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Identification of Hepatopoietin Interacting Proteins
in Human Testis by Yeast Two-hybrid System*
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Abstract Hepatopoietin ( HPO} has diverse functions in the regulation of cell growth and differentiation. Its high level
expression in testis suggests that HP(Q may have important role for testicular physiological functions. Using HPO as “bait”,

a yeast two-hybrid library screen of human testis was performed. By screening and selecting the positive colonies, retesting

interactions in yveast, amplifying the AD/library inserts, sequencing and sequence comparing, four HPO-interacting proteins
were identified: NADH dehydrogenase I, Na'/K' ATPase beta-3 subunit ( ATPIE3}, phospholipase C delta I and

epididymal secretory protein. The significance of identification of these proteins may provide mechanistic insight into the

biologic role of HPO in testis.
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Hepatopoietin { HPO)} “/human augmenter of liver
regeneration { ALR) is a novel hepatotrophic growth
factor, which stimulates hepatocyte proliferation by two
pathways. In the first, extracellular HPO triggers the
MAPK { mitogen activated protein kinase) pathway by
binding its specific receptor on the cell surface!™ |
while in the second, intracellular HPO specifically
modulates the AP-1 pathway through JABI ( Jun
activation domain-binding protein 1}, HPO
expression is not restricted to liver tissue'® * and Alrp
messenger RNA is synthesized in large amounts in the
testis'® 7. Recently, we demonstrate that HPO is a
flavin-linked sulthydryl oxidase (S0X) but its native
substrate is unclear. In addition, biochemical and
immunohistochemical  studies had indicated the
important role of other sulfhydryl oxidases for testicular
differentiation processes'® . The proposed role of
15 ku HPO as a hepatotrophic growth factor is
restricted to liver cells, while HPO, like other redox-
active proteins and sulfhydryl oxidases, may have
diverse functions in the regulation of cell growth and
differentiation.

In order to get more information about the biologic
role in testis and to find the native substrate of HPO,
we used the full-length HPO {15 ku)} fused to GAL4
DNA-binding domain as bait in the yeast two-hybrid
system to screen a human testis cDNA library. Four
HPO-interacting proteins were identified.

1 Materials and methods

1.1 Materials

1. 1.1  Plasmid and strain: Yeast GAL4 activation
domain { AD} vector pACT2, pGBKT7 DNA-BD
veetor, Saccharomyces cerevisice host strain Y187 and
yeast stain AH109 were from Clontech. E. coli DH5«
and JM109 were from TaKaRa Biotechnelogy { Dalian)

hepatopoietin, yeast two-hybrid, protein-protein interaction, human testis library

Co., Ltd.

L.1.2  Kits: Pretransformed MATCHMAKER human
testis library { human testis ¢cDNA library was cloned
into  pACT2Z and pretransformed inte Y187 ),
MATCHMAKER two-hybrid system 3, YEASTMAKER™
veast transformation kit and human testis mRNA library
were from Clontech. Reverse transcription kit was from
Invitrogen. DNA purification kit was from Promega.
1.1.3 Enzymes and other reagents: X-a-Gal, YPD,
SD/-Trp, SD/-Leu, SD/-Trp/-Leu, SD/-Trp/-Leu/-
His, SD/-Trp/-Leu/-His/-Ade were from Clontech.
Glass bead and adenine were from Sigma. Tagq DNA
polymerase, Pyrobest DNA Polymerase with GC huffer
and dNTP were from TaKaRa Biotechnology ( Dalian)
Co., [ILitd. Restriction endonucleases EcoR T,
BamH [, Hae l and T4 DNA ligase were from
Promega. Anti-HPO polyclonal antibody was generated
against bacterially produced recombinant protein.
Western blotting Luminel Reagent was from Santa Cruz
Biotechnology. Peroxidase-conjugated anti-rabbit IgG
was from Jackson Immune Research Laboratories, Inc.
Hybond-P membrane was from Amersham Pharmacia
Biotech.

