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Infectious coryza, an acute upper respiratory tract disease of chickens, is caused by the bacterium
Haemophilus paragallinarum. This disease is of worldwide economic significance and affects
both broiler and layer flocks, manifesting primarily as a drop in egg production (10-40%) in layer
flocks and retardation of growth. The chicken isthe natural host of H. paragallinarum, and it is
the one of the most serious bacterial infection in poultry. Even though the inactivated vaccines
and antibiotics are wildly used to treat or prevent an outbreak of this disease, neither of them is
effective. The difficulty of perpetrating inactivated vaccines is that many different factors,
mainly growth conditions, appear to influence the expression of the antigens of H.
paragallinarum. The pathogenesis of H. paragallinarum is still unclear, therefore, it increases
the difficulty of diagnosis which serogroup causes infection in poultry.  In this study, we examed
Taiwan isolated H. paragallinarum serogroups A and C by PCR-based subtractive hybridization
method and 2-Dimensional gel electrophoresis. By subtractive hybridization analysis, there were
two genes, hctC and putative transposase, were specific for serogroup A; by 2-Dimensional gel
electrophoresis analysis, hemagglutinin antigen and OmpA expressed more in the iron-limited
condition in both serogroups A and C. By doing so, we will be able to increase the efficiency of
vaccines and differential diagnosisin infection.

Keywords : Haemophilus paragallinarum, infectious coryza, PCR-based subtractive
hybridization method, 2-Dimensional gel electrophoresis



*’ﬁ’%a‘ﬁﬂ‘

B2 7 14 (InfectiousCoryza, IC) » BB AR X > -2 AP @ L Panpd &
B0 LA B8 At 4k 0 ¢ 46M 1255 % B (CRD) » 4755 5(ND) » i 4 2
FFL(B) > BA Mg g L(LT)  SL A pTRAEAREBAET fIAGN > LE &
P AR A ERIARE R R S i A 0 A B9 IC - B AR
TR F A AR e s g o 0 B R ATl A hE B S R S A B K
PR RRE SN 2 A RS RROKEFL ().

BT A LD RRE L T A (Haemophilus paragallinarum)  # j; i #gendk
BB dom o BRARSAF  Fpdg ek o TRk RT § HEG ERE A B
B A ApER FHEAE o B LR 1964 £ B —f';ﬁi‘a.uﬂi-)l%a ERTREI-
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H. paragallinarum s 4] T A & 5 & /87 ;% - Page scheme(21)f= Kume
scheme(16) - Page scheme Ji ~ & & * T = 4% f ;% 5% (aslide agglutination test) % # i#] & 7 3l
LZRIEAB-C=Alo e - P PRRZEHFR Y o R PR
(hemagglutination-inhibition technology) # 1 #i # Frengzs) v ™ [ 4 4«0 H. paragallinarum
e Page serovar (4) - o »t— i Page serovar = 2575 i & 3 (inactivated vaccines) T # it %
R % H @ - A g Page serovars #712 A~B~C = A &3t % F ehimmunovars - Kume scheme
B g TR R B e iRE - H. paragallinarum % 4 5 = % serogroups| o 1> e I 2 ¢ & 42
= 1 serovars (16) - & {s =3F £ #- Kume scheme 4 28 % 4 5 = B £2 Page scheme x’f%m
serogroupA ~ B~ C - # ¢ ¥ ¢ 427 9 i serovars (5) - Kume scheme & - 1 47 fe e i3] &
A 2 RRG - BE&E Y S Kumescheme k fd FAl#E o A R0 H.
paragallinarum s 54 2 A~B~C= 3] -
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V-factor-independent H. paragallinarum £ 7 %34 <7 DNA fingerprint > % 75 i i # 5 £ &
RAhd H- RiREE T2 S (19 oM RN L BT s K2 &?‘n‘}i
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hctABC D » # it f # = H. paragallinarum i& i capsule polysaccharides | % % & (12), -
i 110-kDaputative RTX protein(17)# haemagglutinin 3-v (14) 5 antigenic secreted proteins -
fﬂﬁviks)%ﬁ&ﬁigmp Fig- HFF o @ <A B H. paragallinarum 4 < & & ¢ ’£+_ v
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REweas F },@i#g a‘r*ﬁz %7 (PCR-based subtractive hybridization method)

