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Abstract A gene encoding thermostable cellulase B (TmCelB)
was isolated from Thermotoga maritima. The open reading frame
(ORF) of TmCelB gene was 825bp long which predicted to
encode 274 amino acid residues with a molecular weight of
31,732 Da. The 17 amino acid residues from N-terminal of the
TmCelB was known as signal peptides. To analyze the enzymatic
activity and biochemical properties, the ORF of TmCelB gene
excluding a putative signal sequence encoding 17 amino acids
were introduced into the E. coli expression vector, pPRSET-B, and
overexpressed in E. coli BL21. The optimum temperature of
recombinant TmCelB was around 95 °C, and the optimum pH of
recombinant TmCelB was around pH 4.5. The recombinant
TmCelB was stable at temperature below 100 °C.
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Aol JE UGRE A& Mxge FARIH AA 7t
2 Bol EAlshs f71Eolt1]. AR cellulose® H-3llsh=
BAE VAL YA ko] &SR] REA|RE 2AFES &
3P| FASkE HAEEY o8 celluloseE 4312 4= 9
tl. Cellulose= Folut A2 AL A2 AMSEHT A8 &
A2 Wyo] 7FedtEE AAHeRE F&5 BRI
CelluloseE F3llote @4ES YO =R cellulaseEtal 314,
A, 53%0] 5 B nAEZYH EEAE[34], e
AR WEA FF2HEH WEA cellulase?t 2SI ATHS].

Thermotoga maritima= 27 A7E%7F 80 °ColaL FA|7HA]
IRIE BE F 7P HERe] =2 o= dEEA SUri6,7].
T maritima= xylan, strach, cellulose & %2 F79 i+
4S8 BT ¢ ojA o|2HE Ao = v 783 W
g4 8AEL Y F Atk T maritima®] AA Als 971

| oln] ¥alx dow WG cellulase T49 FHAE
FA5E 82 (GeneBank Z69341.1 1877-2701)% 1=tk
[8].

B AN E T maritima WEA cellulase B &4 AR}
©] ORF(open reading frame)2 Fd== DNA #9& PCRZ
5% ¥ pRSET-B #El] AFlatar, g+t BL21oI4 et

AHTE 671¢] His-taget =] &dE TmCelB &3]
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2
A% SRS ok B4 FEskn,

A R WY

AHg 25

Ao AFRE T maritima 452 genomic DNAE ATCC
(ATCC 43589D, Manassas, VA, USA)ZRE] Tt A3}
Aok FAA AR 2 g EARS QEME E coli
TOP10 #52 AREINR L, AZE TmCelB FAke] Zohad
S 9JeiME E coli BL21 #FE2 AM8-3IITH
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DNA HE &4 2 A|FEAELS Promega (Madison, WI,
USA)IA Y3ted AM&3F1 3, Ni*t-nitrilotriacetic acid (Ni*'-
NTA) agarose resin Qiagen Inc. (Germantown, CA, USA)
A &=L AHE-3F T Carboxymethyleellulose®t 71E} A5
Sigma-Aldrich (St. Louis, MO, USA) A|&S AR&3I91t}

Ty e A=

TmCelB +3At2] ORF= PCRS ©]&3] 533lal pRSET-B
W wE el ARdst $ st BL219A 2#AIZTE. TmCelB-
specific primer=  5-AAATTTGAATTCTCCGAGGTGGTTCTCA
CG-33} 5-AAATTTGAATTCTTATTTTACAACTTCGACAGA-
35 °]83I%aL, PCR AHeS AFHE L EcoRIC R Hdhaial
pRSET-B H#Ejo]] 41¢J3le] pRBTmCelBE #3139t} PCR 1t
&2 25U Taq DNA polymerase, 1 mM Tris-HCl (pH 8.3),
1.5mM MgCl, 02mM dNTPS, 100ng 7' maritima genomic
DNA, TmCelB-specific primer 100 pmoles X33 50 uL=
Az, 94 "C°ﬂ/\1 3% Wk F 94°ColA 13, 52°Cel|A]
12, 72°CellA 282 303], A2t QE-S 72 °CollA 5%
& s