1.2 Methods

1.2.1 Plasmid construction: Prmer 1 {5 CCG GAA
TTC GCC TTT GTT CGG AGA AT 3") as the forward
primer with an EcoR T site (underlined) and primer 2
(5" CGC GGA TCC G GTC ACA GGA GCC ATC CTT
37} as the reverse primer with a BemH 1 site
{ underlined )} were designed for amplifying DNA
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fragment encoding HPO {390 base pairs, GenBank
AF124603} from human testis ¢DNA library. The
human testis ¢cDNA library was generated from human
testis mBNA library by perdorming a
transcriptional assay. The amplified DNA fragment was
inserted into the DNA-BD vector pGBKT7 and
transformed into E. coli JM109. The plasmid pGBKT7-
HPO was verified by analysis of restriction digestion
and DNA sequencing { BIOASIA Co., Shanghai).
Primers were also synthesized by BIOASIA.

1.2.2  Testing the bait plasmid: pGBKT7-HPO was
transformed into yeast strain AH109 according to the
standard protocol by using the yeast transformation kit.
Western blot was performed to identify the GAL4 DNA-
BD/HPO from the transformants with anti-HPO
polyclonal antibody. The DNA-BD/HPO protein was
also tested for the possibility of auto-transcriptional
activation according to the MATCHMAKER library user
manual.

1.2.3  Screening the pretransformed human testis
library hy yeast mating: AHI109-HPO strain  was

reverse

cultured in SD/-Trp selection liquid media overnight.
The overnight AH109-HPO culture and the library
culture were combined in a 2-L sterile flask. The
mixture was incubated at 30°C, shaking 30 ~ 50 r/min
for 24 h. The mating mixture was then spread on 50
SD/-Trp/-Leu/-His/-Ade agar plates { 150 mm).
Mating efficiency controls and positive control were set
parallel. The plates were incubated, colony side
down, at 30°C for 16 ~21 days until colonies appear.
Ade”, His" colonies are white or light pink and can
grow to >2 mm. These true colonies can grow on fresh
SD/-Trp/-Leu/-His/-Ade/X-a-Gal agar plates and
turn blue.
1.2.4  Analysis and verification of putative positive
clones: Ade®, His™, Mell ™ transformant colonies
were selected for further analysis. Yeast plasmid DNA
was isolated, purified and then transformed into E. eoli
strain DHSa according to the manufacturer’s protocols.
The AD/library inserts were amplified by PCR using
the plasmid DNA isolated from E£. coli as template.
Primers were designed as below: Primer 1, 5' CTA
TTC GAT GAT GAA GAT ACC CCA CCA 3’ {forward
primer} ; Primer 2, 5" ACT TGC GGG GTT TTT CAG
TAT CTA CGA 3’ {reverse primer} .

The reaction mixture was denatured at 94°C for
45 s, annealed at 55C for 45 s and extended at 72C
for 60 s. Thirty cycles were performed and followed by
a 10 min extension at 72°C. Fragments were digested
by Haelll and their sizes were analyzed by agarose gel
electrophoresis. The interaction between candidate
protein and HPQ was verified by additional veast two-
hybrid interaction assay. Selected amplified DNA
fragments were purified and sequenced by BIOASIA
Co., Shanghai. The presence of an open reading frame

(ORF) fused to the GAT4 AD sequence was verified
and the
GenBank.

