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Abstract

Gastric cancer causes the second most death each year. Helicobacter pylori (H.
pylori) secretes GroES, one of the critical virulence factors, which infects gastric
epithelial cells and causes inflammation as well as gastric cancer. H. pylori GroES has
the unique carboxyl extension of 28 amino acid fragment (91-118) in domain B, which
is not found in GroES produced by other microbes. It was reported that the deletion of
the extended C-terminal tail of H. pylori GroES reduced interleukin 8 (IL-8) release.
Therefore, we try to investigate the critical amino acid residues of GroES involved in

inflammatory response induction.

We deleted six amino acid residues once at a time from the C terminal end of
GroES, and performed ELISA to investigate the critical sequences of the last 28 amino
acids of GroES. The results indicated that the various truncated GroES mutants failed to
induce IL-8 secretion in comparison with full-length GroES. Therefore, we further
disrupted disulfide bonds (Cys94-Cys111 and Cys95-Cys112) by using Dithiothreitol
(DTT) or site directed mutagenesis including C111A, C112A and C111A/C112A
mutants to investigate the essential of the loop structure formed by the disulfide bonds
in inflammatory response induction. The results indicated that single mutants of GroES,
C111A and C112A, still have the ability to cause inflammation, whereas double mutant
C111A/C112A does not. Taking together, the present study indicates that GroES unique
structure could be developed for vaccines to prevent gastric cancer caused by H. pylori

infection.
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cell COX-2 11
IL-8 11 PGE2 11
c-jun, c-fos 11 Proinflammatory cytokines 11
‘;;‘;"1" L LB IL-6
TNF-a IL-8
‘l’ 5 GM-CSF

2 2
- « Host genetic background
Gastric cancer 9 9
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F AL EAER

PE R4 6 BRAR S {0 TR 112+ 106 ~ 100 ~ 94 B ek k-
# 4w %% GroES 1-112 ~ GroES 1-106 ~ GroES 1-100 ~ GroES 1-94 » % ip] %

BB R PE X FF o
- ~ F3# primer

1 NCBI 2t % 39 H .pylori GroES =4k %] 5 7|—43 1! Forward - 1-112, 1-106,

1-100, 1-94 s> Reverse F 7| {s 4 % 4v + *L4|fx BamHI f= Xhol *7 i -
GroES Forward : 5’ - GGATCCATGAAGTTTCAGCCATTAGGAGA -3’
GroES 1-112 StopReverse : 5" - CTCGAGTTAACAGCAAGCTTCATGCTC - 3’
GroES 1-106 StopReverse : 5" - CTCGAGTTATTTAGCATGTTTATGGTC - 3’
GroES 1-100 StopReverse : 5" - CTCGAGTTAATGATTACCTGTATGACA - 3’
GroES 1-94 StopReverse : 5' - CTCGAGTTAACAAGAGCCTGAGCCCAC - &
(%d 85 Ap|perr > 2 ¢ F 48 5 stop codon)

S~ FPHRAFITHEAL % E
1. 46 B~ da ® 4752 4% 2. genomic DNA (Extraction of genomic DNA)

P~ — B3R ASFE e dmints 2tk ko F @ * PUREGENE

DNA purification kit 4 P~ dx F* §% 2 4% 2. genomic DNA -
2. R &pF: 4 & & (Polymerase Chain Reaction, PCR)

)% B LB A F et EenA F] o i * KAPAHIFI™ PCR kit » 1 1

a4 Be 2 s B AT 32 4% 7] genomic DNA & i #5545 (template) » B & B
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SE % (uL)
KAPA HiFi DNA polymerase 0.5

DNA Template 1

“Primer forward (10 uM) 0.30
“Primer reverse (10 pM) 0.30
dNTP (10 mM) 0.75

5X KAPA HiFi fidelity buffer 5

Sterile water 17.15
Total volume 25

#-& wren DNA P BRIE 948+ =» 7> 8 + Gel/PCR DNA Fragments

Extraction Kit i& {7 PCR & # w qz i 5>-20 °C -

3. GroES-112 ~ GroES-106 ~ GroES-100 ~ GroES-94 £ pET28a f 42 4% & &

&

1)

()

748 DNA =8l i 2 iR o B

# 51 % hpET28a AL R #4102t E. coli IM109 # (75 » =12 & - f
4 PET28a:1IMI109 % B ez %A 2 4 I E - FiER % 5

% £ ¢ * High Speed Plasmid mini Kit 44 2~ pET28a # %8 > % 5 *+-20

C .

