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Expression and Cloning of Microbial Transglutaminase in S. cerevisiae
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ABSTRACT: A Ca*-independent microbial transglutaminase (mTGase) from the actinomycete Streptomyces
mobaraensis IFO13819 is a useful enzyme in the food industry. It is consists 406 amino acid residues, which com-
prised leader and pro region of 75 amino acid residues and the structure region of 331 amino acid residues. Pro
and structure gene of TGase were cloned into the yeast shuttle vector pYAEG-TER and then used to transform
Saccharomyces cerevisiae 2805. Expression of mTGase in recombinant was confirmed with Northern hybridization
and the maximal activity of TGase was shown 26 mU/ml.
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W de] NEGH 73S AN FHOE o
ERe 247} 018512 e, 72 BMRE Hee

Adshs 7riald a4t sk o8 7tadA
EJJ} ATHKim et al, 1992; Kim and Kang, 1995;
Whitaker, 1997).

NaEAY FA Zz TmAS gAIAA 24
FE3IE olF =t T8 AEA PR oy 4=
© el o)gs A}, Fehle] g dE-dT

kS, T Tyr-TyrdE, 9= N-g4
aspartyl)lysine A%}, 18] transglutaminase(TGase, protein-
glutamine j-glutamyl-transferase, EC 2.3.2.13)° 2]3F N-
& fglutamyl)lysine 245 5©] tH(Cross and Sizer,
1959; Pisamo et al., 1968; Anfinsen, 1973; Lou, 1975).
7t G4 5 d3EAQ 491 TGase= glutaminyl
Z471¢] pcarboxyamide groups} AdH-91e] AJZHQlo]
Wkt acyl-enzyme TZHAIE BdSH & ofvlFe] 12k
ofgl 52 lysyl Z7]19] &NH, Atele] FF HElol=
;(].7:16‘]— ‘63/\42_ _Z‘_uHEPOE}yﬂ D]—)iﬂ?é]g‘_ Eﬂi‘o‘ﬂ}\] ]‘f: _“{5'._&_0]
TH(Yokoyama et al., 2004). HH-&-7A|¢l| o}glo] &) 3HA] &
O™ TGase= glutaminyl 7+7]9] j-carboxyamide group
o] 7Rl E Fulsith. Lysyl 7719 gamino group
o] 71AEN AFEE W] g(pglytamyl)lysine 23S 53l

kil
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peptide chain®] ©]F]Z (Yoo et al., 2003b). TGase<]
Tt EAL gilEe XA o7 WA 7| T Al
o ISAY S WAL R, HES Eydss

Fo| AxE JPsspl with. nebd
TGaseE SE&FOZH 279 A&
Pz, g2 ol
TGase®] ‘:]' £ls 7Ide 4 ATH(Motoki and
Seguro, 1998; Yoo et al., 2003a). TGaseE 37130 2H
r,Hl’:_ I:]-Hﬂ;d.g_ H]is]_ 7_]—&. 1’4—1:1“?1‘0/] @(gel)ﬁ}i q_oks]_

___‘Q_b‘l- o i)yq

ool B 7Pssim, 71hol olstel Ak HA W @
W] Ake 7Psat, Jhdgle] AshE Pt Ea

A 7129] emulsion Aoy B, IF 5o A3}
M= Azt 7153 EA4S 7KL AtH(Motoki and
Seguro, 1996). TGase] 2443 Fd€d A @z
o] 3=E MNAANTIH, FrES ST B3 Do
gk A S7HA7IH AR AR Aot Tks

o}t‘r wEbA 710 AE A S EAES AxT
T o, Fgouf AFE A Fo o] = A WA
%‘ *}F UL, AAZA G HAGA ] AMedE Gl =]
A & F %lt‘r(Motokl and Seguro, 1996, 1998). A&
Aoze =20l 77 e2 A & 4 glon B
7] 7 dake] TS golg S:IEHE =25 AR

o)
de & FHZE AZRE 753K (Motoki and Seguro,

45 HFFYNN 4aHoE st
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o
ool

A o] €53 ATH Yoo et al., 2003b).
A Z7e] o] FE Y TGase2] AAZF <l o]&-&

B0 o A Hgo] EA7E HIYLY Swrepromyces

mobaraensis®] WHFoA AALE mAE M EL] §49]
TGase®] WA o]F AA A TA|7} A= o] 2]FHo

olre] S-8AT7} &ds] Y=L At Ando, 1989).
HAE fEel o] ahe =4 FE3 TGase o=
OE2A 2 $5o 98 ¥4 oge 2 v 1
Aehe A, B3t 55 fHel TGasedl H]SH Fof| H]aA]
QMY Ela, A4 pH WIE He S 9lo} A1E
Fopo] ] 28 HI A 1995; Seota,
1997; Tasi et al., 1998).

