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Abstract

Adenylate cyclase-hemolysin toxin (CyaA) is one of the major virulence factors
secreted from Bordetella pertussis, the etiologic agent of whooping cough. It is classified into
the RTX (Repeat-in-ToXin) family due to its tandem repeated nonapeptides Gly-Gly-X-Gly-X-
Asp-Asp-X-Leu (Glycine - Aspatate rich nonapeptide repeat regions), which are the putative
calcium-binding sites and toxin-receptor interactions. Previously Escherichia coli -hemolysin
(HiyA), a prototype RTX family, has shown that the HlyA region of residues 914-836 can
interact the glycophorin receptor in mammalian red blood cells which corresponding to the
conserve region of residues 1621-1627 of CyaA. Here, a truncated clone of CyaA-RTX
fragment deleting the C-terminal region of residues 1601-1706 was investigated by
Polymerase Chain reaction and Cloning. The deletion mutant was tested for toxin binding
activities against human white blood cells and sheep erythrocytes. The results were shown
that lacking the residues 1601-1706 of RTX subdomain toxin was decrease the binding
capacity to the target cells. it has been indicated that C-terminal region of CyaA toxin,
corresponding to amino acids 1601-1706 major determinant in the specific binding to the
. target cells. The fact that a peptide containing amino acids 1601-1706 may challenge for a
therapeutic application of peptide which has B. pertussis pathogenic role. Moreover,

homologous sequences exist in other RTX toxins; thus, the results in study can probably be

extended to those toxins as well.
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1.2.1 \#a Bordetella pertussis
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3) Adenylate cyclase - hemolysin (CyaA)
A Aa aan X e a )

uldsunfiguaud@ 2 dszmsnlidudeniy fis §Iu Adenyl cyclase (AC)

activity (flagnitng 1aad host §3ulaa AC domain fignnizquely calmodulin ¥1413088N
o A .. R ° et [ P &
an3ilduu Adenosine triphosphate (ATP) Lilu cAMP vlsiiszau cAMP maluiaradiinsnniu
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Bordetella pertussis
Causitive ageat of Whooping cangh

-Small gram nezathve barteciom
. -Maay virulesce faclons
Pectussis toxin Adhicrine: Pertactin
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hn mues uaziilaanwis 2 :ﬁl.ﬂuszﬂ:ﬁﬁmmwsfns:mm%a'lﬁga Lﬁmsrm;jﬂ'mﬁﬁiaagﬂu
o - o as ar an 1 an ' P d [
madumslaswaninniga Lm:glﬂwunm@mms:ummalumsﬂaanummwsma (13) lugﬂ
Afipdquinaginedn 1iu wadasaduansdonmsiurziiduainiaanmsiTann (22)
‘i:ﬂ:ﬁ'vleguuﬁ (Paroxysmal stage)
T r-:i o o a .&’
srnzdszanmdlada 2-6 vasmsdudulia  eanasledinnusuusanniu
Lﬁaamnﬁmsﬁ'\mmqma‘tﬁaqmataumvla waslmansaisaasnmauazansidanaanle 34
HanuszanaLfaIatnauIn ;Eﬂ'auﬁmms"laé‘mdan“mﬂwqm‘%nn’h staccato cough @78
. ’ a -J a A A g i ' .
msgmmﬂhﬁnq Fnwmadumelafiuiuuasfuuauand 1Fns “4e” M3uni1 whooping cough
a a X ' [ = @ i . o
Luaamnmmﬂammua:maLﬁnu%uuﬂ:uﬂum@uummnauedﬂ'aﬂ‘lummmmﬂlﬁﬂﬂ 87n3
lasinfinuguusausztaiaulugluginnailudnin (23)
uanmnﬁﬁ'\mnmmmmn%aumnms‘laazinwma'lﬁ 1% AN BBNTLAR
(anoxia) a’m’l'iﬁﬂ‘l(c'yanosis) Lﬁaﬂaanﬁtﬁaqm (subconhanctival hemorrhage) iwein (13)
szezWnAY (Convalescent stage)
Qr r.J o a ' Qr &
Ussanmatenyii 4-6 vaalsauazanadiiinas liiunammedilend ansles:
ABg JAARILRTANMNTUIINIURBHRT usi;jﬂ'mmmﬁ@'[sﬂumsneﬁau Wasnnanudadn@uad

~ a A A Y A s .
ssuumadiumela wazaafaiedugdndule (13)

1.2.4 P1IQTVINRINY

1) nM3AIRIALATI

msdeniunsuanlenaludlunsasawidelufsdians dlasanidesinduuna
LN @afd uazdndinwauday nsasranisalasassaansaitlddrsinaiia direct
fluorescent antibody (DFA) lasmstiaueag antibody Fndsumsazrausasdaliualdnas ua
ﬁmm‘lw"hu.a:mav‘hﬂﬁf‘i‘%mﬁmﬁuﬁ?&ﬂmﬂvauﬁus] savliiAansauinisenlegs (24) inaila
DFA 'l@"gnﬁwmifulmlﬁ antibody 31LW1zfa3 lipopolysaccharide wadia B. pertussis il

. &
AMUIUNWZRIUY (25)




2) MAwmde
| dalwitmsnaspiulunisifiedulsndeiia B. pertussis mewaslfiians 1ae
. « Py ~ a o & =y Qs ~ A
B. pertussis agilunguiiisiaigyenn ilasnngndudainsiaiyldhelassmsinuluamsainzide
a A o ] & 3 . Q A’ . LA A
i lFsanailuRweaiaaditu peptone uaz nyalusiu awisiwizilie B. pertussis sinevasdl
. - o -~ 1 -~ Tt A 0: A [ O
fuilsznauves charcoal LReaLiuIUBLIINBY 15-20% uazuiy (Aue59) mmrmlumsg@mn
o 3 A’ . A Qu o o o IJA ; -3
f3AIINIg (26) T8 B. pertussis didamnisadgt wiaawmsluussenmandanutu Gie
sandian uszlifaensuaulasanlad wiiu 5-7% aungifivanzauda 35 asmimados
o 2’ . l [ Ll
laslalafivausn B. pertussis fvwiendin wu usziflugiuom (13)
3) mMInadauqmENaNWBNAL
g : .

\ire Bordetella laisnansoamessanilylaiasaldlasynaunis fermentation (24)
Idusuanlunmanaseu catalase uas oxidase niiu B. parapertussis sz B. brochiseptica T
l¥naavlunmesay oxidase (14)

4) mnadeumailslad

o . Ao ' N . A . A a y: 3

MIATIINTIITAL antibody NIUNIzAB Pertussis toxin 438 antigen NLATHUANINN

» €A aa Qs o ; . o [ ad .
sudsznevvasassiilszlomilunisifiaduns@aiiia B. pertussis aansavilenseds 1w
agglutination enzyme-linked immunosorbent assay (ELISA) uaz complement fixation lasszau
R a & as &a o a a
antibody 3L 3UFIIULLANURLAHAN 3-4 nasniSudaams (25-27)
5) nnasauszaulaana
bng Ll ot Qo =Y L od . A [
ﬁaguu'lﬂunﬁiwmuﬂtﬂﬂuﬂszﬂnlutaqamu PCR uaz DNA probe iatslunis
A o a a [+ a . A A AW o
avnia uarduunalifuaata nninmsemafidiaralasasiussigaiifeilaanms
A‘ L9 A Q I Qo ) A =)
e Muislfanamduinuaunmseialidbnalsaussnmsfumumasznaing (13)
6) MuUNIITINANazmIasnu
PN I o G A e o G a & as as &
lnlanswilulsedadamagiiidisannisdadouszdamniseerialan 1 B,
T L . . . . = . $
pertussis lainuigaludaaseunas linumsralinlugad (4) anunmsuninsznevaadenia

. e ' A Ao e @ . e a a A Y = I3 (3
FTANOAUNUU umamwsma*nmmy'lmm Pdlhﬂ luﬂﬂﬂﬂ’ﬁ@ﬂLﬁﬂWUi@N'\ﬂﬂEgﬂluLﬂﬂLﬂﬂ8'114

)
as ar [ % o

Wi 1-5 1 thesnnmsnusnanaaain lesundauNwINANNITAN “asanSuinnsaatadu

Y q

WWuddniinlugidsanad a.e1950 sanmuialsnlansuwludinaaasann (1, 2)




SaaudasnulsalonswadouunaniGaamunaeoad (kiled whole-cell vaccine) lanlw
wiaunuIngulsinulsanafunasuianzannisaniningu diphtheria-pertussis-tetanus (DPT)
(28) lawidufialuidnangszanm 2 1@aw niudanszdudn 2 a3 Waagy 1 Duss 46 1
@ A a a o o et . . =1 % A A o a
Yaduiiszininmwlumsdssiulsalansulad uanuienafinstrafivinyuusifanisiionay
AaUn@usIauadnIaszuuUIzRINEIVANNIBLINDIT (12) Iuﬂagﬁ‘uﬁa‘lﬁﬁms Tauinadiale
myhiawnzauldseneuvsasandgasuiiaiidu antigen uazmansansequifiduiulsaldun

Pertussis toxin, Filamentous, Hemagglutinin, Fimbriae W8: Pertactin inltuAaiaduria lud

(3 . 4 s a a oA G a 9 a
AR (Acellular vaccine) TIWLINALUTERNTNAINLAZLBATINTNARRTIUALIAARY (2)

avinn 1 Swnudthsusndeiiadnlsfedond Ay inmidhzimesneive lesnfeudisuiutisnandunue:
Uniou 7 Uszinalve § wa. 2555 duamin 34

Table 1 Reported Cases of Priority Diseases under Surveillance by Compared to Previous Year, Thailand, 2012,

34" Week
Cholera 0 ] 0 0 0 49 23 0
Influenza 1393 1164 971 307 3835 9954 25130 30
Meningococcal Meningitis ¢ i 0 0 i 2 7 2
Measles 90 120 50 17 217 1 - 314 3795 0
Diphtheria 0 0 ¢ 9 b} 2 22 3
Pertussis 0 a ! 0 -1 1 10 0
Pneumonia (Admitted) 3660 3865 3058 1132 11715 13991 | 112827 1789
Leptospirosis ' 98 91 47 11 247 510 2134 32
Hand foat and mouth disease 2016 1367 850 214 4507 698 29101 2
DHF. 1957 1788 1150 242 5137 9817 36587 37

i dinoumarsugedania wasthinewnis nsuwmanues uar dwassnaine: oyl masdu T
fayalunrazgnuiulsmnduand Saguszreditanvilaefusavaulsn/iy Duwdn Madursouaiivsdandu o
dnitugidumsseny “disiiad (suspect)” Wil "fiasiiiuduindulsed q (confim)”
dayafimnufouuuasdouvfaldnndant Sibimnideysduanilagiuluheddunsasinam

* dwudie 4 duanidian (4 dami Andu 1 £29)

NAN 1-2 Laadsasnsiielsa lanswiuil 2555

(A2 http:/iboe-wesr.net! FUAK 11 ¥NTIAN 2556)




2.7 Tus@uis Adenylate cyclase - hemolysin uazsdsafinaatias

Tils@udn CyaA lulils@ufifivunalna (~170 kDa) isznauss Domain &asfInlua
a @ a . . P - . o d
LEINK A8 §1UVa3 Adenylate cyclase domain nagniau N-terminal v duiawlasd
. A L 1 . b AP )
Adenylate cyclase (AC) activity Tasintantne (translocate) U183 AC domain lmmqmﬂlu
A v . v . 4
\ad lagnnszdudae Calmodulin melwarasud AC domain aziliew ATP u cAMP $1uau
. > a Q@ n‘; ¢ . V-3 . A
un aanalmnﬁmszmmmsﬁ’muﬂaamaaua:nalmnﬂmsmﬂuuu apoptosis 'lwnqﬂ (29) uasz
. . . . . Ao 4 ea
#2Uv89 Hemolysin (Hly) domain %38 Pore-forming (PF) domain arhldiianmsuanvausasida
r-) - “ o ) Qs Qs & A . o . ) o [
Leaauading maﬁﬂmnmgs‘munumuma magmamu C-terminal maaIﬂseuuw& fuYad PF

. ) -3 A’ Qs & . [ - . =3 . a‘ @ o A ol
domain va1lUs@uAinil Salsznaudaudiutandn 4 & fa Mundsznavdrunsaaziluilaid]
& o N . . ada a . o . R . A
1239371 IUUN  (Hydrophobic region) mumlmsmu'ngnm'lwu (Acylation region) ®IUN
Usznaumensaazilu 9 @2 Gly-Gly-X-Gly-X-Asp-Asp-X-Leu 138402981 gnud1uauuin (Glycine

