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The Potential of Avian Cytokines as Immunotherapeutics and Vaccine Adjuvants

SUN Jian-He™ LU Ping
School of Agriculture and Biology ~ Shanghai JiaoTong University ~ Shanghai 201101 China

Abstract With the imminent and widespread ban of the use of antibiotic feed additives and chemical antimicrobials in food pro-
duction animals alternative measures need to be sought to ensure that the livestock industry will not be adversely affected. Cyto-
kines are proteins that control the type and extent of an immune response following infection or vaccination. They therefore repre-
sent excellent naturally occurring therapeutics. The identification cloning and characterisation of cytokine genes in chickens have
lagged somewhat behind similar work in mammals. Progress in isolating chicken homologues of mammalian cytokines has also
been slowed by the generally low level of sequence similarity. Chicken cytokine genes that have been cloned to date include
ChIFN-y ChIL-18 ChlFN-o ChIL-15 ChIL-18 ChIl-8 ChIL-2 Chll-6 ChIL-16 SCF MGF TGF3 Lymphotactin

MIP-13 CXC and CC chemokines so the use of cytokines in poultry has become more feasible with the discovery of a number of
avian cytokine genes. The delivery methods for chicken cytokine are of prime importance and are required to be safe easy to ad-
minister and cost-effective. Live viral vectors such as fowl adenovirus FAV expressing cytokine genes can be delivered via
drinking water or aerosol sprays making it very easy to administer. Since the immune system of chickens is similar to that of
mammals they offer an attractive model system to study the effectiveness of cytokine therapy in the control of disease in live-
stock. This review focus on the recent advances made in avian cytokines with a particular focus on their assessment as therapeu-

tic agents and vaccine adjuvants.

Key words avian cytokines immunotherapeutics molecular adjuvants
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Identification and Expression Analysis of a Full-length cDNA Encoding
a Kandelia candel Tonoplast Intrinsic Protein

HUANG Wei' *  FANG Xiao-Dong® * LIN Qi-Feng* LI Guan-Yi# ZHAO Wen-Ming'
' School of Life Science and Technology ~Xi' an Jiaotong University ~Xi' an 710049  China
2 Institute of Biological Science and Technology —Hainan University ~Haikou 570228  China
3 Biotechnology Research Center ~ Zhongshan University ~Guangzhou 510275 China

Abstract  Soil salinity is an important issue as most crop plants are low in salt tolerance. Salt tolerance a complex multifactori-
al and multigenic process has been known to be a quantitative trait. The identification of the salt stress responsive genes or salt tol-
erance genes is essential for the breeding programs. Most recent efforts have been focused on the products of structural genes trans-
port proteins ion channels enzymes of solute synthesis while little attention were paid to the regulatory aspects of these proteins.
Since the first aquaporin gene from plants was cloned and functionally expressed in 1993  there has been a growing interest in the mo-
lecular biology of MIPs membrane intrinsic proteins and their bearing on the biophysics of water flow across plant membranes. In
the last decades studies on Mangroves a special kind of wood plants grow in high-salt and flooding conditions have been concen-
trated almost exclusively on their physiological and ecological characteristics. Kandelia candel  one of the dominant species of man-
groves along the Chinese coast lacks salt glands or salt hairs used for removal of excess salt in other mangroves. This makes K. can-
del a perfect model to study the molecular mechanism of salt tolerance in mangrove plants. Using cDNA RDA  a ¢cDNA-specific modi-
fication of genomic representational difference analysis a series of salt responsive genes of Kandelia candel were cloned. Among these
gene fragments a 183 bp fragment termed as SRGKC1  encoding a tonoplast intrinsic protein  TIP  in Kandelia candel KCTIP1

was identified. Based on the sequence of SRGKC1 two gene specific primers were designed and the 3’ and 5’end of the KCTIP1
gene were obtained using the SMART™ RACE ¢DNA Amplification Kit. RACE products were purified from low-melting agarose and
sequenced directly with GSPs as the sequencing primers. A 500-bp fragment corresponding to the 3’ end of this gene was obtained us-
ing the GSP1 primer and a 690 bp fragment corresponding to the 5"end of this gene was obtained using the GSP2 primer. Two prim-
ers that flank the putative open reading frame ORF were designed to obtain the cDNA containing the complete ORF by RACE PCR
reaction. The full-length cDNA of KCTIP1 containing a 756 bp open reading frame ORF  was approximately 1.1 kb the start
codon was located at the nucleotides of 99-101 and stop codon at the nucleotides of 855-857 followed by a poly A tail. The KCTIP1
c¢DNA sequence in this research was released in GenBank with accession number AF521135. Using ExPASy Proteomics tools provided
by EMBL  the isoelectric point and MWt of KCTIP1 are estimated as 5.77 and 26.3 kD respectively. Transmembrane prediction anal-
ysis revealed the deduced KCTIP1 protein sequence contains six transmembrane regions at amino acid residues of 20 - 42 57 = 79

