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Changes of cell immunity index in blood of southern catfish, Silurus meridionalis
immunized by formalin-killed Aeromonas hydrophila

SHAN Hong' , ZHANG Qi-zhorg'” , LIU Qisng-ping’ , ZHAD Hei-tao’ , ZHOU Xiso-yang' ,RAN Jinng-to
{1, College of Life Science, Southwest Chine Nomual Univessity. Chongging 400713, Chinag 2. [rstinare of Hydnobsokogy e L
wersity , {mngahou 510632 . China)

Abstract: Formalin-killed Asmmonas hwdmphils cdls (FEKC) woere usad as immunogen o mmuniae
healthy southern catfish ( Silurus meridionalis | which were reared in the lshoratory, the svernge body

weight of which was 86.20 g . Alter the sile-cxperiment and statistical 1est, each soathemn catfish was min.

peritcrweally injected with 0.2 ml. 1.0 % 10° cclls'ml. formalin-killed Aerormeonas hyedruphils . Then the
hacmatologicel indices and activity of phagocytes in blood , which was collected from the il venes of il

aatfish, were investigated on the 1st, 2nd, d4th, Tih, 14th, 21st, 28th days after mmumzation. The expen-
ment showed that an incressing number of leucocyvies and the aetivity of phagocytes as well as a change of
percentage of leucocyte populations ook place in the blood of southern catfish after the intraperivonesl injec-
tion of formalin-killed Aeromanas hyelrmphila . The levencytes in the blood of trial cstfish on the | st.1nd,
4th. 7 th, 14 th, 21 st, 28 th days afier immunieation incressed drastically, especally the granulocys,
manceytes, lymphocytes. The dead Asromonas hwdrophila could inerense the activity of phagocytes drsti
cully. The phapcytic percentage and the phagooytic index in mmunized group were 17.66% and 1. 16 m
spectively, higher than these of their counterpsns in the ontml group. The highest activity emenged an the
4 th day after immumization.and the phagocytic percentage was 48.04% and phagocytic index was 4,81
Altheugh it began 1o decrense from the 21 st day after immunuzation,, the sctivites of vanous phagoeyies
wire still higher in immunioed group than that in the control group. Dunng the esely period . especially rom
the 2nd day w the Tth day after mjection of vaccines, the non-specific cell immunity of southern carfish in-
cromsed proninently. The present study suggests that enhancing the non-specific cell immurdty of fish be an
important immune protective machanism of fish vacoimes.

Koy words: Acronmonaes Aydrophila jveccine joel] mwnamity § Silurns seeridiosalis ; blood oell
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¢DNA cloning and sequence characterization of an ascorbate peroxidase from ma-

rine red alga Porphyra vezoensis

MA Ling-to' ,ZHANG Feng-ying' . MA Chun-yan' , WANG Su-juan’
(1. Koy and Open Laborsory of Marine and Fstuarine Fisherses, Ministry of Agriculture, East China Sen Frshenes Research Lnmitue,
(hinese Acadeny of Fishery Soienees, Shanghas 200090, Cluna: 2. Shangha Fisheris University, Sharghai 200000, China)

Abstract : Screening of & dDINA library from Porphiyes yeseensss with probe basad upon eytosolic ascorbate peroxidee
(APX.EC 1.11.1.11) genes idenmified & full-length clone apparently encoding a novel type of ascorbate peroxidas.
The chone conained an open resding (e for o proten of 242 amino acds, which exhibited sequence similarity 1
krevorn cyrosalic APX frormn hagher plants and contaimed two metifs conserved in perosidases. The dediuond s aisd
sequence of P, yesoensis AFX showed s hybnd-type structure, which was only found previously i an APX-B froma
umiveliulr red algs Galdveria partite , similar 10 both chlomplastic and cytoselic isoforms of higher plane. 11 was s
sible that the hybrid-type structure was an important chametenstic of red algal APX. APX JDONA from P wesoeusis
shownd & hagh (G C) coment (88.4% in the thimd- bese posstion and 63.7% wxal) in the coding mgon. The muckoid:
sevpuence data reportod in this peper will appess in the GenBank dutsbese under scoession murnber AY282755.

