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SUMMARY

I. Title

Study on Reproductive Efficiency Improvement of Pig by Development of

Boar Pheromone and Cold Shock Resistance Sperm
II. Purpose and Necessity of the Research

Under our challenging circumstances today, we need to develop new
technologies for reduction of production cost in swine industry. The labor that
goes into the swine industry varies widely both in absolute amount and in
the proportion of total cost that labor represents. In well-managed swine
farms 7.9 to 85% of the total cost of producing hogs was the cost of the
labor required by the farrowing-to-finishing enterprise. One of the marks of

good organization and management of the enterprise is a low labor cost.

The farrowing is probably the most critical period, and at that time
diligence will be most highly rewarded. Producers whose records consistently
show a profit on their swine operations are repeatedly found to be attentive,
exacting, and timely in work with their animals. Reproductive standards in
swine are being raised because of economic pressures for lowered costs of

production.

The biostimulation techniques offers a potentially useful and practical way
to improve reproductive efficiency in livestock species. The understanding of
the role of pheromones could be potential economic importance in addressing

some of the problems associated with swine production.

Benefits of artificial insemination(AI) are more widespread use of
genetically superior sires, both between and within herds and linked with
estrous synchronization by pheromones, boar contact, hauling or moving

stress plus boar contact, or exogenous estrogen treatment. Much effort has



been exerted to determine the conditions required to maintain motility and
normal acrosome of boar sperm by various storage procedures, but the
longest storage of diluted boar sperm thus far achieved until very recently

without appreciable loss of motility and normal acrosome in four or five days.

Frozen-thawed boar semen gives adequate farrowing rates and litter size
response for specialized situations, such as export/import, introduction of new
bloodlines, and procurement of semen from boar of extremely high genetic
merit. Unlike bull sperm, the sperm from boars cannot be readily frozen

without loss of motility and fertility.

As scientists continue to search for improved methods of freezing boar
sperm for long periods of storage, they are obtaining greater knowledge of
sperm physiology, which will be of use in application of Al in commercial

swine production in the future.

This study was aimed to find out the new porcine pheromonal compounds
and the cold shock resistance sperm by endocrinological and cytological
methods, and to analyse the productivity and economic feasibility by using of

porcine pheromone and cold shock resistance sperm.

M. The Contents of the Research

The overall objective of this study is to develop boar pheromonal odorants
for biostimulation control system technologies, to find out cold shock
resistance sperm by endcrinological and cytological methods and to analyse
productivity and economic feasibility by using of boar pheromone and cold

shock resistance sperm. The contents of the research were as follows :

1. Qualitative analyses of structure determination of a pig sex attraction agents ; 5a
—androst-16-en-3-one and 5a-androst-16-en -3-ol.

2. The search of pig pheromonal odorants for biostimulation control
system technologies: I. Ligand based molecular shape similarity of 5n

—androst-16—-en-3-one analogues and their physicochemical parameters.



6.

oo

10.

11.

12.

The search of pig pheromonal odorants for biostimulation control
system technologies: II. Holographic QSAR model for binding affinities
between ligands of volatile odorants molecules and porcine odorant
binding protein(pOBP).

The search of pig pheromonal odorants for biostimulation control
system technologies: III. Comparative molecular field analyses(CoMFA) on
binding affinities between ligand of 2-(cyclohexyloxy)tetrahydrofurane
derivatives and porcine odorant binding protein.

Search of a pig pheromonal agents; A molecular dynamics simulation and

virtual screening from salivary lipocalin of boar.

Prediction and synthesis of active tetrahydrofuranyloxycyclohexane analogues.

Verification experiment of predicted compound as pig pheromonal agents:
Predicted toxicities and pheromonal character of tetrahydrofuranyloxycyclohexane
analogues.

Effects of semen characteristics, frozen-thawed sperm viability and serum FSH,
LH, estradiol-17f and testosterone concentrations between breeds and

among seasons in boars.

Analysis of membrane integrity and mitochondrial activity in fresh and

cryopreserved boar sperm using flow cytometry.

Study on control mechanism of the intercellular Ca® in the fresh and

frozen boar sperm using confocal imaging technique.

ATP content of fresh and frozen-thawed boar semen and fertilizing

capacity by cold shock resistance sperm.

Economic analysis according to scale of Artificial Insemination

Centers.



13. Analysis of productivity and economic feasibility by using of boar

pheromone.

14. Analysis of productivity and economic feasibility by using of cold shock

resistance sperm.

IV. Research Results

1. Fifty-five androstanone derivatives, which are isomer or analogous
substrate molecules, 5a-androst-16-en-3-one (S1) of lipocalin as receptor
of pig pheromones were calculated and disscused. And also, it is expected
that the compounds of ba—androstan—3,11,17-trione(S:) and 4-androsten—
19-01-3,1 7-dione(Ss) will be able to substitute for 5Sa-androst-16-en-3-one

(S1) as existing porcine pheromonal steroids.