86—108 113 -135 142 - 164 and 217 — 239. Two highly conserved asparagine-proline-alanine  NPA  motifs were located at 85
— 87 and 199 — 201 amino acid residues respectively. KCTIP1 is also predicted to contain the Cys residue Cys 118 that are shown
to confer Hg-sensitivity in Arabidopsis ¥-TIP and 6-TIP. Similarity analysis showed that KCTIP1 shared 77% ~ 79% amino acid se-
quence identity with the TIPs from Vitis berlandieri ~ Brassica oleracea and Arabidopsis thaliana . Expression analyses indicated that
KCTIP1 had different expression among species of Mangroves. Expressions of KCTIP1 in Kandelia candel ~ Rhizophora apoculata and
Ceriops tagal were suppressed by salt and were insensitive to salt stress in unknown species of Mangroves. Previous studied showed
that salt conditions might result in large and rapid changes in extracellular water potential and serious disturbance to the cytoplasm. In
order to compensate for this imbalance the relative contribution of water channels to flow across the root could thus vary. K. candel
is a species that is native to intertial zone of tropical and subtropical coast and is well-adapted to salt conditions. The coordinated

down-regulation of aquaporins in this plant may decrease membrane water permeability and thus increase the cellular water conserva-
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tion during periods of salt stress. The results reported here are consistent with the postulated roles for tonoplast water channels in regu-

lating the hydraulic permeability of the vacuolar membranes and in adjusting the water homeostasis of the protoplasm under various

physiological conditions. The identification of KCTIP1 as one of sali-responsive genes implies that intracellular osmotic equilibration is

a part of salt-tolerant mechanisms in Mangroves.

Key words Mangroves Kandelia candel tonoplast intrinsic protein salt tolerance

Since the first aquaporin from plants was cloned and functionally
expressed in 1993  there has been a growing interest in the molecular
biology of MIPs membrane intrinsic proteins and their bearing on
the biophysics of water flow across plant membranes ! . Aquaporins
are members of the membrane intrinsic protein  MIP  family which
includes tonoplast intrinsic proteins TIPs and plasma membrane in-
trinsic proteins  PIPs 2 . Among the 23 different MIP-encoding
genes identified in Arabdopsis 11 are proposed to be TIPs and 11 to
be PIPs  with one NLMI
NOD26 a nodulin from the symbiosome membrane of soybean ® .

MIPs have six transmembrane domains and short conserved amino acid

being most closely related to soybean

motifs including the signature sequence SGxHxNPA  which is re-
peated in the second half of the protein. Structurally the two halves
of the polypeptide show observed symmetry ~with the loops containing
the NPA motif overlapping in the middle of the lipid bilayer to form
two hemipores that together create a narrow water-filled channel * .
Some of these proteins transport small solutes some transport water
only and some transport both 3 .

Mangroves a special kind of wood plants grow in high-salt and
flooding conditions. In the last decades studies on Mangroves have
been concentrated almost exclusively on their physiological and eco-

6-8  Liule attention has been drawn to the

logical characteristics
study of their gene expression patterns. There is no report on analysis
of gene expression in Kandelia candel a species of Mangroves.

We have isolated a 183 bp fragment from Kandelia candel by
¢DNA representational difference analysis ¢DNA RDA  whose ex-
pression was down-regulated by salt. This fragment is designated
SRGKC1 Salt Repressed Gene from Kandelia candel

polypeptide exhibiting 91% identity in its amino acid sequence to a

it encodes a

gamma tonoplast intrinsic protein from Pyrus communis. The corre-
sponding full-length gene is designated KCTIP1. In this paper we re-
port the isolation of the full-length ¢cDNA encoding KCTIP1 and its
expression patterns in response to salt stress which is an integral part
of our overall effort in elucidating the molecular mechanisms of salt

tolerance in Mangroves.