TmCelB S92 ¢ & A

Cellulase B -F%AE EZ3sk= pRBTmCelBE thad BL219|
FAHAFI, 37°ClA 4217F B2t 0.7 mM IPTGE 715l
vhgatinh Mgl S daldelste]l tidst BL21S 3|56kl
4mL lysis buffer (50 mM NaH,PO4/pH 8.0, 300 mM NaCl,
10mM imidazole)E H71etal 4% &<¢ 23 5K h
TmCelB &AL ¥3sle FE5E-S Ni*'-NTA-agarose
column chromatography S AFg-3ted A AR, 250 mM
imidazole £9] T Tl &3 tt. TmCelB S5
© SDS-PAGEZ 24131917[9] ©d 3= Bradford %ol
°Jsl Z4sI3ATH10].

TmCelB S A 2] cellulose FaEFS 743

1% carboxymethylcellulose, 2 uL TmCelB & %% ”X‘, 50
mM Mcllvaine buffer (pH 5.002 243t HHFFHIAE
300 uLZ AT ©]E 90°ColA 308 &< HP%é}‘iil wE
B g k& DNS(3,5-Dinitrosalicylic acid)
SR =

TmCelB §¥ 2] A3}3ky £ 74

TmCelB o] &4 H2A pHE 48] flsliA 50
mM Mcllvaine buffer (pH 2.5-6.0)2} Sodium phosphate buffer
(pH 6.0-8.0)5 ©]&3}4 cellulose 3 S =43
TmCelB §3chalde] &4 7 _Q_EE Z2A43517] YsiA 80-

100 °CollA cellulose #allE3S =33}

TmCelB & =4 2 2 LH%"S‘ —1}\3% Z437] flsiA
TmCelB §HTHHE 80, 85, 90, 95, 100 °CollA] W35}
Z 180 =<t vl 307t cellulose &S =A 31T}

23 2 3%

TmCelB 37 £ € ¥3d

T maritima®] WEA cellulase B (TmCelB)2 F4 %+ 2%}
(GeneBank Z69341.1 1877-2701)= Thermotoga neapolitana®|
A cellulase Bt =& A<D FAMI(94.5%) 7H= Aol 7%
3t T maritima Al&olA AL TH11]. TmCelBE F4 =
B 23219 ORFE= 825bpelal, cellulase BE #AbgFo] oF

31,732kDa’] 2747¢] ofmeite s FEe] gtk o] F N-
Zto] 177) oAk signal peptide® FHEYL, o2 A
o5k 25709] oprAt 7R A wEe] AlE el

cellulase B 4% g3 Aoz oA=L o2 FHs)
$3le] signal peptideE A1 <3+ TmCelB 7 X}(774 bp)E
PCRZ FZA)7]3L PCR AHE2 EcoRICE Xq‘ﬂ'?ﬂ' pRSET-
B #Eo] Asled pRBTmCelBS A %3tk &4 AT )
Z3F TmCelB2] A3}sts EAJ8 E41517] ¢Is] pRBTmCelB
£ st BL219IA FthdEAIZ 2 SDS-PAGEZ #43)t},
Fig. 19 Yehd vle} o] TmCelB ST EL <
BL21oIA FrpaE =3, 67]9] His-tagS ¥3H TmCelB &
Sreh o] BExleke oF 30kDaz FRIFENL) o] e f5d
of|i=fto 2 RE] ALK I Aol dAFE & UUTh
TmCelB &3 de] cellulose F3E/32 1% carboxymethyl-
cellulose®} 2 uL TmCelBES ©]&3le] =43}, TmCelB &
AL cellulose w30l Ue Ao= ERIFATH

