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Characterization of Cellulase Gene (MsGHF45) from
Monochamus saltuarius Expressed in Yeast
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Department of Biomedical Sciences, Kangwon National University, Chuncheon 24341, Korea
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ROz stk AT MsGHF452] EA13E SDS-PAGESH western blotS E38le] BHlsiinh g4 A&
712 carboxymethyl celluloseS 718+ native-PAGES E3lA 7HZEsttt a4 849 FFxAS Lol Ay
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(Ca?), ILEO](Co*), T-&lo]2(Cu®), 7rol&Mn?") Z28]3l o} o] (Zn*)

Fool2(Hg), vlavlFel&Mg™), 87
o AL ATt B3], $Lo|Le TATAL 66.5% HAAIZTE B AT thekst E4E o] 83 biofuel &
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Abstract: In this study, the cellulase of Monochamus saltuarius (MsGHF45) gene was introduced in Kluyveromyces
lactis, successfully. The molecular weight of recombinant enzyme was determined by SDS-PAGE and western
blotting. The enzymatic activity was confirmed by native-PAGE containing carboxymethyl cellulose as a
substrate. The optimul pH and temperature of recombinant MsGHF45 was pH5 and 40°C. The barium (Ba®")
and ferrous (Fe*") enhanced enzyme activity, and the mercuty (Hg?") inhibited its activity.

Key words: Monochamus saltuarius, cellulase, heterologous expression, yeast

M B A2 Ay fUE 9 BesEe] Wi o
S} first-generation 74 & AL8-3te] A AHE TH(Fischer et

AAA o= 7 Fol ARE-H AL Y= dESl s al., 2013).
O] ARE-2 th7| e olu A28} 5 B2 AR & Cellulaseol] 2]3] 3% cellulose HFH-AHE-S yeasti} E.
AES o7 S Wt ofy e}, uj g A7} AR coli 59 VAES osliA oerss Aikshr = itk

e dR2| o] HFE o] o] o] Bt sitke &
$1TH(Dresselhaus and Thomas, 2001).
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(Maki et al., 2009). 25 lignocellulosic v}o] | €k
AA 7HERS A = 7] wizel 7 7
o}, T3 lignocellulosic B}o] @ ul| 2= &) &2 7k AR
3% glth(Lynd et al., 1991). Lignocellulosic H}o] 2.¢]|
0] AZHE-S A7) 7] gk Al
of 23t cellulose 3l 7 ©] TH(Wyman, 2007). w2}
lignocellulosic H}o] Lo €HE-2] AAite] A& 7153t &
E2%0 RS 918l O aaFoln PEARl A E 3

gk A7t F8Y Folth(Willis et al., 2010).
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E Ao e B sks A (Monochamus saltuarius
Gebler)’} AU+ glycoside hydrolase family 45 (MsGHF45)
EA2E Kluyveromyces lactis?l 23 A Zith AR S
H K lactis= 8 TE AAS SR, 1 A9 &
H|E g o] E4S Slskqitt
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1. &2 EME U FMES 74

MsGHF459] %7 -3 2= MsGHF457F &2 718
¥ E. coli [RosettaBlue™ (DE3) pLysS, Novagen®]= %
B E2|AIH T MEZE LB broth HiR| oA 351} Bl A
ZA3L, MsGHF45 3217} 33k S2km| == HiYield™
Plasmid Mini Kit (RBC, New Taipei City, Taiwan)& A}
&3to] A zALe] Al met LA AT el S0t
2 EE gRAA ] HHS 93 FHTIG O EM ALS
= 3T}

a5 HE S 98l 2t ™ (5°-GCAGCGC-
TCGAGAAAAGAATGAAGCTGITGATA-3’, 5-TAATA-
ATGCGGCCGCTCAAAGTCCAAGAGAACA-3 )= 54
3 A| 38 A (F’-Xhol, R’-Notl), kex site(AAAAGA), &
=g Erete] HARl skt

PCR A&} pKLAC2 WE = XholZ NoflZ 2] 3}
%32, QIAquick® PCR Purification Kit (Qiagen, Valencia,
CA, USA)E A18-3tod A3 TE GAE insert genes}
W E] = T4 DNA ligase (Promega, Madison, WI, USA)
£ ARE-ate] Azt A9 232 HIT Competent
cells™-DH5a (RBC, New Taipei City, Taiwan)S} &35}
AL, TFAL D5 Aol 208 Bt A g T 42°C=
g F45 & ¥, LB broth HiA] el A vl Fslict. Pre-
incubation ¥l M E3}tel-& gAYA| ampicillin®] 23

% LB agar plateol| A 8] 3}5ich.