1 Materials and Methods

1.1 Plant material

Viviparous seeds of K. candel Rhizophoraceae were collected
from Hainan province and planted in each pot with liquid fertilizer.
The plants were irrigated every 3 days with water. After growing for 2

months  young plants were transferred from liquid fertilizer to a medi-

um containing 3% NaCl for 12 h  and then total RNA was extracted
from the root system.
1.2 Isolation of total RNA and mRNA purification

Total RNA was isolated by the CTAB method. Roots were
ground in liquid nitrogen and incubated at 65°C for 15 min in 20 mL
extraction buffer 20% CTAB 100 mmol/L Tris-HCl pH8.0 20
mmol/L EDTA 1.4 mol/L. NaCl 4% 2-mercaptoethanol . An equal
volume of chloroform isoamyl-alcohol 24 1 V/V was added to the
suspension and centrifuged at 11 500 x g for 15 min. The extraction
and centrifugation step was repeated once. RNA was selectively pre-
cipitated and purified by LiCl 2 mol/L.  precipitation overnight at —
20°C  and recovered by centrifugation at 11 500 x g for 1.5 h. The
RNA pellet was washed twice in 20 mL 75% ethanol at 11 500 x g for
20 min. Then the pellet was resuspended in 200 pL diethyl pyrocar-
bonate DEPC -treated water. Poly A * mRNA was isolated using
poly AT tract® mRNA Isolate Kit.
1.3 3’- and 5'- RACE cloning of the 3'- and 5'-end of the KC-
TIP1 gene

RACE-Ready-cDNA was synthesized followed the manufacturer
instructions using the SMART™ RACE cDNA Amplification Kit

Clontech . A total 150 ng poly A * RNA was used as the tem-
plate in the RACE cDNA synthesis reaction. 3’- and 5'-RACE gene
specific primers  GSP  were designed based on the sequence of
SRGKC1. GSP1  5'-CGCCAATCGCCATCGGTTITCAT-3" GSP2
5'-AGCCCCTCCCGCCAAAACGTT-3"  Universal primer 5'-CTA-
ATACGACTCACTATAGGGC-3". 3'-and 5'-RACE reaction were car-
ried out using the Advantage 2 Polymerase Mix and following the man-
ufactures instruction. Then two primers GSP3 5" GCGGCCGGCG-
TAAAAAAAGACAGT 3’ GSP4 5" GCTCAAAACCAC-
CAAGATAAATATACC 3’  that flank the putative open reading frame
ORF  were designed to obtain the ¢cDNA containing the complete

ORF.
1.4 Sequence analysis of the 3'- RACE and 5'-RACE products

3’- and 5'-RACE PCR products were purified by low-melting
agarose products were then sequenced directly with GSPs as se-
quencing primers. The acquired sequences were compared to those in
Genbank using the BLAST program and analyzed with software provid-
ed by EMBL.
1.5 Northern analysis

Twenty-five pg of total RNA was electrophoresed in a denaturing

formaldehyde agarose gel. Following capillary transfer overnight the

bl 2 5 mivlow mernbrane wassfisedzat 807G, for 2ihowrss. anchavas,
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probed with a fragment carrying the KCTIP1 gene with the random
primed DNA labeling KIT Promega . The filter was washed twice in
2x SSC 0.1% SDS at room temperature followed by two 15 min
washes in 0.2 x SSC  0.1% SDS and 0.1 x SSC  0.1% SDS at
65°C  and exposed to X-ray film with a high speed intensifying screen
at —80°C for 1 ~ 3 day.

2 Results

2.1 Isolation of KCTIP1 cDNA and sequence analysis

To obtain the full-length ¢cDNA encoding KCTIP1 3'- and 5'-
RACE were performed to isolate its 3'- and 5'-end fragments. A 500
bp fragment corresponding to the 3"end of this gene was amplified us-
ing the GSP1 primer and a 690 bp fragment corresponding to the 5’
end of this gene was amplified using the GSP2 primer. A fragment of
870 bp was then amplified using the GSP3 and GSP4 primers which
were designed based on the sequence of the 5 end and 3" end frag-

ments.