2265-
150 -
100 -
75-

Fig. 1 Expression of recombinant TmCelB in E. coli. The open reading
frame of the TmCelB gene was introduced into the pRSET expression
vector and was expressed in E. coli. Protein extracts prepared from
induced E. coli were analyzed by 10% SDS-PAGE and stained with
Coomassie Blue. Lane M: Molecular weight marker. Lane 1: total extract
of E. coli. harboring pRSET plasmid only. Lane 2: total extract of E. coli
harboring pRBTmCelB. Lane 3: soluble fraction of E. coli extract
harboring pPRBTmCelB. Lane 4: purified recombinant TmCelB
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Fig. 2 Relative activities depending on temperature and pH of
recombinant TmCelB. (A) Optimum temperature of recombinant
TmCelB. A 1.0% of carboxymethylcellulose was incubated for 30 min
with 2 pL of purified recombinant TmCelB at various temperatures in a
final volume of 300 uL of a reaction mixture containing 50 mM
Mcllvaine buffer (pH 5.0) (B) Optimum pH of recombinant TmCelB. For
the pH test, 50 mM Mcllvaine buffer (pH 2.5-6.0) and sodium phosphate
buffer (pH 6.0-8.0) were used. Carboxymethylcellulose (1.0%) was
incubated at 90 °C for 30 min with 2 pL of purified recombinant TmCelB
at various pHs in a final volume of 300 uL. The data represent the mean
of three independent experiments

TmCelB 39 Z ] As18ry £ £4

TmCelB §dchldel 27 2x9} & pHE &3] 23]
o] 2% W= 80-100°C, pH He= pH 2.5-8.0014 &4 &
AL 2330 H(Fig. 2). TmCelB ST A L oF 95 °C H 2
oA 7P =& &4 FAL eI, 100 °ColA Hu &
el 80% oS FAIBFAtH(Fig. 2A). TmCelB &3¢z
ok pH 4.5 oA o] &4 eI, pH 4.0-6.0 <
oA Hdl A9 60% ©ldS FXIEATHFig. 2B).

TmCelB §3Ae] YEY £4
TmCelB §&d Ao Uigh %9 g Fig. 3o e}
Witk HgA 24S 98 TmCelB S8 2-S 80-100°C
oA wikslATh BaE 1808 B9 v 30Evith &I, &
FE4E 2As9tk. 2 2% TmCelB §-g<hi =2 100 °Coll
A 180 FToll= FATAHS 80% ol FXAIEIATH

E Ao N-EES] signal peptideS A3 T maritima
cellulase B -f%12H5 PCR %3kl pRSET thdt Ul HE o
AH9letel pRBTmCelBE Al X8t o|2HE W s =

TmCelB §FTMA-2 N2t F2ol polylinker site, T7 gene
10 leader, 6-His tag® E3Fal = §gcbdo|t), o]g|sh
N-Ze] o2 TmCelB ST 2] Aslels EA4do
IS E F Joh. TmCelB §HINH ] Ayslsy EA4S &
2%t A3}, TmCelB St de oF 95°C F2of|x] 717
S &4 e JeRHIAL, oF pH 4.5 F2elA FHo &4
YERR2H 100 °CollA] 1808 ol G482 80% ©I
FAIBIATE. T maritima®] EA3= cellulase A (TmCelA) &
et gk 71| A A= 90-95°C F2ollA 71
=2 34 S48 eI, &F pH 5.0 F2olA FHd &4
S YRS 90 °ColA 1808 o= &4 S 80% ©]
F FABEATH12]. o] Ao} vlwal HokS of TmCelA &%
TlAy TmCelB @M AL a4 &9 FF 2= &
A¥shu A pHEF WG] 542 AoVt e Alo= ekt
. olEd A3= TmCelB AT 7294 cellulose ¥
S FAISIL e, o] biomass E3 T AFGel &
8ol 715 o= AlsE
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Thermotoga maritima cellulose B 572F2] The open reading
frame (ORF)Y 825 bpo] 3, cellulase BE HAFEHo] oF 31,732
kDaQl 274719] ojm|iito @ A o] St} o] F N-ZHe]
177 o}r] =4k signal peptide2 g% Th Signal peptideE
Al2]g ORFE pRSET thdw L& o] 4%i38l] pRBTmCelB
£ AZX3AUTE 6-His tags E3HE TmCelB &3z o)
cellulose 324} Askehy] 5745 {48171 $1s pRBTmCelB
£ W&+t BL210A Aohddsialar oE2]steith. TmCelB
S L cellulose 3 EAES JERARILL ©] & ZHeo=w
459k TmCelB 3 d e oF 95°C 2ol 7ME =
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S G4 S YERMIA, 100°CA Hdl &8 80% ©]
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5
A FHY 48 60% o
100 °ColA] 1805 Tol|m= FAEAIS 80% ©|F

