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CLONING AND CHARACTERIZATION OF A ¢DNA ENCODING PROHIBITIN1

FROM Lampetra japonica AND ITS EXPRESSION ANALYSIS

T.S. LI, C. CHEN, Y. GAO AND Q. W. LI”

Life Science School of Liaoning Normal University, Dalian 116029, P.R.China

Abstract

To investigate that prohibitin is probably concerned in B-lymphocyte-like cells mediated signal pathways in Lamprey, a
necessary and fundamental plan is firstly conducted. A full-length cDNA encoding the prohibitinl protein was cloned from
Lampetra japonica by EST sequence analysis in L. japonica leukocyte cDNA library conducted by our laboratory. Pro-
hibitinl contains a 828bp open reading frame, encoded 275 amino acids residues, and molecular weight is 29.9517KD,
isoelectric point is 6.93, consists of 31 negatively charged amino acids residues (Asp+Glu) and 21 positively charged ones
(Arg+Lys). The Prohibitinl gene sequence from L. japonica is 71% identical to the ones of other 24 eukaryotic species,
which shows the putative prohibitinl gene is highly conserved. Western blotting analysis results showed the recombinant
proteins were the target proteins in prokaryote. Real-time quantitative polymerase chain reaction analysis indicated that
the expression of the prohibitinl gene is significantly up-regulated in leukocyte, heart and gill of L. japonica by LPS stress
treatment. In conclusion, we have cloned and identified the full-length cDNA of Prohibitinl in L. japonica and found that it
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was related to adaptive immune response in lamprey for the first time.
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INTRODUCTION

Lamprey, a living jawless vertebrate, has been regarded
as one of the most primitive groups of vertebrates, which
fills the gap between invertebrates and vertebrates. Recent
archaeological finds indicate that modern lampreys, com-
pared with the ancestors of 3.6 billion years ago, have little
change in morphology structure. Indeed, the lamprey is
living fossil (3). Thus lamprey is the preferred material for
revealing the origin and evolution of vertebrates. At pre-
sent, most studies have been confined to the morphology
structure, ecological distribution and adaptable immunity
of the lamprey (5,7,11,15,19), and other aspects of geno-
mics and proteomics have been reported(25), whilst the
aspects of functional genes and functional proteins are less
known.

Prohibitins (PHB) in eukaryotes consisted of two subu-
nits (PHB1 and PHB2) (2,12). PHBI, a protein of about
280 amino acid residues, was first discovered in mamma-
lian cells during studies of cell senescence (17). PHB1’s in-
volvement in a fundamental cellular function is consistent
with its amino acid sequence conservation between yeast
and mammals, and its apparent expression in all mamma-
lian tissues examined to date (18). PHBI is a multifunctio-
nal and highly conserved protein associated with antipro-
liferative activity (8), cell cycle regulation (14,23), trans-
membrane signal transduction and mitochondrial struc-
ture, function, and inheritance (1,4,9,10,13,20). Recently,
it was found to be over-expressed in breast cancer, gastric
cancer and esophageal squamous cell carcinoma (16), and
it has been suggested as a biomarker in those diseases.

However, in mouse B-lymphocytes, a small proportion
of the cellular PHB and a PHB-like protein was found
associated with the [gM antigen receptor (21). A twofold
increase in PHB was observed when chronic lymphocy-
tic leukemia B-lymphocytes or normal human B-lympho-
cytes mature to a plasmacytoid phenotype (6). These stu-

dies suggest that increased PHB expression is associated
with and may facilitate B-cell maturation. And PHB was
probably involved in B-lymphocyte-mediated signal trans-
duction pathways.

Whereas there are no B-lymphocytes but B-lymphocyte-
like cells in lamprey (24). Whether are there B-lympho-
cyte-like cell-mediated signal transduction pathways and
whether is PHB expression associated with those pathways
in Lamprey? Our laboratory is interested in exploring and
discovering the mechanism of lymphocyte-like cell-me-
diated adaptive immunity in Lamprey. It is very vital and
fundamental for the evolution of adaptive immunity. To
investigate the connection between PHB and immune res-
ponse mediated by B-lymphocyte-like cell in jawless ver-
tebrates, a necessary plan is firstly conducted. Therefore,
all these above prompted us to clone PHB cDNA from
lamprey and basically analyze its expression to focus on
the lymphocyte-like cell-mediated adaptive immunity par-
ticipated by PHB in lamprey in the future.

MATERIALS AND METHODS

Materials and Stress Treatment

L. japonica was harvested at Tongjiang region of Son-
ghua River in Heilongjiang province in December 2009.
They were breed at 2-5°C in a fish globe. To investigate the
expression of Prohibitinl gene in different tissues under
LPS stress condition, after a week 10 healthy individuals,
35-55 cm length, were immune by each injecting 100ul
100 ug/ml composite antigen into the abdominal cavity
twice a week, lasting 2 weeks, and the blood was got by
cutting off the tail at the third day after the last injection.
Physiological saline treatment was used as the control.