Key words : dONAG mcorbate peroxidese; Porphowra wezoem ; CGaldierna partice

CLC number: 59173 Descumweni code: A

In higher plams, the ascorbere-glutathione cvele
[ASA-GSH cyele) plays & major mle in protection
from reactive oxygen species (ROS) " . In this cycle,
ascorhate peroxidase (APX) catalyzes the reduction of
hydrogen peroxide 1o water by the preferential oxida-
tion of ascorbate” "' Considering the probable mle of
APX in scavenging ROS, recent studies have focused
an the changes in activities of APX in higher plants
subgecied o several environmenial stresses such as
ozone, high light, extremes of temperature, salt and
paraquat ' "' . These studies demonsirate that APX
message and [or activity is modified by environmental
[actors, and mdicate that APX = critical component
that prevents oxidative stress in phowsynthetic or-
ganisms. This, ducdation of the regulation mecha-
nisms of APX in response 10 environmental stress is a
subject of great interest with respect 10 APX research
anud will help clanfy the oxidative stress-tolerance re-
spanses of photosynihetic orgarmsms.

On the basis of enzyme charactenistics and amino

Recrived dute: 2004 - 05 - 11 ;. Revised date: 2004 - 10 - 25,
Fumdaiion : Chinese Arnderry of Fishery Scamors G| 2003 - 08 )

Article II: 1005 - 8737 - (2005)03 - 0281 - (7

acid sequences, APXs of higher planis have been di-
vided into st lest four distinet celluler compartments:
stromal APX and thylakoid membrane bound APX in
chloroplasts, microbody membrane-bound APX, and
cvicsolic APX'™ . Differert APX isoforms differ in
arming acid compesition and structure, substrate speci-
ficdity and affinity, and stability duning purifics-
tion ™, APX activity has been detected in some eu-
karyotic unicellular algae. In green algne, the subeellu-
lar localization and the properties of APX differ from
those of higher plants™'= dINA clones enmding
APX= localized in the stroms of Chiamydomoma
rethardtn (9 and Chigmydomonas sp. W80 were re.
cently isolated ' . With respect 1 non-green photo-
synthetic organisms, only a single gene encoding oy
tosolic APX has been identified in unicellular red algs
CGaldieria partite™ . However, in marine macroal-
g, none of gene encoding APX has been identified
and the role of APX related with antioxidant me-
tabolism is less well understood.

Amthor blography : MA Ling bt 1972 - ), male., asmoxiate professor. Ph. D, speialiond 20 molecar bukagy . E-ndlr malinghiols vip. snm. com
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Porphya is the mest economically important
seaweed in the world. P secoensis has been extens-
ively cultivated particularly in Japan, Korea and Chi-

ne. It i an intertidal merine macroalga which can -
habir m harsh crvimonment where it is subjected 10 e

peated irmmersion and emersion due 10 tidal fluctus-
tions. As a result, twice a day, it s exposed 10 & wule
range of environmental stresses including high lighs.
raped {luctuations i tempersture, csmotic stress and
desiccation. [t 1s highly probable thar Porphyra has »
higher ability 10 scavenge active oxygens by the samwe
crzvme system as thar found in higher planis and

s cukaryolic algae.

As the fim step wowand understanding sntoxdant
metzholism in Porphys and elucidating the nogubation
mecharesm of APX in respome © evimonmmental stness,
we describe the doning and ssquenoe chanwcterimton of o
dNA enooding an APX from P veenss . Furthenmose,
choning of dNAs and genes enooding APX of Porghyru
will facilime 5 diverse mnge of moleculsr snd physokog -
el smackess on this enmame and cntribue 10 brooding on s
stress- meastanee charcter o Forpiru .

I Materials and methods

1.1 Algal meaterial and construction of cDNA. library

Porphsru yezoensis was collected in Qidong Cou-
nty (Jiangsu Province, China) nesr the Yellow Ses on
Feburary 25,2003, The live algal samples were trans
parted 1o the lnboraiory , washed and then trested im-
mediately or stored a1 - B0 'C for experiment.