- . P | ~ A e e . 3
- Aspatate rich nonapeptide repeats) FaduuSiaanauny calcium (30) uazmuﬂmﬂqmﬂu
o . T . . o d '
mnmmaﬂﬂmuaanguanwaﬁ (Secretion signal) (20) LaAIGINTIHN 2-3
lalséufin CyaA usniSauazgnaiialugilues Protoxin fidshimansovhawle ataulend
CyaC-acyltransferase L@unsa Palmitic acid 197 1UfAidhuniia Lys-983 nszduanuiiiufvas
a [ al v & o . . - ¥ e A 4. A
Tusduldaannnile (31, 32) wananilganud Calcium udntasonileftslunssaiios

o -3 :‘ a ] A“ o roy ; RPN A Q3 oy o
lassaaasldsdunsuudansaangniveslisduriiail (7 30) dmsnoaunuinllsduis
CyaA wilailazlinsdunudisu Glycoprotein Oyf, integrin (1iufifdnluniuveas CD11b/CD18
w38 CR3) uudnaasinunodszinn Phagocytic cells 154 Neutrophils Was Macrophages @34
#4839 RTX subdomain yaslilsdusis CyaA AlE9UNY Receptor 1huiad (33) NINIZIIUNNITIL
[ . o * . . o A’ A L o (¥
fil) Calcium usznszUIUMSLANNY Paimitoy group va3lus@uis CyaA i fiamaudetasdany
N R ) A Qe Qo Qo ~- Ad
damnuansnlumsduzrialusfuiudivuudsssfinisuaaiaanyas CD11b/ICD18

] - P A v a . . . a =
receptor lungurasansidaiiaarafiwiieainldifianszuiums intoxication wiaanuiiufiy
) Qs = A [ o .
maluirad uazmunsnduTasinarfiaflsisl CD11b/CD18 receptor UMALTRS LE% LTRALTN
r-J - - d . >~ o ' o A ° a L 4
\Raauadunz ¥3a Liposome Faansanaliifasuuduass niavhlviassuanld (34, 35) lap
t=i o [] N A' = QA [ ] A‘ Qs A‘ o w a
finsiauny Palmitoyl azlilifiuussdeandnsssldviniuusaduauniisahldifanszuauns

. . ) . e o a a & o4

Protein-protein interactions W8s Oligomerization m%sunﬁiaanQﬂﬁmadIﬁiﬂuwr}uu*] (36) @
a5 a A . & % LA o & . s a
anumunsalumssangniveslistufindaisasithwinamaitidunmsuaadlwidiwi lsduns

P a o o & . ¢ ¥ P . ar . v oo
CyaA dinalnlumsunané uszmsituufusasusangusasithninefiuandnanu sausldiie

A‘A ] a o [
na lnlunsaananinuendranudneas (35)




Hydrophabic Repeat regions Secretion

region Lysos3 signal
NH; —{
400 500 960 1000 1600
L Adenylate —J L Haemolytic domain l
cyclase and cell delivery

domain

A 9 oS o .
AN 1-3 uaaalassasnmeslisduiy Adenylate cyclase — hemolysin

(Smith AM et al., 2001)

PNnuaNWITuiauniiues Pojanapotha P. et al, 2011 landalUsduAimanizsiu RTX

subdomain 184 CyaA fifiuu1a ~100-kDa lesvhwaanwmzlassasisvassn RTX region 1l

i 4 o o o ; L. .
-... Beta-roll structures Aianunedadumsiunuuasidon (Calcium-induce Conformation) Wil §

repetitive blocks; block I: Gly™™- Lys™, block Il: Gly'™- Asp™", block Ii: Gly'™*- Asp',

block IV: Gly"™ "= Asp™® uaz block V: Gly'™>- Leu™" (7) uazilusiufilisusznin lsduRwniy

s

A A ~ A ) ) 3 ﬂl 1] o W .
asithnang Y3 aﬁﬂv\mﬂns‘:mumnﬂuwmamaa"mauaummas:vuguﬂunuluﬂamﬂ

9

a P!
LRAIAINTINN 1-4

+Cate

cAMP Trends in Microbioiogy

M 1-4 uaadsuudguns inlumsiunuuasideufidnunis RTX vaslusdiuiy CyaA

(Ladant and Ullmann, 1999)




MNHRNUIIBVL4 Aitziber L. et al., 2003 (11) la¥ih Sequence alignment vaslis@uRs
wiiadna glunguuss RTX toxin v3nmeslisdusud B3zWi14 repeat domain W8z C-terminus
MR 1-5 wudn §IGULUAT 814-872 189 Leukotoxin (10) fianunsiaafifutidduiuad
914-936 184 HiyA Sarisuenliiiufisnnudidguasiisihduiuading uazsiflungualums
ahalnaulisaufis HiyA mutant Aeagreunsaasiludumiaf 914-936 aan walfiSouifiey

dsznEmulumsyhausewing HiyA wild-type N mutant

HiyA (914-936)
EhxA(898-928)
ApxITIA(920-940)
ApxIA(913-949)
LktA(849-871)
AAB43874)
AktA(01-931)
CynA(1621-1647)

mﬂﬁ 1-5 usa3 Sequencing alignment 184 conserved region 32114 Repeat domain Uae
C-end %84 RTX toxin.
HiyA, hemolysin from E. cofi; EhxA, enterchemorrhagic hemolysin from E. coff;
ApxIlIA, cytolysin from A. pleuropneumoniae; ApxIA, hemolysin from
A. pleuropneumoniae; LktA, leukotoxin A from P. hemolytica; AshA, leukotoxin from
Actinobacillus suis; AktA, Leukotoxin from A. actinomycetemcomitans, 'CyaA,
adenylate cyclase from B. pertussis.

5‘7‘11"31%:‘1‘11’!: ﬁ‘ti’n?m L&a3 hydrophobic residues; ﬁﬁ’ui‘l’u LL&N basic residues; ﬁmwﬁ LEAI
acid residues; 88 UAAI Gly; ?{Li\ﬁ&ld U&ad Pro; N UNa9 polar non-charged

residues.
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INMINARBLANUTANID WM IRidaRaauniuan (Hemolytic activity) Wi aana
@ e P o G Ly P 3 . 5 ] =
\akyesluséiuiin HiyA mutant daslstSunaufisnnnin wild-type sz 10° i Sesnansn
o~ & A [y & a o . P | ~ y e -3
vidadaaunsuanlafia 50% vaamanua fa 19 HiyA wild-type innstiudulyinniy 4.0 x10
. e 2 o “ & a o o R o @ @ . Qe
nM, Mutant 1Yt 1 x10° nM dwsindaifaauasain uazld HiyA wild-type AenudutuLvinny
-2 . e 2 o ar
3.0 x 10" nM, Mutant 1¥iNu 4.2 x10° nM frsLLdalfaauainy HENITNAFILANUAUITDIY
mMsaunuaIULUuNfurasiniNsrieds g wudt HiyA mutant limansosunuaasuunin
& o . a o . . ]
wadidaifaauainsvesnunazdn uaslimunsnsuny Glycophorin 1w Affinity column 1ila

- a . a e v & A o  a- . v a
uiSeuiBuny wild-type fidinsmansarhlvidadaauasuanuazduni Glycophorin léiind

A v . 914 936 o .

Warhnseanllndluts Trp -Arg - ussneseuauanansnlunsauves Peptide
. R . . [V . R P .
@8 Glycophorin receptor W91 WR peptide 8781303UNY Unilamellar vesicles il Glycophorin

3 YR~ A a -« . & A L%

usulszney latviniu uazilafinmeanumansalumstasiunmsuanveadaidaauaslanls

s & . a « . a  aw =3 1 A ' .
wlndBuil wudh isld WR peptide aslisunuiiaifeauniniaufiazls HiyA toxin s ansa

guganIaaasamnsuenveddaifoauasls

ar

aa & o . o ' a o  Qw {

NuIphuaasliidiudn HiyA mutant Adaduvesnsaazilusauiuad 914 — 936 nan
sanadaanusansalunvhvidafaauasuanaass wazllisansnsususrsvunigadide
A a . . Y [ s ' 914
LRaailad n3a Glycophorin U Affinity column 16 arhmsdaamzd WR peptide Tuging Trp -

936 d. *~ 0 Qe Qo [} v & -3 wﬂ‘: Qe Qo
Arg  lapfinagsuusin drvaaimashisansarlwidadeauasuanlain sunsasuny

. i . . . [ o . A o %)
Glycophorin ﬁag‘uu Unilamellar vesicles 1@agnsdiwizianzas uas WR peptide HeldmUII0IL
Qe . a 3 r-3 % Q Qu . =) ] ar
N Glycophorin receptor LwHNTasUInFaauas Yhivdasnumsdiwas HiyA toxin S9g4mayinly

Liviamsuanvasdaiaauas (11)
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1.3 auagagﬁuﬂmmmaam

d“ : [} o A 1 L - U -
manassditdsniagauadgmii iwhlindmadm C-terminus 1udu RTX subdomain
ToplawIzEIuUas Cterminal secretion signal 183115dURY CyaA fianufmagdensauny
a ! A W o .
Receptor uufiataasithwang deldud imasiiaiianya (Human white blood cells; hWBCs) Us

radLiaifaauaduns (Sheep red blood cells: sSRBCs)

a4 .
1.4 selpminaraiezlasu

1. ladnmanuaiunsnval RTX lumssunuarsuuuinsssithnang laud oaside
LREAINIA% LRSITRALIALREALAINNE
2. lganmunnmussanuidguastlindnisdu Cterminal ludau RTX Subdomain

vaslilsauis CyaA samsdunuissithning

1.5 vaupsuadlasan1sIaY

lumsénwaisit azldwaafinduuuy pCyaA-RTX 184 Pichaya Pojanapotha et al,
2011 (7) Aimunsoaralisdutawzaau RTX subdomain wa4lils@u CyaA (CyaA-RTX) 1114
~100 kDa lddwanunuszaglugiszmpiln (soluble form) Avinauld Mmsiensdnn
° v A oA v e @ e s ¥ P o ¢ & A ¢ & A
drumiisfi AT aanumssuniradidmang daleun irasidaifiaaunan Laziaaalianaaled
tnz Tasmsealaniun1iew C-terminus (ad 1602-1706) aananlaauiuduuuy pCyaA-RTX

A v o Qo Qe
(pCyaA-RTX A1602-1706) wiahldiAemsuradsanuasiin ua:‘n@aam}manum:lumsau

funguimadithwing (Toxin Binding) wWisufisunulasuduuuy




unn 2

Jagszmd

A . o & . . v a o e
annuanuisunauntiniiuas Pichaya Pojanapotha et al., 2011 (7) lanAalus@ufimanis

§2% RTX subdomain 183 CyaA fifituia ~100-kDa lasvhuisdnwaclnssainsyesdiu RTX
. 4 A as o Qs . .
region 11 Beta-roll  structures  MiinanutAsITeslunisIuAvuARIFsY (Calcium-induce

[

Conformation) uasiflusuilsusewinslus@uAsnuaadithnang iRavhldidenssuoumsiiiu

-«
& At ot oo

o 1 A » o W L 3 =3 Qe » d“
wmawan‘ﬂmnmaaaaszunququnu‘lﬂﬂamﬂ M ﬂmammqﬂszmﬁmﬁﬂﬂu

A Q' [ ¥] -V G r-9 * A | ]

1. Wafnmguansizyas RTX lumssunulusauasusuuniiniradihnane daldun
& = o € & -3

iasidaiiaauniny uasigasiiafoanaun:

A a ° . o @ a A o da - -~ [
2. ndensvimdumisdunsaasiluraslisfuiis CyaA Ailiwnedealumsiy

a e o - Pt Aa 6 & A P

Ausmsussfaihring fs trasidalfaarmeau uazisasidaliaauauns.