S|k iz

#-pET28a H 48 27 PCR & 4 w Jc 1 DNA i& (7 "Lk i3 » F fiufie

4o F




= G
A8 DNA ® K 1000~2000ng
10X NEB buffer S5uL

10X BSA 5uL

BamHI 1uL

Xhol luL

Sterile water A 8 AR

Total volume 50ulL

A 37°CT F R 2P > 2 184~ calf intestinal alkaline phosphatase
(CIP)ImL r1f b p A4 & > 4% DNA T4~ 45H DNA ¥ £ &1
i¢ * Gel/PCR DNA Fragments Extraction Kit #- DNA % £ w 4z > &35

¥-20C
(3) &2 pET28a Fiz &7 &

UK 215 ehm B DNA B s R pET28a e Tk 3 & & F i

F R E e

=N B
B 48 pET28a 50 ng
DNA £ 50 ng
T4 DNA ligase (1 U/uL) IuL
10X ligation buffer luL
Sterile water A KL AR
Total volume 10uL

BB LR 16 C TR 4 20 ) o F ) 1 % = e Rosetta
4. @A

#r5E nre Rosetta frdk & F BiScnA R 3 S Rk o2 830 42CT

i# 7 & ik 5o s i (heat shock) 45 sec» £ & »t kb B F 4 » LB R T3 37
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TR A mARE A B EE G AR A% R I

T50pL o EAEFRSES E A7 Kanamycin 2 LB A A P E o

. 12 colony PCR 2 = 3% &3 i 4] AL F1

Fip s LB AR E - FiE s 2 B g Ek? o £
pET28a + 2. T7 ¥ T7 terminator 0% 7| 7 primer »2 % 7 i 2w B 2k %)
+ 2% - Moprimer k27 PCRF Jis - 3% 3 #{m t sg DNA » 5 £ 2

Bk Mp it FRRIS K 1518 7 AR R DNA 2 38 B A8 5752020 °C -

.DNA z_E

E‘é’ﬁ&i%ﬁ”&}lDNAﬁ'i9*%?!‘%%‘—%?&%%5 < 7 DNA 2B 0 F2

s DNA B 7 2% o
RN S SN L

2 mM IPTG » 3793 % P 39 » # [f1/] Rl = & & » % 5)0OD600
AL A05~0T2 B 5 b o Fid R FRAFSRE R0 R AL
% o

ME St BB RPE 239 B L GroES 3-v

# % PVDF membrane » £ 12 100% ¥ A& =¥ » £ /2¢ f i B (transfer) 4
P (e deT) o #ew kR e iR B Rk g A~ PVDF membrane > %%
Pl TalRETHATABRECRTEF ] AL ZRRZER
BgEER g REF i EREK R DTG EL S O
A ImAs ERX 10V @ F 4] FF o 3543 ¢0 PVDF membrane B~
4 Fastgreen v FA A ¢ G2 2450 £ M- K FARERRS B

FRTRD I F R RERMER



& & i fb=% (transfer buffer)

CAPS 10 mM

Methanol 10% (v/v)
pH11.0
Fast green 01g

Acetic acid 10 mL
Ethanol (95%) 26.3 mL

ddH20 64 mL
Total volume 100 mL

#-344F comembrane 2L 1z 100% 7 FRiE (S 7 F 5% (WIV)HR Fg 2 e
TN % g ? » 32 F 3284 % 1L hrie {3 blocking> ®)3#-F Jigik 16 £ 12 TNT
Bk 4 > & 10§18 0 T AR (7 47 Bkl (primary antibody). %
EF J oA B 75 1% (WV)% % 2 e TNT fHR 0 @ 4 gl
anti-GrogS - - ] 5 1:10000 » &> 4CT™F 16 /) PF > 213152 4
BFREA R T L TNT B @R /Be 6 =0 » & =X 8 A 45 o 35 F 40 » =0 ikl
i% it HRP-conjugated rabbit Ab » — #1212 5 1% (W/V)% 7q £ e TNT #f
1:20000 R4 1 )P i s dRB R T 0 TNT 8 e %% 6

ZX o EX8 A4 EFIrY L ECL RS ",z*'{p:é—% °

TN
Tris-HCI 20 mM
NaCl 0.15M
pH7.5
TNT
Tris-HCI 20 mM
NaCl 0.15M
Tween 20 0.05% (v/v)
pH7.5




ECL & ¢ > w4 PVDF membrane } § &l im {8 > 353 4v » 3§ £ 0k

&4 (ImmobilonTM Western Chemiluminescent HRP substrate» A &2 B & f&

o5

REMMBRE) F RIS K AR TR RSH > J1* LAS-4000 F i

7

A 47 & A 17 membrane 54 Sk F O o
LBl e Fr2 it (Purification of recombinant proteins)