EST analysis
For getting EST sequence data involved in PHB gene,
the BLAST sequence analysis was performed for 2,123
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valuable ESTs in L. japonica leukocytes cDNA library
conducted by our laboratory. Then by Tblastx screening
the NCBI library we searched the ESTs associated with the
CDS region of PHB gene and by sequencher4.2 the ESTs
were linked. The linked CDS region of PHB gene was
translated and compared with the amino acid sequences
of known PHB gene CDS regions of other species by GE-
NEDOC3.0.

cDNA synthesis

Leucocytes were isolated by the Ficoll gradient density
centrifugation method (6). Total RNA was isolated by the
Trizol of TaRaKa from the leucocytes. Reverse transcrip-
tion was carried out by TaKaRa 3’-Full RACE Core Set
Ver.2.0.

3’-RACE

The 3’end of PHB gene was amplified by RACE-poly-
merase chain reaction (PCR). The sequences of the forward
(F) and reverse (R) primers for 3’-RACE used in the PCR
reaction were F1: 5’-CTGCTGCTAAATTCGAACGC-3’,
R1: 5’-TGCTCCGCCCTTTCCACGAC-3’; F2: 5°-GCG-
GCCGCTGCCAGGATCCT-3’, R2: 5’-CT GTGCTGG-
GAGCTGGAGC-3’. Outer-PCR was carried out using
150ng each of 3’-RACE Outer Primer and F1 Primer, along
with 200uM of each dNTPs and 1.25 U TaKaRa LA Taq
DNA polymerase with Reverse transcriptional cDNA as
template in a 50pl reaction. PCR conditions were 94°C/30
sec, 55°C/30 sec and 72°C/2 min for 30 cycles. Inner-PCR
was carried out using 150 ng each of F1 and R1 Primers,
along with 2.5 mM of each dNTPs and 2.5 U TaKaRa LA
Taq DNA polymerase with 1 pl Outer-PCR reaction pro-
duct as template in a 50pl reaction. PCR conditions were
94°C/30 sec, 55°C/30 sec and 72°C/2 min for 30 cycles.
The amplification product was purified by 3% gel electro-
phoresis.

Cloning of CDS region

Cloning of CDS region of PHB gene was carried out by
PCR using 150 ng each of F2 and R2 Primers, along with
2.5 mM of each dNTPs and 2.5U TaKaRa LA Taq DNA
polymerase with 1 pl 3’RACE-PCR reaction product as
template in a 50 pl reaction. PCR conditions were 94°C/30
sec, 55°C/30 sec and 72°C/2 min for 30 cycles. The ampli-
fication product was purified by 3% agarose gel electro-
phoresis and taken back by Agarose Gel DNA Purification
Kit Ver.2.0 (TaKaRa). The resultant clone was sequenced,
screened in NCBI library and found the full-length ORF.

Sequence analysis

Similarity searches for nucleotides and deduced amino
acids were conducted using the NCBI BLAST network
server (http://www.ncbi.nlm.gov/BLAST). The align-
ment of the amino acid sequences of PHB with the known
ones from 24 species (yeast, mouse, man, et al.) and A.
thaliana was carried out using DNAMAN software. And
the conserved motifs of them were analyzed using MEME
online software. The phylogenetic tree at amino acid level
was also drawn using DNAMAN based on the sequence
alignment. Signal peptides were predicted with the pro-
gram SignalP (http://www.cbs.dtu.dk/services/SignalP/).
Its isoelectric point (pl) and molecular weight (MW) were
analyzed by p/MW program (available on the ExPaSy
Web site at http://www.expasy.org/).

Expression of Prohibitinl in prokaryotic cells and Wes-
tern blot

The cDNA was introduced into a bacterial expression
vector (pET32a, TaRaKa) and transformed into FE.coli.
BL21 (TaRaKa). Its expression was induced by lmmol/L
IPTG. After the identification by 12% SDS-PAGE, the re-
combinant protein was detected by Western blot.

E.coli.BL21 cells (OD,, 0.4-0.6) were harvested with
Iml ice-cold RIPA lysis buffer and incubated for lhr at
4°C. The insoluble material was removed by centrifuga-
tion at 10,000xg for 10 min at 4°C. Protein content was
determined by Folin-phenol method with BSA as a stan-
dard substance. The proteins were then placed in diluted
SDS sample buffer and denatured for 5 min at 99°C before
being subjected to 12% SDS-PAGE. Forty micrograms of
total protein was loaded in each lane, subjected to elec-
trophoresis, and subsequently transferred to PVDF mem-
branes (Millipore Corp., Bedford, MA, USA) by elec-
troblotting. The membranes were blocked in TBS buffer
(25mM Tris—HCI, 150mM NacCl, pH7.5) containing 0.05%
Tween-20 and 5%milk and incubated with a mouse mono-
clonal antibody against rat PHB (1:3,000) (Bio Basic, Ca-
nada), a-tubulin (Boster, China), CoxII (Invitrogen, USA),
and cytochrome ¢ (Santa Cruz, USA) in blocking solution.
Membranes were washed in TBS buffer containing 0.05%
Tween-20. Immunoreactive proteins were visualized by
enhanced chemiluminescence (ECL) reagents (Bio Basic)
using a goat peroxidase-conjugated secondary antibody
(1:5,000) (Bio Basic). Results of representative chemilu-
minescence were scanned and densitometrically analyzed
using ImageMaster VDS system (Amersham, UK) with
the help of the Imagequant TL site program.

