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ABSTRACT

The objective of the study was to determine the relationship between the mRNA expression levels of sperm
phospholipids hydroperoxide glutathione peroxidase (PHGPx) and heparin-binding protein (HBP), and in-vivo fertility
in boars. The farrowing rate was not correlated with litter size. Sperm PHGPx mRNA expression level of the larger
litter size (over 10) group (2,414.74400.7) was high that of smaller litter size (below 8) group (1,875.8+311.2). Sperm
HBP mRNA expression level was also higher in the larger litter size (2,255.9+360.8) group than the smaller litter size
(2,155.4¢378.0). However, significant differences were not observed. Sperm PHGPx mRNA level was correlated
positively with litter size (t=0.206). Because the expression levels of PHGPx and HBP are not strongly correlated with
in-vivo fertility, PHGPx and HBP can not be considered a predictive measure for fertility in boars.
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2 ¢ Az} Ule] phsopholipid hydroxide glutathion peroxidase (PHGPx) mRNA #& 4, heparin-binding
protein (HBP) mRNA 28 5, Felg 183 AAE Aol #AE FAE A AARGH. FHl&T Ak Afeld
oA ABEAE YehIA etk PHGPx mRNA 28 £EA 0] AAG7E 105 o1 TolA (2414.7+400.7) 8%
ujk R (1,875.8:311.2) ¥ UERE O 9152 AholE fU3Th HBP mRNA 3 el gloiM= AT 107
o] Tl A (2,255.9+360.8) 85 T Tt TR} (2,155.42378.0) At £ ARE Hyou, Fral A Aol IAHHA BN
t}. PHGPx mRNA 28 $&3} 2b215 Afolo] #7lE (=0.2060) B9 FAAAES 1o, F¢ FAAA = HEIUA
orgkcy, B A3 e A3}, PHGPxSt HBPS) WaSEo] el g, AASo} froldh A AIE Holx| @sk7] well PHGPx
o HBP/} HAte] 2A5RE dSaldE WEH Bol stk

Easole] glojdt Ax AaAdzRe 4yEs ¢
A Aok Ve AL AATOEN AE AFRE W
Asfcd F2% 4UL At 02 LelA Yot (Ur-
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Phospholipid hydroperoxide glutathione peroxidase
(PHGPx):= Ao #pits} vhgA] 14402 BAds e
Haket A Ae APz FUAT|E s GAEA
o] glo]A £ leukotrienesS] AAF ZAHol Hodstal w|

sini %, 1982; Brigelius-Flohe %, 1994; Imai &, 1998).
T wh§-2=9] PHGPx #AA7L #85e] 1 727t %
83 om, PHGPx7F Al diitie] 22 2R
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oA Ee e Holu glgol B v Utk (Roveri
=, 1992; Nam %, 1997; Nam &, 1998). w&hAl, PHGPx
E AzdA F2 AR BAel Bdts B LR
A A xR QE S RRE AAE B, §
A F4 58 REA ANY JFL FPss AR
R WA 2 PHGPH 4 58 &3 XNE2
A BEo] gleg o] gsted PHGPxt 4 v#HE& oA
e XEZ AME & doka AAHZ vk (mai 5,
2001; Foresta &, 2002).

Heparin-binding protein (HBP)& 7ol Exsl=
WA 189 SR, G AMEAl ARF o] Fel] F
HAT A2AA HRre] o BRH| F3] L Fo] &
sm Miller %, 1990), HBP: A1 Az 4
53 =9y 23 FEE 2MUIE FoR 4HA
T} (Arangasamy 5, 2005). HBP 374 A4 dellA A
Aslo] AFo BH|EHDB), AMEA] AR AREHD,
Q23 Ax HBPE A2st3lE& W BA heparin
o 98 FAT F5o| fuH HA WS o)A
At Miller 5, 1990). &, HBP= AFE: AAe] EWo
Zo] &Aj3ta ¢lew, HBPE A} lysophosphatidy-
cholinedl] ¥H3-8HAl st} M ¥k doTA s A
&< gt webd, HBPE 4 58 4FE & & A
= e R gedelztn & 5 Jirh