Jofh 2 LY FoRfe®l g w2 Ni2* Chelating Sepharose beads ;& £ 1% » & 4°C

THEEFRTHE A 16/ o ¢ F 3 His-tagged 2. GroES % & % beads } -

binding buffer
Tris-HCI 20 mM
NaCl 500 mM
Immidazole 5mM
pH7.9

Y P Fou eh 2 E A F fa(resin column)d % & F 3
His-tag <& 2 39 F > Flp & 7 fe @ Ni2+¢ 4L - B~ Chelating Sepharose
beads (50% slurry in ethanol) 3mL » fe @l = 1.5 mL #f%5 ¢ 41> FR48in 1
#5§¢ 0 & B4 » 45 mL ddH20 ~ 7.5 mL charge buffer (50 mM NiSO4) ¢ &
trpe @l = 43 3+ ¥ 4 (nickel column) - 4% 3% 4c » 7.5 mL binding buffer r/ &
#8 4L > &% Jf £ 4o~ binding buffer 7.5 mL & & 4 BB 2203 12 v
Fenp it e o

¥ Ak e e F-d F A0 * binding buffer w73 £ > 2Lz 15000 rpm - 15 &
S TR EF R ARBROINPERY > BFE RT e 12yl
% = INi2+ beads £ /8 3 {5 & > 4°C 2} a0 R Rl 5 35 & overnight o

#F 7 His-tag e0€ 2 %9 2 Ni2+ beads 24~ % & -

e % % ke 35 % Ni2+ beads 73 7% 1 1500 rpm » 3 4 s 15 4 £



ik £ 4o ~ 40 mL binding buffer s R T A48 0 2 (5 4R ke iE
oo > £ K= 2k 2 G o Ni2+ beads & & shge i 5 B B3R~ F
#.¢ > 412 20 mL binding buffer i i & 41> 4 ¥ 4 » 20 mL > wash buffer
(z 7 50,100, 150, 200, 250, 500 mM immidazole z 8M binding buffer7.5
mL )2 elution buffer ¢-His-tagged #-v B &< ™ &k & 15mLycf - ¢ -

12 15% SDS-PAGE A H % B foit (7 v 2 & o
4. Lempsttiy T2

F-v 1 660 nm Protein Assay Reagent € » #v {- reagent 4 10:150 *

L5 A4 T A kKR iR 7660 M k£ T L ke fc i -

Rg

bl
iR PR 8 ¢ e Ry R R PRI A GO PO T R RS 5
QEACE SR S Y I

S N N I A R
(1) Bagptsy2 %%

Beih B B fFRL Y EiE 82 T G glag(minigel: 10x 10.5¢cm) - H ¢ -
Bt R, F/?’*“’J%‘ED‘» ﬁa/p CETS D FRIER TR
fadedc o A Mgy WARIRA G f o & HIRRLL spacer T 48 %

Bk 333 IF"J*\B?T‘ FELEE B 2y o BT Ao
(2) Fe ¥ R WA=} 4 (Preparation of polyacrylamide gel)

#-3p L fe ¥ 45 2. Asolution~B solution 12 2 C solution ;& & & {77

\»‘A
=l

#] i¥ » Asolution ~ B solution ™ 2 C solution 3-’mfie > 4o :

10



A%
Acrylamide 30 %
N-N’-methylene-bis-acrylamide 0.8%
B %
Tris-HCI, pH 8.8 15M
SDS 0.4 %
Ciz
Tris-HCI, pH 6.8 0.5M
SDS 0.4 %

Ryp T & e ¥ T & separating gel »4 % * & stacking gel:

separating gel stacking gel
R 15 %

A solution 4.0 mL 0.3mL
B solution 2.0 mL —
C solution — 0.5mL

ddH,0 2.0mL 1.2mL
TEMED 5.0 uL 3.0 uL
10 % APS 55.0 uL 9.0 uL

H L pe R separatinggel : &} A kAt 447550 ° 40 » ddH,O -
B solution~ A solution~TEMED 2 2 10% APS (ammonium persulfate) -

L0 S B MR R I ER Y 0 ENRY L S e n T

el

PR @RI H > T RFRd AR RERET > FAe A0
4P ERA R 0 B 3~ stacking gel - 3% ¥ e ¥ stacking gel @ ik P ¢
% & B fo] 487557 40~ ddH,0 ~ C solution ~ A solution ~ TEMED
112 10% APS > R £ 353 {8 #5905 % 5] ~ separating gel + k& > #
3~ — bR HCE (comb) i@ FEAE A, A v g o F IR RE AR T (S T bk

BT R RS

11



(3) A& ikt F-v Btk &2 (Sample preparation)