Ui i o B2 H.oparagallinarum s 3] A (A1) 2 C(A9) 2z chromosomal DNA -

#07 Rsal #» 22 14 » #-p* DNA % £2 TADNAligase *t 16 CH B T (T F > 4+

PR3 B4 e adaptorse pt st 70O C T B-F RS2 R AIEY b ads o 4 E 1 ligase

£ o ¥ gt e i 3% adaptor 22 DNA A 4 33 223-20C & * o 0% i A&Jd? A i # adaptor 2

DNA * & 2 )é»tévﬁﬁ DNAC(driver DNA )> @ & i 4 adaptor 22 DNA % £ & iE‘JE‘%ﬁ DNA( Tester

DNA) o #-frd 4 DNA g2 R385 DNA 12 50 0 12 v bR e o gt iR £ 40 e 2 5 R AR 2

s % % (2.5M NaCl/250 mM Hepes, pH 8.3/1 mM EDAT ) {4 » 5 98C ™ &2 1.5 » 45
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it {7 4 f#(denaturation) » 2_ & 12 65 C kT & B 15 ) % - oAk & (firstannea ) -

BEd B - RAEEF Bl ¥ e ko k (%- 2 iddkadaptorl ¥ - iR
adaptor2) 4er1jR & > e~ if B2 fabsF DNA > 520 65CIRI T e £ 4 kR 2 fe 2
e ¥ F s 141 e A i (50mM NaCl/5 mM Hepes, pH 8.3/0.2 mM EDAT ) 4e 12
EH ARG B 65CHRR T T 10448 T 53200 k4 o wk DNA 24 7 %
# Fe o 3] H. paragallinarum & 2. 7 = DNA p % $+ o 1% L 2k 3- 0y 2 adaptor #7353+ &)
PCR 31+ #-t DNA 2 4 i& {7 PCR 3 t§ - ¥ 7 CLONTECH *12 # ¢ PCR-select bacteria
genome subtraction kit & {7iE 78 o #71% 2_ clone 4c 12 T_B & 47 » % % & » Nattional Center for
Biotechnology Information % suig i BLAST 428 2 3&F > s dir b A 5 8 B hodpit 2 &
Fl s @ oo
% % L ELig# 2 (Southern Blot)

12 H. paragallinarum = 77 3]ARC (JA-JC) % CEFA (JC-JA) 2 #]F A FIE? SBLAST
¥z B R %2 DNA P B 5 #84- (probe) » # * Gene Images AlkPhos Direct Labelling and

Detection System ( Amersham Biosciences, UK ) #-% 4+ ¢ (label ) & 1+eipips (akline
phosphatase) & » 4 %] 12 A ~ CA i # %] 2 chromosomal DNA 5 #4787 52 & F s 2 FE st

PERAET E w3 R o Peserogroup A 2 Cz chromosomal DNA & jf 0.01ug*s nylon#s-

( Hybond N+, Amersham Biosciences, UK ) + » & 4] * UV crosslinker( SPECTROLINE, USA )
#DNA B 2303+ 5 B~if £ chAlkPhos Direct hybridization buffer (0.125ml/cm? Hybond N
+ 3o ¢ )R £ 0.5M NaCl £ 49 blocking reagent » 12 55°C & block reagent = 7% f%{s >
se » nylon’E3 55 C 45 & 154 48 0 £ 4c ~ probei # )k & % & mlz buffer 7 5-10 ng 2z probe -
M B5C I o5& 5 #-3f £ 2 primary wash buffer (2M Urea » 0.1% (w/v)SDS » 50mM sodium
phosphate pH 7.0 > 150mMNaCl > 1.0mM MgCl, - 0.2% (w/v)Blocking reagent ) 4c #t 3 557C & >
Znylon»B5°C s #e 44 & 104 457 =0 » £ ¥7 1X secondary wash buffer ( 20X z_ secondary wash
buffer 5 1M Trisbase * 2M NaCl » pH10.0) *t % i§ T d=ds 44 & 104 485 = {4 » 2 CDP-Star™
Detection Reagent ( Amersham Biosciences, UK ) & 7 i g o
ZREA - F-RmT X
B~ 12 Sample buffer 7% j#4 0 10% s B 1% & 200 L o % ¥4k 5%~ holder @ » £ gz »
strlpgel FEE_stripgel TEERF e 0 s R E L 0.8mL coverail » 0k strip sz urea
Fd o L @ * IPGphor system » L2 30V 7 & #-strip rehydration 12 h > ¢ strip gel "% »
£ :E-ﬁ?k F_ehprogram 4o L R &R 30V R 12h>Vh360; 7 /& 500V - pFRF 1 h» Vh500 ;
/& 1,000V R 1h>Vh1,000; 7 /& 8,000V » pF ¥ 2h»Vh16,000 - ¥ IEF i& {7 %% & {8 >
Hostrip 1= ok s 2 *‘,f coveroil » # &2 = i {7 SDS T A& +7 0 L #-H 2~ -80
CHF o