A a a o A a “ s Qs o a a ™
3. Wednmrnuinsluniaiadu niaelslunsihiashenlsaiAeanlysdu

FIN CyaA
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1.

uni 3

s

& o) A
a0 qﬂmm #191Qd LAZADNNIINARDY

s A a o o & o g
NIANURIINVY UIzNBUAIY 2 URADY AIM

msaslaan pCyaA-RTX A1602-1706 AuaBuaInma C-terminal region

1.1 anauaziienzdwaadio pCyaA-RTX usz pET-17b vector 30 E. coli snuWuf
IM109 716501310 a3 Ao waulwe anzuwndenaad A35r wazamiiu
Frimmemaailuans masay

12  &uAT29ifiu cyaA-RTX subdomain fiunausiuma C-terminus #2835 PCR

13 sasafiufilaalu pET-17b vector mans=1Iun1s DNA cloning

14 mﬁaanmwgnﬁawm Recombinant clone 71¢ lag3% Restriction enzyme
analysis L8z DNA sequencing

mandalisauis CyaA-RTX fimnedusums C-terminal region

21  Re-transform 1 E. coli muw"mf BL21(DE3)pLysS

22 wilbnhlWAemsusaseanuasiiv dae IPTG

2.3 snsmaauqmé’nnmvmm‘[ﬂsauﬁ'lﬁ lat3% SDS-PAGE uaz Western blot analysis

nagauaNuRINInYadlls@u CyaA-RTX fragment 68nNUENIDIMANTILNLILERS, |

vhwmane e hWBCs was sRBCs tiSautisunan lans lus@uewuuy

3.1 daauazaininl

-t

LI N

naassegl

1729guan (Duran) 1319 100, 250, 500 Uz 1000 dndnas

129313y (Erenmeyer flask) 1u1a 500 waz 1000 fiaddas
m‘%mgaﬂdaumsa’e\hﬁﬁ (Automatic pipette) ¥u1a 0.2-2, 1-10, 2-200 L&z 100-1000
lulasias

\N3BITIENT

Lﬂémﬂi&m"ﬁmuuumnquqm‘nnﬂﬁ (Centrifuge refrigerated) (Benchtop Refrigerated
Centrifuge,PCL holding)

A -~ a
1n38915ugunnil (Heat box)
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10.
11,
12,
13.
14,
15.
16.
17.
18.
19,
20.
21.
22,

38430 pH (pH meter)

winsmualasinlafines (T90+ Spectrophotometer)

30U (Hotplate and stirrer)

n3sarhifiausssaatrlalowe (UV transilluminator)

Lﬂém Water bath

79 SDS-PAGE (Mini-PROTEAN Tetra Cell, Bio-Rad Laboratories)
in3sariidialwwh (Powerpac Basic Power Supply, Bio-Rad Laboratories)
m%ao Blotting cassette (Trans-Blot Cell, Bio-Rad Laboratories)
qwilﬂﬂ:ﬁ'ﬁtgmﬂ (Gel electrophoresis unit)

lafiiaLaas (Sonicator) (UP50H ultrasonic process,hielscher)
gl'l'ﬁm'uihl,%ﬂ (Shaking incubator) (New Brunswick scientific, USA)
#il (Tip) 1w 10, 200 usz 1000 lulasdes

lulasimaglas waiwsu (Nitrocellulose membrane)

naaa WwlasiaunsAd (Microcentrifuge tube) ¥una 1.5 Aadaas

nRaaLTUNIAG (Centrifuge tube) Bu1a 15 uaz 50 Jadaas

3.2 @Al

w

© ® N O O »

10.
1.
12.

uiaisauasunzldsumsstuayuangudsaimass suvsma

Waaauaz ldsumitnenniidainmnemaasmsunng ju.ﬁ 10 URTINENABLTHY
18w L1 DNA polymerase, T4 DNA Ligase uaziawladaadwn: Restriction enzyme
(BamHI wac Hindlll) gﬂ%‘lﬂﬂ%ﬁ’ﬂ New Engiand Biolabs/Promega

Anti-RTX monoclonal antibody-8D4 gn&31sunann Listlabs

Acetic acid

30% Acrylamide/Bis solution 29:1 (Bio-Rad Laboratories)

Ampicillin

Ammonium persulfate (APS)

Agarose gel (vivantis)

Coomassie blue R-250

Calcium chloride

Di-sodium hydrogen orthophoshosphate-1,2-hydrate
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13.
14.
15.
16.
17.
18.
19.
20.
21.

23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

35.

Ethyl alcohol (Absolute, 95%, 70%)

Glycerol

Glycine

2-hydroxymethyl-2-methyl-1,3-propanediol

Isopropyl-D-thiogalactopyranoside (IPTG)

Loading dye #ifi SYBR Gold wawagj (10X)

Kit §"wTLana DNA ann agarose gel (GF-1 Gel DNA Recovery KIT , Vivantis)
Kit éwsuananagiia (GF-1 plasmid extraction kit, Vivantis)

10x Ligation buffer

. LB media

Magnesium chloride

Oligonucleotide primers 2z0N&313%13N Sigma PROLIGO, sninadaalus
Marker (100 bp marker, Lamda—Hin_dllI marker, Prestained Protein marker) - ..
Methyl Alcohol

Skimmed milk

Sodium chloride

Sodium hydroxide

Sodium dodecyl sulfate (SDS)

Tris-HCI

Tetramethylethylenediamine (TEMED)

Triton-X

. Tween-20

Yeast extract

3.3 NRENANIBIRNIINARDS

3.3.1 pET17b vector

PET17b vector fin wanafiavwnziliaasaiu truncated cyaA-RTX uszinii il

A = 4 o . . . R . .
WNansuaadaanyaIdu aidsznauais T7 promoter, Origin of replication, Multicloning sites W82

Ampicillin resistance (Ap') gene (42)
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Aat ii(3233)
Ssp (3115)

Hinc li(2852)
Sca l2me1)

Pva IRy

cod7 llier2)
BsmF li639)

ET-17b
Bgl l(2431) p(3306b 9]
BstF |
@ BspG liswe)
P111108 k2329)
Eam1105 ¥2311) Pvu 111009

Tth1t1 k116

N\ \BsaA l11
Acﬁm‘s&ym

Bst1107 §1189)
HgiE 12009) Sap (1302
Dapl.U11 141y
AheN 1(1834) Aft llig1418)

A o o . .
NN 3-1 UASIRNEEBBY pET17b vector LLRZAUAUIVBI restriction enzyme

(Seed, 1987) (Novagen)

3.3.2 pCyaA-RTX plasmid

- -3 o A a s " ] .
pCyaA-RTX plasmid @a wargdanaunsanaallsduRsanizaaw RTX region
. da - ar ' . .
P83 CyaA toxin NuvwIaLt’n ~100-kDa Iﬂﬂnﬁﬂmmmu hydrophobic region (ad 500-700)
sananlaaufiuduuuy pCyaA-PF las pCyaA-RTX plasmid lé§uanan as.fxgn waulwm
'y [ P R a P o A [ n: . (ﬂl '
AU NE RO TY e lSlunmssuuldsuuilasnsaezilundadaduausaadiindfaadn

d Y & & Qs & a
ﬁlzﬁﬂ')"l&llﬂﬂ'n‘ﬂﬁluﬂﬁﬂﬁﬂﬂ@?ﬁ'ﬂﬂﬂﬂl‘ﬂﬂﬁrlll'\“ﬂd”lﬂ

3.4 mawnguuaiienld

E. coli mﬂﬁ'uﬁ: JM109 [endA1, recA1, gyrA96, thi, hsdR17(r, m,:), relA1, supE44,
A(1ac-pro AB), (F' traD36 proAB lacf D\(lacz)M15)] 18dwiunsziiumsainslasuinyeaDNA
(DNA manipulation)

luvouzd E. coli muﬁ'uﬁ BL21(DE3)pLysS [F, ompT, hsdS,(rs , mg ), dcm, gal, A(DE3),

pLysS, Cmr] s wiumsuaeiaanvad recombinant plasmids
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3.5 Oligonucleotide primers f"l1§

. A ar . . R P
Primers niaanuuy gnmmﬂ:‘lﬂﬂﬂ Thermo Fisher Scientific Inc. (Fermentas) Tagn
va A 482 a o a 1602 @ & o v
aanuuuléi3uf M (start codon) uszAugafinseazdlul  wasmnwwdsuliiu stop
A o s ° P & o ¢ ° ' A va o .
codon (WABUEGUUE 1 dunid) TWNINALRUTILE 2 dunie tRelAifiaduniisves
v 4. aw a . Qv d
restriction enzyme BamHI lumsdmsafiu §1eULURVEY Primers L&3IA3 A13197 3-1 law
o [ v Aa [y o . . . o . o &
nualw duniandaisuldiilu Restriction enzyme fuwnis start Las stop codon uaaal@iiu
Qe A r-1 . o Qs :I o g >~ & b A - .
luddnwsfuas uszdhumibsseinuainmawuuaaslwiiududanu § stock anutingu 100

uM

o - .
A19199 3-1 URAIEGLIURYBS Primer MSlunsvh PCR

Primer Sequence Restriction site

M?2A N s D

CyaA_RTX-f 5'- GAT ATA CAT ATG GCC AAT TCG GAC -3 Ndel

stop

CyaA 1% 5'- CC GCC CGG ATC CTA GAT CGT -3' BamHI

18




3.6 I8N INAaad

3.6.1 msaEnanaaEliantagiiaTmevilag Agarose Gel electrophoresis

W Single colony TasuuATSsAiinmaiiann Agar plate anidssluawstinade
LB medium 3 ml #151 100 pgiml ampicillin viaiSafigamnil 37°C aneafuilszanm 1218 Falus
anstsenelassli  microcentrifuge tube uithuwined 5,000Xg % 5 wifi 1Ay pellet
i3 supernatant (forhufy pellet aunuaudaLdn Solution! 13anas 250 pl sslilunsaaiid pellet
usziin 1 vortex w38 pipetting L&u Solution2 USanas 250 pl uas inverting 4-6 A%3 NTUAING
'l';"ﬁgﬂxﬂgﬁﬁ'ﬂd 5 U &y buffer NB USunes 400 pl uas inverting 4-6 a3 mn'ifuﬁ'\'lﬂﬂuﬁ
3097 13,000Xg U1 10 W# e 700 pl 89 supernatant 841 column uazirlhfumdosd
10,000Xg 1% 1 wN ‘?i"wmmmuazm'lﬂﬂ“ﬁsﬁwwu supernatant wa@ L&y wash buffer 700 pl
usziblihiwwinad 10 000Xg ¥1% 1 Wift uszIvauwm duwiadt 10 ,000Xg w11 1 w1l naq
18" collection tube 71311 waztildswan microcentrifuge tube anlguny @ukINg 30 pl aanaly
1 wdt sl wades 10 ,000Xg w1t 1 w1l

\3Buusiuian 0.8% lasldnaiu Agraose wanlu 1XTBE buffer 1wldu3anas 50 mi
(Agracse 0.4 g : 1XTBE buffer 50 ml) uazvirlwiasszanalasls Microwave seliguuazinaiun
mAlnd (comb) 2eg selWiasuduss comb aen deafiundanaaslunias gel 23
electrophoresis Wea loading dye 715 SYBR Gold HRUBAIUULHUNITIARY gmmmz’mﬁﬁ
WANRAUA 2 pl BINEY loading dye vumnRsufedls mwaﬂumué’mﬁu agraose gel s
anusnadnduaanszualwviiliidu 110 volt wiw 6070 i s niwwurineslhFoudioy

AV oo v
band AilenudEueanasaw (Marker) udine 3yl

3.6.2 miahelil@nwnaawug Tﬁﬂ‘h‘ﬁ%ﬁrupunﬁo PCR-based mutagenesis

yhnsaefiuanizdau Ca’ -binding repeat region (cyaA-RTX) Tasmssadusdin
Ya9fuMIin C-terminus nsaazdluduriaf 1602-1706 aananWaIaiaduuuy pCyaA-RTX
Tasn1saanuuy primer uss amplify gene audeuiualuansef 3-1 a9ns1n uazdadatiuig
nu pET-17b vector

a3 sample reactions a3l 0.2 ml microcenrtrifuge tube laold RTX template
100 ng, 10 yM primer CyaA-RTX forward Wac reverse atina’e 1 pl, 100% DMSO 1.5 pl, 10 mM
dNTPs 1 pl, 1XPhusion® GC buffer uaziaulasl Phusion® DNA Polymerase 0.5 pl 130103570

< o . i < P .
yavua 50 pl e3uaiaSausa laasluiasas Thermocycle traasanuazgmn)iinldluuds:
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cycle lapléamnndl Annealing 7 52°C 1lutasn 30 3wl $7u3u 30 s8u asr3sBLNA PCR
o & o ad . A - o 4'

products nlaae3s Agarose gel electrophoresis anauuu PCR product U3L2muaudiLduian
sipsmsaananias wazih lidaumedidwaiiuiniaas (pET N/B) fidasae Ndel Wiz BamH
[ -~ [l o~ € . . HM o e & o o W W P
LBULAEINUY mmau‘lw Ligase enzyme 1 recombinant DNA 'n'lmmgmaauvamsmmmu‘n

m“iﬂa.l‘lﬁ'ag'lugﬂ competent cell lap3% CaCl, (Transformation)