meba, B AFEs Hxol glo) AR FEles
AR $4 58 X2 L3}, AR FHEo]
2 PHGPx$t HBPY 43§ #A33lon, ol Aol
9 FABAES HBHRA FHT
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PHGPx2 HBP mRNA #48 2|8 RT-PCR

oF 10°719] =ix] A=}l A oligo dT resin (Oligotex Di-
rect mRNA kit, Qiagen)& ©|4-3}9 mRNAE A3}
t}. #x] AAE 600 11 guanidine thiocyanate $H5&
ool Fersls, AA A4S ARSIt FAS HE T
Bala, FA72 B4sisich E48-2el 1.2 mle] ODB
k&g (20 mM TrisCl, pH 7.5, 1 M NaCl, 2 mM
EDTA, 02% SDS)& 2, ARt Feds &
8714 &zltk Oligotex FEY 70 nlE H7bets, 42
oA 1087 W) Fo Q428 Sk AT AE W
1, pelletZ guanidine thiocyanate $+% &3 ODB ¢
% g0z Aoz HHEL, spin columnol F
813tk OW €% €910 mM TrisCl, pH 7.5, 150 mM
NaCl, 1 mM EDTA)C.2 A|#3}i, mRNAS 5 mM
TrisCl (pH 7.5)% FZ3}3ith -

v =k o] RT-PCRS 05 1gel mRNA, 10 pmol pri-
merE A}l43} Qiagen One Step RT-PCR kitE ©]-&3}

o 83}tk PCR primers= NCBI Genebank database
9] A7) NEE 7122 o A=EFT. #:A PHGPx
(accession number X76009)2] forward primer®] 7] A}
4 5-ATTTGGATCCTTCAGCAAGATCTGTGTGAA-3
o)1, reverse primer? ®7] MY 5-TTTTTITITITIT-
TTTAAGCTTGCACGGCAGGTCCTTCTC-3°]t}. s~ HBP
(p31 B, accession number NM213950)%] forward %
7] A& 5-ACGCGGATCCATGGCGAAGTCCAAGAA-
CCAC-3°]1, reverse priemr %7] A|¥-& 5-TTTTTTT-
TTAAGCTTCTATTGTGGAGCTTTTGTGGG-3°1 5. ®h5
oo 50To A 3083+ (DNAS §/4¢ ¥, HotStar Taq
DNA $ZEALE o]§3t9 94T 18, 55C 1%, 2T 1%
o] FZIAAL 20~40 3 {HESI 33T 208, 30
3] 403] 2 F7101A4 dAHY FF HHEAE T8,
12% agarose gelolA] #7]%53}aL ethidium bromide
2 AM3} T [mageMaster VDSE &938IAt}. 7} A
X FZ%E DNA =S AFAA £4L& Wiy d=w
o2 B-actin AR FEH AEE 7|FELE st A
Aletgith. S8 DNAY 42 PCR W=9] ZE Total
Lab software (Nonlinear Dynamics Ltd)E AH&3to] %
2Falate] wla BA e 2 Ade 3W WHE AA|Etd
HEgro g FTAEI

A4 24
EA BAe EA B4 T2 (SPSS Version 12.0)
& o]g3}e] ANOVAS} Pearson ABAIFE #A3813ith

2 o

d
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A AAFE 8F wT, 8% ol 105 " 1
10% o) Al e #og yre] o whE
PHGPx mRNA 28X HBP mRNA 2d F£&& =
9t} Table 1914 B Axfe} o] <8, PHGPx 1
2]3 HBP BF 7z & 749 ARl Afol& Keolx= &
otth. 18y PHGPx mRNA & 3] i Ak
105 ol4+e] (2,414.7+400.7)0 41 th T (1,825.8311.23}

Table 1. Results of farrowing rate, PHGPx mRNA and HBP mRNA
expression level followed by the litter size

LiFter Farro“;ing PHGPx HBP
size rate (%)
I“n":;’) 97.442.6 1,825.8+311.2 2,155.4+378.0
Mid
97.4+18 1,872.6+345.0 1,476.14359.2
(n=10)
fr{ff; 926448 2414744007 2255943608

Data are expressed as mean+SE.
Low: litter size <8.