B &4~ i £ 20 2X sample buffer - & F R A 3 95°C ki ¢ 4

10 Ao fir S 40T

2X sample buffer

0.5 MTris-HCI pH6.8 1mL
10% SDS 4 mL
50% glycerol 2.4 mL
B-Mercaptoethanol 0.2mL
ddH,0 2.4 mL
Bromophenol blue(BPB) 0.01%
Total volume 10 mL

(4) = A2 3 i (Protocol of electrophoresis)

15

~F

PRIZHBBELES BB B ACET AL o # T
Wi - G i e R B LX A R (10 X R A B e

YT )G L TR A MR 2 ed TR R~ R R
RS ffE TAE IR XRTLTMASLT0V iR T (T

R 03
-

b

10 X & & % b
Tris 25 mM
Glycine 250 mM
SDS 0.1%
pH 8.3

AR BT 2 AR v B 4 5 £ (Low-range Protein Molecular

Weight Markers)4c—™ # #7177 :
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0 F A %  (kDa)
Phosphorylase B 97.4 kDa
Bovine Serum Albumin 66.2 kDa
Ovalbumin 45.6 kDa
Carbonic Anhydrase 31.0 kDa
Soybean Trypsin Inhibitor 21.5 kDa
Lysozyme 14.4 kDa

G) TAMY 2 g S g s

2N T oAts o B S BT F B 5E A4 4 R (Coomassie blue

ENd

staining solution) ® ¥ 30 ~ 48 » £ ¥4 4 R igd > S 2RI R

|-

| 7% %

i
=¥
2

(Destaining solution);z ;¢ "} %8 & ¥ TIREP &I 0 SR

A AdH0 ¥ F o B F RS R b T

-
Methanol 12 %(v/iv)
Acetic acid 10 %(v/v)
Coomassie brilliant Blue 4 tablet
d R
Methanol 25 %(v/v)
Acetic acid 7 %(v/v)

r ~ § Ak MKN4S ~ KATO-IM sm % 2_ 33 %

3 b4 % MKN45 ~ KATO-TIim % 5 ph*fitim®e » #-4m* 12 RPMI1640
(% 10%FBS) % 37°C ~ 5% CO, thif 12 % »+ 75T chim e 32 % ¥Lit (72
£33 A AURTNG fE S 48P s &R s 0 1 ] PBS

Fikinie = o 4v o ImL 0.5%% 3 fis % =% (EDTA-Trypsin) & 37°C ~

13
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1

s

5% CO, 1 & 48 /adL b & 45 #-'w "2 & 5 EE - gfgﬁfé—m"elﬁ]b\u‘*’ )
Fder 3ML B R RP LG Bt ime cnitd > Bl w2 P31 50mL
oo g 012 500xg R T A 10 AT 2 %f;‘; %% > "1 & ) PBS #-ln e
£ e TR =0 500xg EE A 10 A48 e BRI A F
R ERA R B AIEFSNE AR LA F e kR T 2x10°/mL>
&L 200uL A fed 96 FtAE s £t v 37T C 5% CO 1 & 44 ¢

R & o

s E B RY BJIR e

o

ek WA PRI 96 7433 K 4 2 MKN4S ~ KATO-II = fim™e > 4 '
f% {\”f'g ) 715. ]%‘] PBS /F /m— = » Il RPM|1640( ( 7 ‘ FBS) )ﬁc' ) F’/E

A I D 2 96 It R Y ahime 24 0] BES o TP R AR

. Coating : %963 F &% # » 4~ 100uL (1pg/mL in PBS) 1 1L-8 % $&

R ENA4CP R RET o
Fe p B=dvis » 52 % AFR8ia % - 2 wash buffer Fikd =X

Blocking @ 4 » 200uL % 3 4 %+ w59 -+ (Bovine Serum Albumin,

BSA) #PBS it {7 Blocking > 5 ** 3 B v 3 - | FF o

=S K,ﬁ‘e BRIk > ks R wash buffer Fie=z = o Fdagpopat e &
e kY

fie @ standard curves @ 4c ~ 100uL ‘G4 it 2  IL-8 £ 239 (kR A % 5

0 pg/mL~15.625 pg/mL ~31.25 pg/mL~62.5 pg/mL~125 pg/mL ~250 pg/mL -

500 pg/mL in 4% PBS/BSA) » * 12 %] #f {5 & & &

14



6. #FplZ e ¥ & % > 1 blocking i3 % i = 100 2 ﬁ**f? fg > B~ 100pL 4v »

z OB A 2
Fgite » X ERF R

ﬂ\‘)'