Real-Time PCR

The first-strand cDNA was synthesized from 2 pg total
RNA using the RevertAid First Strand cDNA Synthesis
Kit (TaKaRa, Japan) and oligo (dT) primer. Real-time PCR
experiments were performed using Real-Time PCR Mas-
ter Mix (AppliedBiosystems, USA) and StepOne Real-
Time System (AppliedBiosystems, USA) according to the
manufacturer’s protocols. GAPDH expression was used
as an internal standard. Three biological replications were
analyzed for each point. PCR was performed using the fol-
lowing primer sets: PHBI1, F:5’-TCGGCGAAGGCACT-
CACT-3’, R:5’-GAGGTCGAGAACGGCAGTCA-3’;
GAPDH, F:5’-GTGCAAAGCACGTCATCATCTC-3’,
R:5’-GGGTCGTACTTCTTGTGGTTCAC-3".

RESULTS

Cloning and Sequence Analysis of PHB1

21 EST sequence data involved in PHB gene were got by
the sequence analysis for 2,123 valuable ESTs in L. japo-
nica leukocytes cDNA library conducted by our labora-
tory. While Tblastx screening the NCBI library for the 21
ESTs we have got 5 ESTs associated with CDS region of
PHB gene. By sequencher 4.2 the 5 ESTs were linked but
when compared with the amino acid sequences of known
PHB genes of other species by GENEDOC 3.0, we found
this CDS sequence was partial, the missing 3’end of about
50 amino acid residues sequences.

According to the information from cDNA library and the
primary analysis of ESTs, an 828 bp full-length cDNA of
PHB was successively obtained from the leukocytes of L.

1792



T.S. LI et al. / Cloning and expression of PHB1 cDNA from Lamprey.

Jjaponica (Fig. 1).

1 ATGGCGGCCOCTGCCAGGATCCTGAACACGGTGGOCAAAGTCGGCCTCOETCTTGCGRTG
P ¥4 4428 T LYNT VG KV 6 L6 LAV
61 GCCOGAGGAATCGTCAACACGGCTCTGTACAACGTCGAGGCAGGTCATCGTGCOGTCATT
d 466 I vV ¥ T AL YN VEGE R R &4 VI
121 TTCGACCGATTCCGTGG%GTGCRAGATTTGGTGGTCGGCGA%GGCiCTCACTTTGTC%TC
4 F D RE R G VO DLVT T G G T HF VI
181 CCCTGGGTTC%GCGGCCGATC%TATTTG%CTGCCGTTCTCGRCCTCGCRATGTGCCTGTC
6 P¥V QO RFE I I FODCORSREPRNTV PV
241 GTGACTGGTAGC%AAGATATGCRGRATGTCRACATC%CGTTGAGG%TCTTGTTC%GGCCC
B vV 16 5 K DX Yvyy 1 17 L R L F R

301 %TCGCTRGCC%GCTGCCCA%RHTCTACATG&GCATTGGTGAGG%CT&TGATG%&CGTGTG
wr &5 ¢ L P KT YYS T 68 DV DE RV
CTGCCTTCGATC%CCRCTG%GGTCCTCA%GGCTGTTGTGGCTCGGTTTGATGCTGGAGAG
121 1 I T VT A A6 E
421 CTGATCACCCAACGAGAGCTGGTGTCCAGGCAGGTCiGCAATGACTTGRTGG%GAGAGCR
LT TR E LV SRV S NDLYERA
181 GCCRC%TTTGGGCTCRTCTTGGRTGATGTCTCCCTGiCTCATCTG%CCTTTGGT%GAGAG

161 Fe LI L DV oL Fe RE
34l TTC&C%CAGGCTGTTGAGGCCH&GCAHGT%GC&CRGCRGGAGGCGGRGRGHGCRCGCTTC
B F 70 4 VESLYEQVEQQE & EF R &K F
601 GTCGTGGA&AGGGCGGAGCQGC&A&AGAQGGCGGCC%TC&TTGC%GCCGAGGGTG&TGCC
00 7V R q q K4 LA E G

661 %&GGCTGC&C%GCTA&TCGC4RCAGCGATRTCCGRGGCTGGHG%GGGCCTGGTTG&GCTG
21 F 44 QL AT A § F A G LV E
721 CGCRAGCTGG%GGCGGCRG%&G&T&TCGCCRTGCRGCTGTCGAQGTCCCGHGGTGTAGCC
MR KL OE A A I A% @ LS R

781 THCCTGCCCTCGGGGCRGCRCRCGCTGCTCCAGCTCCC%GC%CAGTR&
1 v L P S G @K T L L Q@ L P A 4

Figure 1. The full-length ORF nucleotide sequence of PHBI1 gene.
The amino acid sequence is shown in the single letter code below each
nucleotide codon. Nucleotide and amino acid numbers are indicated at
the left.