Mid: 8< litter size <10.

High: litter size =10.
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Fig. 1. Correlation between farrowing rate and litter size. Pearson’s
correlation coefficient=—0.174.
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Fig. 2. Correlation between PHGPx mRNA expression level and
litter size. Pearson’s correlation coefficient=0.206.
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Fig. 3. Correlation between HBP mRNA expression level and litter
size. Pearson’s correlation coefficient=—0.005.

HhAElm o] & Qlte] AR AR 7les A €
t} (Aiteken 5, 1995; Griveau 5, 1995, Mammoto =,
199; Aitken 5, 1998; Twigg 5, 1998). £, Aziz &
(2004)& ROS “Bato] gxte] A3 Fe 121 A A<k
Aol AdBAs 98-e Badk v ok A FH
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A+ hydrogen peroxide® A ¥ 35 53 UA
(premature acrosome reaction) 1Al =
S3o] a8 Busdqinh & AAk
A AaEe 23 AstE EIIAA Ao
< Agsls & 29 F9 skt Erk

PHGPx:E 4 2tad] =2d AALS Rise 9§
&9 &= %23 selenoproteine|t (Ursini &, 1982).
PHGPxS] &&-& Az} u)k-o] Fu|ghz{2l wstet ##g
FzA guds) 22 dgg 3n (Wu 5, 1979), I
o} Azt 4] PHGPx #azel e 4L A8 9du
t} A8 4AF-EHZE (oligoasthenozoospermia)s Ad =
ol YAolA &3] #EFS B v U (Imai 5,
2001). Foresta 5 (2002) A#te] &84 Zaxe PH-
GPx &%el Z4st &7 43 doju, PHGPxE A4
Aol 72A HE 442 &) B E/FE 2a0],
Mzl LA AE Y BT dFE v B
aapeich w3, 22 A o) PHGPxE 44 8% &
Ag WFEA, PHGPxE AR +4 $4& 442 +
A AFE o&F F gtk STt (Nayerina &,
2004).

e B AT Aol 4babgee} PHGPx LEF
o] Atolol] glojA A@A] o FRATT} 02068 =
fo]Ade JeEA = ko, AR 107 ol 8d 1
Sol|A] AFL 105 °)F F 1Fe LAYERGT ¥
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o}, waha], ole} 7o A= PHGPxZF BA
228 Bistd $£3 $¥E BEsed ARl
28 F= Aoz AlsHh

Heparin Binding Protein mRNAS| #&

Aol &= HBP, clusterins, heat shock proteins, acrosin
Sy e $R%H AHEE BEAYETHQ markers©l
Lo] TFEo] glom, A4 vlAE Axpe] ALEA|
A wW@o] FHaw, AR 548 2Hse Ao
ok A} it} (Bellin 5, 1994).

HBPE Ao EAshks 9d 159 sz, A#
AVEA) Bz} uke] Fuol] RAF A FAGH AR o
g F3] AL o] EAsIHMiller 5, 1990), HBP=
AaA AR $3% 5% FHg 2 88 =
et Ao g A St} (Arangasamy &, 2005). Man-
junath# Sairam (1987)& A@elA EnlHE 44
Za38 A7EA A el XER BSP ©HES B
23 v} 9o, Chandonnet 5 (1990) olR& A%
HBPZ}3 ¥R

