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Expression of Human Transglutaminase C (TGase II) in Yeast Saccharomyces cerevisiae: An Effect
of a Domain from Carboxyl Terminal Deletion of the Enzyme. Sang-Kyu Woo, Sun-Mi Jung, Sang-
Ki Rhee', Byeong-Yoon Ahn’ and Hee-Chul Kim*. Central Research Instiute, Korea Green Cross Corporation,
227, Kugal-Ri, Kiheung-Eup, Yongin, Kyungki-Do, 420-814, Korea, 'Applied Microbiology Research Group,
KRIBB, KIST, PO. Box 115 Yusong Taejon 305-600, Korea, ‘Department of Genetic Engineering, College
of Natural Resources. Korea University, #1. 5 Ka, Anam-Dong, Sungbuk-Ku, Seoul 410-868, Korea — In an
effort to understand the role of the conserved domain and of the heterologous one-third part of the carboxy
terminal domain of transglutaminase C (TGase II), attempts were made to express TGase II ¢cDNA of human
origin in yeast Saccharomyces cerevisiae as in a full-length form as well as in a form of C-terminal truncation.
The 2u-based expression plasmids which contained the TGase II ¢cDNA under the gal inducible promoter
were introduced into yeast and the maintenance of the full-length and truncated form of the TGase II gene
plasmids were confirmed by Southern blot. The expression of the TGase Il gene was analysed by reverse
transcription polymerase chain reaction (RT-PCR), and western blot analyses. As assayed by [1,4“C]-putrescine
incorporation into succinylated casein, the full-lenth as well as the truncated forms of recombinant TGase
Il showed some catalytic activity. These results indicate that the N-terminal homologous domain of human
TGase II retains a catalytically active domain. The level of TGase Il expressed in yeast, however, was far
lower than satisfactory and other expression system should be sought further chracterization of the enzyme.
The negative effect of TGase II on the growth of yeast is interesting with respect to the physiological effect
of TGase Il in cornification of epidermal keratinocytes.
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12} A Wwa == TGase I(K)(14, 17)& <a,k 92 kDa°.
2 ulol] HAggh He 2 EA) &b, TGase IIE)(18-21)%
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ol A HHE = $1x]e] zolF, AMESEHE 7] £
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2 Aol A AMR-]Y WY Saccharomyces cerevisiae
2805(&. pepd:: H1S3 prbl-S canl GALZ his 3d ura3-
52yo19lm] <dubzql DNA =32t} plasmid F2l%
f18ted E. coli DHSa(F-lacZAMI15 hsdR17(¢ m ™ )gyrA
36)& 0]—9*%}“3}
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ARRHHX]

HaMgsl PAFS ampicillin(Sigma, st. Lous,
MO. A9518)0] 100 ug/mi&] %2 £33 Luria-Ber-
tani(*] s} LB2} 2FAl) A A s =]} LB -4 3 vl 2] &
Ab-gEEich ARFT wjokS S1sle] AF&3F of ol
2]+= YPD(yeast extract 1%, bacto-peptone 2%, dext-
rose 2%) BHZ]2} YPD &FAH(YPD broth, agar 2%) il
Zlolaz, A=} oy FHxE FAAMIE AR
ZhA) 2] kS $1gF FH AR 24 YNB(Yeast nitrogen
base w/o amino acid) 0.67%, dextrose 2%, casamino
acid 0.55%2] AL 7}x]+= wz]e} YNB %3 (YNB
broth, agar 2% A& A&-3lodch FAAsx]l a9

2419l TGase II f-3#te] WHaS 93 Frwjr]E:=
YNB 0.67%, yeast extract 1%, bactopeptone 2%, ga-
lactose 2%9] A& 7IX+= wix]E ARg-slgic)