3.6.3 @329881 Recombinant clone las3 5 Restriction enzyme analysis Uz DNA
sequencing
{laaria recombinant DNA anuuafiSuus? ihanamessunamsinauis Tanms
aasaoanled Ndel waz BamHl restriction enzymes ufial3% 37 °C flutan 2 $alus
Glsméaumu‘mf;uﬁ'm DNA @2t 0.8% agarose gel electrophoresis TasiSauiiauny
Lamda/HindIll marker was 100 bp marker
Recombinant clone firunsaTiaseis restriction enzyme analysis J10NABIN?
mmnééﬁﬁﬁawugnﬁawms‘he?’muaiﬁu cyaA-RTX A1602-1706 lasmsssanatniasiaiamey

las 1st BASE DNA Sequencing service

3.6.4 mawianhlfiensuansaanuasiingas IPTG

Wie E. coli BL21(DE3)pLysS Aiiwsadafidaams smzinslugiiuda a7ec
A5 200 saundi ilwan 12-18 Falus (Starter) usalide 1 ml v Starter 1@uasly 100
ml LB medium #Z 100 pg/mi ampicillin 11 250 mi sterilé .ﬂask (W32 1% 27n Starter) (weUwe
L“F;alug:ﬁjm%a 37°C w1 2-3 1. W3BIUNI1 OD.600 2xfie 0.5-0.6 utiaBauuy sterile technique
aananlile’ 1 OD. Packed cell U2 label 1flu uninduced cell udARiAEIIRIAAMLARIBEN
vasfiulanidu IPTG Milinnauiidiugarie 0.1 mM aslu flask wnzide dltehee 8n 6 T,
39 OD600 BnA33 amiufinen uriaFeuuy sterile technique aananlile 1 OD. Packed cell U

label 1w induced cell Tita3nuswstiuanlusauens SDS-PAGE lutunause’ldl

20




3.6.5 mIanallian uazdianzvialg SDS-PAGE

disaduunfideni recombinant DNA ag $1u2u 50 mi almnieah 5,000 rpm
uae 10 unfi uasin supematant §24ua4 LB broth 13 1@ 20 mM Tris-HCI, pH 8.0 buffer
(buffer A+ 5 mM CaCl2 uxifiu) 5 mi us? resuspend ¥n1s break agenaitne freezing-
thawing 1 33 waztirhy sonicate é2ELA383 sonicator Aemauusiasmdwdnahunmegs lag
sonicate 3 A31 A3IAz 1 Wifl uszngaWn 1 wifl (lusihuds) il undsed 12,000xg
\hwiaen 20-25 wifl 7 4°C geufiu supernatant 18 tube Inai Label ilu Crude lysate ilduen
Tasdiugan SDS-PAGE 10 pi iitaamaseulisaudnasa thansazmelusauileuuenlusduld

u3gniviely |
w38 SDS-PAGE laelef separating gel 10% waz stacking gel 4% (waztBuans
wina aglumanuan) uasieduuaaainilusaulasnay sample Nu 4Xloading dye buffer (60
mM Tris-HCl pH 7.5, 2% SDS, 10% glycerol, 0.025% bromophenol blue, 100 mM DTT) 1u
samaw 31 ufa heat 7t 95°C lwinan 10 w#t vortex uinhuwinei 10,000xg tilutaan 10
Wit nsiuinll load aslwias Tasls préstained marker (iBi3auifisy molecular weight ez

\@4 running buffer (25 mM Tris-HCI pH 8.3, 192 mM glycine, 0.1% SDS) Yhmsuanliséiuly

anensuRWvnf constant Amp 25 mA ¢ia 1 Las (~200 V) 31N cathode 1111 anode u
dye anuausIvasusiuan suanlidaud 0.1% Coomassie brilliant blue 1uiaa 1 talae ufd
f9Faane e destaining solution (10% ethanol and 10% glacial acetic acid) araaAuRIaaRNIn

S = P
background az1a 1Wafinmnunulilsfiudne g

3.6.6 MINANBUANAEINIO WM ITVAITUURRNTARS

& A ) a & a a4 a o ® o A ﬁ o &
dufadaauaunsviadafacrmauiiialouusnls dusegslwiaudnass

éap 1XTBS buffer M3y sample reaction 61 gfilElunsmagauasil: Negative control
(Sterile DW 150 i, 10x TBS 20 pl, rediwhite blood cells 30 pl) Uaz Crude lysate (10x TBS 20
ul, rediwhite blood cells 30 pl, Crude lysate 150 yl) laplwiitSanasgarie (total volumn) 200 pl

o o ] P o & 8 . & & «

ufill incubate @ 37°C flwam 4 $alus mndu wliuuendédusu Aenudisey
12,000Xg usRz T (fraction) Aileluusnluls@usan SDS-PAGE uaz Western biot analysis Wie

as3RAUA LNV BIlUTAU RTX
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3.6.7 Western blot analysis

urulasfildaan SDS-PAGE uazidlilédaui Coomassie blue handnlus@uas
UL nitrocellulose membrane #2835 semi-dry blotting laausuesi nitrocellulose membrane
NTTABNTAY UAZUEULIAlY transfer buffer (39 mM glycine, 48 mM Tris-HCI (pH 9.2), 0.0375%
SDS, 5% methanol) tiluiam 15-30 w1l i1 Fiber pad 219u% blotting cassetle enuepnszaL
N384 1 Uein MUSIBLHY nitrocellulose membrane URSUHULIR I@mlﬁmaag@‘ﬁw% cathode U8
el nitroceliulose membrane aq%mﬁ anode laglaliiWasemea niunenszanensesdn
1 uriw YA transfer Tus@ufl constant current 350 mA 1fluiaan 1 F2lue Wuein nitrocellulose
membrane 16 l1dausad 0.1% Ponceaus S 1w 5% acetic acid 5-10 Ui §19% Ponceus S
aandeiindi u§2vhms block nonspecific binding Taan1sulu Blotto solution (5% skim mitk
1w 1xPBS buffer) 2 i“ﬂm mn‘lfuu‘!iudu nitrocellulose membrane 14 primary antibody (anti-
RTX polyoclonal antibody) 14 Blotio solution #aaa@as 1: 5,000 i 2 $3las §13828 PBS-
T 31wm 3 ﬂ'?d‘] 8z 10 wan ,mnfumﬂu secondary antibody (goat—anti'ra_bbit IgG cohjugated
with alkatine phosphatate)l Blotto solution §288a3187% 1: 4,000 W% 2 Talua 8§19y PBS-T
10 Wl uazf1adan PBS $1Mau 3 A339 8z 10 Wit wiseniuutlu carbonate buffer (100 mM
NaHCO3, 1 mM MgCI2, pH 9.8) ﬁﬂs:nam’m developer solution{5—br§mo—4—chloro—3—indolyl

phosphate/nitroblue tetrazolium (BCIP/NBT)] awfiuuui udadrasaniingu ennlsiiauszifivln

da
e
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dHnreaYA UMINGTEYINI
AUFUGY 0.10049 9.9813 2013)
unh 4

HaNIINA/S

4.1 gan1sENALAIlATIEHNATE IR pCyaA-RTX Wax pET17b vector

PMNMSRAANAFNA pCyaA-RTX waz pET17b vector nniia E. coli aUWUE JM109 68
70 GF-1 plasmid extraction Kit LLﬁammaaummgﬂﬁaamaawmaﬁ@ﬁaﬁ@ Tagnsaaa g
restriction enzyme f1a BamH! waz Hindlll ﬁqmgﬁ 37°C s 2 Falus dnldsu 0.8% (wiv)
Agarose gel electrophoresis HRTHIGWLTY winadia pCyaA-RTX Alerinunnseaday restriction
enzyme BamH! uaz Hindlll dnuous band 1@87 Aa 2U1@ ~6100 bp §INI1 RTX Plasmid Uné

waz pET17b vector firiumsaasy restriction enzyme BamHIl uaz Hindill U@ ~3300 bp

(AN 4-1)
23130 - I
i < ~6100
6557 -
4361 - »-"'r
«  ~3300

EV
3

MINA 41 LEOINAMTIATSHWaFHa pCyaA-RTX Uaz pET17b vector @28 0.8% (Wiv)
Agarose gel electrophoresis
lag Lane M: A/Hindll marker
Lane 1: pCyaA-RTX plasmids
Lane 2: pCyaA-RTX plasmids fieaeeiawles BamHl uaz Hindlll
Lane 3: pET17b vector

Lane 4: pET17b vector fieadaatawlamsi BamHi uaz Hindll

iy 395615




42 uamIEeiu cyaA-RTX NNA&IW C-terminal region 1ag35 PCR

dwanadia pCyaA-RTX Aanaldlgidu DNA templatelunisssiasizhin cyaA-RTX 1

PIARINVBI C-terminal secretion signal (truncate gene U@ ~2560 bp) lauaanuuy forward
primer: 5-GATATACATATGGCCAATTCGGAC-3' URz reverse primer: 5- CCGCCCGGATCCT
AGATCGT -3 esnndau ’iudjisengnlalndivaisa I@Ulﬁqmﬁgmu’zﬁe@au annealing (Ta)
LUL gradient fi 50-60°C $1W2% 30 381 UAIVNITIATIEERVUNATES PCR products 13zunmk
2560 bp. ‘ﬁ"lﬁ @1t 0.8% (wl/v) Agarose gel electrophoresis %ammmwmm‘u PCR products
141723 Ta = 50-55°C product (mwﬁ 4-2) lagiRannavad Band PCR product ‘f"i Ta = 52°C uaz

FALRRAWITUUUAVUNA ~2600 bp UAzANA DNA 2anaNLan (MWN 4-3)

2500- &

-1000°

AR 4-2 @3198a1 PCR products Ak 1ilalt Ta gradient #i 50-60°C &e 1% (wiv) Agarose
gel electrophoresis

lag Lane M: VC 100 bp marker Lane 4: PCR products '17; 56.8°C

Lane 1: PCR products ﬁ 50.2°C Lane 5: PCR products ‘f’:i 59.1°C

Lane 2 PCR products 71 52.0°C  Lane 6: PCR products 71 60.0°C

Lane 3: PCR products ‘ﬁ. 54.4°C Lane 7: Negative control
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< ~2600

1000 -

500 -

AN 4-3 LRGN Purified ~2600 bp PCR products ﬁiﬁmnﬂﬁﬁ%m@]niﬂwﬁmaLﬁia Gals T, 7
52°C Suaziey 0.8% (wlv) Agarose gel electrophoresis
1@z Lane M: VC 100 bp marker

Lane 1: Purified ~2600 bp PCR products 7 T, = 50.2°C

4.3 HAN15&319 pCyaA-RTX A1602-1706

Sudrunas PCR products fienainiufiu cyaA-RTX A1602-1706 (Deletion gene) il

160 A a
" 9p3115A%R Y CyaA

MAULLR 2559 bp. fAunsonaasnaaInnseazilufidiunis A B4
L@awWzE21 RTX region APATUFIUNNIGIU C-terminal region 88N Fafidumafimaunsndadae
Ndel t.az BamH| ﬁ@‘i’umﬁ,dﬂmtl 5 @as 3’ INMSaanwkULale forward WAz reverse primers
amude vnlRaunsadasaasli pET17b vector 7 restriction enzymes th. SURHIELIN
#un13¥n Ligation tunarinlwanasngshs recombinant clone 184 pCyaA-RTX A1602-1706

AUNA 5,805 bp. b GILEAININN 4-4
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|

b CyaA-PF >
M A Kl =
. r:;-.’m )t
i il il iV v
. - cyaA-RTX N

pCyaA-RTX

1A 1503-17068 7

AN 44 uaeIWARIANAEWUS pCyaA-RTX (A 1602-1706) ARaFLAIINIIEU C-terminus

i1 Ligation 7il&f an transform g E. coli sawus JM109 wulalafifisansaiaiyuu
LA 93 Ampicillin 100 pg/mi dszano 10 Taaw (n’l‘wﬁ 4-5) ¥innisaasdaan Recombinant clones
NIRUA WRZNIIA aaummgnﬁawaﬂmuﬁm"i% Restriction enzyme analysis WAazDNA

sequencing

i 45 uaadlaladifiiadun LA + 100 pg/ml Amp plate lunnsdaiian recombinant clones
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4.4 HaN1IA5198aU Recombinant Clones A1835 Restriction enzyme analysis

@3719801 Recombinant DNA lasnszuiwuns restriction enzyme Ndel uWar BamHl

analysis 11 lane 2 BaIMWA 4-6 WULDY DNA 2 wiu 289 Bu cyaA-RTX A1602-1706 11410

~2600 bp. WAz WLK pET17b vector 1@ ~3300 bp. (NWA 4-6) LiaSnmsyiuuneuas DNA 7l

ldd7e 0.8% (wlv) Agarose gel electrophoresis

-~ 3300
~ 2600

MAN 46 uFaILny DNA Nl6aNNNNTATIA88L recombinant DNA lat3% Restriction enzyme

analysis tlatnouny

electrophoresis

lag

Lamda DNA/Hindlll Marker ijla3innswens 0.8% (wiv) Agarose gel

Lane M: Lamda DNA/Hindlll Marker
Lane 1: uncut recombinant DNA 1u1$ ~5800 bp.