2. The optimized holographic quantitative structure activity relationship
(HQSAR), comparative molecular similarity indices analysis (CoMSIA) and
comparative molecular field analysis (CoMFA) models between some
odorants, tetrahydrofuranyloxycyclohexane analogues and binding affinity
constants (plOd.]sp) for porcine odorant-binding protein (pOBP) as

receptor of pig pheromones were derivated and disscused.

3. From the analytical results of the atomic contributiom maps of
HQSAR models and contour maps of CoMFA models, which may give us
some valuable informations to the modification of odorants for effective
binding  affinity. The two higher binding affinitive compounds
(tetrahydrofuranyloxycyclohexane' TFC-A & TFC-B), as a pig pheromonal agent in
a thousand tetrahydrofurane analogues were predicted using the three
QSAR models.

4. From the theoretical studies on flexibility of a loop in a pheromone binding
protein from saliavry lipocalin (1GM6) of boar with molecular dynamics
simulation and virtual screening methods, the structural informations on
the compound, AQ6060(Score: -38.1 Kcal/mol & Volume: 182A) as pig

pheromonal agent were obtained.



5. The various toxicities for the highest binding affinitive compounds, TFC-A and
TEFC-B were predicted by TOPKAT program. The tetrahydrofuranyloxycyclohexane
(TFC-A) molecule with negative toxicities among them was synthesized. Gilts
treated with the Dboar pheromone showed 209 higher estrous

synchronization compared with gilts without the pheromone treatment.

6. When serum FSH concentrations were lower, semen volumes were higher,
and when serum testosterone concentrations were higher, sperm motility

and normal acrosome rate of frozen—-thawed sperm were higher.

7. Depolarization-induced Ca® release and store-operated Ca’  entry
mechanism may be impaired in frozen sperm most likely due to the

depletion of Ca” store during cryopreservation.

8. There were no breed differences for the ATP contents of fresh and frozen
semen. However, large differences among boars were found. Compared
with fresh semen, frozen-thawed semen gave significantly lower ATP
values. High correlations were found between ATP content and sperm
motility. Frozen boar sperm with more than 50% motility and normal

acrosome can be used for artificial insemination.

9. The economic feasibility by using of boar pheromone and cold shock
resistance sperm with superior economic traits was found through the

cost-benefit analysis.
V. Implementation and Application

The biostimulation technique through pheromones will offer a potentially
useful and practical way to improve reproductive efficiency and management
in gilts. The frozen-thawed boar semen with cold shock resistance sperm will
give adequate farrowing rates and litter size response for specialized
situations, such as export/import and introduction of new bloodlines in herds
from boars of extremely high genetic merit. Also, this study will be
contributed to develop basic techniques for in vitro fertilization of oocytes and

production of transgenic pigs.
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H 3 A ofpylet =& Y2 2 Ao}
A 1A HA A R B AR L TR G-

androst-16-en-3-one 3 5a-androst-16-en-3-ol
1.4 =

g

s7)e] satdel Nz s} eholol

o
ol
2

AdErt=E AL (Gower 5, 1986)9
At o]lF AETA AFTA FHoRE &8ty Sk AL dFor H A
=4 A=z uA 245 98 JEsty] f1skel 53], Sa-androst- 16—
en-3-one ¥ ©°]9 iso-form?l ¥H e 3F3E, So-androst-16-en-3A-ol
T 22 ZEHEE HEESC oA HEEEAT dEsA drie AF
So] #3 ®Hu(Melrose 5, 1971; Reed 5, 1974)0] FAstth 3 Aol €4
Hx]e] Ao ZRY Al o] A=ZEA FFEEI dAdESo] AjpEoldrk
1 B %A Booth, 1984; Gower %, 1986; Booth 5, 1988). ©] pheromaxeins
olgtil &2+ 15 kDa =9 ZEPH = #-de g AADA Fe &
A=A o] A<k stet A (submaxillary glands)ell A x| @tz e Ao
A7, HAe 2A Fr)E FEsE WY o RE Altrenogest(Regumate B
Altrenogest; 17a-allyl-17f-hydroxyestra-4,19, 11-trien-3-one), PG600(eCG =
hCG =&&) % =HA #H=ZE 2Zo](SOA) &, 3 7 E Ab&ste WHE
ARG E AL QITh ey o] Fell A s A FlEE Aol (SOA)S FrEEHo] ba
—androst-16-en-3-one % ba-androst-16-en-3-ol 2] 3 Altrenogest % ©]
steroid AlE =2 A F7139 oHFoR Qlste] FHeol &olshA Xatth
JHER UL 2849 A28 dAEES FA57] fdste] o 7oA e = A

shepilel #22RVH olF 385 FAS HAGuA A
2. AR R

FEEY AA; &4 HA stetAoA AHAST AAEA Fe FEES
Polytron homo- geniserE Ab&3le] 20537F 20000xgol Al LA &8¢ 2 vol. 20
mM Tris/HCl, pH 7.4 (Tris buffer)ol A &3S AA|ste] ftEor FHd
2 g B gAdA AFESIAT FEE 50 mlS 15cm*25 cm SEEW
CM-52 columns E3ate] ARwEIYIE At &2l 20 mM Tris/HCI