Hgtma, Al W TGase Il &

DNA A28 98 AF&3g A3 &4, T4-DNA li-
gases< Boehringer MannheimAlol| 4, 2} zZ=3%} A
2ol B4 2US 3 WAk EAR 7] A[144C
putrescine ]33} Southern hybridization& labelling kit
+ AmershamAtel| 4], &3 a4 3 4-5(PCR)-S ¢
g 3 fA4= Pmmegaﬂ}fﬂl A, DNA F2] A&
kitv QiagenAtel| 4], AHAL whg--53} A4 A FF
HE5-(RT-PCR)-& ¢1& cDNA cycling kit+= Invitrogen
Aboll 24 zhzd gl 3led Al8-3)l¢] oo, Western blot ana-
lysis-4 rabbit anti-guinea pig liver transglutaminase
1 A Agelo) Wahat mAlo] 4 Febuereh. Alka-
line-phosphatase7} X 2|%] goat anti-rabbit [gG+
KPLA}el| A4, w1 AJek NBT(p-nitroblue tetrazolium)$}
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BCIP(5-bromo-4-chloro-3-indolyl-phosphate)+= Sigma
spoll st Alg-s}aich.
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A3 & TGase 11 F383Fe] A 232 s E coli DH
ba 2 A3t & LB A wlA]o|4] 37CE 1647t
ol ok&ledct. plasmid mini-preperation(23) Hrd] 2
pBS-TGC plasmid(64 kb)& F&3}o] A =B
EcoRIc. 2 #2ldt T QIAEXA +% 7] E(Qiagen Inc.
Catworth CA)E °)-&, ¥ A3t C-dgde] A
£% TGase Il &A= Add TGase I A2
HA71Md-s A Esle] A 2E primerE ©]-8-3 PCR
Woll 2]sbe] A 231t Forward primerys ¥ 7§ 4]
= ok AR A EcoRIS) Mgt ¥-9] 5 ¥ 38}y &
aksko 2 2174 A7|(5'-GCCGAATTCAT GGCCGAG-
GAG) &, reverse primer+ A &tA A Sall H-¢1-2 E3
15477 WA 2o g slo] 5 vpeko & 2870(5'-GT-
CGACCTATCATTATGTCTCCTCCTTC)e] Atm. Ao
2] primer& - A 231 o (3= A F)}Table 1), &
2] A5 4e3s TGase [l 47 10 ngell PCR ke
Z gt (primer Z+7F 200 pmoles, 50 mM KCl, 10 mM
Tris pH 9.0, 0.1% Triton X-100, dNTP 0.2 mM, MgCl,
1 mM)e] #F 50 w7} Hx2E &£%3 ¥ Taq polyme-
rase(Promega cat # M1861, Madison, WI) 25 U&
718t e}, PCR-& Thermal cycler 480(Perkin-Elmer
Cetus, Norwalk, CT)S ¢]-&3}od 94Ceol|+] 527} pre-
denaturations 13] A R]3F ¥ 94Coll 4] denaturation
18, 55Ce)| 4} annealing 2%, 72Cel| 4 3% 7} polymeri-
zation-S 30 cycle A]3§3F ¥ £ extentiong 72Cel A
787y ol st aleddy TGase I AR
EcoR12 2 Aelste] YPG 81 ®E] EcoRlI %,

e}l EcoRI, Sall %%]< DNA ligation s}gich. z+z}

Table 1. Primer for the PCR amplification of the TGase 1I

ligation ! DNA 1pi¢} E. coli DH5a competent cell
100 W& &33ted ampicillin 100 pg/mie] *3% LB
A gk wxol] gt F 37Col A wll k3t §
gl Aekg 7z A9gE ¥ ampicilline] £%3¥ LB
Wi 2|2 37Co Al zlbuokgt ¥ 919 plasmid ¥
AR ekl em, AARHEPG-TGCYe 7% A
ga s EcoRIC 2 Al Al F-AXE E<lslan
AGEA Kpnl 2 Hindlll&2 X2l sle] #He|e] A}
3} e wow AR A4S Fasdoh Aes
YPG-ATGC)YS EcoRI, Salle & zelsle] A=
A2 ghalsieic). elx) zhzhe] plasmid DNA 50
ng3t -$9kA4l salmon-sperm DNA 5 ug& &% com-
petent cell®} E3g}dle] 45Co| A 3087 A3 &
YNB-dextrose &3 Ad alz] Zyo]Ee| Eatgl &
30Cel A 347 ARk 3t FAl] HEuks 3
A gsled g o B AS-slgith