—RBTA - FoRT A
%> i 7 SDS A 0 % 4 stripic » 5 mL SDS T 74 ik (4 » 50 mg DTT) » T 74

12~15 min ¥ » £ 2 » 5 mL SDS * §#% g (4¢3 125 mg iodoacetamine) T fi=%) 12~15
min - ¥ 87 SDS 7 ik A 47 o #-3F L 443 e SDS W 2 k@ Bodl s FH L Fris L7
T AP0 L & & 2~ SDSrunning buffer > i€ strip #dF 2 > S strip o~ (2 & Strip
fe-SDS# 3¢ BETF G F:@ 0 FF 422 FAR4 > B &= running buffer 12 agar i& {7 4
R 16 Strip B %o #-agarose ko~ Mok Vg ¢ A fE 0 B~ 1 mL agarose i& 7 £1% > agarose
SR R T B 60C o Kb IR R O AN TR 200ViEFR A 4N
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SDS-PAGE 5 CoomassieBlue # ¢ (CBR) & » 1= =t ki = & » & 5 2he #-p 45§
FERET o gpeg? o JBARF X 100 pmol - % *+ 100 ul 10 mM DDT/25 mM
ammonium bicaronate, pH 85 % fma ;7 ¢ » 2 37C T F & 1h- & gEaégt:® R - 10,000 rpm
o Imin i3 '*,f DTT - 4c » 100 uL 100 mM iodoacetamide (IAA)/25 mM ammonium
bicaronate, pH 8.5 =% % » > 2 R %€ & J& 1 h - 10,000 rpm .~ 1 min 2 4 *‘,f DTT - +4c
» %4 % (25 mM NH4HCO;, 50% CHACN) » *+ 30°C & i 15min> £4F 4 = o 1= = -kiFik
I NP f CBR #7512 SpeedVac $¢ 5z ° 4¢ » 7 3 0.1 pgtrypsin 2z %% % % 10 uL (25
mM NH4HCO;, 0.5 mM CaCly) » -k f3 & & 10mine 4c » 100uL p2 2 % b7 » > 37CT F |
W o TR FERTHLG F o 4o 200pl F B3R (0.1% TFA, 60% CH3CN) » & 35~407C
TAZF A 30min; jo B EFPptae § ¢ o % SpeedVac 4 gz 0 Bofe 1 20l T EEw B o 1Y
LC/MSIMS Fa# R 2 817 3w TR AT REBEAFMTHEEH > 7 Tt A4
v Fd BhenE o o

BEHTH
MEE W F A2 I f&’afz & 35 41 5 A e V-factor-dependent H. paragallinarum s
FAUAZ2 C2ATFIPERZL

pe: n;‘g MR ERAY S EAHZ IFRIFLH N FA AR CLAFL R DY R
FELLL T M2 AT B F\‘ﬂ—/}ii“t]A;’ChL‘—% 23R AFFE e > R EHE
i\i‘i&?ﬁw— AR N o R RS N AT R el FAA S C R
s A g2 H. paragallinarum i 3] A 2 C 2. chromosomal DNA % 74 | 2 51 JA-JC
X i“'] AFREzZ AFE )& ICIA (L FACHFE 2 ATFIE); &P~ 96 )% 55 BLAST
Bt >3 JA-JC #IRAFIEY 32 7B (£- ) 2 JCIA #IRATFIEY P 3B (£
S ) #opE AR DNA #E fI% 5 2 BBt b AL R B A e i
A A A4 5 2 DNA £ > » 5] 5 hetC &2 putative transposase (Bl- ) -

H. paragallinarum sz ps ] B % 5 0k 192 5 § 0 37 E kf Sk D3 e
hctABC D » 7 it { 7 = H. paragallinarum i& i & % % $53] w¥ 4 & (12); - # 110KDa
putative RTX (Repeatsintoxin) protein (17)% haemagglutinin 3-v (14) 2 antigenic secreted
protein - "»mi”lir"h;’f%:}}%ﬁﬁﬁf%" FiE-HFg om ML FHHP a2 # 4 Y doietd
Fw g o A F?'.ﬂ_/i‘q']f:'&mi’\ FRETH 2 2P Brgpenn /i""]”‘ﬁ/? FANRIRIAE -y &
fefif B oo AR Y AN L8 ehirig V 13 2 H.paragallinarum i 3] A 412 C Al
S S e g G - el H.oparagallinarum s vt 0 3 ok AR eh R iR
£ 2 {2 Qe FARRCS A LR e AF T TR AT S0 d AR CAlZ