Lane 2: cut recombinant DNA ﬁeﬁ"@ﬁamaﬂsﬁﬁ Ndel sz BamH|

27




4.5 Han1361 323801 Recombinant Clones Tae 23 DNA sequencing

ANANSASIIREY Recombinant clone las3% DNA sequencing WU frauLuRTDIEN

cyaA-RTX A\1602-1706 fidnumils s 5 Sdauiusuad restriction enzyme Ndel Tuyauas
Start codon waztlans 3 H&eUILRUD BamHI NeLA1IRAY Stop codon gumssaniuyTws

wasimuuald (mndt 47) lagasiarauiauIuRa N7 M 3L primer: T7 promotor (A)

uaz T7 terminator (B) ey

A Ndel
start yannm
hd
AT S DA T (GeE i Ay T s
ATVANA Ao n
IR IR
i L
i INREMn
i RERER RN
f U A
Nal AN Y

B)
Stop
) %’? _ Be’f?!!m _
<= 3 T pach L=y B G ' o e C L L=
Bl O
SN y
: :i, sj §= H H
} Hj 1Y ls; W H,
N Vol !
}/"m }t- L\_ﬁ. N J'l/\ ,z\ f_\ Fo 2 l’Ll

i 47 wsasmsasaeudeiiuRuasiu cyaA-RTX A1602-1706 Tas 3T DNA sequencing

'
Ad

analysis NidnurtInaslany 5 Ndel (A) uazilay 3' BamHl (B)
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4.6 uani1ansaanuaslils@u truncated CyaA-RTX

1 Recombinant clone w84 pCyaA-RTXA1602-1706 %358 truncated CyaA-RTX
subdomain ﬁi@iv ez pCyaA-RTX-wild type 41 retransform 111 E. coli m&lwbuf BL21(DE)pLysS
waziwilmsihiiAamsuansaanuesiiu Tasls IPTG inducer maldansvihauass T7 promotor
damtonhlWifemsugessanuasfiuuassiuaadiild % Packed 0.1 0.Dggo cells anluaaun
SDS-PAGE Wui1 laau pCyaA-RTX-wild type finsuaasaanvadldséin CyaA tawizdin RTX
subdomain ﬁﬁmm@ﬂs:mm 100 kDa (mwﬁ 4-8, Lane 4) Haz lnau pCyaA-RTXA1602-1706 i

mMsuaeananyaslls@u truncated CyaA-RTX fifluuiailszant 90 kDa (nMwii 4-8, Lane 3)

kDa M 1 2 3 4
175-

130-
« - ..v <—100-kDa RTX

95- -
70-

62-

51-

29-

NN 4-8 a9 SDS-PAGE (Coomassie blue-stained 10% gel) SRR CyaA-RT X-wild
type uazl1l5éu truncated CyaA-RTX
I@ﬂ‘ﬁ Lane M: prestained protein marker
Lane 1. pET17b vector
Lane 2: uninduced RTX
Lane 3: induced truncated RTX protein

Lane 4: induced RTX-wide type proteins
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uananil sawud hmsinluanspa slilsdufivaataanyad truncated CyaA-RTX e
gaansasnuiminluianafiinuislas1glusunsy Compute  pl/Mw NI IUTBYAN

.. . A o . - 751 & 1602 < & a A a
Bioinformatics L&lﬂﬂﬂaqﬂﬁﬁuﬂuﬂﬂﬂanﬁﬂﬂzm‘[u M ANE TNINITW 852 ns@ﬂz&liu FINAM

Theoretical pl/Mw (YNl 4.24 / 88612.23 Da. LEAIRININTL 4-9

Compute pl/Mw
Theoretical p/Mw (average) for the wser-entered sequence:
18 20 ag 42 58 &0
MANSCGLREKM LADLQDAGWNA S3VI G‘JQT'TE ISKSALELAA ITGNADNKLES VDVEVDREVD
35 80 S0 108 110 120
GEREVAGOPVY LOEVAAGGILI ASRXKGERFTAL TEFITPLAAFG EEQRRRTHTG KS3SEFTTEFVEI
zag 140 150 163 178 180
YVGKGLDRWRIR CGAADTTIDL AKVVICLV DA NGVLKHSIKL DVIGEDGDDWY VLANARSRIEY
3195 200 210 228 233 240
DGGAGTHTVYS YAARLGRODSI TVEADGER FH VRXQLHNHANY YREGVATQOTT AYGKRTEZNVD
258 260 270 R0 298 00
YREVE LARVG QL VE‘v’DTLEh VOHIIGGA GN DS ITGMAH Dh FLAGGSGDDR LDGEAGKDTL
318 320 230 348 353 &0
VGGEGONTVI GGAGDDVFLC DLGVWSNC LD GGAGVY OTVKY HNVHQFSEERL RMGDTGIEA
378 . 38D a90 108 430 120
DLCKGTVEXW PALNLFSVDH VKNIENILEHIGS RLNDR IAGDD CCNELWGHDSG NDTIRGRGGD
430 $40 F 50 463 470 460
NI LRGGLGLD TLYGEDGKCI FLODDETWSD DIDGGAZLDT VLYSAMIHPG RIVAFHZYGE
L G0 SO0 =10 523 532 €40
GIEADLSREW VEKASALGVD YYDNVEMNWEM VIGTSMKDVL IGD CnhTLH GOGSDDTVRS
54 SED =74 5 553 £00
GDGCLLLEGG LCGNDMLYG D—Fl. GNDTLYGSS LT DOTLESSACN CHEGOTRARE E DVLAGGLEGY
€10 620 640 650 660
DTVDYSQTGRA: HAGIAAGRIG RVDKLGEAGS SAYDTVSGIL NVVGTELADR
o 708 710 720
G GDGDDQLSGD : 'AGRBRLYGEA -GDDWFFQDPJ\
0. 7607 770 780
GRGLDAG}!LKG G VFLSL GKGFA- K SLMDE:PE‘I‘SH’ VLRNIERBVG
790 800 510 820 830 840
SARDDVLIGD AGANVLNGLA GN DVLSGGA" DDVLLGDEGS DPLLSGDAGND DLFGGOQGDDT
8580
YLEGVGYGHD TI

Theoretical pl/Mw: 4.24 / 88612.23

dulisunsa Compute pl/Mw
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47 manudnsyluvuvaslili@iuie truncated CyaA-RTX

SawmieniliiAensuaasaanuasin lagld IPTG inducer w&2 Recombinant protein
e ldazgnasiaraugluuy folding %3a form yaslsauinaa laadnaadfimionilifians
waadaanvadfiuly Sonicate 1KisasuLan waztinasazanolsauiledliduiiarusisey
10,000Xg Lﬂ?ﬂmﬁUULLquﬂsauﬁwuﬁamm:m‘ﬁﬂa PNHANINGADINLIN LU5AU truncated
CyaA-RTX aélugﬁa:amﬁw w3a Soluble form anfRuuunly fraction a4 supernatant LR

AINTNN 4-10, lane 2

<“— 90 kDa

AN 4-10 uaas SDS-PAGE (Coomassie blue-stained 10% gel) vasanumuzuluuulilsdiu

truncated CyaA-RTX ﬁvL@T

lag Lane M: prestained protein marker
Lane 1: Total 983 Truncated CyaA-RTX
Lane 2: Supernatant fractions 183 Truncated CyaA-RTX

Lane 3: Pellet fractions 183 Truncated CyaA-RTX
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4.8 waninedauaNasansayadldstulwnmsdungsuaaaihvang

1N Crude lysate 184 truncated CyaA-RTX / wild type USunasatniaz 150 pl (~1 mg) 11
nautuaadiiaifaanasaslu 1XTBS buffer HalilfiAadAsmd 37°C iwnan 4 $alus iy
Juupn fraction finuisen 12000Xg S‘fiaL‘ﬂummL%'zsauﬁﬁﬂﬁmaﬁl,ﬁ@Lﬁamn@:nau%%aag
lusunag pellet winlisdu RTX sunsnsuduadidaifan Fazwununlysduditunes pellet 4

a &

Arateunisraanuulilsdu RTX fiwuaas SDS-PAGE waz Western blot analysis

U
a as € & S
4.8.1 anadanInvaslisAn WT CyaA-RTX lunisauaaatsicifoanasuns
Naua9 SDS-PAGE analysis lumsduszwinglus@u WT CyaA-RTX nlLaastia
L§2AUAILNE WLLLIUWIWA ~100 kDa Iusuuas pellet (NNA 4-11A, Lane 3) Auaasliinuians
sunudadaauassuinsnnlutuas Pellet iatdSounnuludiuwes Total fraction (AW 4-
11A, Lane 1) wazliwuuuulys@u ~100 kDa esnanlusupas Supernatant (NN 4-11A, Lane
P2 o @ & a a “ @ A o
2) FawaasldiFudsanuamainsnlunmsivoalisiu WT CyaA-RTX Aufiefeauasunzlaiiu

atingd

kDa M

175 -

130 - +— 100-kDa RTX

as -

70 -

62 -

51 -

nﬂwf".l_ 4-11A 1L8e3 SDS-PAGE (Coomassie blue-stained 10% gel) daannumsnInadlilsiu
WT CyaA-RTX lumsiunuirasidaiiaauaine
lag Lane M : prestained protein marker
Lane 1 : Total sRBCs reactions 484 WT CyaA-RTX

Lane 2 : Supernatant fractions Uad WT CyaA-RTX
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Lane 3 : Pellet fractions 184 WT CyaA-RTX
Lane 4 : Pellet fraction 184 lysate-free sRBCs (Negative control)

Lane 5 : Crude cell lysate 483 WT CyaA-RTX

o o [ sy Ay . - A
wgﬂﬁmwmmamnu‘[ﬂwmmﬂ ~100 kDa @78 anti-RTX polyclonal antibody v

FUunzALEIUYaI RTX epitope 184 CyaA wunuaulis@ufiduniaiu a RTX toxin tiasan

M8 Western blot analysis Usinguaulisdufidruniadeniui SDS-PAGE (mwii 411B)

<4 ~100 kDa

MR 411B U893 Western blot analysis vaunulilsdiu WT CyaA-RTX saamusansn 1u
mssufusasidaidaauaduns #lda1n Corresponding gel
las  Lane M: prestained protein marker
Lane 1: Total sRBCs reactions 183 WT CyaA-RTX
Lane 2: Supernatant fractions 189 WT CyaA-RTX
Lane 3: Pellet fractions 183 WT CyaA-RTX
Lane 4: Pellet fraction 184 lysate-free sRBCs (Negative control)
Lane 5: Crude cell lysate 1839 WT CyaA-RTX

aamaSoufsuanumansarailusdn WT CyaA-RTX lumsaunuaasuuwia
wrasithwung wuin lUséiu WT CyaA-RTX fidszaninmwlumsdunuiassidaifeauasnse

ua1d LERSINININN 4-11
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o o [
4.8.2 anaidanInvesllidn WT CyaA-RTX Iunssunuisasliaidanuiian

H8V23 SDS-PAGE analysis lunmsauszninaliséu WT CyaA-RTX nuiaeside

& A | - :
1H20MA% WLLLUTUIG ~100 kDa luturad pellet (NINA 4-12A, Lane 3) fugadlwiduiionns
o o & a & A P . . d
sunindiafaarnlusuuss Pellet WiauSeufsulusiunes Total fracton (MnN 4-12A, Lane