Bos ——MAAKVFE-——SIGKFGLALAVAGGVVNSALYNVDAGHRAVIFDRFRGVQDIVVGEGTH
Dag —MAAKVFE-——SIGKFGLALAVAGGVVNSALYNVDAGHRAVIFDRFRGVQDIVVGEGTH
Cat —MAAKVFE———SIGKFGLALAVAGGVVNSALYNVDAGHRAV IFDRFRGVQDIVVGEGTH
Human —MAAKVFE-—SIGKFGLALAVAGGVVNSALYNVDAGHRAV IFDRFRGVODIVVGEGTH
Rat —MAAKVFE——SIGKFGLALAVAGGVVNSALYNVDAGHRAVIFDRFRGVQDIVVGEGTH
Mouse ——MAAKVFE-——SIGKFGLALAVAGGVVNSALYNVDAGHRAVIFDRFRGVQDIVVGEGTH
Chicken —MAAKVFE-——SIGKFGLGLAVAGGVVNSALYNVDAGHRAVIFDRFRGVQDTVVGEGTH
Taeniopygia ——MAAKVFE-——SIGKLGLGLAVAGGVLNSALYNVDAGHRAVIFDRFRGVQDAVVGEGTH
Zebrafish —MAKLFE-—SIGKLGLALAIGGGVVNSALYNVDAGHRAV IFDRFRGVODVVVGEGTH
Danio —-MAKLFE-—SIGKLGLALATGGGVVNSALYNVDAGHRAV IFDRFRGVQDVVVGEGTH
Salmo ——MAKLFE—S5 IGKLGLALAV GGGVVNSALENVDAGHRAV IFDRFRGVQDAVVGEGTH
Xenopus —MAARLFE——TIGKLGLGLAVAGGVVNSA! LYVVDAGHQAVIFDRFRGV' ETVVGEGTH
Prohibitin W{AAAARIL\I———T\ GKV GLGLAVAGGIVNTALYNVEGGHRAV IFDRFRGVQDLVVGEGTH
Aedes —MATQFLN-——RIGQLGLGVAIVGGVVNSALYNVDGGHRAVIFDRFTGVKQQVSGEGTH
Drosophila 77\1AAQFF'\I7”R IGQLGLG\- AVLGGVVNSALYNVEGGHRAVIFDRFTGIKEHVVGEGTH
Bommo —MAAQLFN-—RIGQVGLGVALVGGVVNSALYNVDGGHRAY IFDRFAGVKQLVVGEGTH
Penaeus 77\1AQQLAN'LFTRV GQIGFGVAVVGGVVNSALYNVDAGHRAVIFDRFSGVKESVMGEGTH
Clonorchis *W\IAQLNA"[F GRLVKLGVGIVAAGSILPMVLYNVDGGHRA VIFDRFKGV HPEVV! GEGTH
Caenorhabditis —MAAAAQKLLGRLGALGVGLSVAGGIAQTALFNVDGGQRAVIFDRFSGVENEVVDEGT]
Brugia —MATVGEKLMKRL IQLGATMAVGAGVVSKALYNVDGGQRA! VIFDRFTGVKPDV IGEGTH
Aspergillus —MAANGLYN—-LYRLAIPVATGAMIFNASIYDVRGGTRAVIFDRLSGVQEKVI——
avus —MAANGLYN——-TYRLALPVATGALTFNNSIYDVRGGSRAVIFDRLSGVQEKVVNEGTH
Penicillium —MASPNAL—-LRWFALPIA-GALAIDASMYDVKGGSRAVIFDRLTGVQEKVVGEGTH
Yeast —MSNSAKLID-VITKVALPIGITASGIQYSMYDVKGGSRGVIFDRINGVKQQVVGEGTH
Lo . Dok Lk okl kDo K
Bos FLIPWVQKPIIFDCRSRPRNVPVITGSKDLOQNVNITLRILFRPVASQLPRIFTSIGEDYD
Dag FLIPWVQKPTIFDCRSRPRNVPV ITGSKDLQNVNITLRILFRPVASQLPRIFTSIGEDYD
Cat FLIPWVQKPIIFDCRSRPRNVPVITGSKDLQNVNITLRILFRPVASQLPRIFTSIGEDYD
Human FLIPWVQKPTIFDCRSRPRNVPVITGSKDLQNVNITLRILFRPVASQLPRIFTSIGEDYD
Rat FLIPWVQKPTIFDCRSRPRNVPV ITGSKDLQNVNITLRILFRPYASQLPRIYTSIGEDYD
Mouse FLIPWVQKPIIFDCRSRPRNVPVITGSKDLQNVNITLRILFRPVASQLPRIYTSIGEDYD
Chicken FLIPWVQKPIIFDCRSRPRNIPV ITGSKDLQNVNITLRILFRPVTAQLPRIFTSIGEDYD
Taeniopygia FLIPWVQKPIIFDCRSRPRNVPVITGSKDLOQNVNITLRILFRPVTAQLPRIFTSIGEDYD
Zebrafis FLIPWVQKPTIFDCRSRPRNVPV ITGSKDLQNVNITLRILFRPVAGQLPRIFTSIGEDYD
Danio FLIPWVQKPIIFDCRSRPRNVPV ITGSKDLQNVNITLRILFRPYAGQLPRIFTSIGEDYD
Salmo FLIPWVQKPIIFDCRSRPRNVPV ITGSKDLQNVNITLRILFRPVTSQLPRIFTSIGEDYD
Xenopus FLIPWVQKPIIFDCRSRPRNVPVVTGSKDLQNVNITLRILFRPMGNQLPRIFTSIGEDYD