JEE E"»uw -if?éﬁ‘fﬁ_a/ph
7. 1z wash buffer = =t » T pgc 3¢ RpR AL

8. f“# BF BRI P S r 100uL (0.05ug/mL in 4% PBS/BSA ) 4 4 % {&3e

z_ IL-8 1 jpl448 (biotin-labeled IL-8 detecting antibody, ) » ¥ ** 3 /8 & 32

0. (5 RFLIR IR 0 LRI RS X e R T A

10. # ¥ 4c » 100 uL HRP-conjugated Streptoavidin- % >t 38 T 1 5 30 » 45
11, % & i sl 5 4k i - 4 wash buffer -3 = =0 - Bt - iRt 2 3

12. % 4 4 > 100 pL ¢ 3,3°,55-w 7 A m ¥ o (3,355,
Tetramethylbenzidine, TMB) £ 5 £ Fi&{7 5 ¢ » B3 3 B LT 9

30 &~ 48 o

13. 4 » 0.18M 100pL Fifie (H,S04) 3 ik £ i » & 12 450 nm st £ 1§ ]

ok o I BB R MR R AT IL-8 2 kA -

: v 4ex DTT

1. % GroES 3=v P 4e » 5mMMDTT » i¥ 5 F B 828R 0 DTT co¥t R 2
# i¥ Non-reducing gel 3-¢ & A > & 478 % » /2 DTT /2§ 4 5pL 3R

BERigEend % o

2. % 4v » DTT 0 GroES v i + & & KATO-lII fm% » &2 % 4 » DTT

¥t PR e g 17 ELISA () 3o ) e
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A 4 EDTA

* 4r » EDTA e GroES v /ad® i + i 5 KATO-lll fm%e > 22 & 4e » EDTA

(4 PR 0 4 17 ELISA (% 4o )
4 ~ Point mutation

1. %3 Cl112A 2 Cl11Aprimer & 7|

C111A/C112Aprimerdesign:

F: AAH D H K K Hstop
gct get cat gat cac aaa aaa cac taa

R: sameas C111A-R

2. toprimer ® 4c ~ TAPNK @ # 5= gppe it > 37°C30min > # p {8 8 10 &%

L

jd

3. Clean up PNK

4. m p {548 5 plasmid i& 7 PCR

5. Gel extraction

6. Ligation
DNA 10~20 ng 10~20 ng
10X buffer
T4 ligase
Total volume 10 pL

7. Transformation (H {54 2x ez = 4.2 {8 009 Bl )

16
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-\

-g;;

-~ B3P HRFY

1. 72 IPTG % ¥ 4 78 GroES 3-v 2 S % mum ad E 4D p £ 39

GroES 1-94  1-100 1-106 1-112
IPTG(2 mM) 0 2 0 2 0 2 0 2 (Hr)

21 kDa—
- - - -

14kDa—
W -MIPTGHELARI IV chhvd FLARSE
2. 11E % EERE A RLFS B RETLP R0 5 GroES Fv f Rk I A
(1) &> B2 PISH

4 B GroES 3-v '+ 4t GroES il sk o i@ 5l A $ 5 GroES

GroES 1-94 1-100 1-106 1-112

- —

R+~ UG BB MSp e thd s

(2) BiB# AT i A TR e TR A %

#7118 3] 51 GroES % = f supernatant » F& 3% ¥ ehd-n B AST E FE

17
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=

GroEs 194 1-106 1112
SP sp P S
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1. Introduction

1.1 H. pylori induces cytokines which are linked to gastric cancer.

Helicobacter pylori is a Gram-negative, microaerophilic bacterium that selectively
colonizes in the human stomach. H. pylori infection has been proven as a major cause of
chronic gastritis and peptic ulcer disease, and is highly related to gastric cancer. H.
pylori was also classified as a class | carcinogen by the World Health
Organization(WHO) in 1994. Despite a recent decline in infection rates, the prevalence
rate of H. pylori remains at nearly 50% of the world’s population and the associated
gastric cancer is the second leading cause of cancer-related death worldwide. The most
remarkable feature of persistent H. pylori infection is that it causes inflammatory

responses, which is an important risk factor for malignancy.