. P o ' - A &
1) uazlinuuuulilséu ~100 kDa asnsmlutuvas Supernatant (NN 4-12A, Lane 2) FIuaa3

isudsanumainsnlumssuvaslilséiu WT CyaA-RTX Auidaidanmmanldiiuecineg

kDa

175 -
130 -

| «— ~100 kDa

70 -
62 -

51 -

42 -

n’mﬁ 4-12A ud@3 SDS-PAGE (Coomassie blue-stained 10% gel) éammmmsnwm‘[ﬂsﬁu
WT CyaA-RTX lumsiunuiradidaiiaasnnn
las  Lane M: prestained protein marker
Lane 1: Total hWBCs reactions 184 WT CyaA-RTX
Lane 2: Supematant fractions 183 WT CyaA-RTX
Lane 3: Pellet fractions 183 WT CyaA-RTX
Lane 4: Pellet fraction 184 lysate-free hWBCs (Negative control)
Lane 5: Crude cell lysate 483 WT CyaA-RTX
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— —

wgaldumiswasuuulyséusuia ~100 kDa §28 anti-RTX polyclonal antibody 7
o Qe » . ) F-1 t:‘ o . : _ . A
FUWzNUFIUTEI RTX epitope Wad CyaA wuinuaulis@unisnuniaiu fa RTX toxin tilasan

HAU83 Western blot analysis Uninguaulisdufishuniadeniuny SDS-PAGE (nwfi 4-128B)

kDa &

175 -
130 -

95 -

= —— ~100 kDa

62 -
51

42

29 -

NN 412B  ugas Western blot analysis waunulis@in WT CyaA-RTX dannumansn u
s sunaidaidanuiau 71890 Corresponding gel
los  Lane M: prestained protein marker
Lane 1: Crude cell lysate 184 RTX
Lane 2: Total hWBCs reactions 284 RTX
Lane 3: Supernatant fractions 184 RTX
Lane 4: Pellet fractions 4849 RTX

Lane 5: Pellet fraction 184 lysate-free hWBCs (Negative control)

nansuSeuisuaNnusmaInsaues lls@u WT CyaA-RTX lumsdudsuuuia
e ¥ 3 ~ A a a . & & a o
trasiwany wud luséiu WT CyaA-RTX flidszinsmwlumssudussdidaifaaviauldidu

2898 LAAIAINTWT 4-12
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4.8.3 @anuaa130v09158% Truncated CyaA-RTX Tumsdmaadiinifaanasuns

N8123 SDS-PAGE analysis lun3duszwinglilséw Truncated CyaA-RTX nutwas

< ' ™ P . a
atRaauaaun: wuinluruwas Pellet (nnfi 4-13A, Lane 2) liwuuuuaune ~90 kDa Aikaas
IWrudamssunuiasidaiiaauas Walfiounurueas Supernatant (NN 4-13A, Lane 3) uas
< . p: 4 . v & o o
TuBad Total fractions (NN 4-13A, Lane 4) FaugasliiAuisnnuamansalumssunuaasuun

arRaauaiunsla i@ iiarnmsaasudauniaenu C-terminal region vaslilséiu CyaA-RTX

kba,k 1 M

«— ~90kDa

SR e

29 -

ANT 4-13A uEas SDS-PAGE (Coomassie blue-stained 10% gel) @annumansnusalilsdn
Truncated CyaA-RTX lumsiunuiaastiaifaauauns
lag Lane M: prestained protein marker
Lane 1: Crude cell lysate 984 Truncated CyaA-RTX
Lane 2: Pellet fractions 9184 Truncated CyaA-RTX
Lane 3: Supernatant fractions 184 Truncated CyaA-RTX
Lane 4. Total sRBCs reactions 984 Truncated CyaA-RTX

Lane 5: Pellet fraction 1484 lysate-free sSRBCs (Negative control)
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Agaddunimwauuulisiurmwa ~90 kDa @2 anti-RTX polycional antibody fi
FUWIENUEIUVBI RTX epitope 189 CyaA wuiunullsdunénuniaiu fa RTX toxin teean

a a - a  a d
Hawad Western blot analysis ﬂﬂnguﬂﬂtﬂiﬁ‘uﬁﬂ'll,mudmmnunu SDS-PAGE (n1nn 4-13B)

kDa

175 -
130 -

< ~90kDa
95 -

70 -
62 -

51 -

mwi"'l 4-13B 1L893 Western blot analysis ‘umunnhha;u; Truncated CyaA-RTX éannusansn
lunssusuassidaifaauasuns Aldann Cofrésponding gel
lag Lane M: prestained protein marker
Lane 1: Total sRBCs i’eacﬁons 9849 Truncated CyaA-RTX
Lane 2: Supernatant fractions ¥83 Truncated CyaA-RTX
Lane 3: Pellet fractions 184 Truncated CyaA-RTX

Lane 4: Crude cell lysate 183 Truncated CyaA-RTX

namalSoufnuanuaansavedlys@u Truncated CyaA-RTX lumsduensuum
Anaafithwang wui llemedusuves Cterminal region (ad 1602-1706) vhlvigeidy

o - U Qe [ =) A
ﬂi::ﬁ‘nﬁﬂ']ﬂl%ﬂ'ﬁﬂﬂﬂﬂlﬂiﬂ fulald aauadLne (ANN 4-13)
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ay 3
4.8.4 anaF 1370809l 56% Truncated CyaA-RTX Iumsduimasisdinidaauian

HaVa3I SDS-PAGE analysis lumsauszwinalus@u Truncated CyaA-RTX Niesas

iaRaaunnn Wi lutuvad Pellet (N 4-14A, Lane 4) linuuuuwuie ~90 kDa fAuansls
& s o a c & A A a « & A
Windsmssunussidaiiaaraan Wsifisunusunas Supernatant (NIWN 4-14A, Lane 3) us
& - A A ' W Qe Qo Qs Qo
Tupad Total fractions (NN 4-14A, Lane 2) dugaaldtdutisnnumansalumsaunuasuuu

iaiRaauasrnanldlid Warmssadudiumamn C-terminal region wadlilséiu CyaA-RTX

kDa
175 -

130 -
95 - '« ~90kDa
70 -

62 -

51 -

42-

29 -

mwﬁ 4-14A 1893 SDS-PAGE (Coomassie blue-stained 10% gel) NMsnasauanusnyITnusd
Truncate CyaA-RTX lumsiudaiiiaifaamiau
lae  Lane M: prestained protein marker
Lane 1: Crude oe“ lysate 984 Truncated CyaA-RTX
Lane 2: Total hWBCs reactions 184 Truncated CyaA-RTX
Lane 3: Supernatant fractions 984 Truncated CyaA-RTX
Lane 4: Pellet fractions 1849 Truncated CyaA-RTX

Lane 5: Pellet fraction 184 lysate-free hWBCs (Negative control)
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ﬁgﬁﬁe‘hwﬂwmwu{ﬂiawm@ ~90 kDa @21 anti-RTX polyclonal antibody 7
FwnziEIwYed RTX epitope 1849 CyaA wuiwnulusdiunidnuniatiu da RTX toxin egann

Waw84 Western blot analysis ﬂﬂngunnfﬂsﬁuﬁﬁﬂwmLﬁmﬁ‘uﬁu SDS-PAGE (nni 4-14B)

kDa.

130
~—— ~90kba

95

70

mwﬁ 4-14B 1.803 Western blot analysis vasunulys@u Truncated CyaA-RTX annuaansn
lumssunuigasidaifaauninu A lea n Corresponding gel
lae Lane M : ﬁrestained protein marker
Lane 1 : Total hWBCs reactions 184 Truncated CyaA-RTX
Lane 2 : Supernatant fractions 184 Truncated CyaA-RTX
Lane 3 : Pellet fractions 184 Truncated CyaA-RTX
Lane 4 : Pellet fraction 184 lysate-free hWBCs (Negative control)

Lane 5 : Crude cell lysate 984 Truncated CyaA-RTX

nansSuuifinuanumansoveslysdu Truncated CyaA-RTX lumsiuensuuu
faugadidmanyg wuh iflemnefudiunes C-terminal region (aa 1602-1706) vlwamydn

a a @ o A
dszfnimwlumsdunuisdidaiiaanunian (MWN 4-14)
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unin 5

anysuua

lunsianit ﬁi’mqﬂs:mﬁﬁaﬁﬂ%mxmwaaﬁumae‘hu C-teminal region IMNWAFUA
Y A . - A' =1
sunuy pCyaARTX 1Wldliséu CyaA wawizéuves Gly-Asp repefitive blocks LWaAN
qmé'n‘lemkxmiﬁ’lmwnmniﬂazmuﬂ’nﬁ'\u C-terminus 184 RTX subdomain damsﬁ‘uﬁmmﬁ
whnge fa Waldsauaiuns wazdatfaauay Tag3oufsudszansmnlumssunuiaasd

whwrue szninalds@u WT CyaA-RTX N Truncated CyaA-RTX
5.1 n138319 Recombinant clone uaslusfinis pCyaA-RTXA1602-1706

PNMIANALAZIATITANANaLe pCyaA-RTX waz pET17b vector 3 E. coli muﬁ‘uﬁ:
IMI109 fildan esdiran waulwm ancuwndenaaed @30T dapge GenElute™  Plasmid
Miniprep Kit Wazdiazwene 0.8% (wiv) Agarose gel electrophoresis Wit uau DNA w83
pCyaA-RTX uaz pET17b vector FatalaiiSunnmas DNA agjlu1a9 50 — 100 ng \Hafinuiu

Lamda DNA/Hindlll Marker (38)

nMIaEIfiu  pCyaA-RTX Lawizdu  Gly-Asp repetitive  blocks furaaunes
C-terminal secretion signal laeis Polymerase Chain Reaction (PCR) 3nnmiaaniuu primer
wae amplify gene (37) Hauad PCR product Aedule Li’iaﬁqmﬁqﬁlmﬁmu annealing (Ta) f
52°C ‘lduny DNA anmaue linear form Bun@ilszanms 2600 bp. was Lia non-specific band i
\iatfieun 100 bp Ladder DNA Marker 33¥ims purify PCR band ﬁéfmmﬂﬁu%qﬂ%;nnﬁﬁu
GEARNIRALLY WAz elute DNA aananian 99 DNA filalusaunsndsfisnwouziilu blunt end
w3a DNA sy #elaiunsnifiaudainny vector 1 Sadaaiin DNA insert uas vector @@
¢t Ndel uaz BamHI @aiilu restriction enzyme vinlwle DNA insert waz vector ffsnwomziin
sticky end fisunsnidausianild@In DNA ligase éiflu Recombinant plasmid 3w1@ ~ 5.8 kbp.

1as3% DNA cloning (38)

]
A =3

. . A o A o @ . as P2l
Recombinant plasmid 7ilef «lewwtng £ coli muwWui JM109 arldlaauuuaiien
o Aaa A& Y . . . R ° Y v a
ysznaunt vector NilEiu@asn Ampicilin (antibiotic resistant gene: Amp ) ylkaansnaaLian
host cell 711l vector @\ LB agar plate 715l 100 Hg/mi Ampicilin (38, 40) Fevhmsaalian

Tnaw $1wam 10 Tnau fiilu isolated colony ansria rDNA plasmid égye GF-1 plasmid




extraction Kit wazildesiasay las3d restricion enzyme analysis getanlod Ndel uss
- Py Y P [ . . «t

BamH! iaiumsasiaseuiiiaddu @9le Recombinant plasmid 1Wes 3 laauain 10 laaw

LX) - . . a1 . . = E .

amunsnuanldausawms ligation snalidemIuIENig insert waz vector lwuSinmnla

Nz (38)

5.2 amanymiza9lals@in Truncated CyaA-RTX

27NUniN recombinant plasmid  #launtinelaw (transform) adlu E. coli muWug
BL21(DE3)pLysS 6'1’}\1Lﬂumnﬁuﬁ:ﬁﬁﬂs:z‘%ﬂ%mwﬁ'\lﬁl,ﬁ@mmaman‘naaﬁu (expression) &4
laofiqmauii@vas A-DE3 fiiluginvesfin T7 bacteriophage | vinlhnsaswa T7 RNA
polymerase Muléin13AILANYEY Jac UVS promoter uazdl plysS plasmid Aaraanlad T7
lysozyme aanantas T7 RNA polymerase v‘i'\lv\"luann:?i'laignnszejuﬁm IPTG flaifinng

Qs = sy Qs . A A -+ L . Qﬂ:
fuamzvilisauaanan Iﬂmm:gnmmﬂ:ﬁﬁaamaumsns:e;umﬂ IPTG Uy (43)

o
[

lumsnansssnaiinszdunisugadeanuaafin cyad-RTX @2y IPTG ianantuin

0.1 mM amnnil 37°C 1w 6 salus daflugnmazilflumsugasnaslisdufis CyaA-PF
Mu9TuIIE a3 Powthongehin Was Angsuthanasombat, 2008 (44) uaz Pichaya Pojanapotha et
al., 2011 (7) HaMsuEasaanUadiuilansieraLdas SDS-PAGE finuri Chromatin Prestained
protein ladder, pET17b vector, uninduced/ induced CyaA-RTX #Wuin lui’nminszéjums
w&a38an (induce) dlunulis@uas 100-kDa 183 CyaA-RTX %dﬂs’lui{'mﬁ'nhLaqﬂﬁtmuauagl;