Total RNA was isolated (rom Porphyra thallus
using Trieol Reagene (Life Technologies) . Messenger
RENA for cDNA synthesis was isolated using PolvAT
tract mRNA isclation systems (Promege) . The cDNA
library of P. wooensts thallus was constructed using
the ZAP Express dJNA synthesis kit, and Gigapsck
11 Gl pecheaging exuraet { Strawgene ) by the meth-
od that producer provided.
1.2 RT-PCH mediated generation of a homolegous
probe

Degenerate oligonucleotides were designid besed
on wdentical or hghly corserved amine acd sequences
of known AFX genes after an alignment matrix of

APX amino acid sequences from different organisms
The sense primer PYAPXI 5°- ATNATGGT-
NCOGNCTNGUNTGG -3 and antisense primer Y-
APZ S ' SGONCONGANAGNGENACNAT 3 wee
weed o amplifly e paral P oo AKX DINA by
FCR. FCR ammphfication resctions. ( toed volhurmey 3 )
were carned out using 4 units of Tag DINA ulymense
(Takars ), 3 pl. 10 % Tag DNA polymense ke, 00
el ench of primers PYAPX] and PYAPXZ,ind it
| pel. INA, librmry AINA templste. Thermal cyding -
reters were 95 UL 5 min, 32 oydes (B0 for X5,
ST fr30s.72T for45s) .and s final 72T extoman

for § min. The POR roacton maxtures. swere subjocted o
g cectrophoress using a 1.5% agamse gl A W0
bend was cxosed, bgeed oo the pMIIST weur
(Takam ) and soeuenend. ldentity o the peodees wes
confirmed by Plast X ssmrches of GenBark. The amyiifed
386 bp fragment was then mndomly labeded with o " -
ACTP and designated as PAPNX:.

1.3 eIWNA cloning and genomic Southern kybrid.
[P

For cdONA cloning of PY-APX. 85 000 recombi-
nants from the P. wsoewas cNA library were
screened using the probe PAPXe, Hybridiaation wes
carried out sccording 10 reported methods

Seven postrve clones were solated and mserted,
clINAs were selected for sequence anslysis. Sequence

data were submitted 1o NCBI and searched wsing the
Blast X algonithm and non-redundant smima acd da-

tabase. Clone PY4 contained almost the complete oy
tsnlic- APX el INA of P. wesoenni . The nfernd ami-
no acid sequences were aligned and analyad with
published APX sequences using Clustalx 1.8

8 350 bp DNA soquence containing partual onding npon

of PY-APX ( from 80 m 438, rendoen. e laheled with
o " PdCTP. Hybndizmion codisons for genomc Swth

erm were the same a8 descnbed method
2 Resulis

2.1 Homologous APX probe for library screenig
A DNA frogment ( PAPXe ) of oqooed s
{366 bp) was generated from double strnded . e
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83

as I INA by PFCR 1sng degenersie primers oormegoncding = evirenond by the higher degree of identity wath eyt
o repos orsened  unversafly. [INA soquenang and ic APX sequences of other orpanisms. The deducnd smne
sutserguent e X smrching for Genliank conlinmed tha oo sequence of PAPXe comaned sversl conserved m

thi= frgment wes amplified fom 8 cvoscdie APX WAL s inchading helix C 10 FilFg. 1)
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Fig. 1 Companson of the mmno sod sepeenee of FY-APX with ather AXs

Hegwae o e fnes A are e Helives werr ssgrned sooondingg 1o U sirscture af oyt wolee AI'X of s Hlack shade swhonrs wimics
arene mods, ard grav shade sndumes somulsr are s s The lettees shown wnder the wmine ackd smueners: indicate resdues: of FY-AFY an
werver] i the chioroplesiz but st in the cvoslic AFXs of higher piants. The ketters shown an the wop o the smuno sd souences ot me
s of Y- AP conserved in the symmotic bt oot @ the chiomopleste ATXs. The penocidase-active sive and the preomndase: prosmal- heene gl
sgravzes o wderbnnd wid doubie anderined, repectively. The protesrs shown are cytomle AP fom tcduscrn | CenBank acoession mamber