BSP ©rid o] Az} o] AF2 heparin®] binding
site®] 42 Z7FAA F9, BSP protein cholesterol fr
25 =9} Ao FAS 5L AL W 2t
A] heparin-like glycosaminolglycans %+ i1-5%9] lipo-
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A S8 e F1u glim B g

a8y, B AFoAE ARy w1 whgel tigte]
18 RBolx| ggton}, g A7t 107
%9 glojA HBPY Fol ThE o Mgt
& RS JehlJa AbRpeke] Al
ol A E Bolx Fhth oleiT A=
o S F ¢ Y& e AN
s FEuto g B3k gaje] F
tHst7lol e vl Fg Hol 9

o
2
o,
N
)
o

>
vl
o J

L
S

%0 # 0, o
©°
Fir

4o
ol

o
= é
o
£
N
o,

5
>

olr
)
o

1. Aitken RJ, Buckingham DW, Brindle ], Gomez E,
Baker HWG, Trvine DS (1995): Analysis of sperm
movement in relation to the oxidative stress crea-
ted by leukocytes in washed sperm preparations
and seminal plasma. Hum Reprod 10:2061-2071.

2. Aitken RJ, Gordon E, Harkiss D, Twigg JP, Milne
P, Jennings Z, Irvine DS (1998): Relative impact of
oxidative stress on the functional competence and
genomic integrity of human spermatozoa. Biol Re-
prod 59:1037-1046.

10.

11.

12.

13.

14.

15.

. Arangasamy A, Singh LP, Ahmed N, Ansari MR,

Ram GC (2005): Isolation and characterization of
heparin and gelatin binding buffalo seminal plasma
proteins and their effect on cauda epididymal sper-
matozoa. Anim Reprod Sci 90:243-254.

. Aziz N, Saleh RA, Sharma RK, Lewis-Jones I, Es-

fandiari N, Thomas AJ Jr, Agarwal A (2004): Novel
association between sperm reactive oxygen species
production, sperm morphological defects, and the
sperm deformity index. Fertil Steril 81:349-354.

. Bellin ME, Hawkins HE, Ax RL (1994): Fertility of

range beef bulls grouped according to presence or
absence of heparin-binding proteins in sperm mem-
branes and seminal fluid. ] Anim Sci 72:2441-2448.

. Brigelius-Flohe R, Aumann KD, Blocker H, Gross G,

Kiess M, Kloppel KD, Maiorino M, Roveri A, Schu-
ckelt R, Ursini F, Wingender E, Flohe L. (1994): Phos-
pholipid hydroperoxide glutathione peroxidase: ge-
nomic DNA, ¢DNA, and reduced amino acid se-
quence. J Biol Chem 269:7342-7348.

. Chandonnet L, Roberts KD, Chapdelaine A, Man-

junath P (1990): Identification of heparin-binding
proteins in bovine seminal plasma. Mol Reprod
Dev 26:313-318.

. Florman HM, First NL (1988): Regulation of acro-

somal exocytosis. II. The zona pellucida-induced
acrosome reaction of bovine spermatozoa is con-
trolled by extrinsic positive regulatory elements.
Dev Biol 128: 464-473.

. Foresta C, Flohe L, Garolla A, Roveri A, Ursini F,

Maiorino M (2002): Male fertility is linked to the se-
lenoprotein phospholipid hydroperoxide glutathio-
ne peroxidase. Biol Reprod 67:967-971.

Griveau JF, Dumont E, Renard P, Callegari JP, Le-
lannou D (1995): Reactive oxygen species, lipid-pe-
roxidation and enzymatic defense systems in hu-
man spermatozoa. ] Reprod Fertil 103:17-26.

Hsu PC, Hsu CC, Guo YL (1999). Hydrogen pe-
roxide induces premature acrosome reaction in rat
sperm and reduces their penetration of the zona
pellucida. Toxicology 139:93-101.