2. K lactise| gE®E

W FMES K lactis 773A412] LAC4 1Y Y2 g w9}
F3A17171 $3lA, A g-a A Bst (Promega, Madison, WI,
USAYS ol-§-ste] Agsr 1zt Hdgstd 234=9 | pg=
K. lactis GG799 competent cell, NEB Yeast transformation
Reagent (New England Biolabs, Massachusetts, USA)<} &
A S8t 28 EFES 42°CE 402 5 € F
AL FAJIL, 7,000 rppm O 2 25 Fotk AAE =S &9t}
Ao 7 pellet cell YPD medium (1% yeast extract,
2% peptone, and 2% glucose)ol| F-FAIZ L, 30°CE 44
7k & 250 rppm o2 MBIt 2 & EFAS 1X
PBSOl| A AT 8417 HEE 10, 50, 100 plS F
sted Z+zF 50 ple] HEFT7F £01U= 1.5 ml tubedl]

27 F AolFATh 747Fe] £l S 5 mM9| acetamide
7} %% YCB agar platess (New England Biolabs,
Massachusetts, USA) 9]0l =23} 30°CAA] colony”F
FE o 714 4 FF gt

A3 Fo)7 K lactis®] screening $1314 FAE
colonyE YPCMC agar plate (1% yeast extract, 1%
peptone, 1% carboxymethyl cellulose)Z %71 5o 30°C
2 2% St wieFatainh. wiF ol plates SHTE &
T3, 0.5% congo red solution®Z €4 & 1 M NaCl
2 gAate] gelatgitt

M

3. O|BLEn cHiE 24

F2A A3 Foj7 colonyE YPGlu medium (1% yeast
extract, 2% peptone, 2% glucose)ol| 4] v &F&}e] scale up
A Fo, ARG E st DX pelletS YPGal
medium (1% yeast extract, 2% peptone, 2% galactose)
of wigatArh. A=F MsGHF45% Bl 3= 53t wi#]
Z FrjEn A7kl Ja g wehA] wiAE FHste] 9
AR E SHAAL ST FHato] iz FA 0] AER
AHE-8HA T

Az MsGHF452] &AFF2 SDS-PAGE, Western
blotol] ¢J3iA] &1} tH(Laemmli, 1970).

G40 AL resolving geloll 712 24 0.1%2] carboxy-
methyl celluloseS Z§3}3 SDSA 2|} sample boiling 7+
& ol A glo] X8 native-PAGE 4 & &
afA FRlatsit. A7195 ol A& 20 mM phosphate
bufferol] 3L 37°CollX] 3417 E<F B ARE-3-5 B, vl
& o SHTE AlA T, 0.5% congo red, 1 M NaCIZ
A A /A Sk ok

4. 229 54 =gl

A2 Amicon® Ultra-2 ml Centrifal FiltersE AH§-
&to] T2 § ARg-SiTh.

Az MsGHF452] 22 pHES &olr7] 95}
= d ol 71FEM 1% carboxymethyl celluloseS
A718K2, 7k2k the pHEl buffers WolA 37COIA 1]
s
Al

IH5o] & 97HAE ARS-SFATE vl E E3E-2 DNS
assay S AFE-5to] FAEE A T3 thMiller, 1959).