Fig.1 Identification of 5'end and 3’end RACE amplification products
1. Marker GeneRuler™ DNA ladder Mix 2. 3'-RACE product 3. 5'-
RACE product

bp

I03]\__
900 —
800 —
700 —
600 —

5007

Fig.2 Identification of the full-length amplification products
1. Marker GeneRuler™ DNA ladder Mix 2. Full-length KCTIP1

The 3’- and 5'-end fragments were ligated to give a 1099 bp cD-
NA fragment with a 756 bp open reading frame ORF  encoding a
protein of 252 amino acids with isoelectric point of 5.77 and MW of
26.3 kD ° . Start codon was located at the nucleotides of 99 — 101
and stop codon at the nucleotides of 855 — 857 which was followed
by apoly A tail. Sequence analysis indicated that this protein con-
tains six transmembrane regions at amino acid residues of 20 — 42 57

-79 86-108 113 -135 142 - 164 and 217 — 239. Two highly

conserved asparagine-proline-alanine NPA  motifs were located at 85
Fig. 3

that are

—87 and 199 — 201 amino acid residues respectively °
KCTIPl are predicted to contain Cys residues Cys 118
shown to confer Hg-sensitivity in Arabidopsis y-TIP and &-TIP !
The KCTIP1 ¢DNA sequence in this research was released in Gen-
Bank with accession number AF521135.

The predicted amino acid sequence of KCTIP1 is 77% identical
to Y-TIP from Pyrus communis accession number AB048248  Bras-
sica oleracea var . botrytis accession number U92651 and Arabidop-
sis thaliana accession number NM-129238 X63552
like 79% identical a putative aquaporin TIP3 from Vitis berlandieri
x Vitis rupestris accession number AF271660 .

1 GTACCTTAGACTCTGAGCACTCTTTCCAGCTGCGGCCGGCGTAAAAAAAGACAGTAATAAGTAGCCTTTC

but is most

71 ACCGTTTGGTCTTGGTCGGCCGACGAAG ATG CCG ATC CGA CAA ATA GCC GTA GGC CAT
M P I R Q I A V G #

129 CCC CAC GAG GCA ACC CGC CCT GAC GTC TTG AAG GCA GCA CTG GCC GAG TTC
P H E A T R P D ¥ i

180 ATC TCC ACC CTT ATT TTC GTA TTC GCC GGC GAA GGT TCC GGC ATG GCC TTC

231 AAT AAA CTA ACC GAC AAC GGC TCC ACC ACA CCC GCC GGC CTT ATC GCC GCA
N K L T D N G S T T P A sk
282 TCC ATT GCC CAC GCC TTC GGT CTT TTT GTG GGC GTC TCG GTT AGC GCC AAC

333 ATC TCA GGT GGC CAC GTT AAC CCC GCC GTC ACT TTC GGT GCC TTT ATC GGT
Es ¢ 6w v N EER :
384 GGA AAC ATC ACT CTT CTC CGG GGT ATC CTT TAC T6G ATT GGT CAG CTC CTC
-!U%ﬁﬁg 4 Q L L
435 GGC TCC ACA GTC GCC TGC CTG CTT CTC AAG TTC TCC ACC GGC GGC CTG ACA

486 ACC TCG GCC TTT TCG CTT TCC TCT GGA GTT AGC GTA TGG AAC GCG TIT GTT
i s s ¢ o vos v : :
537 TIC GAG ATA GTC ATG ACC TIC GGC CTC GTG TAC ACA GTC TAC GCG ACG GCT

s

PR

& A {
588 ATT GAT CCC AAG AAG GGA AAT TTG GGC ACA ATC 6CG CCA TCG CCA TCG GIT
b P K K G N L G T I A P S P S V
639 TCA TTG TGG GTG CCT AGT GTT TGG ACG GGA GGG GCT TTC GAC GGA GCC TCA
s L w Vv P S V ¥ T G 6 A F D 6 A S
690 ATG AAC CCC GCC GTA TCA TTT GGG CCT GCT TTG GTG AGT TGG ACA TGG GAG