sequences were compared to those in

2 Results

2.1 Construction of bait plasmid pGBKT7-HPO

The inserting HPO gene fragment in pGBKT7 was
verified by digesting and sequencing. pGBKT7-HPO
was transformed into yeast strain AH109 and the
expression of GAL4 DNA-BD/HPQ was identified with
anti-HPO  antibody.  Untransformed AHI109  and
pGBKT7 transformed AHI09 were used as controls.
Molecular mass of GAL4 DNA-BD /HPO {fusion protein
is about 33 ku. Figure 1 shows a single 33 ku band on
lane 3 and ne other band on the control lanes. The
pGBKT7-HPO transformants were plated on SD/-Trp/
X-a-Gal, SD/-Trp/-His/X-a-Gal, SD/-Trp/-Ade/X-
a-Gal. Transformed AH109 with pGBKT7 was used as
a control. AH109/pGBKT7-HPO colonies on SD/-
Trp/X-a-Gal were white but could not grow on SD/-
Trp/-His, SD/-Trp/-Ade. It can be concluded that
DNA-BD/HPO protein could not activate reporter
genes.
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Fig.1 Western blot analysis of expression of
GALA-BD fused HPO in AH109
I: AHI09; 2: AHIO9/pGBKT7; 3: AHI09/pGBKT7-
HPO; M: Molecular mass marker. Protein extracts were
fractionated on 12% SDS-PAGE. The Western blot was
performed using anti-HPO polyclonal antibody.

2.2 Using HPO as bait to screen human testis
library

HPO was expressed as a fusion with the GAIL4
DNA-BD in AHI109 ( MATa). The high-complexity
human testis ¢DNA library, which expresses fusions
with the GAL4 AD, is provided in yeast strain Y187
{ MATa). When the two transformant cultures are
mated each other, diploid cells are formed which
contain four reporter genes: HIS3, ADE2, MEL]l and
laeZ. The GAI4 DNA-BD binds to the GAL UAS and,
if the fusion proteins interact, the AD is brought into
proximity to the reporter expression of o-( MEL]
product) and B-galactosidase {lacZ produet) . The true
colonies could grow on SD/-Trp/-Leu/-His/-Ade/X-
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69 robust blue
colonies were selected for further identification.
2.3 Analysis and verification of pulative positive
clones

Plasmid DNA was isolated from candidate veast
colonies, purified and then transformed into E. coli
DH5a. The plasmid DNA isolated from each positive
yeast colony will be a mixture of the DNA/BD/HPO
plasmid and at least one type of AD/library plasmid.
Transformed E. coli cells were plated on LB medium

a-Gal agar plates and tum blue.

containing ampicillin - to  select {or transformants
containing only the pACT2-AD/library plasmid.
Amplify AD/library inserts by PCR using the plasmid
DNA isolated from E. cofi as template { Figure 2}.
Fragments were then digested by Haelll and separated
by agarose/EtBr gel electrophoresis. Fragment sizes
were analyzed in order to eliminate colonies bearing the
same AD/library plasmid. Twenty candidate colonies
emerged from the previous 69 colonies.

Fig. 2 Amplification of the pACT2-AD/library insert fragment in candidate yeast colony
1% agarose was used to separate the PCR product. DL-2000 was loaded as standard moelecular mass marker and the different molecular mass
same in (b, ¢, d, €) and (f).

were signed as in (a),

The interaction between protein in candidate yeast
colony and HPO was retested by additional yeast two-
hybrid interaction assay. Selected amplified DNA
fragments were purified and sequenced using the GALA
AD sequencing primer { Clontech). The presence of an
open reading frame (ORF} fused to the GAL4 AD
sequence was verified and the sequences were compared
to those in GenBank. The results revealed four HPO-
interacting proteins: NADH dehydrogenase 1, ATP1R3,
phospholipase C delta 1 and epididymal secretory
protein. The Blast identities are 98% or above. Figure
3 offers partial ¢cDNA sequence of the HPO-interacting
proteins.

3 Discussion

Yeast two-hybrid system 3 provides immediate
access to the genes encoding the interacting proteins.
The assay is performed in vivo so that the proteins are
more likely to be in their native conformations, which
may lead to increased sensitivity and accuracy of
detection. The four reporter genes designed in this
systern  allow  rapid  identification  of  positive
transformants.

We previously identified that extracellular HPO
could trigger the MAPK pathway by hinding its specific
receptor and intracellular HPO specifically modulates
the AP-1 pathway through JAB1"™. We also
demonstrate that HPO is a flavin-linked sulfhydryl
oxidase'". But it is unclear why the expression level

of HPO is so high in testis and which rele HPO plays

there. In this paper, we intend to find the clew about
the hiologic function of HPO in testis. HPO was used
as bait protein to screen a human testis library by yeast
two-hybrid assay. Our results offer four previously
unknown HP(Q-interacting proteins.