(pH 7.4)°o1 4 014 05 M7FA NaCl9] linear gradientZ A}-&3}o] o] Fojx o
Z}zke] g2 12% SDS/PAGEC] osfA A HATH 48 A8s 5§ &
(1 ml/min)¢] 0.1% trifluoroacetic acid =7 lAl 2%-60%7}4 acetonitrile<]
linear gradient® FZ% 3l AZvtETH A shvte] 9 a7k yelyth A7)
2 ¥ (Laemmli, 1970)e] wa} 1% SDS EAstel A 12% Zg|ofadoln =
A& AlE-3F Bio-Rad Mini-Protean I X2 AF&3Fo] 2 A&k},

A71 &5 A% EAH: AAd 99d Al5E5° HPLCE A7|eF Zd= &
AHES/MS)H oJaliA  EA4EHA Bio-Q 3w Ale=a A A
(Micromass)& AREst T ©uld golo] F3FHZF(10 p)2 10 pl/mine] &5 &
Tof o] Yo ZF/\}E}%E]' A BEAA= 10 s/scan 274 m/z=8001 A
m/z=18007}A] ZAE 3l 35kV e cone voltage?t 50 V&l orifice voltageZ At
gsto] AEE0] 7\4‘/}7(] ‘E’%% dEjell A #EEHAY. A A-ES Eed
myoglobin(H w #£AE 7 169515 Da)®] #2] injecton® ZF-E tF stdE o]
=5 olsto] FaH

Ax 2¥9Eq A aWdy 3)33d 42 X k=3
E2 HEREWEoR ALoAN FEHUL &R A FI7A] FEAZTH
GC/MS 412 TRIO 2000 E2e] A= FX A4 (Micromass)Z 4% X Z
H SPB-1(30 mx30.25 mm WX 274, 025um % % 57|, Supelco)o =
GC 8000 7}~ AZntEar= At Az A5 1-28 &2, A2

/\ﬂ diazomethane 50ul¥} &7 FE=FA3 D27 A 5FNA AU AR
)=]

E]iiiﬂﬂﬂ 10 plofl fFolar 1 ple 24& f8iA A=A 24 =1L
( A7l &%, 250C; o] 9 &%, 200C; GC/MS HA™ 260C) ¥4 25Tl
3 60°C°ﬂ/\1 280°C7HAl GC column® =+%& FSAZAY. ES AHZ~HER=
70eV o]£3 HelAdd 0.08% interscan A|ZFH 06%9 AWAHS AR

50-450 A F el 2o ske] 715 H A
3. A% B3

gl d FA e} BA: A oz RE FAGH Fe FEE AVGE
A 54& Fig. 1ol Yepiddth. (B) FHA st d o258 20-kDa®] Superose
12014 Gel o3 © & cation- exchange chromatography %ol ¥ 35 <0t}h.
Fraction(:&¥)+= 12% SDS/PAGEe°] ©]a] A=t 2 o3y A2 24
A7l 918l gl A Ao guilA s Abgste] A4 o= A ¢F 35 kDa



AAl= e LI9EZEY E1 7%,] z%xﬂg gru_q;é] 5]
Ao TF ARvEaY R FAHUT. A7 BHLe ZQo 02 5o
T AT Bl 1AL 349 HuaNo s

Male 9 10 11 12 13 14 15 1s 17 1%

Fig. 1. Purification of salivary proteins from male (M) pig submaxillary

glands by gel electrophoresis

A A 229 9 HA ezt Y ] AAE diE A gELS
dichlorome - thanelZ FZ3Px FHEL& GC/MSE EAHTE Gas
chromatogramol A 271¢] & 93+ F

n-androst-16-en-3-one(MS: m/z(%), (

274 ), 94(100)¢} 5n-androst-16-en—3n
-ol(MS: m/z(%), (M+2, 276), 94(100))1 Ho &

2 EAH A

e ey |

_‘IO_



Fintaivn by (5

Fig 2. Electron impact mass spectra for the ligands of lipocalin (SAL)
determined by GC-MS; ba-androst-16-en-3B-o0l (A, M.Wt.; 274) and 5a
—-androst-16-en-3-one(B).