The cytokines induced by H. pylori infection include TNF-a, IL-1p, IL-6, and IL-8
[2]. It is well recognized that release of these proinflammatory cytokines is closely
linked to the pathogenesis of H. pylori-associated gastric cancer. Induction of cytokines
secretion by H. pylori depends on both host genetic background and microbial virulence.
IL-8 was the most significantly up-regulated gene and appears to play a major role in
the epithelial cell response to H. pylori infection and in the pathological processes
leading to gastric disease. Several authors have demonstrated increase in IL-8 in
response to H. pylori in both in vivo and in vitro studies. Gastric mucosal 1L-8 levels
have shown a positive correlation with the degree of stomach corpus inflammation, and
IL-8 is also highly increased in gastric cancer. I1L-8 is secreted from gastric epithelial
cells by H. pylori virulence factors such as cag pathogenicity island (cagPAI) and OipA.
However, it has been shown that cagPAI and OipA are not the sole factors responsible

for induction of proinflammatory cytokines. We have previously reported that H. pylori

25



GroES (GroES) can induce the production of proinflammatory cytokines including IL-8,
IL-6, IL-1p and TNF-a in human PBMC and trigger IL-8 production in gastric epithelial

cells.

1.2 H. pylori GroES has the unique carboxyl extension, which possibly

leads it to cause the induction of proinflammatory cytokines.

GroES, also referred to as the heat-shock protein A (HspA), is an unusual homolog
of the essential bacterial GroES chaperonin family. In general, GroES serves as a
co-chaperonin of the heptameric GroEL-GroES barrel complex, which mediates the
refolding of a variety of nonnative proteins. In addition to the highly conserved GroES
chaperonin domain (domain A), GroES contains a C-terminal extension (domain B),
which is absent in most of the other GroES members. domain B consists of 28 amino
acids including and 4 Cys residues and confers a unique conformational structure which
form two disulfide bonds and generate a closed-loop structure. Except its co-chaperone
activity, GroES has been reported to play additional important roles, being involved in
nickel homeostasis and urease activation. Besides intra-cellular locations, GroES is able
to gain access to the extracellular compartment and shown strong antigenic properties.
GroES represent strong antigen that is specifically recognized by the sera from H.
pylori—infected patients, and it then considered as a potential candidate for vaccine

development and diagnosis of H. pylori infection.

The upregulation of proinflammatory cytokines by GroES has been shown
contributed to the gastric inflammation. However, the molecular mechanism of
induction proinflammatory cytokines production has not been elucidated. Here we
investigated the possible involvement of GroES induce IL-8 release in gastric cancer

cells. When every 6 amino acid were truncated from the end of GroES domain B, we
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found that only full length GroES can induce IL-8 release, but not the truncated forms.
Moreover, when the disulfide bonds of domain B were disrupted by reducing agent
DTT or site-directed mutagenesis, we found that the conformation structure is collapsed
and failed to reduce IL-8 production. These data indicate that unique domain-B of
GroES may act as a potent virulence factor in gastric cancer cells and a therapeutic

target for the inflammatory diseases.
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2. Materials and Methods

Mutants construction

Truncated mutants (GroES 1-94, GroES 1-100, GroES 1-106, GroES 1-112) of
GroES were prepared by polymerase chain reaction (PCR). Preparation of point mutants
(C111A, C112A, CI111A/C112A) was carried out using the Phusion site-directed
mutagenesis system (Thermo Scientific). Primer sequences were listed in Table 1 and 2.
The GroES genes were digested by restriction enzymes BamHI and Xhol and then
ligated with pET28a plasmid for the truncated mutants or pQE30 plasmid for the
mutants. The PCR amplified mutant-containing vectors were transformed into E. coli
Rosetta. Colony PCR was conducted, using T7 terminator on pET28a as a primer, to
select colonies which proliferated the correct molecule weight of the DNAs. To confirm
the presence of the desired mutation, the DNA sequence of the mutants were

determined.

Expression and purification of GroES

Expression of each protein was induced in E. coli strain Rosetta for 4 hr at 37°C
with 1 mM isopropyl B-D-thiogalactoside (IPTG), using sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) to confirm whether the target
proteins have been induced. The soluble recombinant proteins were purified on a
Ni?*-chelating Sepharose column. All proteins were >95% pure as assayed by

Coomassie blue staining on SDS-PAGE.
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Culture the human gastric epithelial cells: KATO- 1

Human gastric epithelial cells KATO-III were obtained from the American Type
Culture Collection (HTB-103) and cultured in RPMI1640, supplemented with 10 %
FBS and 100 units/ml of penicillin-streptomycin and grown at 37 °C with 5 % CO,.
Wait until cells cover 70% of culture plate, then pull over the medium. The cells were
washed by Phosphate buffered saline (PBS, Gibco). 1c.c. EDTA-Trypsin was added,
under 37°C with 5% CO; of for 8 minutes. The cell groups were broken up by sterile
pipette, then medium was added to suspend trypsin action, then the cells were taken out
to the 50 mL centrifuge tubes and centrifuged at the following terms: 500xg for 10
minutes. After that, the culture medium was removed, resuspended and washed by
sterile PBS, centrifuged at the same terms again. Finally, 1/5 of the cells were taken out
for sub-culturing and the remained 4/5 cells were kept for assignment to the 49-well

plate at 37°C with 5% CO,. The cells were kept overnight.