Guinea pig® liver(Ikurak and Mokito, 1992), bovine
plasma(Kurth and Rogeners, 1984)°14 f-2l¥ TGasel:
A E frefe] TGaseE: &8st v 22X 5 7F
ARl A MFFe AgE A, BE Lopu|iAks 4
szl R JUS BAFEHE A (Motoki ef al., 1984),
/\Lct»}zq ow 283 98] S wwA X HA, @

! o] /9] actinomycing ©]-8-3}] E‘r‘iﬂé‘ Ag vi=e=
A77F =38 € B} AtH(Cozzolino et al., 2003; Yokoyama
et al., 2004). Kuraishi 5-(1996)2 microbial tranglutaminase
(mTGase)—%— 2o g7 Z7 o) Ve 2R e %3]
a8 gro] 4ES B IS, Kumazawa 5(1995)
& oJFAIFANA mTGase A= 82 A= A2
ZA 9] Ho| FFES RAsHY. TS Motoki 28|
Seguro(1998)2 A& S AES] mTGaseE 7S
i”ﬂ AR FE0Y 259 wisle] we dojd &

= WE&=9 & AE IS F AS B
EEEP Sakamoto ﬁ(1996)— 49} el mTGaseS
Atz xe & Z2Z o] vmhds ogstar, AlEe]
eeo] ES BASIUTE TGasew TFY3H 59 =

4, o) F, PAE SollA LAEY(Yasueda et al., 1994),
T3l TGases EAQ9] &8o] =517, A|gkd
] B AAe] ol gel vk =3 TGase 10 508
AEZ v HPR maol7] wiel] FHH R o] §317]
dl o wjgo] EA7} ¥ dti(Iceson and Apelbaum,
1987; Ando et al., 1989; Yasueda et al., 1994).

AA7HA] mTGaseE THFSRE 7] 913 B2 A7t
AYE Ao HHgh Bd systems ZHA EAT. o]
TGase 248 A|2ES 272} 3= ATE S, mobaraensis
IFO138192] mTGaseES &&F ¥ HEd F24Y32
mTGase®] &4S 43130t

S. mobaraensis IFO13819 TGase 2 A= leader, pro,
2] 3 structure AR, ©F 1.1 kb2l 4714 < (nucleotide)
2 40770¢] amino acid= 7= tH(Fig. 1). Kim 5
(1999) Aspergillus ficuum endoinulinase®] inu2 2}
£ Saccharomyces cerevisiae?| X WA AERE F&
3171 918l ARE-SF Kluyveromyces marxianus CBS 6556

A3l

(Lee et al.,

o flo

:ll,

(e2:%)