Southern blot hybridization

A Adduz] FHlo]|Ea| A Al fste] PR
A% g 77 Agsted, Al R]ol Al oFsted
FZ 57} 600 nmell A 7ol =3 fFullA|oiA] 36
A1ZE o] wjekste] e cell ¥EE ZAF ¥ 04pum
glass beadE ©]& 23] phenol *2]E s}¢ic} 3M so-
dium acetate(pH 5.2)3 =% 03M =A 7}8 F
2u) 2-7]12] ethanol® —20CoA] AAHAA 70% etha-
nol2 13] AjH3tz AZRA|Z] £ TE 9439 50U
H.e-slgdc) 2 8 TGase IIE W3l S. cerevisiae 2]
F2% DNAT EcoRI2 20, 44&3 TGase [I+= EcoRI
ot Saile. 2 Ae)3}3, depurination, denaturation-2
72  nylon membrane(NYTRAN Schleicher &
Schuell)el] 0.025M NaHPO./NaH,PO.,(pH 6.5)=. 250
mAe) A 3A17F & 7]13 UV cross-linker(C2-1000 ultra-
violet cross linker, UVP)E o] & 287} cross-linking

Complementary

Enzyme site

primer nucleotides incoporated Sequences
pl38 EcoR 138 — 149 EcoR1 5-GCCGAATTCATGGCCGAGGAG
pl547 Sal 1537 — 1547 Sall 5-GTCGACCTATCATTATGTCTCCTCCTTC
p2371r 2353 — 2371 None

5'-GCAGGAGGCTGAGATGG

pBS-TGC EcoR1 fragment

1

truncated TGase II gene
TN T LRI ITrIrsy

p 138 EcoR p 1547 Sal
full-length TGase II gene

3200 base

p 138 EcoR

p 2371 r



BOAIAEIOA Human Transglutaminase C(TGase 1) S}

&}od o}, Hybridizationol ©]-$-& probe< pBS-TGC pla-
smidel| 4] EcoRI A3 &4 % 2128]8l fragment DNA
10 ng& ECL kit(Amersham)®] nucleic acid labelling
reagent®} &E3}sl1 30%-7F 37Cell A glutaraldehyde
Qoo 2 A AIFc}t Hybridization oven(BT400100,

[SS)o| 4] 42CE prehybridization-g 1A]7F A AjgE ¥

lable %] DNA-E #7}3}ed 42Col| A 164]7F hybridiza-
tion-g A A3k 12} Al £-28(0.4% SDS, 0.5X SSC,
urea 36%)C 2 2087 A&ty 1045-7h 2§] ulE A
Asldet. 22k Al H &2k SSCYo.' 572k o] A H gt
% ECL kit®] detection reagentg * ?IG}OZ] 177k Al
2ol A Hbx|g}ed o, X-ray film(Kodak)& #=HgE %
227t & ate] Fastsich

Reverse transcriptase polymerase chain reaction
(RT-PCR)

ang HAaxdstel g 7zt defslo] of ofulf %
ol A 36417}, Wkl 28 wi Aol A 12417 2447k, 36
A 7k ﬂﬂ"c}ﬁ‘ 3. ﬁ‘%‘i'ﬁ zhzb A A A =Askar, f
215 T-shd ol 10 m/ 2] sodium acetate

2+l (50 mM sodlum acetate pH 6.0)ol] &=t3t 3 50
m/9] FEe %7 1/10 F# 2] 10% SDSe} 1.2 73] ¢
prewarmed phenol(65C)-& A 7}3}1L, 65C 20 A v
30xulc} AFeol 2 A7t vortex dlHA| 557F incuba-
tion &k ¥ ARE7ER| whE A A3} 2500 gofl A] 1077}
A4 B2 £ 359 F71893E Al A3l phenol
H715 vk 333 chloropane(50% phenol, 50%
chloroform) &% #7}ste] 2457} vortexslir o4 4f
=25 AqHFB &7 72 B9 chloroform : isoamyl
alcohol(24 : D= FZ=3}3L 3M sodium acetate 1/10
Hujel 38 ¥ueo] Ud3EE HEE F —20CHA]
217 ol RNAS AAAZTh 70% U322 4 235t
F A Azx32 01% diethylpyrocarbonate(DEPC)
Aelg S5l 10 pg/pl #xE &3t Invitro-
gen~te] cDNA cycle kitE o] 8-3}o] F-u]% A RNA
2ug/WE o8& A w2t DNAZS A +
PCRe A2} 44 8215k o]&a21] primers
o} &3}l v, Al o] 9 A3 2] forward primerst,
reverse primer 19 mer(5'CTCAGGTAGGCTGAGAT
GG)+= pBS-TGC EcoRI fragment?] £74 Md7}z]E
T Al Zsted ok PCRe] vz sdstA] Al
&tsdcH(Table 1).