N
i
f

G ARl drjgdee & daFo] 20k Da A A 4
EREEo] Ao HAH A ] 98 GC/MS 2~ Eg:E B4
¥}, ba-androst -16-en-3-one®} 2YU3F o] A A2 Sa-androst-16-en-3a-ol <l
o2 HaHdoh weA olF g EEC] AENA A5EA FHoR &8
o)

H =1
A= ;A & A=A Fgede Sdssith

Ao X

_‘I‘I_



A 2 A AESLH A=A o &85 93k A
Hl2E A WAy 2o Bl [ Sn-androst-16-en-3-one
FAHAE2 ggt=ol 7] %3 a3 FAME Y =g

83 shepv) g

1.4 &2

28 7tEEY A 885 2437 918 “control system technologies"
of Fto R AEIAR A= HAZEES] JT(Rekwot &, 2001 g
A7 dshAl Al=EaL vt o]el gk WEto A HAE XS EFEsEC ¥
283 WA AJFEBuck, 2000)S #ZAsE A Z(Krzymowskis, 1999)9F &
A (Pantages &, 2000 ¥ Buck 5, 1991)E #3 A5 ¥uk ofyz}, ## &
Zreol| )3k &4 H=2E A E androstenone? 7FA] A E(Dorries 5, 1995)°]
A3 A= B2, AEIHPBS) ¥ boar pheromon spray (SOA)E AF&-3F 2
I, QA JEEo] MAEJTE Hbe] 33 d4% ®WaH ¥H(Shrestha 5
2001) ATh.

2 AFAAAE AES =A H28d E4S gt AETA T4 sl
2 Z-83}7] 935t porcine nasal tissues %o SA3t= HE2E FE&A =2 &
A2 lipocaline®} A3l AowE2 FAY=(Gower & 1982) 7|dEZ}, 5a
—androst-16-en-3-one(S1)¢} 5a-androst-16-en-3-ol (S11)9] g]3t=e] 7]

)

*38le] ZF 5470°] &3} androstanone FEAESY A FAME A 4-(Meyer
s, 199DE e 9% e =8-3t3 FdetrHES Adtsta AF AF
S AAESIT
2, As 2 Uy

FAY A FAL HA A 28 S13 S11S 72389 F 5479 ol &
FAAIE o] EAT1ZE SYBYL 6.6 (1999) program % simulated annealing
How dHeE g (cycle: 10, temperature: gradient convergence valueZ 7}
= Tripos force field®} Powell gradient algorithm % Gasteiger-Huckel charge
s AR&Ete HAsE st (Desiraju s, 2002). ¥ HAstE FHE
superimpose WH o2 3x-¢ FIHdA ™ (alignment)dt ¥, 2+ EAE9 FH
By E 3t Meyer?t Richard(1991)7F ®.aidk wpol whel 21 FAME A 5(S)
£ Aitetsit

_12_



Table 1. Symbols and definitions of used physicochemical parameters

Symbols Definitions

MV (A% Van der Waals bulk of organic compounds calculated by grid
approxi— mation.

Energy The most stable energy of a molecule by stabilization gained from
minimization (kcal/mol).

HF? The heat absorbed during the formation of one mole of a
compound from its component elements in their most stable forms.

IP (eV) The amount of energy required to split a chemical into electrically
charged particles. Ionization potential is measured in units called
electron Volts.

Lipole The lipole of a molecule is a measure of the lipophilic distribution.
it is calculated from the summed stomic logP values, as dipole is
calculated from the summed partial charges of a molecule.

YHeat of Formation (Kcal).

K

22353 Jgu e ALk Sybyl 24 mdley Z2a3 (Ver. 692 7]
E vA}xﬂ S AAgete] M AR 3Ad F2E AT bsel o=
54700l FAHIES U E A" (MWE amu), 254 (logP), & =4 &

(MR: molar refraction; cm' /mol), van der Waals #2F ¥4 (SA: molecular

i}

surface area; A?), van der Waals ¥2%3 (MV: molecular volume; A3),
HOMO, LUMO energy (ev.), B4 <Y (HF: heat of formation; Kcal), o]=3} ¥
g4 (IP: ionization potential; ev.), =AF 2% (lipole) % %54 & (DM
dipol moment; Debye) 52 &2]-3}3} setu|HES AAFstal of 7]l A o] &%
SZn g 59 Ao S Table 1o QoFslgtt. &3 SAQ‘r lipole TSAR (Oxford
molecular) ZZ1% (Ver. 3.3)0.2 zt7+ Aatsle] & 13F9 Eg-343 31lgbn|
HEs Atk 283 o8 7HA =8 stst JJrE‘rU]HQ‘r FAHE Al (S)eFe] A
A= TSAR Z2 S o]gste] SAEA S AAIES

3. 4% 9 %

EATZ FAHA; Androsterones &4 hormone$! testosterone? AIE =
A HxEA HEZE Sa-androst-16-en-3-one (S1)¥} 3-one grpupe] Y E 5n
—androst-16-en-3-ol (S11)o] W3t F8AZ EAsta, 714 22 JﬂEE