Prohibitin FVIPWVQRPIIFDCRSRPRNVPVVTGSKDMONVNITLRILFRPTASQLPKIYMSIGEDYD
Aedes FEVPWVQRPTIFDIRSQPRNVPVVTGSKDLQNVNITLRILFRPIPDQLPKIYTILGQDYD
Drosophila FEIPWVQRPIIFDIRSQPRNVPVITGSKDLONVNITLRILYRPIPDQLPKIYTILGQDYD
Bommo FEIPWVQRPIIFDIRSRPRNVPT ITGSKDLQNVNITLRILFRPVPDQLPRIYTILGIDYD
Penaeus FFIPWVQRPIIFDTRTRPRNVPVVTGSKDLQTVNITLRVLFRPRSSELPKIFTTLGIDYE
Clonorchis FIIPWVQKPIIFDIRSKPRN! IPV\[TGSKDLQTVNITLRILFRPES‘SLLPKIYQN’LGFDY’E
Caenorhabditis FLIPWVQKPIIFDIRSTPRVVSTI TGSKDLQWNITLRIL]-IRPSPDKLPNIY'LTIG\DYA
Brugia MLIPGIQKPIIFDIRSTPRVVSTITGSKDLONVQITLRILHRPEPGKLPNIYLNIGRD'
Aspergillus KLPVIYQKYGTDYD
flavus FLIPWLQKAIVYDVRTKPRNISTTTGSKDLQMVSLTLRVLHRPEVPKLPAIYQSYGTDYD
Penicillium FLIPWLQRSIIFDVRTKPRNISTTTGSKDLQMVSLTLRVLHRPEVPNLPKIYQSYGTDYD
Yeast FLVPWLQKAIIYDVRTKPKSIATNTGTKDLQMV:! SLTLRVLHRPEVLQLPAIYQNLGLDYD
Bos ERVLPSITTE I LK SV VARF DAGEL I TQRELV SRQV: SDDLT ERAATFGLI LDDV S LTHLTF
Dag ERVLPSITTEL DAGELITQRELVSRQVS! RAATFGLILDDVSLTHLT]
Cat ERVLPSITTEIL LKSV VA.R.F DAGELITQRELYV: SRQVSDDLTERAATFGL ILDDV. SLTI-[LTF
Human ERVLPSITTEILKSVVARFDAGELITQRELVSRQVSDDLTERAATFGLILDDVSLTHLTE
Rat ERVLPSITTEILKSVVARFDAGELITQRELVSRQV: SDDLT ERAATFGLILDDVSLTHLTE
Mouse ERVLPSITTEILKSVVARFDAGELITQRELVSRQVSDDLTERAATFGLILDDVSLTHLTF
Chicken ERVLPSITTEILKSVVARFDAGELITQRELVSRQVSEDLTERAATFGLILDDVSLTHLTF
Taeniopygia ERVLPSITTE I LK SV VARF DAGELI TQREL\' SRQVSEDLTERAATFGLILDDVS LTHLTF
Zebrafis! ERVLPSITTEV ‘ARFDAGELITQRELVSRQVSEDLTERASTFGLILDDVSLTHLTF
Danio ERVLPSITTEV] LK SV VA.R.F DAGELI TQRELV 9 RQVSEDLTERASTFGLILDDVSLTHLTF
Salmo ERVLPSITTEVLKSVVARFDAGELITQRELVSRQVS
Xenopus ERVLPSITTEILKSVVARFDAGELI TQRELV SRQV SEDL\IERAATFGLI LDDVSLTHLTF
Prohibitin ERVLPSITTEVLKAVVARFDAGELITQRELVSRQVSNDLMERAATFGLILDDVSLTHLTF
Aedes ERVLPSITTEVLKAVVAQFDAGELITQREMVSQKVSDDLTERAAQFGVILDDISITHLTF
Drosophila ERVLPSIAPEVLKAVVAQFDAGELITQREMVSQRVSQELTVRAKQFGFILDDISLTHLTF
Bommo ERVLPSITSEVLKAVVAQFDAGEL ITQREIVSQKVNDSLTERAAQFGLILDDISITHLTF
Penaeus DRVLPSITNEVLKAVVARFDAGELITQREKVSRNVSEALTERSAQFGLILDDISITHLTF
Clonorchis ERVLPSITTEVLKGVVAQFDASELITQRELVSQRVNDDLTERASSFGILLDDIALTQISF
Caenorhabditis ERVLPSITNEVLKAVVAQFDAHEMITQREVVSQRTSVALRERAAQFGLLLDDISITHLNF
Brugia ERVLPSITNEVLKAVVAQFDAHEMITQRESVSHRVSLELSERAKQFGILLDDIAITHLSF
Aspergillus ERVLPSIGNEVLKAIVAQFDAAELITQREAVSNRIRTDLLKRAAQFNIALEDVSITHMTF
flavus ERVLPSIGNEVLKAIVAQFDAAELITQREAVSNRIRTDLMKRAAQFNIALEDVSITHMTF
Penicillium ERVLPSIGNEVLKAIVAQFDAAELITOQREAVSNRIRTDLMRRAEQFNIALEDVSITHMTE
Yeast ERVLPSIGNEVLKSIVAQFDAAELITQREIISQKIRKELSTRANEFGIKLEDVSITHMTF