AN ZF MsGHF459] 24 2=x718 golir] 95ty
" o) 1% carboxymethyl cellulose®} 50 mM
acetic acid-NaOH buffer & 73+ 3o 2}7] t}2 2=
270 WollA 1A17F B2t wi kst &%= 4, 20, 30, 40,
50, 60, 70°C= ¥ 77F4] 2718 AHE-sIATh wiFe &9
E-2 DNS assaye A3t S =& A 33T

ANZ% MsGHF459] 54> &l g&o]e0] 713+ 9
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kS Lolr 7] 93le] 1% carboxymethyl cellulose2} 50
mM acetic acid-NaOH buffers 37}8}a, 2 714]¢] 27}
ol F<S(barium, calcium, cobalt, copper, ferrous,
mercury, magnesium, manganese, zinc)2 1 mMS O 3}
o 37°ColA 1AIZF &3t v Fsldeh. Migd £
DNS assay= A&-3le] S =5 A a3 T

EE AYe wEo R Agsieit.

5 SH 24
7k Aol mE Aste] 4L §)ste] Bat vagel o
HH Sl ANOVA 418 4819152, o] SPSS(software

-
>
zZ
>
>
1
o
w)
]

3

g

i
i
o
ofo
QL
£
N
uy)
i
ol
=Y

2 vmake AR S A sk,

1. @E™E E K Jactis?| Screening

FAHAE H K lactis®] screeningS A A ELE
5mM acetamide”} %% YCB agar plate] =23} T},
YCB agar plate?]oll#] F&dg € Az AEE&S T4
2% =] ok Alxrt 4 = 1 o]f+= pKLAC2
vectoroll 223 Aspergillus acetamidase (amdS) - A=
acetamide® -3 3} acetamidaseS HH]35}7] wiito|t}

Figure 1. Screening of transgenic K. lactis by YPCMC agar
medium. The only transgenic cells are able to form the halo
zone, becouse the carboxymethyl cellulose is decomposed by
cellulolytic enzyme. After thrice screening, all the colonies
have formed broad and clear halo zone (A to C). There is no
cellulolytic effect in native K. lactis GG799 cells (D, MsGHF45:
recombinant transgenic yeast, Control: native K. lactis
GG799 cell).

(Selten et al., 2000).

PAAS @ K lactis®] A3 screeningS 913l A
YCB agar plate ?]°ll 2+ A E colonyZE A8t YPCMC
agar plateZ *ZTh YPCMC agar plateol= 7]1Z <
carboxymethyl cellulose”} Z3$t=o] STt 22 FA A3
B Al ETre] A Z3F MsGHF459 2]l A carboxymethyl
celluloseE glucose= 3l & = 7] wiZell, congo red
Gl 23 A F=A7H3E H colony FH o= halo zone
o] A} 3 &Y colonyZ 2|17 S8l oI
el AA K8 s A3 BE colonydl| A €448 glst
S ThH(Figure 1).

HI

2. CHEE 2A

DNA¢®] H714<ES &3l Protein Molecular Weight site
(www.bioinformatics.org/sms)ol| A Al AFs}o] o =3k
MsGHF459] #2132 25.11 kDa ©]3{t}. SDS-PAGE 23}
oF 25 kDa2] ¥l =7} YEFTH(Figure 2A). B3+ western
blot Ao A= A =3 MsGHF45¢] M=7} oF 25 kDa
of| A1 YEFSTH(Figure 2B).

a9 8448 71482 carboxymethyl celluloseE AHE-
St native-PAGEE &3l €133 th(Figure 3).
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Figure 2. SDS-PAGE and western blotting of recombinant
MsGHF45. A. The recombinant MsGHF45 was secreted to
YPGal medium from transgenic K. lactis. The predicted
molecular weight of MsGHF45 and secreted molecular
weight of MsGHF45 were corresponded. There is faint other
protein band that may be the partial decomposition product
of MsGHF4S5 by protease effects of K. lactis. Lane M: protein
10-175 kDa marker. Lane 1: protein band which has molecular
weight of roughly 25 kDa. B. Lane 1: protein band of
recombinant MsGHF4S were roughly 25 kDa.
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Figure 3. The cellulolytic effect of secreted MsGHF4S by
native-PAGE. The only transgenic K. lactis cell culture medium
has cellulolytic effect against carboxymethyl cellulose. Lane 1:
native K. lactis GG799 cell culture medium. Lane 2: transgenic K.
lactis cell culture medium.
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Figure 4. The optimum pH of recombinant MsGHF45. The
enzyme activity was the highest at pH S. This optimum pH
will be advantage for yeast fermentation process, because
during fermentation the pH of medium is decreased (pH 6.5
to 5.2) by alcohol and carbonic acid. Error bar: SE.
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Figure 5. The optimum temperature of recombinant
MsGHF4S. Error bar: SE.