A3 TmCelB “ar%“?_’r‘ﬂ.*?—-lﬁ

A

Keywords WgA - AZgolH - AE29~ - AREY} v}

2JEjv}

References

1. Bayer EA, Chanzy H, Lamed R, Shoham Y (1998) Cellulose, cellulases
and cellulosomes. Curr Opin Struct Biol 8: 548-557. doi: 10.1016/
S0959-440X(98)80143-7

2. Niehaus F, Bertoldo C, Kahler M, Antranikian G (1999) Extremophiles
as a source of novel enzymes for industrial applications. Appl Microbiol
Biotechnol 51: 711-729. doi: 10.1007/s002530051456

3. Kitamoto N, Go M, Shibayama T, Kimura T, Kito Y, Ohmiya K,
Tsukagoshi N (1996) Molecular cloning, purification and characterization
of two endo-1,4-beta-glucanases from Aspergillus oryzae KBN616. Appl
Microbiol Biotechnol 46: 538-544. doi: 10.1007/s002530050857

4. Park YW, Lim ST, Cho SJ, Yun HD (1997) Characterization of Erwinia
carotovora subsp. carotovora LY34 endo-1,4-beta-glucanase genes and
rapid identification of their gene products. Biochem Biophys Res
Commun 241: 636-641. doi: 10.1006/bbrc.1997.7747

5. Liebl W, Ruile P, Bronnenmeier K, Riedel K, Lottspeich F, Greif I
(1996) Analysis of a Thermotoga maritima DNA fragment encoding two
similar thermostable cellulases, CelA and CelB, and characterization of
the recombinant enzymes. Microbiology 142: 2533-2542. doi: 10.1099/
00221287-142-9-2533

. Huber R, Langworthy TA, Konig H, Thomm M, Woese CR, Sleytr UB,

Stetter KO (1986) Thermotoga maritima sp. nov. represents a new genus
of unique extremely thermophilic eubacteria growing up to 90 °C. Arch
Microbiol 144: 324-333. doi: 10.1007/BF00409880

. Chhabra SR, Shockley KR, Ward DE, Kelly RM (2002) Regulation of

endo-acting glycosyl hydrolases in the hyperthermophilic bacterium
Thermotoga maritima grown on glucan-and mannan-based polysaccharides.
Appl Environ Microbiol 68: 545-554. doi: 10.1128/AEM.68.2.545-
554.2002

. Nelson KE, Clayton RA, Gill SR, Gwinn ML, Dodson RJ, Haft DH,

Hickey EK, Peterson JD, Nelson WC, Ketchum KA, McDonald L,
Utterback TR, Malek JA, Linher KD, Garrett MM, Stewart AM, Cotton
MD, Pratt MS, Phillips CA, Richardson D, Heidelberg J, Sutton GG
Fleischmann RD, Eisen JA, White O, Salzberg SL, Smith HO, Venter
JC, Fraser CM (1999) Evidence for lateral gene transfer between
Archaea and Bacteria from genome sequence of Thermotoga maritima.
Nature 399: 323-329. doi: 10.1038/20601

. Kim YH, Kwon TK, Park SS, Seo HS, Cheong JJ, Kim CH, Kim JK,

Lee JS, Choi YD (2000) Trehalose synthesis by sequential reactions of
recombinant maltooligosyltrehalose synthase and maltooligosyltrehalose
trehalohydrolase  from  Brevibacterium  helvolum. Appl Environ
Microbiol 66: 4620-4624. doi: 10.1128/AEM.66.11.4620-4624.2000
Bradford MM (1976) A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of protein-dye
binding. Anal Biochem 72: 248-254. doi: 10.1016/0003-2697(76)90527-
3

. Bok JD, Yernool DA, Eveleigh DE (1998) Purification, characterization,

and molecular analysis of thermostable cellulases celA and celB from
Thermotoga neapolitana. Appl Environ Microbiol 64: 4774-4781. doi:
10.1128/AEM.64.12.4774-4781.1998

Kim CH (2022) Characterization of the recombinant cellulose A from
Thermotoga maritima. J Appl Biol Chem 64: 213-216. doi: 10.3839/
jabe.2021.03