)

q =]
o
2 porcine nasal tissues oA FEAQ lipocaline® HF33l= Aoz defA
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212 androstanones 3FES AolA ¥ cholesterol 258 A ETh
o]5 S1¥ S11o] w3t androstanone FE=AE2 FA A 4(S;  similarity
indice)& T3t71 fste] HA AYAE 7HA = 7HF A PE= simulated
annealing W 22 Gasteiger- Huckel charge®t 0.05kcal/mol oA S A %
o7 W3AIEA Ade vl superimpose WHOE 3AY FiHgel A A3
T (Fig. 2), =35 YE Tttt olw 714 EA}, Sa—androst-16- en-3-one (S1)
S 7o Aol v, (DA oz Aak(Meyer &, 1991) s th o 7oA T, 2
ne steroid A 71AE2,  S1 ZHzbe] Fylola Ce FHA 7 AUt

FEAOoF A= common volume (Aholth. S-S 0.0~1.0 Aleolo] g 2zt
[e)

il

—

H FHAEE U= o= 19 77k #dTE 7 7RV SAAES U
bt 2822 YA (dissimilarity)2 D=1-S& AAtE® D  chirality
coefficient®] shape analog©]t}.

|

S=C/(T:XTw)' o))

Table 2 2 39l& 7]E F749] steroid ¥, perhydrocyclopentanphenanthrene
¥} cholesterol s #1418t &4 & 9 ##] d=2&3 2 FAAIES WEtksto
Z 55719 steroid FEAE(1~53 L S1~S5)9] EA+E FAME AFOS)+= &
£, 9% tds E8-33 getuEHES ALt Ao o& whetvH
59 AHoe ZHH(Sung 5, 2003)¢F #r} ol AREZFH JIE YREY

—grEel 100 77k FAE YEWER olE FEES JAH R Wy
AbehS AW sta vk, 28y androstanone frEAIEQ 71E ZZ<Q1 steroid ¥
(54)3} cholesterol (55)9] FAMd A4ES T2 FE=AE3 v 8} steroid
3 (S=0.956) FAHA o] 2 Wkl cholesterol(S=0.803)2 AR o] A% k),
kAl Table 200 7] &A&EAE, S139] HlaLe] eJste] A& {FAM AFE 7HA
=(S=1.0) 4719 3}gE, bSa-androstan-3,11,17-trione (S2), 4-andro-sten—11f
—0l-3,17-dione (S3), 4-androsten—17fi-ol-3,11-dione ($4) % 4-androsten— 19-0l-3,17-dione
(S5 = At 0]*# 5 71dE&A, S13 A sdd JAAHd =
EA4E 7HABRRE S-gte] SHA 7dEA et fAE A s vEE Zow
FETh o] o] S-gholl 715@ PAA 5SS A8yl 91ste] Fig. 29+ o5
SFEE9 HAslE 25 339 FIHg A E3k(alignment) B} cyclopentane
g FES Aefstar A= S & 4 Atk Table 30% (S1Del o
5 o

=
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Fig 2 Thi sllignment for potental energy minemi s conlor- Fig. 5. Companson ol vanods phaadochemical parom#ier
mers of ¥ cmdeosd- | E-oni-3-ime, (abosep amd selocicd assdogues T So-and 1t-e11-Bepmz amal thetr 17 analigues
i S

E8-3tst Hng; @A A H2EA =29 Sao-androst-16-en—3-one
(S1)°] nasal tissues =94l =842 lipocaline®} A& dHolx= 244 (logP)
of 7b¢ & S WAHALRE oAFH fukstH, AT ZIEEAZE AW
NA Fet o)sel F FFES MAH  FEAY Wwga=d oA M T8
gt A Fe] slitolr] wiEolth, VA -F&A7Fe] W82 “lock & key 9 =%
o wa PAES EE, AT AEdH AR dgadd waw A
(lipophilicity) F+= #2ke] ZL7]¢} o] =3}(jonization) A= 3}
o]#& 2 (Kansy %, 1996)°]t}.

O

P>

’

N}
n
b
iy

Similarity indice

0.7

L L L L L
250 300 350 400 450
MV

Fig. 4. Relationship between molecular similarity indices and molecular
volume (MV) of 5a-androst-16-en-3-one (S1) (A) analogus.