7} pH 5, 40°C= 1= A th(Figure 4, 5).
=& ol P ol A}, A3 MsGHF45
o] 84L& Ba¥, Fe'S H7ale] kst AS 24 o)

A 93 Wd gz ma) Ao of

o

Table 1. Effects of various metal ions.

Metal ion Relative activity (%)
Control 100£0.5
Barium (Ba®") 103.5+1.7
Calcium (Ca>") 90.9+1.4
Cobalt (Co*") 87.5+0.7
Copper (Cu*") 78.8+0.7
Ferrous (Fe*") 104.8+0.9
Mercury (Hg*") 33.6£1.0
Magnesium (Mg?") 85.4+0.7
Manganese (Mn*") 82.1£1.1
Zine (Zn?) 91.1+1.1

3.5~4.8%7} 713t tH(Table 1). 2ol wa A, v} =
Ca2+, C02+, Cu“, Hg“, Mg2+, Mn“, Zn2+ % ;g 7]—’6‘]—9} %
ZAg-olE o] A 53], He M E a4 34
o] °F 66.5% 7+A3HS HoJFATt.

4. BHEN

ANOVA 4 ZAE Ho} pHel &%9] W3}, 540]
o] ko] w2 §ATFLS BT A SAFY &
£°] 0.0000-2 Fo]5F 5%lM Aol 7k EAst= A
2 BAHAL B 524 A% A f
7} 0.160, 0.198, 0.154% M| A 25 153 5%
7k Ao mE ko] st & 4 qdth whEbA
Duncan §2 o]&3le] AL EHA S ARSI T

Duncan H-& ©]&3% A0 A3} Fo4F 5%l
pH 2, 3, 8, 9, 10914= =to]7F QI1AAL, pH 4,794 &= =}
o7} WA EHA] ekttt TS pH 63 pH 5& TS ZE
pH 33 2ol & Holes Zlo 7 B4 %l th(Table 2A). &
B Fro) R 5% 4, 60, 70°CAIE 2k 7} /1132, 30,
40°CoNM = Zo] 7} gl oW 20°Ce} 50°Col M= Tt =
€ 2oAe} ApolE Hols ZAOE A H I TH(Table
2B). WA HtO R FEo] 270 RS He AR A}
A4 A3 54 5%0)A Control S T E R E
Az xpo]E Hol= Ao Z Vet Ca¥¥ zn, 2
2|3l Ba™ % Fe™o] 7ol e &4 a8 A=7} 2}o]
£ Ho|x| ¢gkton, b2 FHES ME 747 84 a8

o AFo]E Hole o2 £ 5 rH(Table 2C).

lo
Y Jo Moo

4 =

2 AFodXe SHFAsEAaWM. saluarius)’t A
cellulase (MsGHF45) §-3AE K. lactis®ll 23 A7
o 3448 @ aRE €40] U= cellulase 245 4
TH o=z Agch. A3 MsGHF459] #2142 SDS-
PAGE®} western blots F3te] gRlo] Hglom, FAA