ELISA

KATO-III cells were co-cultured with 0.3 uM WT and mutants for 16 hr.
Cell-culture supernatants were collected. KATO-III cells were dissolved with medium,
and trypan blue was added. Observe and count the amount of the cells. Then
interleukin-8 polyclonal antibody (IL-8 Ab) and stock buffer were added for coating.
After blocking (Bovine serum albumin, BSA), wash thrice by wash buffer. The cells
were taken out from the 96-well plate to eppendorf, centrifuged at the following terms:
1500 rpm for 5 minutes, then the supernatant was taken out to another eppendorf.
Standard curves were prepared simultaneously in different concentration: 500 pg/mL,
250 pg/mL, 125 pg/mL, 62.5 pg/mL, 31.25 pg/mL, 15.625 pg/mL, 7.8125 pg/mL,

3.90625 pg/mL. Both samples plus sample buffer and standard curves plus sample
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buffer were placed at room temperature for 1 hour. After washing three times,
biotin-IL-8Ab was added at room temperature for 1 hour. Again wash for three times,
then HRP streptavidin (Merck) was added at room temperature for 30 minutes. Again
wash for three times, then TMB (Sigma) was added in a very short of time. Wait until

the color changed. At last, stop solution was added in a very short of time.

Truncation mutants expression and functional assay

Every 6 amino acid codons were truncated from the end of GroES gene, and each
of them were digested and ligated to pET28a. Single mutant C111A and C112A and
double mutant C111A/C112A were constructed as well. The plasmids were transformed
into competent cell Rosetta, and then colony PCR was conducted to select the correct
colonies for DNA sequencing. Target proteins were expressed by IPTG induction, then
protein expression and purification were performed. At the same time, KATO-III cells
were cultured using RPMI1640. KATO-II cells (5X10* cells/well) were treated with
GroES overnight at 37°C. ELISA was performed under the concentration of 0.3 uM WT

and truncated GroES to detect the release of IL-8 in inflammatory response induction.

DTT Treatment

Reducing agent DTT was added to disrupt the disulfide bonds between cysteines.
SDS-PAGE was performed to check if DTT served its function. ELISA was performed

afterward under the concentration of 5 mM DTT and 0.3 pM WT.

Statistical analysis

All experiments were carried out in triplicate and data are expressed as the mean
+S.D. The Student t test was employed to compare treated versus control samples. For

all tests, p < 0.05 was considered statistically significant.
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3. Results

3.1 The truncated proteins failed to induce 1L-8 production.

In a previous study, it was reported that only GroES 1-118 can induce PBMC to
release IL-8, but not GroES 1-90 (domain A) or GroES 91-118 (domain B) [1], which
indicates that the extended 28 amino acids are indispensable in causing inflammation.
Therefore, we try to investigate the critical amino acid residues in GroES domain B. We
deleted six amino acids once at a time from the end of GroES, and ELISA was
performed to detect the level of IL-8 release. The result showed that only WT GroES

(GroES 1-118) can induce IL-8 release, but not the four truncated forms (Fig. 2).

3.2 Disulfide bonds are critical for IL-8 induction.

The result of the truncation inspired us that maybe it is the structure that influence
the capability to induce IL-8 release [3]. It is known that there are two disulfide bonds
formed by four cysteines in GroES domain B. Therefore, we used DTT to disrupt the
disulfide bonds and ELISA was performed to detect the level of IL-8 release. The result
showed that the DTT-treated GroES lost the capability to induce IL-8 release (Fig. 4),
which displayed that the disulfide bonds formed by cysteine residues were critical in

causing the inflammation.

3.3 Single point mutation shows the essential of C94/C111 or C95/C112
disulfide bonds for GroES activity.

Knowing that the two disulfide bonds in GroES domain B is critical, we further
constructed single point mutant,C111A or C112A, to investigate the importance of
either of the two disulfide bonds. Site-directed mutagenesis was used and the level of

IL-8 release was detected by ELISA. The result showed that when losing one of the two
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disulfide bonds, GroES still has the ability to induce IL-8 release and cause

inflammation (Fig. 5), which means that either of the two disulfide bonds is important.

3.4 Double point mutation, C111A/C112A GroES displays the

indispensability of the loop structure.