BAAITIE ) sormate (CARSEIG] ) . Arndegapes { AAHITRND |, Seatebecban { AMTRTTE ) . sovbesn ( AATD0022 |, jend ASASSGSS ] . cuscamber
AAALIETT b Spmscis C AAAPISIE ) , barkeyr{ CANMASE ) , el A T000 , Porpl s | AYZTIR19) e Ciadalfirss | AFIITENT b, chiiormplesc

APXs froem Spimacts { AMNCSAT ), wepilans| ARG . puanphind BAAL X029 . wobacoo] BAATESSZ) and Armhuclapm | XORE2S)
PR B R AP O R | R AP O AR P L

M A D PR M TN AP S, RN BOEEN EAKMEs RSN EER, 8
AFFEFFRAECT SRS SR AP SHE AP P ET. A HERERE AP PEEERRRE, INLEHNGE
AR NIERa L R ERAY T TR F R e e PE N 3 IR ( Gk 6 AMI2978), 88
(CARSEIS] ) AL AATTRRD ), L AACTIESTS ), Ao G { AATION2 ), NG { AAATRSAS ), IO BAAL ST ), IR ANASSSIR), kI
(CAADGR) , AR AACH00), W & £ AYZT3R19) W Caldiersa | AHDOTSH? S0 IR I APX FEW, ULk R (ARDO24E7 )

AFDEEI1A T, TN BAAT009) R BAATEAS? Rl i 35 Nowo24 @y e AKX FE W
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2.1 Cloning and sequence analysis of PY-APX cD-
NA

Seven putstive APX dDNA dones (PY1-7) were
isolnted from 8S (00 phage recombinants wang the
homeologos APX probe PAPXe. Although these ¢l)-
NAs were of different lengths due 10 incomplete o)

mologous probe squenoes. UChne PY4 coatoned »
1041 -bp eDNA insert with an open reading frame of
T¥ bp (Fig.2). The firn ATG located ar bass 137

139 was sssgned as the start sodon. No poly (A) wl
ar polvadenyiation sigral was foond in this cooe. pre
sumably owing 10 loss of the 37 end of dINA during

NA synthesis, all seven clomes contained the APX ho- the doning process.

I
ki

15

L7

™

Ul

TTGA T OO TG T TUCACCALCAOUCA TUGOGGAA DL T TG T TAC TG GCUGUA TOUCCT TN
O ACOG TGO T GA TG T TGAG T GAGGAL RO T T TOOC T TG TGO A AAGA TG TG TUTGACTT

M Y 5 I L
G GAGAN GGG TGO OGACT TGUAGGONC TGATCAMGGAGAAG AACTGOCA TG TATCA TG TODCG T
E K AV EADLGQALIREKEXDNTELCHGI I MY E VY A
ST A A O S S A T T A T A S S AN S A 0 A A AT S A A U AT T T T T A
W H I A G T Y 5 K EDOGT®G G ANGTO GRTEFATPE
AGTCCADGHOGOCAMGOOGHGE TAGACA T TGO GG AACATO TOOGAGGACA TCAAGGOC AALT ATTTTLA
8§ 0 HG ANAGLDI! ARNMTCEDIUERKARMBTPE
AT AL T A GG A T T AL AGC IO TOGG TG TRGUGA T TGAGGA TGO TGG TGGUDOGG TCATOCCCTT
I 5 Y ADLYQ@LASIZSVY &I EDAGGEFVY I FF
O AT AT GCAAGGALOGGA TGO AG T A GO G AL U DGO TGO GAL G G A AN GUAT
E M GREDADAPRGQCTEDGRLPDADEERM
A T L A T T T T A LG A TG T T T AA TGACGOGGAGA TG THGO G T OGO T T AC AL
P HLREDIFYRMUGTFNDATEI LV AILSGAHRT