=8} Transglutaminase || R8X} Y&LiE0 &
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&%l TGase assay HPH(15)e2 & 48AE =7
staich B4 32 [14MC] putrescine(Amer-
sham)e] 7]# succinylated caseinel]l 23]5+= <5
of A scintillation B4l Al<+7]{Beckman, Fulleton, CA)

His{off DiSt o2 293

&2 FAsedr) Succinylated casein-2 Kiotz(24)e} o
Aol v} Fulstglch Alelgkx ) z] of] & AJx] :4]_01 53
2 HAad TGase 11 84 sty zH2Fe] colony S %
vl 2] 2 mieol] 14 7F wiekslt % late-log phaseol] ®
45t B RE 2500 gR 2057 A A Eelste] 38}
it} ¢]E phosphate buffered saline(PBS)e = 13]
A ah, FEl Al 2miS s 36417k Wekslel F&
b5 MN(0.1M Tris acetate, pH 7.5, 10 mM EDTA, 2
mM Benzamidine-HCI, 1 mM PMSF, 1 ug/ui leupep-
tin) 2.2 5% I 600 nmol A 2002 A =3
sh, H&%-=12] 045 um glass beads # 7}é}o] Hl
Sl 7](MSK cell distruptor : B. Braun)ol| 4 73
sha gt 5 4Cel A 12.000 rpm 2.5 10537 14142 ihe}
5 AAS FAeste] AlRE AR-slsdvh ﬁh"r%ﬁ]c’ﬂ—fﬁ
o] cbha,] } ,(-]13]- 36,&] BH %La], A lrﬂcbla} Hhﬂ O T _j},
s atedct. A8 100 pg/uell whE EFHN[(0.IM Tris-
acetate pH 7.5) 1% succinylated casein, 1 mM EDTA,
10 mM CaCl,, .5% Ilubrol PX, 5mM dithiothreitol,
0.15M NaCl) 400 pg/u/, 0.5uCt [14"C] putrescine
(118 mCi/mmol) ] & 7}&}ed 37Cel ] 14] 7} &) 2] & 20%
trichloroacetic acid(TCA) 2 m/-& 7}3}o] vl2-3 2] %]
2171 & 4T 308-7F BhA|skaL, TCA-v] 88 3 Ha-&
glass-fiber o3&} 2|(Titer Tek, Lier, Norway)el| <3 3}s}
o] 5% TCA 20miz A3l & 2 *o)] 7dghs] uvla}
AMeoks WAl scintillation B-4 Alg7lE St A
24 S cpm/hE vehdi i,

b

SDS-PAGE and Western blot analysis
Laemmli(23)9] Hig]-& Wi sle] Alslsleict *17])<d
%6&1— _‘ﬁ‘“_l]_ip,] Hxa']- Hb& clud Al o _ﬂ_igﬁo}; Sy H]%

L 1 ¥

Lk i xlel A 3641 7F wieket ¥ ARE 2500 g®

2087 AARelela glo) Wz et o] %
0}7}_5a,£3£01] A71ed 58 AAlL nylon membrane.©.
2 %713 5% 2RA|HF-= 143} blocking-s AHAlgh F

rabbit anti-guinea pig liver transglutaminase = 1
A7}, goat anti-rabbit IgG®E 14]7}F ®vE5-8- 7H7) AlA]
stodth o] 2 NBTe} BCIPR wHais}adc).
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Al s E FoE A v Aol A late-log(F%% 7)
A 742wl kgt - 2500 g, 1047 f4lsto PBSE
Al MR & o 63%‘5‘33 Zloll 4 60417  moF wietah™ A
600 nmel| A F-Hx & FA i)
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Fig. 1. Construction of the plasmids for the expression of

recombination full-length and truncated TGase II in yeast.

