl7 1002 sigl7 + 1002 B-glucosidase  B-xylosidase coniferin a-L-arabino- oligoxyloglucan
B-glucosidase furanosidase hydrolase

4 : C. thermocellum sigl7 JBf51HA 5 : Clo1313_1002 D53 fifiE M

RO T V71 ) JLBRFE D O Sy a1 Clo1313 1002 OfEHY a v v hZ o7
C. thermocellum &2 L b — L%l ZF8 L. £ pNPG. pNPX. pNPA. coniferin,

W E LT, 0.1%7 v 7 U ALBREE  xyloglucan oligosahccharides 043 fifi P4 % I & L 7=,

DHERAL, RISRICAEEINTLE =7 —3EERELRT,

THERAER L, =7 —/\— (3%

MR LT,
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