_15_



Table 2, 3o+ 557] androstanone F+E=AE9 A2FA(logP)S &, ExAbw
(MWt), =2} =4d&(MR), == (Pol,) van der Waals ## E™ % (SA), van
der Waals ##F HF3(MV), 43} olUA(HyE) ¥ &2 S&DM) 5, 952
=e-stst g HES AAtstel AElskalth. 1e]al Table 391+ S=1.0%0 574
9] androstenone A& (S1~SI-4)S A s =d 7|FEA, S18 Aty &
FAOR Aol 30241(amu)s 7HA = ol A AA ST BE S ES Wt S
2 A A, S-# e 29-318 gty el 124 9] dAE HES vl
logP, HyE ¥ DM} offl Aakido] gllett MWt, MR, Pol, SA % MV
T, AES ABAS, =090 014 AIete e Ao YEEEA QA3
¢l 84¢ Aol glx= X van der Waals ¥4 WA 2 van der
Waals 2F5-7](S(S1)=-1.33%10 *(£3.09x10 °)MV+1.356(+1.00x10 *)(n=54, s=0.011,
F=1546.05, <0967, q*=0.965) = S(S11)=-1.36x10"*(+453x10°) MV+1.381(+1.50x10 %)
(n=54, s=0.016, F=771.785, r*=0.936, q*=0.930)< el o 2 HARu e} 22}
AT Apole] A wA] Ak LS AAET @ 2 S1EA
2 NEEAR 3 S MVAFSte] @A (Fig. H2HEH BAES MV 4571 2

o}AFE S-lo] BRSPS v e &+ Aok

337, Fig. 3ol& S=1.0°1AW 1.00] WS 7M7he 177] FAHA S =238
ety GES A4S H]T’Lfﬁ Aot o5 #HgWHE Tl cMR 2% IP &
AXE AR e 719 FAME @S Rol= whde TE, DM, lipole %
IOgP%k T2 ApolE Hola gt} o] Ade] LAY FAY A G Wk o}
et 254, 22 248 2 2459 59 FWAA 4-androsten- 3,17-dione
3} b5a- androstan 3-one 5, 2709 33Eo 7|E A H=EAH B2 u)$-
FrAbeE AEs HolnE MRS HA §A4 HEEA PR gAY
U ol F setEe] V&Y dEEA 24 dAT F de /\Hi—.— EHX] 73
o

A2y gete2 ddsty] fletels du5

ﬂ to
i—";
X
o
2
—u
N
N
o,
_1
i
B
o
o
ol
NG
g
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Table 2. Various physicochemical parameters
of androstanone derivatives.

and similarity indices

No.