TGase II -F#A-E g% plasmid pBS-TGCE
EcoRI Agta A2 Actdle] 32kbe] x93 TGase I
FAAE 08% o7tz A Aolla] #el Helg &
EcoRI2. 2 *2]dt YPGa81 shuttle vector WX & A}
dslsict 2438 TGase 11 f-&- A= forward primer(p
138 Eco)?} reverse primer(P 1547 Sal)E& A}-8-3}o]
(Table 1) Aol A 23t TGase Il FAHAE F o
1383 s Abol| 4 1547 A HAWIR] S 2F-slo] o
El9} 7ro] EeoRI, Sall2.2 2]} % ligation 3}2 E
ngi DHSa & 3 A-st slgdc}. Azho] AEH sAA

BAAY Fepav|Eg Belele] 27te) 2R ield
A ars 21?46}04 ’%}‘%} 43 32kbe} 14kbE 2
Jg].OJOu:] 24—7]—4 _}Eig]r lﬂ :z—],x.]. H‘J—fﬂ:i l-_“ﬂ
Ueg Falsled E}‘ﬂ el 45 YPG-TGC, ZH£3 9
3%+ YPG-TGC=Z =43t ckFig. 1, 2).

F2o HaM
EEe] HAAP of i
TGC2} YPG-TGC Z}t7}e

shelsty] 9JalA YPG-
3 3
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Fig. 2. Restriction pattern of the plasmids.

DNA from plasmid minipreparation was digested with rest-
riction enzyme and analysed by electrophoresis on 0.8%
agarose. Separated DNA was visualized by EtBr staining,
M: DNA size marker (A Hwmwndlll)

1; YPG 81 plasmid (uncut)

YPG 81 plasmid (kcoRl/Sall)

Truncated TGase I PCR product

YPG 81 plasmid (EceRI)

Full-length TGase II (pBS-TGC EcoRI fragment)
YPG-TGC (FcoRI)

. YPG-ATGC (EcoRI/Sall)

LN

kb

3.2

14

Fig. 3. Southern blot hybridization of plasmid DNA prepa-
red from transformed veast.

DNAs isolated from transformed veast were digested with
EcoRl or EcoRl/Sall. Digested DNAs were separated by
agarose gel electrophoresis and blotted onto nylon memb-
rane filters and hybridized with TGase Il probe DNA. Hyb-
ridized membrane was treated as described in Material
and Method.

An autoradiogram is shown.

Lane 1: DNA from yeast transformed with YPG-TGC (dige-
sted with EcoRI)

Lane 2: wild type veast

Lane 3: DNA from vyeast transformed with YPG-ATGC (di-
gested with EcoRI/Sall

C: pBS-TGC digested with FcoRI

M: DNA size marker (A Hindlll, ¢X 174 Haelll)
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). 22 cell FEF £A %] DNAS F=F3hsl o,
pBS-TGC EcoRI fragmentZ probe2 A}43}e] sou-
thern hybridization-& AAjgt A3} HEqvbe)] 2z 3
AAgs 3o e ojmdt A4 AHE HARH] o
gre™, YPG-TGC+ 3.2 kb, YPG-TGC = 14 kb& #
AxL7) gelslo] Hehs AT FAHS = AdH
FH2E zZka 9l 3-8 &lskdciFig. 3).
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zhztol A ghA o 2l §-H=e] WEHe] o+
7= TGase I mRNASY] sHAo]H 2 uld e waok A
zhd R gasiadel. H AR A A e
Aehg FH ARl 2441 7F kgt 3 o oFul R of| A
36417}, =l 2lel] A 124]7F, 2447, 364)7F HE wf
Fsle] 22 cell 3532 xAH3le] A RNAE F5
&l northern blotS- A A]&}9] 21} mRNA2] ko) vjj§-
Aol A=A ¢gke. v 2 InvitrogenAle] cDNA cycle
kitE o] 23} reverse transcription® “3i3}oic)
Table 1< v}e}bd zZ}7He] primerE o) £-8te] PCR-E-

gt A fx wiekslr] Helle= Ay frdzbe] A
A7 Aot} efokdd A g o - gl e, el kel
745 ok 7Ry zbedd c gl AEFellA  zhz)
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Fig. 4. RT-PCR amplification of mRNA from transformed
yeast according to induction time.

Total RNA extracts from each transformant at various in-
duction time. A reverse transcription reaction was carried
out by at 42C with random primer and reverse transcrip-
tase. PCR was carried as descrived Material and Method.
PCR products were separated on 0.8% agarose gel and stai-
ned with EtBr.