> Y . oA
wi? meldanizszuuves Protein expression % (7)

#7% pCyaA-RTXA1602-1706 lutaafiinsiniteaihn (induce) wuwoulilséin truncated
CyaA-RTX wwieilszanms 90 kDa tuny aifsuiuliséiuinasyu uszlsinvunulsiviwne
dana1a luaeaflidnismitaaimianszqu (uninduce) %aﬁwﬁfnhmqamaﬂﬂs?mﬁ'léff:
Indidusrudnhminluansiildannnmsiwelasllisunsy Compute piiMw ngIutiays
114 Bioinformatics (http:/iweb.expasy.org/cgi-bin/compute_pi/pi_tool) 31 aduntantaaziilu
M 2 1'% gruaunsanziily 852 69 dudmen Theoretical pl / Mw ldiyinniy 4.24 1 88612.23
Da. athalsAonu USunnwaslilséu truncated CyaA-RTX flugasaan denailiSannsianndn WT
CyaA-RTX s‘ﬁammﬁﬂmnqmmwmm DNA flesalsifvindiens udlis@uiuansaanagluglvas

Soluble form finzaetinle IFudsI WT CyaA-RTX fiiludaunuvas native foiding uaaslv

wintlnnugnaasuainsiiesealiséu wis folding iruL@enuldsauauuUY (6, 42, 44)
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53 NIINARBUAMNEINIIRIUNITIL (Toxin binding) vasliidn WT CyaA-RTX fiu

] . [ 3
Truncated CyaA-RTX daizaaliinifaaunsunzuazidialdnanniian

NMINARBLANUFINIINIUNNTIY (Toxin binding) Szwinalils@n WT CyaA-RTX Al
Truncated CyaA-RTX dairasiiaifaauaiunzuazidaiioavinu iinisienziaiuis SDS-
PAGE Waz Western blot analysis Wuin Usznsnmlumssusueiuuunisssnisssriinuas
Truncated CyaA-RTX sassatihafinldta iaiSoufouiy WT CyaA-RTX asuaasliifiue
it 414 Aliinunuw 90-kDa lutuas hWBCs uaz sRBCs pellet fraction Lilasuuu SDS-

PAGE waz Western blot analysis

NANSANENATIMRIAUIY C-terminal region 184 CyaA toxin lutaaliling 1602-1706 i

o W

o & e  as . it & =& a & a o
anuiegaemsuiunguassidinnenidaifsauaiwnzussiiiaiiseninu Fnnudiag
A a @ . P g o ™ [ P . a o a4 .
va9lils@ui CyaA Neeau C-terminus HnasiAentasntimsf Calcium Llaunudiuniivas
repeat region aziwiipilWiAian151589@2 (Folding) LUy Beta-roll structures 1114614 C-
terminus YNuaAeINUauIdu v Bleuner M. et al,, 2010 (8) Lazand1uIAL Va9 Bauche C. et
‘J @ ) o . . A -~ Qs [
al, 2006 ABlAAWN dunisuas RTX Block V anunsaaauauasdaunaidsulumsiosanla
lusmef dhanans Block V waz C-terminal signal a2 liisnansadaldiiaanuidufindainasng

. cytotoxicity W&z hemolysis 14 (9)

nmsiSsuiiiey Sequence alignment vaslus@uRwrfiadns glunguues RTX family
183910398 Aitziber L. et al, 2003 (11) AuzasliiRuiianudmanuad CyaA lugradruniis
nsnexiilufi 1621-1627 n"‘mmjmlﬂsﬁmhuﬁagﬁ:wha repeat domain W8z C-terminus fiaz
\Aendaatumssuuduumaaithnane dusulisfuivriiadu gfinuauidguestis
uhindfindoagati stz deunsaasilufl 814-872 vaslusdudin Leukotoxin 3niie
wuafii3e P. hemolytica \Agwaslunissumiy B integrin receptor Lutaradithmune (10) uazta9
sreunsaaziludi 914-936 vasTilsduiis HiyA aaniBeuuafide E. coli fsadaslumssuny
Glycophorin  receptor uuc‘htﬁmﬁaﬂum‘uaaé’mﬂgﬂagnﬁ’muu (11) Fasuanliinuie

anudmanassieuildlnddinsia

42




unin 6

mg] Han1inaaay uazi’fa L&t

6.1 auan1maang

inmanasadaglidi mansnaalasuiu pCyaA-RTXA1602-1706 Anfalysauis
CyaA LQW\:E&’)‘LL Gly-Asp repetitive blocks (Truncated CyaA-RTX) 141@ ~90 kDa laaldinadia
M3 PCR 1ums amplify fin au1e ~2600 bp. iiaudssa@iawatiny pET17b vector ui21k 11
glasduunfii3y E. coli 16 recombinant DNA (rDNA) uaztiiaiin rDNA filéannszdumsuansaan
1 0.1mM IPTG flaainad 37°C wuunulilsiu Truncated CyaA-RTX flunadusmludiu c-
terminal region @uniiansaazfiluf 1602-1706 vur@Usz M ~90 kDa lugﬂunuﬁazmﬂﬁn
LBZHAYAINITNARAUANUENITALUANIIL (Toxin binding) LiSpuifisunuluséin CyaA-RTX
Fuuuy wudn Ts@u Truncated CyaA-RTX setlssamsmwlumssunuimasihranenasssida

1 2ALAINNZLAZLINRNTINY 19 DENLAR lGTaLA%

NnusmInaassiinue asldidwit seunsaazilufl 1602 - 1706 183 CyaA toxin lu
§7U83 Secretion signal 11361 C-terminal region fighenyiAnTaIlun1sIUAL receptor fiat
a ¢ & a . a & & A . o P '3
vulaarasidaifaauaiuasfiaadiiaii saunauai1adinizianzas aantseenuuuitdding
lugrdreuusasndenamansait lulslunsusa peptide vaccine twaysz lomidannsdasnin
snwnlsalansuann B. pertussis ifl CyaA toxin lwiladbmanlunsralsnluauiae uazeanso

o wal s A A o [ Y A A a A . .
u’m’;mgn'l@”ﬁ"lﬂﬁnmﬁmunm asfilufindoaianuiulus@uRwaiiaduglunguvas RTX toxin

6.2 YDIAUDUNS

1. msfnwnalnmsdiaesuaslilséiu CyaA-RTX ﬁmumsﬁﬂﬁn%qﬂﬁlﬁq Wadnde
msmuaulwdanfinanedisduils usssadymanmsiwdeuvaslysduaiiadu |

2. AInavau peptide blocking lasnseanuuy peptide mm#:u ‘j‘ﬂN@‘ﬁu C-terminal
region ANAFBLANMUINIAIUMSHEIRURTaY A wlszEnEmnlunssusznivlusduie
CyaA-RTX wild type ﬁ'ué’a%’nuuﬁamaﬁtﬁ‘mmﬂ (Protection against binding by peptide)

3. MINVTMLGUALes peptide vaslUseiuRis CyaA fisunsndudianuidufneairad
ﬁ'mmsnﬁmmLﬂﬂ'lm‘ﬁmaaulugﬂunumaa peptide synthetic vaccine ialflunsihgasnm

lsndaliluauine
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unin 7
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i a a . « a A e & A
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Generation of the Borderella pernissis Cya\ toxin fragment containing
2y the hydrophobic region with an acvlation site for structure-folding studies.

Mattayaus Yentongehais. Chanan Anesuthanasembat®. and Niraman Thamwiriydsati

Adenylate cyclase - haemolysin toxin (CyaA) is a large protoxin (~177 kDa) which is a bifunctional toxin composed of two fumctional
domams, a 400- residue N-terminal adenylate cyclase (AC) domain and a 1,306-residue C-terminal haemolysin or pore-forming (PF) domain
[1]. The PF domain comprises four important parts; a hydrophobic region (residues 500-700), an acylation region (residues 800-1,000),
a glycine-aspartic acid repeat region (residues 1,000-1,600) containing the nonapeptide repeats (Gly-Gly-X-Gly-X-Asp-Asp-X-Leu), and
)a C-terminal secretion signal. Toxin activation of CyaA via palmitoylation at Lys®®? and calcium binding to the nonapeptide repeats are
!rcquired for delivery of the AC domain into the target cell interior as well as for formation of lytic pores {2].
L_h Previously, the CyaA pore-forming (CyaA-PF) domain expressed in Escherichia coli was shown to retain its hemolytic activity [3].
e preliminary results from hydropathy plot based on hydrophobicity analysis of an amino acid, together with mutagenesis swudies,
suggested that the transmembrane domain of CyaA is the hydrophobic region between residues 500 to 700 and contains a five putative e-
chcal bundle, but its structure of pore formation still remain to be investigated. To pave the way for studying mechanisms of membrane
mscrtlon and lytic pore-formation of the B. pertussis CyaA toxin.

polymerase I. The digested plasmid was facilitated the self-ligation
later on. The resulting 5,880-bp recombinant plasmid was named as
pCyaA-PF6HisA1091-1652 (see Figure 1). The correct construct
was verified by restriction analysis and DNA sequencing.

Eaperimental Desion

Constmctxon of mcombmant plasmxds by .
pamal dxgesuon (TatI) & complete digestion (4del)

3

| Synthesized the blunt of recombinant plasmids by
, Klewnow fragment of DNA polymerase I

ion enzyme Tor Flgure 3. Expressod protsin profiles of pCya AC-PF6His aad
of pCyaAC-PFoFh; tovplate pCyaAC-PFeHis A1091-1652
‘ Expression of the CyaA truncated toxin

The recombinant plasmid was transformed into E. coli
BL2I(DE3)pLysS for expression the gene product. The ~70-kDa
CyaA fragment with C-terminal 6His tag (calculated molecular mass
= 68392.20 Da) was highly produced almost exclusively as a soluble
protein compared with the wild type (Fig 3). The 21-kDa CyaC-
acyltransferase was also expressed in this condition.

= K o yac e
b«— Figare 1. Schocmmic agrans af e e - n \
! (pr.»\G-PFGTrsAIIDI I“Z)an)dmg ‘onclusio |
L the Cya procci fragment . Conclusion

Resudts & Diseussion

In conclusion, this present report provides evidence that the gene
segment encoding the hydrophobic region with an acylation site of
CyaA toxin was successfully subcloned. The 70-kDa truncated CyaA
toxin with 6His-tagged C-terminal end was well highly-expressed as |
a soluble protein in E. coli in order to further smdy its functionality.

Construction of recombinant plasmids containing the cyad-PF|
fragment gene

The gene segment encoding the hydrophobic region with an
acylation site (deleting ai 1091 to 1652) and 6His-tagged This work was generously supported by the Thailand Research
C-terminal end of CyaA was subcloned by restriction enzyme Fund in cooperation with the Office of the Higher Education
analysis. The pCyaAC-PF6His template was digested with one cut Commission (to N.T., MRG5480261)
at the 1,824-bp cyad site by Tad restriction enzyme (7.5-kb band)
and 3,514-bp cyad by Adel restriction enzyme (5.9-kb band)
i(see Figure 2). To create blunt ends of double-stranded DNA,
filling in recessed 3' ends of DNA fragments and digesting away
protruding 3' averhangs were made by Klewnow fragment of DN A | [ oo o e o o et i & it 2t el
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ABSTRACT

Adenylate cyclase-haemolysin toxin (CyaA) is one of the major virulence factors secreted
from Bordetella pertussis, the etiologic agent of whooping cough. CyaA is a bifunctional toxin
composed of two major domains, the adenylate cyclase domain and the pore-forming domain.
Previously, the CyaA pore-forming (CyaA-PF) domain expressed in Escherichia coli was shown
to retain its hemolytic activity. The preliminary results from hydropathy plot based on
hydrophobicity analysis of an amino acid, together with mutagenesis studies, suggested that the
transmembrane domain of CyaA is the hydrophobic region between residues 500 to 700 and
contains a five putative a-helical bundle. It is planned to generate the CyaA protein fragment which
is responsible for membrane insertion and pore formation in defining relationships between
sequence, structure and function. In this study, the recombinant plasmids encoding the CyaA
hydrophobic region with an acylation site (CyaA-PFA1091-1652) have been subcloned by
restriction enzyme digestion and over-expressed in Escherichia coli as a ~70-kDa soluble protein.
The particular gene of interest will be further investigated its functionality.