ol

1 TCGACGCGGGCCGGGAGGGGGTGCGGCGGCGCCCTTCGGCTGTGTGGACGAAGCGTCGGG 60
61 TCGGAGGGGCGGCCGGATATCGTCCTTGGGGCGGGGTGGCCGGAATTGCCGCCATGGTGT 120
121 TGCCGGGGAATCGACCCGAAGACATGATCACTTCTCGTATCCACCCGATCACGTATCCGG 180
181 GAGTCGAGAAGTGTTACGCCGTGCCCCTGTCCGCGTCCTCACCCCTGTCGCCGTGACAGC 240
241 GACCCGCGTTCTTCCACTCGCACGGACGGCCCCACAGGACCTTTCGGCCCGGGCTCGCCC 300
301 CGCCGCCTCGGTGACGGCCTCCGAATAACGCGGCCGCCGGGGCCTCGGCCGGTTGACCGA 360
361 TCCGGGTCACGCGCCCCGCCGGGCGGGCGGCCACGTCCGGTCTCGCCCCGCCCGACATCG 420
421 GCTGCGACTGCCTTCGCTCGCACTTCTTCCCGCCTCCCGGCCGCGTTTTTCCGCCGCCGA 480
481 AGGTGCGGCGACGCGTACCGAATCCCCCTTCATCGCGACGTGCTTCCGCACGGCCGCGTT 540
541 CAACGATGTTCCACGACAAAGGAGTTGCAGGTTTCC ATG CGC ATA CGC CGG AGA 594
1 M R 1 R R R 6
595 GCT CTC GTC TTC GCC ACT ATG AGT GCG GTG TTA TGC ACC GCC GGA 639
7 A L v F A T M s A v L (o] T A G 21
640 TTC ATG CCG TCG GCC GGC GAG GCC GCC GCC GAC AAT GGC GCG GGG 684
22 F M P S A G E A A A D N G A G 36
685 GAA GAG ACG AAG TCC TAC GCC GAA ACC TAC CGC CTC ACG GCG GAT 729
37 E E T K s Y A E T Y R L T A D 51
730 GAC GTC GCG AAC ATC AAC GCG CTC AAC GAA AGC GCT CCG GCC GCT 774
52 D \'} A N [} N A L N E S A P A A 66
775 TCG AGC GCC GGC CCG TCG TTC CGG GCC CCC GAC TCC GAC GAC AGG 819
67 s S LA G P S F..R A P D s D D R 81
820 GTC ACC CCT CCC GCC GAG CCG CTC GAC AGG ATG CCC GAC CCG TAC 864
82 v T P P A E P L D R M P D P Y 96
865 CGT CCC TCG TAC GGC AGG GCC GAG ACG GTC GTC AAC AAC TAC ATA 909
97 R P S Y G R A E T v v N N Y o1
910 CGC AAG TGG CAG CAG GTC TAC AGC CAC CGC GAC GGC AGG AAG CAG 954
112 R K w Q Q v Y S H R D G R K Q 125
955 CAG ATG ACC GAG GAG CAG CGG GAG TGG CTG TCC TAC GGC TGC GTC 999
126 Q M T E E Q R E w L s Y G c vV 140
1000 GGT GTC ACC TGG GTC AAT TCG GGT CAG TAC CCG ACG AAC AGA CTG 1044
141 G v T w v N s G Q Y P T N R L 155
1045 GCC TTC GCG TCC TTC GAC GAG GAC AGG TTC AAG AAC GAG CTG AAG 1089
156 A F A s F D E D R F K N E L K 170
1090 AAC GGC AGG CCC CGG TCC GGC GAG ACG CGG GCG GAG TTC GAG GGC 1134
171 N G R P R S G E T R A E F E G 185
1135 CGC GTC GCG AAG GAG AGC TTC GAC GAG GAG AAG GGC TTC CAG CGG 1179
186 R v A K E S F D E E K G F Q R 200
1180 GCG CGT GAG GTG GCG TCC GTC ATG AAC AGG GCC CTG GAG AAC GCC 1224
201 A R E v A s v M N R A L E N A 215
1225 CAC GAC GAG AGC GCT TAC CTC GAC AAC CTC AAG AAG GAA CTG GCG 1269
216 H D E S A Y L D N L K K E L A 230
1270 AAC GGC AAC GAC GCC CTG CGC AAC GAG GAC GCC CGT TCC CCG TTC 1314
231 N G N D A L R N E D A R S P F 245
1315 TAC TCG GCG CTG CGG AAC ACG CCG TCC TTC AAG GAG CGG AAC GGA 1359
246 Y S A L R N T P S F K E R N G 260
1360 GGC AAT CAC GAC CCG TCC AGG ATG AAG GCC GTC ATC TAC TCG AAG 1404
261 G N H D P S R M K A v I Y S K 275
1405 CAC TTC TGG AGC GGC CAG GAC CGG TCG AGT TCG GCC GAC AAG AGG 1449
276 H F w s G Q D R S S s A D K R 290
1450 AAG TAC GGC GAC CCG GAC GCC TTC CGC CCC GCC CCG GGC ACC GGC 1494

291 K Y G D P D A F R P A P G T G 305
1495 CTG GTC GAC ATG TCG AGG GAC AGG AAC ATT CCG CGC AGC CCC ACC 1539
306 L v D M S R D R N 1 P R S P T 320