IUPAC Names SPI

SPII MWt clogP MR

Pol

SA MV HyE

DM

10

11

12

13

14

15

16

17

18

19

20

1,4- Androstadiene-3,17-dione 0.99%4

1,4-Androstadiene-3,11,17-tri
0.982

one

5a-Androstan-16[-bromo-3
0.945
n-ol-17-one

5n-Androstane-3u,17a-diol 0.970
5a-Androstane-3n,17[}-diol ~ 0.970

5n-Androstane-3[4 17 -diol ~ 0.970

5F-Androstane-3un 11} 0
-diol-17-one
5F-Androstane-3n,16m

. 0.966
—diol-17-one

5F-Androstane-3mn, 17
0.965

.961

—diol-11-one
5F-Androstane-3u, 11/
~diol-17-one 3-glucuronide

5n-Androstane-170-methyl-17
0.962

0.804

[I-0l-3-one

50-Androstane-17o-methyl-17[
0.916
-o0l-(3,2-c)pyrazole

50-Androstan-17f-ol-3-one  0.975

5-Androstan-17-ol-3-one 0.975

5n-Androstan—-3a-o0l-17-one
. 0.817
glucosiduronate

5F-Androstan-3n-ol-17-one
. 0.815
3-glucuronide

4-Androstene- 111,17k 0
—diol-3-one '
4-Androsten-4-o0l-3,17-dione

0.97

979

acetate

4-Androsten-17F
~ol-3-one-3-(O-carboxymethyl)o 0.903
Xime

4-Androsten-17[F-0l-3-one
. 0.836
17-cypionate

0978 28440 444 8470

0.929 298.38

0974 369.34

0.989 292.46
0.989 292.46
0.989 292.46

0.985 306.45

0.993 306.45

0.997 30645

0.841 48257

0.981 30447

0.952 32850

0.992 29045

0.992 290.45

0.833 466.57

0.841 466.57

0.948 304.43

6 0972 34445

0.932 36148

0.837 412.61

3.82

4.89

373
373
373

3.27

3.68

311

216

4.01

3.79

393

3.93

3.15

315

2.8

3.2

407

6.00

85.37

91.33

8463
8463
34.63

85.40

85.30

85.30

11768

88.24

96.62

83.60

83.60

116.09

116.09

86.02

94.73

98.82

119.36

32.33

3242

35.89

33.82
33.82
33.82

33.90

33.90

33.90

4741

3510

3817

33.27

33.27

46.77

46.77

33.71

36.92

3BDH

47.07

294.63

28725

33341

302.58
302.58
302.58

31694

320.01

30757

44468

322.90

346.48

309.16

309.16

44591

437.89

303.24

311.09

367.52

42375

273.80

272.62

309.98

28824
288.24
288.24

294.61

29024

293.14

41527

304.23

32421

283.83

283.83

411.97

40897

285.00

298.16

334.76

399.66

12943

186.34

76.92

19.70
19.70
19.70

75.13

7246

73.46

13311

78.02

11.18

7743

7743

132.74

134.80

71.74

188.76

63.07

14374

3.635

4.341

3.756

2.657
2.657
2.657

3.460

4476

5.207

3.273

4132

2109

4.063

4.063

5.026

3.036

5432

6.831

4.227

4465
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No. IUPAC Names SPI SPII MWt clogP MR Pol SA MV HyE DM
4-Androsten-17F-o0l-3-one
21 0.842 0.873 40060 6.18 11661 4601 43365 395.88 141.96 4.390
17-enanthate
4-Androsten-17F-o0l-3-one
22 . 0.832 0.837 46456 273 11671 4658 42579 400.01 130.22 3.272
17-glucuronide
5-Androsten-3P-o0l-17-one
23 . 0835 0.838 46456 271 11694 4658 41573 39575 129.80 6.274
3-glucuronide
4-Androsten-17F-0l-3-one
24 . 0920 0928 34449 459 9821 3867 35021 32892 13583 4.327
17-propionate
25 5-Pregnen-3f-ol-20-one 0956 0935 31648 4.08 9376 3674 31300 30382 79.03 5234
26 1,3,5-oestratrien-3,17~diol 0967 0984 27239 401 7962 3141 29241 26484 191 2611
27 steroid nucleus 0956 0981 27449 6.03 &99 3433 30478 29227 2657 0.372
28 cholesterol 0.803 0.819 38666 717 12062 4767 42327 40214 3178 2725

S: Similarity indice, MWt; Molecular weight (amu), clogP; calculated hydrophobicity, MR; Molar refractivity
(cm/mol), Pol; Polarizability (A),
SA; Surface area (A%, MV; van de Waals molecular volume (A%), HyE; Hydration Energy (kcal/mol),
DM; Dipole Moment (Debye).

Table 3. Various physicochemical parameters

of androstenone derivatives.

and similarity indices

No. IUPAC Names SPI SPII MWt clogP MR Pol SA MV HyE DM
ST? 50-Androst-16-en- 1.000 0.991 272.43 2.785
459 8320 3244 28956 27514  77.80

3-one (Std.)

SIF 5n-Androst-16-en- 0.991 1.000 27445 4.38 84.23 32.99 301.79 282.29 1662 1511
3a-ol

SI-1 5a-Androstane-3,11,1 1.000 0.992 302.41 384 8345 32.80 294.02 28287 19420 2.157
T-trione

SI1-2 4-Androsten-11E- 1.000 0.975 30241 3.38 8520 3316 29573 27953 131.37 3.263
0l-3,17-dione

SI-3 4-Androsten-17(~ 1.000 1.013 30241 3.22 8510 3316 29924 28326 130.10 5.884
ol-3,11-dione

SI1+4 4-Androsten-19-ol 1.000 1.024 302.41 3.36 8538 33.16 297.73 280.53 130.83 1524
-3,17-dione

SII-1 5o-Androstane 0988 1.018 26046 570 81.45 3254 28814 27624 2509 0.332
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No. IUPAC Names SPI SPII MWt clogP MR Pol SA MV  HyE DM

SII2 5n-Androstane 0988 1.051 28343 4.46 8278 3271 301.81 283.13 13729 2568
-3,17-dione

SII-3 5n-Androstan-3an 0.974 1.006 304.43 3.63 8448 3335 301.56 283.10 133.08 3.990
-ol-11,17-dione

SII4 5n-Androstan-3F 0.974 1.005 290.45 3.79 8376 33.27 309.92 28826 76.70 2.344
-ol-16-one

SII-5 5n-Androstan-3m 0.981 1.024 29045 425 8381 3327 310.15 28332 76.82 3564
-ol-17-one

SII-6 5n-Androstan-3F 0981 1.024 290.45 4.25 8381 3327 310.15 28332 76.82 3.564
-ol-17-one

SI-7 4-Androstene-20,17 0.975 1.006 304.43 326 8592 3371 304.07 28551 7042 3.801
[i-diol-3-one

SII-8 4-Androstene-2%17 0.975 1.006 304.43 326 8592 3371 304.07 28551 7042 3.801
[l-diol-3-one

SII-9 4-Androstene-6n,17 0.984 1.024 304.43 292 8594 3371 303.66 28564 69.87 3.303
[i-diol-3-one

SII-10 4-Androstene-6[%17 0.984 1.024 304.43 292 8594 3371 303.66 28564 69.87 3.303
[i-diol-3-one

SI-11 4-Androstene-158,17 0.978 1.007 304.43 2.79 8598 33.71 301.99 28520 71.31 4.419
[}-diol-3-one

SII-12 4-Androstene-15 0.978 1.007 304.43 2.79 8598 33.71 301.99 28520 71.31 4.419
1, 17-diol-3-one

SII-13 4-Androstene-17 0.994 1.055 304.43 283 8620 3371 305.60 28597 71.14 3.451
[},19-diol-3-one