Keywords: Adenylate cyclase - haemolysin toxin, Bordetella pertussis, Hydrophobic region,
Partial digestion, Pore-formation
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INTRODUCTION

Adenylate cyclase - haemolysin toxin (CyaA) is one of the major virulence factors of Bordetella
pertussis, a gram-negative pathogen causing whooping cough in humans (Carbonetti et al., 2005). CyaA
belongs to the same RTX (Repeat-in-ToXin) family as the Escherchia coli haemolysin, HlyA. CyaA is
synthesised as an inactive precursor, which is post-translationally modifed by fatty-acylation at the
conserved Lys*® into active CyaA in the process catalysed by CyaC-acyltransferase (Barry et al., 1991:
Hackett et al., 1994). CyaA is a large protoxin (~177 kDa) which is a bifunctional toxin composed of two
functional domains, a 400-residue N-terminal adenylate cyclase (AC) domain and a 1,306-residue C-
terminal haemolysin or pore-forming (PF) domain (Ladant and Ultmann, 1999). The PF domain comprises
four important parts; a hydrophobic region (residues 500-700), an acylation region (residues 800-1,000), a
glycine-aspartic acid repeat region (residues 1,000-1,600) containing the nonapeptide repeats (Gly-Gly-X-
Gly-X-Asp-Asp-X-Leu), and a C-terminal secretion signal (Ladant and Ullmann, 1999: Welch, 2001).
Toxin activation of CyaA via palmitoylation at Lys*** and calcium binding to the nonapeptide repeats are
required for delivery of the AC domain into the target cell interior as well as for formation of lytic pores
(Knapp et al., 2003: Rose et al., 1995).

CyaA can intoxicate host immune cells by translocating catalytic AC domain into the cytoplasm. Upon

__ binding to the intracellular calmodulin, CyaA catalyses the production of supraphysiological level of cCAMP

and subsequently inhibits normal functions of phagocytes, leading to cell death by apoptosis (Gueirard et
al., 1998). Unlike cytotoxic activity via AC translocation that involves the entire toxin, pore-forming
(haemolytic) activities of CyaA mediated by the PF domain do not require the AC domain (Ehrmann et al.,
1992: Sakamoto et al., 1992). It has been shown that myeloid phagocytic cells expressing amf,-intergrin
receptor (CD11b/CD18) such as neutrophils and macrophages were considered as primary target cells of
the Bordetella CyaA toxin. Nevertheless, CyaA is also toxic against sheep erythrocytes, which lack the
amPr-intergrin receptor, suggesting a different mechanism of cell invasion (Osickova et al., 1999).
Additionally, it has been demonstrated that the pore-forming activity of CyaA could be acylated at Lys"’
by CyaC-acyltransferase in promoting lysis of the target cells (Basar et al, 2001). However, detailed
understanding of the molecular mechanism of action of the CyaA toxin is still not completely described,
particularly the steps of toxin insertion and pore-formation in target cell membrane.

Previously, the CyaA pore-forming (CyaA-PF) domain expressed in Escherichia coli was shown to
retain its hemolytic activity (Powthongchin and Angsuthanasombat, 2008). The preliminary results from
hydropathy plot based on hydrophobicity analysis of an amino acid, together with mutagenesis studies,
suggested that the transmembrane domain of CyaA is the hydrophobic region between residues 500 to 700
and contains a five putative a-helical bundle, but its structure of pore formation still remain to be
investigated. To pave the way for studying mechanisms of membrane insertion and lytic pore-formation of
the B. pertussis CyaA toxin, we decided to construct the recombinant clone of hydrophobic region together
with an acylation site within the PF domain (cyad-PFA109]-1 652) co-expressing with cyaC gene, the
accessory protein required for toxin activation. The recombinant CyaA subdomain have been successfully
generated by genetic approach and over-expressed as a soluble native fold. The 70-kDa CyaA-PF truncate
toxin will be further investigated to define the functional motifs responsible for membrane insertion and
pore-formation.
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MATERIALS AND METHODS

Plasmid DNA extraction by alkaline lysis method

A single colony of recombinant E. coli was incubated into LB broth containing 100 pg/ml ampicillin
and incubated overnight at 37°C with shaking at 200 rpm. Cell coliected by centrifugation, resuspend in ice-
cold Solution I, lysis cell by adding Solution II and Solution Il used to neutralize. After 10-min incubation
on ice, the precipitated chromosomal DNA was separated by centrifugation. Plasmid DNA was conserved
from supernatant by adding two volumes of isopropanol and centrifugation. Then the pellet was washed
with 70% ethanol, air dried and resuspend in 20 ul of sterile water.

Construction of recombinant plasmids

The pCyaAC-PF6His plasmid encoding both the ~126-kDa CyaA-PF fragment with 6His tag and
the ~21-kDa CyaC acyltransferase under control of the T7-promoter (Powthongchin and
Angsuthanasombat, 2008) was used as a template. The recombinant plasmid encoding cyad deleted gene
(ad 1091-1652) co-express with cyaC was digested with Zafl (partial digestion) and Adel (complete
digestion), and subsequently synthesized the blunt end by Klewnow fragment of DNA polymerase 1 to
facilitate sclf-ligation later on. Selected clones with the required recombinant DNA were first identified by
restriction endonuclease digestion of the plasmids and then verified by DNA sequencing, using 1% BASE
DNA Sequencing service

Toxin expression .

The recombinant plasmids were re-transformed into E. coli strain BL21(DE3)pLysS for protein
expression. An overnight culture of each selected clone was grown at 30 °C in Luria—Bertani medium
containing 100 mg/ml ampicillin. When the cell culture at ODggo reached ~0.6, toxin expression was induced
with IPTG (isopropyl-b-D-thiogalactopyranoside) at a final concentration of 0.1 mM, and incubation was
continued for another 6 h. E. coli cells were harvested and re-suspended in 50 mM Tris-HCI (pH 8.0)
containing 5 mM CaCl, and 1 mM PMSF (phenylmethylsulfonylfluoride), and subsequently disrupted in a
French Pressure Cell at 10,000 psi. After centrifugation at 12,000g for 20 min at 4°C, total proteins in soluble
crude lysates were analysed by SDS-PAGE (sodium dodecyl sulphate-polyacrylamide gel electrophoresis)

RESULTS AND DISCUSSION

Construction of recombinant plasmids containing the cya4-PF fragment gene

The gene segment encoding the hydrophobic region with an acylation site (deleting ai 1091 to 1652)
and 6His-tagged C-terminal end of CyaA was subcloned by restriction enzyme analysis. The pCyaAC-
PF6His template was digested with one cut at the 1,824-bp cyad site by Tarl restriction enzyme (7.5-kb
band) and 3,514-bp cyad by Adel restriction enzyme (5.9-kb band) (see Figure 1). To create blunt ends of
double-stranded DNA, filling in recessed 3' ends of DNA fragments and digesting away protruding 3'
overhangs were made by Klewnow fragment of DNA polymerase 1. The digested plasmid was facilitated
the self-ligation later on. The resulting 5,880-bp recombinant plasmid was named as pCyaA-PF6HisA1091-
1652 (see Figure 2). The correct construct was verified by restriction analysis and DNA sequencing.
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Figure 1 Restriction enzyme digestion for subcioning of pCyaAC-PF6His template

A) Agarose gel electrophoresis (Ethidium bromide 0.8%) analysis of partial digestion by Zatl. The partial
digest of pCyaAC-PF6His with one cut were used by Tatl 1U (lane 1) and 0.5U/120 ng DNA (Lanes 2). M
represents A/HindITl digested DNA markers

B) Agarose gel electrophoresis (Ethidium bromide 0.8%) analysis of complete digestion by Adel. The
purified 7.5-kb products of Tat/ partial digests were used as a template (lane 1), and subsequently digested
by Adel (Lanes 2). M represents A/BstEII digested DNA markers
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Figure 2. Schematic diagrams of the recombinant plasmids (pCyaAC-PF6HisA1091-1652) encoding the
CyaA protein fragment.

" Transcription of the corresponding genes is under control of the T7 promoter (T7pro) of the pET-17b
expression vector (thin line). The arrows indicate the transcriptional direction of the corresponding promoter and
genes. Thé nucleotide and deduced amino acid sequences at the 5'- and 3'-ends of the structural gene segment of
cyad-PF6His(2,067 bp) and cyaC (558 bp) are shown, respectively, with the underlined nucleotides representing
the start codon. Amp” indicates the ampicillin resistance gene. For clarity, only the restriction endonuclease sites
mentioned in the text are shown. The expressing CyaA-PF6His deletion fragment is shown at the top.

Expression of the CyaA truncated toxin

The recombinant plasmid was transformed into E. coli BL21(DE3)pLysS for expression the gene
product. The ~70-kDa CyaA fragment with C-terminal 6His tag (calculated molecular mass = 68392.20 Da)
was highly produced almost exclusively as a soluble protein compared with the wild type (Fig 3). The 21-
kDa CyaC-acylatransferase was also expressed in this condition.
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Figure 3. Expressed protein profiles of pCyaAC-PF6His and pCyaAC-PF6HisA1091-1652

SDS-PAGE (Coomassie blue-stained 10% gel) of E. coli lysates expressing the 126-kDa CyaA-
PF protein from pCyaAC-PF6His and the 70-kDa CyaA-PF6His truncate fragment from pCyaAC-
PF6HisA1091-1652. Mr represents standard protein markers. E. coli cells harbouring the pET-17b vector
were used as a negative control (lane 1). Lanes 2, 3 and 4 are lysates extracted from E. coli cells harbouring
uninduced, induced pCyaAC-PF6HisA1091-1652, and pCyaAC-PF6His, respectively.

In conclusion, this present report provides evidence that the gene segment encoding the hydrophobic
region with an acylation site of CyaA toxin was successfully subcloned. The 70-kDa truncated CyaA toxin with

6His-tagged C-terminal end was well highly-expressed as a soluble protein in £. coli in order to further study its
functionality.
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Abstract

1

Cloning & Expression

i

Bordetella pertussis adenylate cyclase-hemolysin toxin (CyaA)
represents a unique RTX (Repeat-in-ToXin) pore-forming toxin that
can permeabilize the target membrane by forming lytic pores. It has
been shown that the repetitive blocks in the CyaA-RTX subdomain
supports calcium-bound protein folds into a parallel f-roll structure
and interacts with the specific target cells. Data in our results present
that the coexpressed recombinant protein, a 100-kDa RTX (A™! -
RI76) together with a 21-kDa CyaC-acyltransferase, can bind highly
enough to human white blood cells and sheep red blood cells rather
than the RTX alone. Further attempts were made to investigate the rtx
region for binding the target cells. A mutant RTX lacking the peptide
(RTX A1600-1706) is prepared and tested for binding those target
cells. Single alanine substwtion (DI1169A) in the predicted beta roll
which is not identical to' tandem repeated nonapeptides is compared
its activity with the RTX-C wild-type. Identification of a specific
receptor-binding region of RTX toxin is still in progress.

| Introduction

CyaA is a virulence factor secreted from Bordetella pertussis, a
causative agent of whooping cough {1]. It is classified into the RTX
(Repeat-in-ToXin) family due to its tandem repeated nonapeptides,
Gly-Gly-X-Gly-X-Asp-XU-X, which are the putative calcium-

binding sites {2].
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Objective & Methods ,

T) identify a specific receptor binding region of RTX by eliminating
the peptide region A1600-1706 at C-terminal and mutagcncsxs
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Fig2. The deleuon mutant, lacking residucs 1600-1706 of RTX. was generatad neing PCR

Both cyad-RTX and cyaC were cloned into the same plasmid
vector. The 6.1-kb bands of pCyaA-RTX and 700-bp cyaC gene
digested with Ndel and BamHI was verified as shown in Fig3. This
recombinant clone was able to express as a 100-kDa soluble RTX
toxin and a 21-kDa CyaC enzyme as shown in Fig4.
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Toxin binding to target cells
RTX cocxpresscd with CyaC, but not RTX alone, could bind
cither sheep erythrocytes or human white blood cells. The antibody
was able to recognize the RTX toxin in the fraction of pellets
representing the protein binding with the cells as shown in Fig5.
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be extended to other toxins as well.

Conclusions and applications

The finding of major determinant in the specific binding of RTX to
erythrocytes and white blood cells may suggest a therapeutic
application of this peptide in Pertussis infections in which CyaA has
a pathogenic role. Moreover, the results in this study can probably
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