1540 AGC CCC GGT GAG GGA TTC GTC AAT TTC GAC TAC GGC TGG TTC GGC 1584
321 s P G E G F v N F D Y G w F G 335
1585 GCC CAG ACG GAA GCG GAC GCC GAC AAG ACC GTC TGG ACC CAC GGA 1629
336 A Q T E A D A D K T v w T H G 350
1630 AAT CAC TAT CAC GCG CCC AAT GGC AGC CTG GGT GCC ATG CAT GTC 1674
351 N H Y H A P N G S L G A m H VvV 365
1675 TAC GAG AGC AAG TTC CGC AAC TGG TCC GAG GGT TAC TCG GAC TTC 1719
366 Y E s K F R N w S E G Y S D F 380
1720 GAC CGC GGA GCC TAT GTG ATC ACC TTC ATC CCC AAG AGC TGG AAC 1764

380 D R G A Y v 1 T F 1 P K S w N 395
1765 ACC GCC CCC GAC AAG GTA AAG CAG GGC TGG CCG TGA TGTGAGCG 1808
396 T A P D K v K Q G w P - 407

Fig. 1. Nucleotide sequence of the transglutaminase gene from
S. mobaraensis with the deduced amino sequence
given below (GeneBank accession number: AF531437).
Leader and pro sequences are indicated by solided and

dotted lines, respectively.

9] inulinase-encoding A Ak(inul)e] signal sequenceE
o] 8319 t). Yokoyama (20002 E. coli
hostollA] mTGaseE ZHAIZ W] mTGase &4 &/

TC - =
R i

pro-peptide”} '5_‘3_{{ AS sl HAETE R
A mTGase A4 Ty} AEZ Fslr] 98, K

marxianus CBS 6556«] inulinase-encoding -+ A} (inul)
9] signal sequence®} S. mobaraensis TGase pro sequence
£ forward primerol] &3} PCRE 33531 t}. Forward
primer(5'-ACG CGG ATC CAT GAA GIT AGC ATA
CTC CCT CTT GCT TCC ATT GGC AGG AGT CAG
TGC TTC AGT TAT CAA TTA CAA GAG AGA CAA
TGG CGC GGG GGA AGA-3")9} reverse primer(5'-
GCG GGA TCC TCA CGG CCA GCC CTG CTT TA-
3"E ARSI EE. PCR 2712 95°CE 3&7} hot startSh
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pYTMTGase
ADH2GPD(p)

MTG

Gal7(t)

Fig. 2. Structure of plasmid pYTMTGase. This plasmid was
constructed for TGase expression in yeast S. cerevisiae.
MTG contains signal sequence of K. marxianus CBS
6556 inul and pro, structural gene of S. mobaraensis
transglutaminase.

T, 94°CollA] 30%, 58°COllA] 30%, L2]aL 72°CelA] 30
%2 3538 433} final extensionS 5%E7F WHSA|F
th 9F 1.1kbe] PCR At=3 A719F & F AodA =
3td pGEM-T easy vector(Promega, WI)°ll cloningd}<]
pGmTG2}t ™8 3k3dTt.

DNA 9714E &%l &, a=23d o) cloningd}”]
A3l pPGMTGE BamHI A|$+a A= Hdate] 23 (fragment)
S FH)5I . aREd ¥E+= episomal shuttle vector
YEp3529 ZZRE|Z= ADH2(alcohol dehydrogenase II)
FA2ke] upstream activating sequence®} GPD(glyceral-
dehyde-3-phosphate  dehydrogenase) TATA element®]
hybrid promoterE., terminator= GAL7 teminatorZ 173
© pYAEG-TER(Park er al., 20002 A&ty =3}
St #AME =S #8F AP EFIt HE =
BamHIS. 2 Httste] S 23T o|FA sto] d& &
& pYTMTGaseZ BH3IATHFig. 2). S. cerevisiae
2805(MATa pep::HIS3 prb 1-6 Can 1 GAL2 his3 ura3-
520l FAg & 5 Y Y (single colony)S 2|8t
Ak FAASA AN mTGase7t FHE 5 U=A] 1
FAS AU J=AE Northern hybridizations} 2
g T st g1kl

pYTMTGase2] Z2EREH= 4Fo 9d] f=d &
= S ARSI 7] wiiEell AAAIZE v Foll ol ek
Hj el o] 0.6%(v/v)E H7FFRAAL oF 16A17HS O wi ¥
o] pelletol 4] RNAS A3 vi A5 oA+ mTGase2
Z4S Forke} Cole(1986) HHol what =43ttt

oFAE T (recipient strain)lAE mTGase2] ZAA

& K

<b o o

(A)