NADH dehydrogenase 1 is  an
component of complex [ { NADH: ubiquinone
oxidoreductase}, which is the first of electron transfer

important

complexes participating in oxidative phosphorylation,
and locates in the mitochondria intermembrane. 23 ku
HPO is also located in mitochondria intermembrane
space!”. Na®/K® ATPase uses the energy of one
molecule of ATP to drive 3 sodium ions out of the cell
and 2 potassium ions into the cell against substantial
concentration gradients. The epididymal secretory
protein is important for sperm  maturation' .
Phospholipase € is implicated in various signaling
pathways and has been identified to be a regulator in
fertilization'”. Additionally, spermatozoa are enriched
with mitochondria and need to expend large amount of
energy during fertilization. The specific interaction
between HPO and these proteins indicates that HPO
may have close relationship of sperm development,
fertilization, ATP synthesis and utilization, i.e. HPO
may participate in cellular energy metabolism in testis/
sperm and also regulate their biological functions. A
consequence of these new data is the necessity to
extend studies on HPO to different tissues, organs and
developmental processes.
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NADH dehydrogenase 1:

ATGATGAAGATACCCCACCAAACCCAAAAAAAGAGATCT CTATGGOTTACCCATACGATGT TCCAGATTACGCTAGCT TGGGT GG TCATATGGCCATGGAGGECCCRGGER
ATCCGAATT CGCGGCCGCGTCGACAAAGAGCCCCT AAAACCCGCCACATCTACCATCACCCTCTACAT CACCGCCCCGACCT TAGCT CTCACCATCGCTCTTCTACTATG
AACCCCCCT CCCCATACCCAACCCCCOTGGTCAACCTCAACCTAGGCCTCCTATTTATTCTAGCCACCT CTAGCCTAGCCGTTTACTCAATCCTCTGATCAGGGTGAGCAT
CAAACT CAAACTACGCCCTGATCGGCGCACTGCGAGCAGTAGCCCAAACAATCTCATATGAAGTCACCCT AGCCATCATTCTACT AT CAACATTACT AATAAGTGGCTCC
TTTAACCTCTCCACCCTTATCACAACACAAGAACACCTCTGATTACTCCTGUCATCATGACCCTTGGCCATAATATGATT TATCTCCACACT AGCAGAGACCAACCGAAC
CCCCTTCGACCT TGCCGAAGGGGAGT COGAACT AGTCTCAGGCTTCAACAT CGAAT ACGCCGCANGCCCCTTCGCCCTATTCTTCATAGCCGAATACACAAACATTATTA
TAATAAACACCCTCACCACTACAAATCTTTCCTAGGGAACAACATATTGACGCACTTCTTCCCT GGAAACTTTTACACAAACATAATTTTTGTCACCCAAGAACCCTTAC

Sodinm/potassinm-transporting ATPase beta-3 snbunit:

CACGTGCTGTGAT TTTGAACATAACTCGTCCCAAAAACTTGTCACGAT CATCCTGACTTT TTAGG TTGGCTGATCCATCAGT GTTGCACTCAACTGT TACTTCTTTCCCA
GTGTTGTTAGGAGCAAAGCTGACCT GAACAGCAACCAATGGCT GTAGATACCCAACATGCAGTTTTTTCCCATAATATGGRAAATATTT TAAGTCTATCATTCCATTATG
AGGATAAAGTGCTACATTTGGTATATCTTCATTCTT TGAAACACAATCTATCCTTGGCACTCCTTCAGGCTTTAATCCAATTATTCTGT TCATTTTCACAAGAATACAAG
GETTTGCTTGAGAATAGCCAAAAT CAGGATCAT TCATACCACT GCATGCTTGAAGT AATGAAATAGGAAACTGACAT GCAACATAAACTGGACCCTTCTGTTCAAAAAGT
GCTCCATCAGGACAGACT GTGAGGTTCTTCTGTTCT TCTAAAGTATATGGT TTTAGAAACT TCTTAAGGTCTT CAATGTACCCTGCATACGAAGT TGGAT CAGACCTACT
GAATGTATATTCCAATGCGGTCACTGGTTTTGGAAAAACCATGAGT COTGGGCTAGGAATCTGGTCACGGTATTTT GGAAGCT CATCE TTGAGAGT CTGAAGCAT AACCC
ACATCGTGAATGAGAAGAGTGCAAGCCAGGAACCCAT AAAAAACTAGGT AGAAAGAAG CAAGAT CAAACCCCAGCT CT TRGCG GNGCCGCCCCCAAG GAAT TCGRGATCE
CCCGGGECCTCCATGGRCCATA