7o) W E B 3152 (Monochamus saltuarius) Cellulase gene MsGHF452] E4J ] -3 A+ 265
Table 2. Duncan’s multiple range test
A B
Duncan? Duncan?
oruto] AJEM[E = 0.05 orglo] AEAMIE = 0.
pH N i 2 i 3 Temperature | N ; Tl 2'\1_)‘"_3 0.0 3
2 3 1067
60 3 | .1133
3 3 1100
9 3 1200 e S8 | w200
8 3 1267 4 3 .1233
10 3 1267 20 3 .2233
4 3 -1867 50 3 .3233
! 3 2133 30 3 .3767
6 3 3933
40 3 .4000
5 3 5233
AT
=T AEAEN = 191 S0l HAISLICE L ABMEN o= 082 0| ﬁAlﬂuE}
a Zeof Bx ®2 Hat - 3.0002(2) AZBILICH a 5} B w2 A - 3.0002(2) ALBEHLICH
C
Duncan?®
) Euu NBHIE = 0.05
Metal_i N
al-lon i 2 3 5 5 7 8
Hg?* 3 [ 33.5333
cu® 3 78.8000
M2 3 82.1333
Mg?* 3 85.4333
co? 3 87.4667
ca? 3 90.9000
Zinc 3 91.0667
Control 3 100.0000
Ba®* 3 103.4333
Fe® 3 104.7333
oz 1.000| 1.000| 1.000| 1.000| 1.000 .849 1.000 148
SZ AMEAHEN U= OS2l EL01 ZEAISLUCH
a. g} S 2= 23} = 3.0002(3) AREEILICH
3 ¥ 549 @4 714 2ZM carboxymethyl celluloseS ES F43E ALoE 2o R AgAse} o] gl
ZFE native PAGES B34 91 & QATh AxT B &S 54 BAL s 2] AE vl
MsGHF45 &4 840] 2= 2 pHRAZ F4 &&= Hsl, Ba®' 3} Fe'2 T40] 7128499 2steE =olaL
AL BT 5 dglon, FEolee] Jge I 5 91 Zujrgle] YeE FHHAZ = UrhNaika et al
Aot H4 pHZAL pH 52 UEltor, 23 =24 2007). Ba®*3} Fe*'E #7138l cellulase E4d°] U
< 40°CE Yelth H4 pHe 85 olgag S 913 o] 130% 713t ths 2 714 A57F ATH(Liu et al., 2012;

o] & Zolt}. v gst= &< wiA &] pHE olg-Eou
H,CO,¢} 7o aa AAFEZ Qls|A pH 6.5914 pH 5.2
2 74 =7) dieltt 230258 fHiE ol o
FRe o] AZ2F cellulase= pH 5~7, 18|13 2%
= 40~60°CollA A EA& zhethe B 7 A2
7F A THKim et al., 2008; Lee et al., 2004; Ni et al.,
2007; Simura et al., 2003; Wei et al., 2006; Zhou et
al, 2007). 3 FeolL3he] AL WH, ol o]
Be7)sh e Ghe) BN 2 B 9 1F

=
pu

Pham et al., 2012; Tao et al., 2010).

320 A" 20 Hw
el 7S thkst AE<tol7] o] 2
cellulases &34 o= gAsubz o it o]
flair=
I AL gt} v S sk 9] E F4 0]
9] xﬂf‘fpﬂ;,q— 7+e. AEY ]i ReXS)|

o wae

cellulase= celluloseE 2}
A 7R HEol &

l—rI
t
N

HOlN—lJE-lJ

300950l 9S4
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o
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e
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T 5 ok =4,
o= 7kl A7l

ik E}(endo-glucanase, exo-glucanase,

AR, A MsGHF4594
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cellobiase). ©] Al 7H4] 8-S BF E3A)7)= A7= U
ol &= At} Cellulase?] Al 714 S a3zo=z &

&0
o HAXA B4l 24 3PS SRR
T+7F 9th(Yamada et al, 2010; Yamada et al., 2011;
Yanase et al., 2010). A&, ¥ g5 E3]| A= alcohol?]

F AEF] 82 Folt ATEE Uobd 5 UL
elet,

B ool 7k FA|Z0] BuksdsisArt AYsE &
Z cellulase?] MsGHF59] E42 8

et al. 2015). MsGHF59] §454S 3<ls] 2 A3}, 2
AT} A FA Q] A= %

A HA AL Holx=
7} AYE cellulase= Al 257 ,
A ke o 3 T/ 94 H]%@-} Ao o FETt. Al
7R 9] cellulaseS FA]EE A
Sk biofuel 37 J8A17tHH 349 885 A =Y
T AS Aol

Y
o
ol
=
o
to
=2
[
o
ttlo

o

dAle 2

2 A= i share] NS ol 20149 = A7 E
ZH](C1010739-01-01)Z 53 = AT},
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