A A A A A S A T T T A TGO S TG AT A G ARD DD AACACE TTTLALANCTC
L & A A H E DRSS G FDOGJFPF W T8 N P NTF PN S

G AT TCAAGGAGA T TATGANGCAGAD GO A TGO TGO TRCATC TGO TOGGACAAGG GO TGTTILA
Y FEKEEI MKETWPETSGLLHLPSEDEKALILD
T NG A TG AN T TG AGACG TACTCG TUGG AT AU AAG TTOT TTORAGGACT ACTOC AN
E P EC K ALY ETYASDQAKTPFEDY AKA
e A A AN T A TAG T TG T T TG G TR AA A TG TG TUA DO GGGUGOCTTT
HQ KLSELUGAYWA-»

G A A T TG T T T TG TG AN A T T T TGRA TGO TOC T A TG TOTUTGAL G CACTCATT
1T T GA TG T AGGCAAG T T TG T TG T T T G IO IO T TG T TTGATGAGTTOT L

Fig-2  Nuceotide snd deduced smime s s of APX DA fran P s

]

L 7a]

i

1M1

T armie s el wepuercs is show in one-letter code below the respertive codons aid w sstersk. sdionbes o s aokn T g
thae crrespond 1 vhe FYAFN] snd FYAFXE primers wrey undedimed. The position of the nocleotides for eDNA s incdiesiod on b sde
ol the spemns

M2 RENE APX NA B A RN
L FT LTV RN T CE e VR T LTI e

AFX cDNA from P, weenensis showed a high G (63.4% ) and second (43.4% ) positions.

+C oontent. The G+ C coment ol the APX ooding
region (63.7%) was. similar 1o the aversge G + C
content (65.2% ) which was obuined by Porphyra
EST analysis. One notable feature was that the codons
with G or C at the third position were [requently uti-
lieed. The G + C content of the third position
(88.4% ) was much higher than thes at the first

A preliminary study of genomic orgestetion of
APX gene in P veznensis was determined by South
e blot hybridization of restriction endonuchssedi-
gested genomic DINA, using Mbo |, which could cut
PY-APX probe, EcoR | . Hind [, Tag 1,Hm H
I and Pou Il which could not. A single band was
detected in EcoR | . Hind W, Tag |, Bam H |
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o3 MA Ling-bo et al: A cloning and sequence characteriation of 3
an ascorbute perrocicdaes o manne red olge Pophyra yesoenss

and Pru |l - digesied DNA (Fig.3). Our resubs
from Southern blot analysis suggested that one APX
gene be present in the P ywsoensss genome.

bp ¥ ] H 2 a 4 5 3
23 150 — -

Dm—* -
t!ﬂ—. ’

16— -

- -

T — -
64— -

Fig.3 Smthern bloi analyss of APX gene in P wzoenaes
Lane M, 30NA digested with Hind Il Lane 1.6, nospectively, P

senessts geowormin [NA digestes! with Tog | Mis | .= 0.
Hiwd . BEaf | sl Bews H D

B3 REREAPK %N Southern S 2T
M. Hind [l MDY ANA fr 1 IISIC16: 5T Tag [ .M
[. Pou 0. Hind B, EoR | 8 fewm H1 MOGHRERE
I 1INA Senthoen SrE RN,

2.3 Molecular characteristics of PY-APX

The clone PY4 clNA represented s protein con-
wining 242 amino acids with a predicted molecular
mass of 26 464 . Comparing the amino acid sequence
with the PROSITE database showed two motils con-
served in peroccidases (Fig.1). The first was the per-
oxidese sctive-site signature ([ SGATV [-x (3)
[ LIVMA |-R-[ LIVMA |.x-[ FW ]-H-X-[ SAC ])
(HGIMVRVAWHDA in PY-APX), except the first
residue which was histidine in PY-APX (Fig.1, un-

derlined ). The secomd was the perocadase proxmal
heme ligand signniure ([ DET - LIVMTA |-x (2)

[LIVN ]-[ LIVMSTAG J-[ SAG .| LIVMSTAG |-H-
[STA [ LIVMFY )(EIVALSGAHTL in PY-APX)
(Fig. 1, double-underlined ) . The Arg-28, Asn-61 and
Asp-200 residues sround the distal His-32 and proxi-
mal His 154 residues of PY-APX were conserved in
all APX groups ss well as the entire plant peroxidase

family. These residues were essential for binding of
the ligand haem. Trp-170 found in PY-cAPX was
conserved in most APX groups and was the thind par-

neipant in s hydmogen-bonding network together with
the proximsal His-154 and Asp- 200 restsdues. Levebs of

amine scid identity between the PY-APX and cyiosl-
i APX in others were SB% similar 1o the unicellular
red alga Galdieria partita ,and 59% 1w Arabidipss
thalsana .