M[N P A V S F G P AL V S W T W E

741 AAC CAC TGG GTG TAC TGG GCC GGT CCT CTG ATC GGC AGT GCT ATT GCT GCT

792 CTC ATT TAT GAT TCC TTC TTC ATC GGC TAT GGC ACC CAC GAG CAG CTC CCC

G Y ¢ T H E Q L P

843 ACC GCT GAC TAC TAAGCATATGGACAGGTTGACATCTGCATAATGCCTCCGGCTTTCTCGCTCTTT
T A D Y

909 TCTTGGTATATTTATCTTGGTGGTTTTGAGCTTTGTTATTTTAGCATCTGTTCAATTTGCCGTAGTTGGG

979 GTTTCCAGTTTCAGTTGTGTTGCTTTTCTTTTTCTTTTCTTTGTTTTTTCATTCCTTCTCGTTTAATTTC

1049 CAATTTCAAATTCATGTCTTTTGATTAAAAAAAAAAAAAAAAAAAAAAAAA

© D

Fig.3  The nucleotide and its predicted amino
acid sequence of KCTIP1 ¢DNA

The signal peptide is underlined transmembrane regions are
shown in shadow and highly conserved asparagine-proline-alanine
NPA  motif is boxed.
2.2 Expression analysis of KCTIP1
The expression patterns of KCTIP1 in different species of Man-
groves were investigated by Northern blot analyses. SRGKC1 was used
as the hybridization probe on blots containing total RNAs from salt-

treated and control samples.
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Fig.4  Comparison of KCTIP1homologues from different species

Vitis berlandieri x Vitis rupestris — pyrus communis

among species of Mangroves. Expressions of KCTIP1 in Kandelia
candel ~ Rhizophora apoculata and Ceriops tagal were suppressed by
salt and displayed insensitive to salt stress in unknown specie of
The hybridization membrane for K. candel in Fig. 5A
was used repeatedly and signal was obscure thus time-course analy-

sis of KCTIP1 expression in K.

Mangroves.

candel following 3% NaCl treatment
was performed. As shown in Fig. S5E the expression of KCTIP1 de-
creased gradually with increased NaCl treatment time.

brassica oleracea var botrytis and Arabidopsis thaliana

3 Discussion

This paper is the first report of TIP gene family in Mangroves.
The deduced amino acid sequence of KCTIP1 contains all the features
typical of aquaporins including residues that may confer Hg sensitivi-
ty to the putative TIPs six transmenbrane regions and two NPA motifs
that might create a narrow water-filled channel.

Studies of the aquaporin gene family are most complete for A.

hatiang.2 and, Mo Crysigllinum & The, deduced amino acid se-
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Fig.5 Northern blot analysis of SRGKC1
A ~ D. Northern blot analysis of SRGKCI in Kandelia candel A  Rhizo-

phora apoculata B Ceriops tagal C  unknown species D respec-

tively. CK  Control plants not treated with 3% NaCl  salt Salt treated
plants 3% NaCl treatment for 12 h . E Time-course analyses of
SRGKCI expression after 3% NaCl treatment. Total RNAs was isolated
from plants after treatment with 3% NaCl for0 0.5 3 6 12 24 and
48 h  respectively and hybridized with the radioactively labeled SRGKCI .
Approximately 20 p1g of total RNA from each sample was used for Northern
blot analysis. Ethidium bromide stained rRNAs were used as loading con-

trol .

quence of KCTIP1 is 77% identical to that of a y-TIP from A . thali-
ana and 72% identical to M. crystallinum . The discovery of water-
channel proteins in membranes of plant cells reveals potential new
mechanisms that may be used by plants to control water transport and
osmotic adjustment > . Aquaporins have two postulated functions as
TIPs in intracellular osmotic equilibration and as PIPs in the regulation
of the transcellular water transport 2 .

There are various isoforms of TIPs alpha seed gamma ro-
ot and Wsi water-stress induced . These proteins may allow diffu-
sion of water amino acids and/or peptides from the tonoplast interior

to the cytoplasm !4~ 18

. Salt conditions may result in large and rapid
changes in extracellular water potential and serious disturbance to the
cytoplasm.

In order to compensate for this imbalance the relative contribu-
tion of water channels to flow across the root could thus vary # . The
expression of KCTIP1 was repressed by salt. K. candel is a species
that is native to intertial zone of tropical and subtropical coast and is
well-adapted to salt conditions. The coordinated down-regulation of
aquaporins in this plant may decrease membrane water permeability
and thus increase the cellular water conservation during periods of salt
stress. These results are consistent with the postulated roles for tono-
plast water channels in regulating the hydraulic permeability of the
vacuolar membranes and in adjusting the water homeostasis of the pro-
toplasm under various physiological conditions '* " . KCTIPI is one

of salt-responsive genes isolated from K. candel which implies that

the role for TIP in intracellular osmotic equilibration is a part of salt-
tolerant mechanisms in Mangroves. The isolation of ¢cDNA encoding
KCTIP1 and its expression laid the foundation for salt tolerance re-

search for Mangroves.
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