Imai H, Narashima K, Arai M, Sakamoto H, Chiba
N, Nakagawa Y (1998): Suppression of leukoteri-
ence formation in RBL-2H3 cells that overexpressed
phospholipid hydroperoxide glutathuone peroxida-
se. ] Biol Chem 273:1990-1997.

Imai H, Suzuki K, Ishizaka K (2001): Failure of the
expression of phospholipid hydroperoxide glutathio-
ne peroxidase in the spermatozoa of human infer-
tile males. Biol Reprod 64:674-633.

Mammoto A, Masumoto N, Tahara M, lkebuchi Y,
Ohmichi M, Tasaka K, Miyake A (1996): Reactive
oxygen species block sperm-egg fusion via oxida-
tion of sperm sulfhydryl proteins in mice. Biol Re-
prod 55:1063-1068.

Manjunath -P, Sairam MR (1987): Purification and



16.

17.

18.

19.

20.

21.

2] Az PHGPxs HBPS

biochemical characterization of major acidic pro-
teins (BSP-A1 BSP-A2 and BSP-A3) from bovine
seminal plasma. ] Biochem 241:685-692.

Miller DJ, Winer MA, Ax RL (1990): Heparin bind-
ing proteins from seminal plasma bind to bovine
spermatozoa and modulate capacitation by heparin.
Biol Reprod 42:899-915.

Nam SY, Nakamuta N, Kurohmaru M, Hayashi Y
(1997): Cloning and sequencing of the mouse c-
DNA encoding a phospholipid hydroperoxide glu-
tathione peroxides. Gene 198:245-249.

Nam SY, Fujisawa M, Kim JS, Kurohmar M, Ha-
yashi Y (1998): Expression pattern of phospholipid
hydroperoxide glutathione peroxidase messenger
ribonucleic acid in mouse testis. Biol Reprod 58:
1272-1276.

Nayernia K, Diaconu M, Aumuller G, Wennemuth
G, Schwandt I, Kleene K, Kuehn H, Engel W
(2004): Phospholipid hydroperoxide glutathione pe-
roxidase: expression pattern during testicular deve-
lopment in mouse and evolutionary conservation in
spermatozoa. Mol Reprod Dev 67:458-464.
O'Flaherty CM, Beorlegui NB, Beconi MT (1999):
Reactive oxygen species requirements for bovine
sperm capacitation and acrosome reaction. Therio-
genology 52:289-301.

Roveri A, Casasco A, Maiorino M, Dalan P, Ca-

22,

23.

24.

25.

26.

233 94

ol

= 137

lligaro A, Ursini F (1992): Phospholipid hydrope-
roxide glutathione peroxidase of rat testis; gonado-
tropin dependence and immunocytochemical identi-
fication. ] Bio Chem 267:6142-6146.
Therein I, Moreau R, Manjunath P (1999): Bovine
seminal plasma phospholipid binding proteins sti-
mulate phospholipid efflux from epididymal sperm.
Biol Reprod 61:590-598.
Twigg ], Fulton N, Gomez E, Irvine DS, Aitken RJ
(1998): Analysis of the impact of intracellular reac-
tive oxygen species generation on the structural
and functional integrity of human spermatozoa: li-
pid peroxidation, DNA fragmentation and effec-
tiveness of antioxidants. Hum Reprod 13:1429-1436.
Ursini F, Maiorino M, Valente M, Ferri L, Gregolin
C (1982): Purification from pig liver of a protein
which protects liposomes and biomembranes from
peroxidative degradation and exhibits glutathione
peroxidase activity on phosphatidylcholine hydro-
peroxides. Biochim Biophys Acta 710:197-211.
Visconti PE, Kopf GS (1998): Regulation of protein
phosphorylation during sperm capacitation. Biol Re-
prod 59:1-6.
Wu AS, Oldfield JE, Shull LR, Cheeke PR (1979):
Specific effect of selenium deficiency on rat sperm.
Biol Reprod 20:793-798.

(A59Ak: 2007. 4. 30 / AARAAR: 2007. 6. 1)