*forward primer pl38 EcoR; reverse primer pl547 Sal —
Truncated TGase 11 PCR product

lane 1: non-induction

lane 2: 12 hr post-induction

lane 3: 24 hr post-induction

lane 4: 36 hr post-induction

lane 5: PCR product of truncated TGase II DNA template
from yeast transformed with YPG-ATGC

*forward primer pl38 EcoR; reverse primer p2371r — Full-
length TGase [l fragment PCR product

lane 6: PCR product of EcoRI fragment TGase II from pBS-
TGC

tane 7: non-induction

lane 8: 12 hr post-induction

lane 9: 24 hr post-induction

lane 10: 36 hr post-induction
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mRNA7} A=l 718 #alstelelFig 4). A&8
vlall 2kl el 4 bande] Zt=r} & 71L& 1z PCR
HE-S Telo g At PCRE 8islel 7] wf-F-olgicl.

oF 300009709 EAAHBA G Zhz; 20002 AHES)o]
Aa whgef A 71E3k 7

m/ 8] | 4wl 2] ol A] 24 A] 7} ¢
AlZE o] wljeksled ER S
shafsle] Ao A a8 S SA4styn) Hd-e §
LEkR] @ B FEEY A5 250 uge| Fiu A
23 750 cpm/h ©lste] 75 H.ald] B|ste] E-&
& 749 4070 A A 25 Helx 3,000 cpm/h o] A
o]

WEe] Yrs FY assay = 403] H FXIII ------- - g o
2 ARl o] drlel] wlsjA= FH HEgE A
o7 xf:'ly}._‘ac_]. Zolgl vl o g EXJF.S A9 ] Ale]
&2 4-o] FXIIT 1 pg(8 A oF 50 well siw%)e) trans-
glutammase activity b= <F 160,000 epm/he 2. v}e}
L= el wls) sl A zsbelch zhzbe] &l Ak

Table 2. Activities of the recombinant full-length and trun-
cated TGasell

Activity (cpmX10¢ /H)
Cell Full-lenth TGase C Truncated TGase C

No.  induction non- induction nomn-
induction induction
1 34.1 5.1 32.1 52
2 41.2 4.6 31.2 5.3
3 70.5 4.5 74.3 4.8
4 106.1 5.0 68.5 4.6
5 65.2 7.2 83.6 4.5
6 69.4 7.1 43.7 4.8
7 45.2 5.2 30.5 5.6
8 52.3 5.1 49.3 6.5
9 38.6 5.3 48.2 6.2
10 50.2 4.8 77.1 7.1
11 52.5 4.7 324 7.4
12 65.4 4.6 49.7 7.2
13 34.3 4.5 63.2 6.1
14 72.2 5.6 311 4.9
15 40.1 7.1 74.2 4.6
16 56.7 6.8 36.5 4.5
17 726 7.5 75.6 6.2
18 62.9 5.2 64.4 5.2
19 88.3 4.6 55.2 6.4
20 60.5 5.6 80.1 6.1
Mean
Value 58.5 55.1

*All data are mean value of three independent measure-
ments.
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Table 3. Effect of induction time on the activities of full-
lenth and truncated TGase 1.

Cell No. Full-lenth Truncated
Time (Hr) 4 17 19 5 10 20

12 40 32 35 14 35 46
24 55 31 36 42 45 45
36 87 59 62 67 53 59
48 80 50 48 55 52 44

Activity
{(cpm X
10° /H)

*All data are mean wvalue of three independent measure-
ments.
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Fig. 5. SDS-PAGE and Western blot analysis of the recom-
binant full-length and truncated TGase II gene product.
Protein in crude extracts from each transformant were se-
parated by 12% SDS-PAGE. A: Coomassie blue staining;
B: Western blot with rabbit anti-guinea pig TGase II anti-
body.

M: malecular size marker (200, 97, 68, 43, 29, 18, 14 kDa)
lane 1: Yeast transformed by vector alone

lane 2: Yeast transformed by truncated TGase II gene
lane 3: Yeast transformed by full-length TGase 1I gene
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Fig. 6. Growth pattern of full-length and truncated TGase
Il transformants.

*Each transformants were cultured at minimal media for
24 hrs and then, induced with 2% galactose. Cell concentra-
tion was measured by optical density at 600 nm.

(—: induction point; O.D.: optical density; ATGase II: trun-
cated TGase II; TGase II: full-length TGase II; control:
yeast transformed by vector alone)
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