FURAFIEY #3] - K$n q‘a‘“ill AFFFR 2 DNA ¥ 5> & B 5 HotC 2 putative
transposase > # ¢ - HCOIC i@ % pEilimie 2 6 5 M > o 3 HP Feh& A1 4 6 v
2o FP oHUACF s @ AFS CAlEF 3 22 Wi @mhleied o 3 M > = DNA ¢
Bkms P xg P %z ch H. paragallinarumP s 34 R = 5¢ e
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P aAt 0 AT AR B9 2 B o AP RA A AT AR T TA R 9 FHA
Boov NEREAT MM 2R (22 4 BZZ2 =2 )

hik IR B Y A 312 CAlFMIS ¢ 4 R 5 2 molecular chaperone( DnaK )% cysteine
synthase( CysK ). CysK ¢ &z F 4 ¥ R 2 Ak £ RE#F o2 ¢ fumarate reductase %
Poll + % 4 S & RALB © B 3 4B ek iR T (L b e 3 HSPT0 mz\»m&i‘aﬁs x
trandation elongation factor Tu » hemagglutinin antigen 22 OmpA &z 4k @ 2. A M E 35
i e

Afpderta B et FHAE CL AR LFaFA AZ CARATIL @ 5h

oo 3P iy Fend AR s 2R o QLAY I L R AR B4 R H.

paragallinarum ek g ¥ - s H.oparagallinarum sh w2 F 0 7 o AR
TR G IER 2 2 e ,”“Hﬁ/? 2.2 3% 4 H. paragallinarum & 5 #5142z @ 4 4+
71 & (Infectious Coryza, IC) «f7 i 2 L8753 F F 1+ oy o

% — JA-JC #j &L F1 & DNA B 7 ¥ 2 %

Clone Protein Description

D11 Putative transposase,

D7 hectC

B9 conserved hypothetical protein

B8 hrpA — ATP-dependent helicase

C6 H-18 putative transposase

B5 recG — ATP-dependent DNA helicase

Al ugpQ — Glycerophosphoryl diester phosphodiesterase

32 JC-JA Pl FIE DNA & 7)1t $438 %

Clone Protein Description
hl tyrS — tyrosyl-tRNA synthetase
h4 ccmF — Cytochrome ¢ biogenesis factor
h2 tyrS — tyrosyl-tRNA synthetase

%3 i;u]Asn] S #7 RAZ miﬁi»? (A ) fgx}n Frrz g CBR% ¢ BT A

No. Accession No. Protein Description Theoretical MOWSE score
A-3 Qi]15603558 CysK [Pasteurella multocida subsp. 33492/6.05 90
A-5 Qi]23466914 COG0443: Moalecular chaperone 68490/4.80 646




7 B— ’F —jtll C E: ’zm
No.

% (C+) 2 Ui % (C-) 2 v Fu- &
TRt AR 2 Fv ?”%Ls;if? LC/IMSIMS 3 » 47 2. % %
Accession No.
C+1

h
w7
Protein Description Theoretical MOWSE score
Qi]52424953 DnaK protein [Mannheimia 69481/ 4.81 418
C+2 Qi|16272575 elongation factor Tu [Haemophilusinfluenzae 43441/5.26 203
C+3 Qi]19881365 hemagglutinin antigen [Haemophilus 36785/8.62 129
C+5.1 Qi]19881365 hemagglutinin antigen [Haemophilus 36785/8.62 157
C+5.2 Qi|97129 outer membrane protein OmpA homolog - 1309/8.64 75
Actinobacillus actinomycetemcomitans
C-6 Qi]52425825 CysK protein [Mannheimia succiniciproducens 33578/6.47 90
C-7 Qi]52425825 CysK protein [Mannheimia succiniciproducens 33578/6.47 86
C-8 0i]52842262 ABC transport system periplasmic substrate 33052/9.02 23
binding protein [L egionella pneumophila
kb kb
30—y 30 —p
15 —p 15 —»
20 — 20 —p
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%> BB é
chromosome: &2 7+ H
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e |
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X% 23 DNA 5 K5
r R LAY
chromosomal DNA -

2.

=S es
| A3l B -(A)rt hatC A 712 7 & .w}a:fi (B)r2 putative
transposase A Flz. * B 5 #F 4 o Lanel: & 73] A ]2 chromosoma DNA - Lane2: s i3
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