By site-directed mutagenesis C111A/C112A, both of the disulfide bonds were
deduced and then the level of IL-8 release was detected by ELISA. The result showed
that C111A/C112A GroES mutant lost the capability to induce IL-8 release (Fig. 6). It is
known that the loop structure did not exist anymore when losing the both disulfide
bonds. Therefore, we demonstrated that the loop structure in GroES domain B is

essential in causing the inflammation.
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4. Discussion

H. pylori infection has been reported to cause chronic inflammation with
production of proinflammatory cytokines. Numerous studies showed that H. pylori
infection enhances IL-8 production in gastric epithelial cells. In this study, we focused
on GroES-induced IL-8 secretion in human gastric epithelial cells. We observed that
only full-length GroES can induce IL-8 secretion. In contrast, C terminal truncated

mutants, point mutants of GroES failed to induce IL-8 production.

Bacterial HSPs have been reported to activate proinflammatory cytokines
production. GroEL and DnaK of E. coli induce IL-6 and TNF-a in monocytes and
endothelial cell [6]. GroEL of C. pneumonia is known to activate inflammation and
contributes to coronary disease (CAD) [7, 8]. M. leprae Hsp65 induces inflammation
and is associated with airway hyperresponsiveness [9]. These studies indicate that
bacterial Hsps are closely associated with immune responses to bacterial infection.
However, in the family of GroES, only H. pylori GroES and GroES of Mycobacterium
have been reported to modulate immune responses previously. In contrast, E. coli
GroES was reported unable to induce proinflammatory cytokines production [6]. Thus,
it is likely the unique domain B of H. pylori GroES may contribute to GroES-induced
immune responses. A previous study examined whether domain A or domain B is the
immunogenic domain of H. pylori GroES. They performed ELISA using H. pylori
GroES, domain A, and domain B as antigens and identified the dominant serological
response was against domain A. In this study, we found that neither truncated mutants
nor point mutants of H. pylori GroES can induce IL-8 production in gastric epithelial
cells. To reveal this conflict, we proposed that domain B of H. pylori GroES may assist

immunogenic domain A to induce immune responses in gastric epithelial cells.
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Figure Legends

Fig. 1 Confirmation of the expression of the truncated proteins examined by

SDS-PAGE (A) and immunoblotting (B).

Fig. 2 Only WT GroES (GroES 1-118) can induce IL-8 release, but not the four
truncated forms. KATO-III cells were incubated with 0.3 pM GroES WT and the

truncated forms of GroES for 16 hours and I1L-8 release was determined.

Fig. 3 Non-reducing SDS-PAGE was performed to confirm the disulfide bonds were

deduced after GroES was treated with DTT.

Fig. 4 The loop structure of domain B generated by disulfide bonds is required for
GroES to induce IL-8 release. KATO-III cells were incubated with 0.3 uM GroES WT,

which were treated with 0 mM, 1mM, 5mM DTT beforehand, for 16 hours and IL-8

release was determined.

Fig. 5 GroES still stimulates inflammatory response in KATO-I11 cells when losing
one of the two disulfide bonds. KATO-III cells were incubated with 0.3 uM GroES

WT, C111A or C112A for 16 hours and IL-8 release was determined.

Fig. 6 GroES cannot stimulate inflammatory response in KATO-II1 cells when
losing both of the disulfide bonds. KATO-III cells were incubated with 0.3 pM GroES

WT or C111A/C112A for 16 hours and IL-8 release was determined.
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Figure 4
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Table 1 The primers we designed for truncation

Truncated GroES Primer sequence
Forward 5 - GGATCCATGAAGTTTCAGCCATTAGGAGA - 3'
GroES 1-112[5' - CTCGAGTTAACAGCAAGCTTCATGCTC - 3'
GroES 1-106|5' - CTCGAGTTATTTAGCATGTTTATGGTC - 3'
Reverse GroES 1-100[5' - CTCGAGTTAATGATTACCTGTATGACA - 3'
GroES 1-94 |5’ - CTCGAGTTAACAAGAGCCTGAGCCCAC - 3'

Table 2 The primers we designed for site-directed mutagenesis

Mutant Primer sequence
o—— A CH DH K K H
gct tgt cat gat cac aaa aaa cac
CITIA e A EHEZEKAHK
agc ttc atg ctc ttt agc atg fttt
L a— A H D H K K H stop
C112A gct cat gat cac aaa aaa cac taa
- — C A EHEIKAH
gca agc ttc atg ctc ttt agc atg
Forward A A H D H K K H stop
gct get cat gat cac aaa aaa cac taa
CI111A/C112A Reverse AEHETKAHK

agc ttc atg ctc ttt agc atg ttt
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VR R A A e kA2 IL-8

% $(91-118) ¥ B ek — MyrAl - 5 £ 4 § B GroES % A 2 IL-8 -
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