30

20

15

TGase activity (mU/ml)

1 2 3 4 5 6

Fig. 3. (A) Confirmation of the transcript of TGase in S.
cerevisiae. (B) Measurement of extracellular TGase
activity. Lane 1; vector, lane 2; vector with ethanol
induction, lane 3; transformant 1, lane 4; transformant
1 with ethanol induction, lane 5; transformant 2, lane
6; transformant 2 with ethanol induction.

SRIskA] Zatglont Fd ek 13} 2HAlA TGase
A7 ER1=, 2 FE AR oA gFol sl
ZArA 2] e F7VeHA] UTHFig. 3A). HHE mTGase
o S WAoo R FA3Iet o E HFelM e
mTGase®] &40 e, FAHASA] 194 gd=5 #
7FeHA] @& A|BOlME= 252 mU/ml 18]35 &S 37t
S Al5AE 26.0 mU/ml SR =T FAASA 2 &
3k 74z} 12.4 283 13.7 mU/miZ &7 5 tHFig. 3B).
A AZA 137 204 GFoll o g3b= vEsk o
2 Yehgton, o] mTGase 84 & Hdfe] #5329
SR vl Yt o]= ek H7ke] Al7]et o AA
SHA] 942 AR ALEEW FAZE ujgel] &gk &EA A
o 3R oekg Wgo| o3| oerES HUleHA] &
AlEAME TGase Hdo] FEFE ZA0R AlRHY. &
gk mTGase®] &40 W& off= tha¥t o] F5Hoh
S. cerevisiae?} S. mobaraensis mTGase2] codon usage®ll
Ao AZ % zfolel ozl Mool AR o] FA|A] eFobA
e g8&o] A5k, GARES F7H(glycosylation)ol] 2|3t
mTGase &4 4o Zh4a, 28] 238 & mTGase2
pro peptide®} structure peptide®] 23t 2] Folt},
olfgt FAFE NATLEAN mTGase® S =Y
I IS Aoz AFHT T3 mTGaseS A7 = <&
FE tfslafiof ado] ot

JAE FHE T B A & kY3 ol &
9 GAE o] &g 2Fe] AFTIIR] A|F] Bkl A

o

E



96 Ad
A= Pl LHPAFE AeH sk, Sl A9
© 820 B T2 e 1y gloyt AFAtd
T A2E o &3 AFTIA] AlF] Aitel] #d
7 i Zok= B wobell HlsiA mlg- mXIgk Adefoltt.
A mlar 2 AR FolA] TGases o8-t whild A%
o] aFEshs s AL o olHT A=
AT AP ARoAY FEde EYrEeE ' T
ek e TGa eS HA 3}t wiA] 3G
wjFstal i GAAY S AX e aas At
oZH mTGase a‘d:\’/] 2 AAstL YAE mTGaseE &

Iz AE2S 77)8H, filmE
Z3AY, ASAE, FAE, I=

AFE B9 AzNE BEFOEA 4F 4F] Az $
8T 9L Q0= /hEn
= Q

WA Streptomyces mobaraensis 1FO13819  -f-2)
HlojE o7 2)E4k
aaoltt. mTGase=
A=l leaders} pro H-

transglutaminase(mTGase)= 24
Aol 88k ol8H e
40671¢] ofm|=Ato 2 %LHEM

A= 750, & F9= 33UH8 oppite g A w0
2Ath mTGase2] pro9t 7% FH4= pYAEG-TER HE
o] F2Y3IaL Saccharomyces cerevisiae 2805 BZZ
el FZASA N mTGased] 23S Northern
hybridizationg F3 <lstd e, FHdl 26 mU/mie]

mTGase94 %}‘é% ‘%‘ @_’ }\/\oi‘;}
UAle| 2

o] =EL 20063% AF (52 HAY

)] Alge=z

St A ] AU wol FE 707 (KRF-
2006-353-C00053) ©]oll ZAL=F Yt}
=28
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