B Y .y

Bioinformation Analysis of Amino Acid Sequence De-
duced from PHB1

The PHB c¢cDNA encoded 275 amino acids residues. The
online homologous search showed that the cDNA of PHB
was PHB1 in the known PHB family. As shown in the ali-
gnment, amino acid sequences of PHB1 from 24 species
were identified consistence to 71% by sequence compari-
son (Fig. 2). And the result of motifs analysis showed that
PHBI was highly conversed except the motif of 9 was got
during the evolution of the gene (Fig. 3). The phylogene-
tic tree revealed that PHB1 of L. japonica had significant
homology with ones of other species and the evolution of
the gene advanced nearly with Species Evolutionary (Fig.
4). The theoretical molecular mass of the encoded protein
was 29.9517KD with a calculated pl of 6.93. The online
prediction showed that phosphorylation sites were Serine
(3), Threonine (3), Tyrosine (0), no glycosylation sites, a
transmembrane structural domain lied in the N-terminal
sequence of Prohibitinl, the secondary structure of Pro-
hibitinl contained the conformation of 47.27% o-helix,
14.18% B-sheet, 38.55% random coil and PHBI in L. ja-
ponica was located in cell nucleus, basic cytoplasm and
mitochondria which was in conformity with PHB family
distribution of other species.

Expression of PHB1 in prokaryote
The cDNA of PHB1 was directionally cloned into the
pET32a and transformed into E. coli. BL21. SDS-PAGE

Bos GKEFTEAVEAKQVAQQEAERARFVVEKAEQQKKAAT TSAEGDSKAAEL TANSLATAGDGL
Dag GKEFTEAVEAKQVAQQEAERARFVVEKAEQQKKAAT TSAEGDSKAAEL TANSLATAGDGL
Cat GKEFTEAVEAKQVAQQEAERARFVVEKAEQQKKAAT TSAEGDSKAAEL IANSLATAGDGL
Human GKEFTEAVEAKQVAQQEAERARF VVEKAEQQKKAA T TSAEGDSKAAEL IANSLATAGDGL
Rat GKEFTEAVEAKQVAQQEAERARFVVEKAEQQKKAA T TSAEGDSKAAEL IANSLATAGDGL
Mouse GKEFTEAVEAKQVAQQEAERARF VVEKAEQQKKAAT TSAEGDSKAAEL TANSLATAGDGL
Chicken GKEFTEAVEMKQVAQQEAERARF IVEKAEQQKKAAVISAEGDSKAAEL TANSLATAGDGL
Taeniopygia GKEFTEAVEMKQVAQQEAERARF TVEKAEQQKKAAVISAEGDSKAAEL TANSLATAGDGL
Zebrafish GKEFTEAVEMKQVAQQEAERARFVVEKAEQQKQAAT TSAEGDSQAALL TANSLAEAGDGL
Danio GKEFTEAVEMKQVAQQEAERARFVVEKAEQQKQAAT TSAEGDSQAALL TANSLAEAGDGL
Salmo KAEQQKQAATTSAEGDSQAALLTANSLQEAGDGL
Xenopus GKEFTEAVEAKQVAQQEAERARF IVEKAEQQKKAAVISAEGDSKAAEL TATSLADAGDGL
Prohibitin GREFTQAVEAKQVAQQEAERARFVVXRAEQOKKAATTAAEGDAKAAQL TATATSEAGEGL
Aedes GKEFTQAVEMKQVAQQEAEKARFMVEKAEQMKKAAT TSAEGDAEAAALLAKSFADSGDGL
Drosophila GREFTQAVEMKQVAQQEAEKARF VVEKAEQQKLAS I TSAEGDAAAADLLAKSFGEAGDGL
Bommo GKEFTQAVELKQVAQQEAEKARFLVEKAEQQKKAAV IAAEGDAQAAVLLAKSFGSAGEGL
Penaeus GKEFTQAVELKQVAQ EAERAKFLVEKAEQEKKAAT ISADGDATAATLLAKSFGEAGEGL
Clonorchis GREFSEAVEAKQVAQQ EAERARYL‘»' EKAEQQKLAAVITAGGDSEAATLLAKAFGG SGEGL
Caenorhabditis GREFT! MKQVAQQEAEKARYLVEKAEQMKTAATTTAEGDAQAAKLLAKAFANVGDGL
Brugia GREFTDAVEM]{QVAQ EAEKARYL‘»' ETAEQ‘yﬂ(VAAVTTAEGDAQAAKLLAQAFKEAGDGL
Aspergillus GKEFTRAVEQKQIAQQDAERARF IVERAEQERQANVIRAEGEAESADI ISKAVARAGSGL
flavus GKEFTRAVEQKQIAQQDAERARF IVERAEQERQANVIRAEGEAESADT ISKAVAKAGSGL
Penicillium GKEFTRAVEQKQTAQQDAERARF TVERAEQERQANVIRAEGEAESAETISKAVAKAGTGL
Yeast GPEFTKAVEQKQIAQ DAERAKFLVEKAEQERQASVIRAEGEAESAEFISKALAKVGDGL
dRk ook oo ok krro ok oo * ok