Phospholipase C delta 1:
CTATGGCTTACCCATACGATGTTCCAGATTACGCTAGCTT GGG TGGTCATATGGCCATGEAGGCCCCEGEGAT CCGAAT TCGCGEUCGREGTCRACGACACGGAGTTTGCG
TTTGAGGTAGTTGTGCCT GACCT TRCCCTCATCCGCTTCT TGGTGGAAGATTATGAT GCCTCCTCCAAGAATGACTTCAT TGGCCAGAGTACCATCCCCTT GAACAGCCT
CAAGCAAGGATACCGCCATGTCCACCTCATGTCTAAGAACGGG GACCAGCATCCATCAGCCACCCTCT TTGTGAAGATCT CCCTCCAGGACT AGGCT GGAGGAAGCCAGT
GGGGTCCCCCCTGAGT GGGCTGGGCCCTCTGTCCACAT GTGGGGACAGGGCTGGTGT GGCT GCTCCCAGCCTCTTGCTCAGAGET AGGCCCCCAAAT TGCCTTCAGCCCT
AACATAGTGTCTGCTGCTGCCTCCCTGGGGACCAGGAGCTAGCCCAGTCOCTGGAGCTGTCCTTCATTCOGTTAGGAATAACACT GCAGCCCTCTCCACCCT TCGGCCAG
CGAGTGGTCAAGGATTTTTATAAAAATCACGATTAGATTAAAAAA

Epididymal secretory protein:

GCCATACGATGTTCCAGATTACGCTAGCTTGGETGGTCATATGGCCAT GEAGGCCCCGGEGATCCGAAT TCGCGECCROGTCRACCT GGCGCTCAGCACCECTGCCCAGE
CCGAACCRGTGUAGTTCAAGGACTGCEGT TCTRTGGAT GEAGT TATAAAGGAAGT GAATGTGAGCCCAT GCCCCACCCAACCCTRCCAGCTGAGCAAAGBACAGTCTTAC
AGCGTCAATGTCACCT TCACCAGGAATAT TCAGTCT AAAAGCAGCAAGGCCGT GGTGCATGGCATCCT GATGGGCGT CCCAGTTCCCTT TCCCATTCCTGAGCCTGATGG
TTGTAAGAGTGGAATTAACTGCCCTATCCAAAAAGACAAGACCTATAGCT ACCTGAATAAACTACCAGTGAAAAGCGAAT ATCCCTCTAT AAAACTGGTGGTGRAGT GGC
AACTTCAGGAT GACAAAAACCAAAGT CTCTTCT GCT GRGAAAT CCCAGTACAGATCG TTTCTCATCTCTAAGT GCCT CAT TGAGT TCGGT GCATCTGGCCAATGAGTCTG
GTGAGACTCTTGACAGCACCTCCAGCTCTGCTGCTTCAACAACAGT GACTTGCTCT COAAT GG TATCCAGT GATTCGTTGAAAGAGGAGGTGCTCTGTAGCAAGAAACTG
AGCTTCOGEGTGGCTGGGTTNTCAANGEGTTGECTCATGTCTCTTTTTCTGNGN

Fig. 3 Partial cDNA sequence of the candidate HPO-interacting proteins screened from human testis library
These cDINA inserts were amplified from the AD/library plasmid in E. coli cells and then sequenced { see above for details). EcoR | site is underlined.
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