Hy a muluple sequence alignment, some residues
of PY-APX were found the same as the corresponding

residues conserved in the chloroplastic . but not in the
eytosolic APX of higher plants { Fig. 1 . shown by the

letters under the aming acid squences) . while sme
others were the same as those only conserved in the
cytosolic APX of higher plants (Fig. |, shown by the
letters above the amino acid sequences) . The smino
terminal half of PY-APX was ncher in chlomplastic
residues than carboxyl-terminal half (Fig.1);d 17

chlomoplastic residues found i helixes A w |, nine
were located in domain [ (helix A w [3) and only one

in domain Il (helix F 10 ]). In particular, helives B
and [} were similar w those of the chloroplastc s
forms. In contrast, carboxyl-termingl hall of PY-APX
was similar 1o the cytosolic isoforms.

3 IMscussion

In this repert, helixces of other APXs were as-
signed according to the strocture of oytosolc APX of

pea™ _Our results revealed the APX of P. yesoendis
had a sharter N-terminus than pea cAPX gene for
about 10 aming scid residues. The PY-APX had s mo-
lecular weight similar to eytosolic APX of higher pla-
nts, and lacked Trp-175 residue ( corresponded
Phe-166 in PY-APX) , which was the major dewermi-
aant of the grester specificity oward ASA of chlom-
plastic APX isoenzymes ™' . Furthermore, PY-APX
lacked a transit peptide and four additional regions in
the internal sequences ss found in the chlomplistic
isoforms, and also lacked the carboxyl-terminal exien-
sion found in stromal, thylakoid-bound , or micmbody-
bound isoformes of higher plants™ . These suggesied
that PY-APX be more likely localized in the cyusl,
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Semilarly in Fupleng grocilis and Galdieria pariiis .
APX was found in only in the cyrsol ™.

However, we found, by a multiple sequence
alignment, that smino-terminal hall of PY APX
shnred seopuence similarnity with chiormoplastic isolomms
ol higher plants, whereas other pans shared similanty
with eytorshie solorms (Fig. 1), Domain | (helix A w
12 wes richer in amino acid rescies conserved in
chloroplastic APXs of higher plants rather than cy-
woenlic APXs, while domain 11 (helix F w ] ) . which
formed & pocket a1 the proximal face of the heme., was
smilar o the cyemolic isoform. This hybod-rvpe
structure of PY-APX wes similar 1o that of an APX-H
localized in the cyiosol, which was found in & unicellu-
lar red algn Galdieria partite ™ .

Algal APX iscenzymes had enzymological and
immunclogical properties similar 10 these of APX
isoenzymes from higher plants except for the amino
scid sequence of the N-terminus, the affinity for sub-
strates, andfor their stability''"' . Unlike the green al
gal enzymwes, the donor specificity of Guidieria APX
I4 was as high ns those of plant chloroplastic APX
Depletion ol the dectron donor ascorbate crused rapid
insctivation of chloroplastic APX of higher plems,
while Galdieria APX-B was stable under such
conditions . Kitjama et al' ™' suggested that the
specifioty of G . partite APX-B for electron donors be
dhse 10 the chioroplastic- fike structure of helixes 13 and
D, whale its stabality under ascorbate-depleted omndi-
tions be doe 10 its cvtosolie-like domain 11, Although
nune wias known about the specificity and stability of
PY-APX, the hybrid-type structure of PY-APX sy
gested thar PY-APX have the same ensyme character-
istics as those of Galdieria APX-B. Because there are
anly two APX cDNAs ( Kitsjama et al ' and this pa-
per! isolated from sed algese., it = stll an unamswened
yueston whether the hyvbrid-type structure is an im-
portant characteristic of red algal APX.
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