Bos TELRKLEAAEDIAYQLSRSENITYLP——————— AGQOSVLL
Dag
Cat
Human
Rat
Mouse
Chicken 8
Taeniopygia TELRKLEAAEDIAYQLSRSENITYLP——
Zebraf 1sﬁ VELRKLEAAEDTAFQLSRARNVTYLP——
Danio VELRKLEAAEDTAFQLSRARNVTYLP——
Salmo VELRKLEAAEDIAFQLSRSRNITYLP—
Xenopus TELRKLEAAEDTAYQLSRARNVTYLP— S
Prohibitin VELRKLEAAEDIAMQLSKSRGVAYLP— S
Aedes VELRRIEAAEDIAYQMSRSRGVAYLP AGQTTLL LPQ””
Drosophila VELRRIEAAEDIAYQLSRSRGVAYLP SGAS LL\LP

ommno VELRR EDIA SENV HGQNVLLN, PTQ —
Penaeus VELRRIEASEDTAYRLSKNRNIAYSP- TTRAPYCPLPQ——
Clonorchis TELRRIEAAEDTAYQLSKNENVTYLP— —EGQHTLLNLPSVQT-
Caenorhabditis TELRKTEAAEETAERMAKNENVTYLP— —GNQQTLLNLQS——
Brugia TELRKTFAAEETAERMAKSENVVYL P———————] NNONTLFNMPAV-—
Aspergillus TETIRRIDATKETAQTLASNPNVTYLP-—G3-DGKEGGKGTSLLLGLRN——
flavus TETRRIDASKETAHTLSTNPNVT YLP-——GN-DGKEGGKNTSLLLGLRS——
senic i1lium TEIRRIEASKDIAATLAGNPNVTYLP———GGGEGKEG-KGTSLLLGLRS——

east

LLIRRLEASKDIAQTLANSSNVVYLPSQHSGGGNSESSGSPNSLLLNIGR——
IS ST SSE . I :

Figure 2. Multiple sequence alignment of PHB1 and the known ones come from UniProt Knowledgebase. Shaded regions show identical amino

acids. Conserved amino acids were shown with stars.
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Name Combined Motifs
p-value

Prohibitin | 1.40e 220 |
Rat | 1.16e-258 |
Mouse | 1.16e-258 |
Human |_sseeas7 | pefiadiacia fiantiediadiiefisfaof |
Yeast | 5.43e-160 | —HMW—E |
Zebrafish | s.80e2a7 | Pefimandiani e e dianfienivsafanl |
Cat T e e e e e e S
Bos T e e e e e e e e e e |
Dog | 1260257 | kel fone o) fuast i) o sl
Chicken | 3000256 | -efandisand o fuans fadinandivendfusnfant |
Xenopus | _243e2m | elfsastisasiia et fediantiveniisidaot |
DOMMO T e e s B e e e | s e
Aedes | 187¢226 | woxiamdin foas-funan fuas s o ooy
T T o o T [
Clonorchis | 2.57e 195 | _%MWMH |
Danio R e e e e e e e}
_Salmo | 7.37e-246 |—|
Taeniopygia | 3.19e-253 |
Drosophia | 5.84e-210 | _uaf e joad juvand fanfjanfsn sl |
Caenorhabditis | 2.63e 195 | —E‘;;E_;E;;;E |
Brugia | 2.40e-186 | MMH |
Penicillium | 2.00e173 | — | 1 | | e
Aspergillus | 1.08e-167 | : : | %HH‘M‘E |
Flavus | 4110972 | _HHW‘E |

SCALE | I1 lzs ‘50 l?s Imu I125 I15&1 lus lzuu ‘225 lzso |

Figure 3. Conserved motifs analysis of PHB1 using MEME online software.

Table 1. Conserved amino acid sequences of PHB1 using MEME online
software.

Number Length

of motif  (amino acids) Most probable sequences
1 30 HFLIPWVQKPIIFDCRSRPRNVPVITGSKD
2 30 DYDERVLPSITTEVLKSVVARFDAGELITQ
3 29 SLTHLTFGKEFTEAVEMKQVAQQEAERARF
4 30 SALYNVDAGHRAVIFDRFRGVQDIVVGEGT
5 30 GDGLIELRKLEAAEDIAYQLSRSRNITYLP
6 30 VEKAEQQKKAAIISAEGDSKAAELIANSLA
7 21 NVNITLRILFRPVPDQLPRIY
8 21 SRQVSDDLTERAATFGLILDD
9 21 KVFESIGKFGLGLAVAGGVVN
10 10 SGQSTLLQLPQ

results showed that the recombinant proteins expression
was induced by IPTG at 37°C, and the expression content
was increased with the extended time from 3hr to Shr (Fig.
5A). Fig. 5B showed that mouse monoclonal antibody
against rat PHB made specific binding with the recombi-
nant proteins. Western blotting analysis results showed the
recombinant proteins were the target proteins.

Expression Levels of PHB1 in various tissues
The expression of the PHB1 gene in various tissues after

Human
Bos
100 dag
Rat
! mouse
chicken
%L Tasniopygia
X&Nopus
Salimo
Zebrafish
100 Danio
Prohibitin

BOMMO

— =

2 Drosophila
Penaeus
Clonorchis
Caenorhabditis
Brugia
[ Yoa

700 Penicillium
|—|1w E Aspergillus
100 flavus

ats

=3 abo
Figure 4. Phylogenetic tree of amino acid sequences of PHBI1 is based
on the NJ method. The numbers on the branches indicate bootstrap

values.

LPS stress treatments was measured by real-time quanti-
tative PCR analysis. Compared with the physiology saline
treatment, after 2-week LPS stimulation, PHB1 mRNA
contents have a more significant rise in leukocytes, heart
and gill of L. japonica (Fig. 6). PHB1 gene transcription
was strongly up-regulated by LPS. The expression of
PHBI in muscle and intestine increased slightly, but in
liver and kidney the expression decreased slightly.

This experiment indicated that PHB1 gene is inducible
and can be significantly up-regulated in leukocyte, heart
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Target
(B)

Figure 5. Expression of PHB1 in prokaryote (A) SDS-PAGE analysis
results of expression induced by IPTG at 37°C. 1. Protein MW Marker
(Low) (TaKaR); 2. Un-induction; 3.3hr; 4. 4hr; 5. Shr; 6. PET-32a plas-
mid. (B) Western blotting analysis results.

protems

and gill with LPS stimulation.
DISCUSSION

Lampreys occupy a critical phylogenetic position in
understanding the origin and evolution of the adaptive
immune system. In the present study, we have cloned a
full-length cDNA of PHB1 gene in L. japonica. Sequence
analysis illustrated that the PHB1 shared high homology
with other advanced vertebrates. Further identified results
showed that the gene coded 275 amino acid residues
containing conserved domains from lamprey, salmon, ze-
brafish, frog, chicken, mouse to human. Real-time PCR
assays indicated that mRNA expression of PHB1 was not
significantly different in liver, leukocytes, kidney, heart,
intestine, gill and muscle. Moreover, after stimulation
with LPS, the expression level of PHB1 was obviously
increased in leucocytes (p<0.05), heart and gill (»p<0.01).
It implied that PHB1 might involve in immune response
in L. japonica.

PHB was associated with IgM and its expression was
increased during maturation in B cells of mammals (6,21).
These observations suggested that PHB could have a role
in the internalization of the I[gM-BCR. Lymphocyte dif-
ferentiation analysis revealed that there was no evident
differentiation of T and B lymphocytes in the leucocytes
of L. japonica (6). So far it was not also established that
there were B-lymphocyte-like cell receptor pathways in
Lamprey, the groups being in very important evolution
status. Some data suggested the possibility of existing
BCR pathways like mammals and PHB playing a role in
the pathways in lamprey (22,24). At the same time it was
speculated the heart of lamprey might be not only a blood
circulation organ but also a vital immune organ. Howe-
ver, it needs to be fully established in times to come that
hearts can play a vital immune-regulation role in lower
vertebrates. Lamprey, as one of the most primitive ver-
tebrates, represents the many morphological and physio-
logical characters of ancient vertebrates. The knowledge
of gene function of those primitive animals will definitely

16 -
%

14 - OContral  BLES stress treatments
5
= 17 -
[74]
g 10 -
2 "
Ly 8 *
2
8 6-
)
-

aludadi

tissue samples

Figure 6. Relative expression of PHBI1 in various tissues of L. japonica
after 2-week LPS stimulation. 1. Liver, 2. Leukocytes, 3. Kidney, 4.
Heart, 5. Intestine, 6. Gill, 7. Muscle. * is 0.01<p<0.05 and ** is p<0.01.

help us to track the road of vertebrate complexity from fish
to mammals.

In conclusion, we have cloned and identified the full-
length ¢cDNA of PHBI in L. japonica and found that it
was related to adaptive immune response in lamprey for
the first time. The finding suggests that PHB1 probably
is involved in adaptive immunity mediated by B-lympho-
cyte-like cell in lamprey.
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