SII-14 4-Androstene-3,17- 0.996 1.000 286.41 4.36 8361 3252 289.21 27371 132.88 2.665
dione

SI-15 5-Androstene-3,16 0969 1.002 306.45 252 86.84 34.26 305.26 287.85 1325 3.375
0,17~ triol

SII-16 4-Androsten-4F 0989 1.016 30241 346 8529 33.16 29539 27957 12672 2952
-ol-3,17-dione

SI-17 4-Androsten-17m 0989 1.016 283843 3.84 8443 33.07 29657 279.10 73.20 4.303
-ol-3-one

SO-18 4-Androsten-17/ 0989 1.016 28843 3.84 84.43 33.07 29657 279.10 7320 4.303
-ol-3-one

SII-19 5-Androsten-3 0.988 1.018 28843 3.82 84.66 33.07 290.21 27571 76.15 4.848
-ol-17-one

SI-2 5~ Androsterone 0.981 1.024 29045 4.25 8381 3327 310.15 28332 76.82 3.564

SI-21 5a-androstan-3-one 0.993 1.051 274.45 485 8209 3263 30027 28202 81.10 3.112

S: Similarity indice, MWt ;Molecular weight(amu), clogP; calculated hydrophobicity, MR; Molar refractivity
(cm/mol), Pol; Polarizability (A),

SA; Surface area (A2), MV; van de Waals molecular volume (A3), HyE, Hydration Energy (kcal/mol),
DM; Dipole Moment (Debye).

a)Pig pheromonal steroids
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4. 4 &

H 2 $A HA=ZEA EAQ Sa-androst-16-en-3-one (S1)¢} 5Sa-androst-16-
en-3-ol (S11)o] FAAIES ©A57] Y3to] lipocalined 713 EAZ FAHEH =
S19] gt=e) 7] %3k 55719] androstanone fr=AE] g EAF FAA A
F(9)e BEAHEHMWL), 244 (ogP), =8 =48 MR), E=&(Pol), van der
Waals 2 £W2Z(SA), van der Waals 2 3 (MV), 3} YA (HyE) %
A=A s&DM) T, ©gE 9% =8-38 gavHES Adteta Bl HE
sttt 2 Ay, 53], Slol oidt S-gkel 1.0%] 5Sa-androstan-3,11,17-trione
(S2), 4-androsten-11fi-ol-3,17-dione (S3), 4-androsten-17f-ol-3,11-dione (S4)
2 4-androsten-19-o0l-3,17-dione (S5) %, 4709 o|AAAE F AFA 2 JA
ARl ZHAA F 3FE, S2 % SHe 7|ES] A=2E4d B4, SIS AR o

= AEE A 3 AR egeR oAdE it
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A 3 4d AETGH A4 FHoez 2837 ¢35k A
HZzE A WA B &4 L g WAEAH
2] 7+t=2} Porcine Odorant Binding Protein A}o] 2]
Ast slgof #e 234 QSAR 29

7t Faxd FdoE &837] 913 (Rekwot &, 2001) = A =4
HA =" Ao w3 Aol dstow wHx A HZE Sa-androst-
16-en-3-oned] F&A 2 24#H A lipocaline(Gower2} Hancock, 1982)3} H] A g
St =7o] B3 o (docking studies)Eo] 3 E 1 tH(Herent %,
1995). <+, A WAEARe] A=A FEek dA7ke] #AI(SORs:
structure-odor relationships; Rossiter, 1996)& o]&|al7] 93 AFEo] 3]
o] o] %4 OBPs (odorant binding proteins)®t %7+ =& A (olfactory receptor) 7t
A2yel hgk EHAgk m7by o] o] s & o] (Cutfroth &, 2003; Shykind &, 2004;
Buck, 2004) 2004 % = o] 8h) A abA| 7 H 7R Skl oo #rIEte] A
A5 HAER Q1A o Sl e FRFAQ Fet 7] #A(QSAR,
Kubinyi, 1993a)e] w3t 22S 53t AES v A (Sung 5, 2004a).

HE, A=A A #e B w2 7o A4 284 SHl
A Frog wkek Aol vk 3k v (Shresta 5, 2001) ¥ 2EA A =
AS et Xt = AAolth o] FE LAE FHS7] g Al o
3oz ARANAN(Sung &, 2004b) AAEL HA 2=, Sa--570-16-F-3-one
E $AISES steroidAl FAFAIEC] #ek EE]-steAd A BEAFER FAR
A 4= (Meyere}t Richard, 1991)ol tiale] ® a1gk u} Q).

2 AT E HA H2EA gA EEZS g8t Adstaa A
(molecular design)oll 3+ ligand-based approach B3 (Reddy @} Parill, 1999)% ol A
7Hd ZEsk Wl Fo] syl dwe] WA ExlEA] 2-cyclohexyloxytetrahydrofurane
(A) 2 2- phennoxytetrahydrofurane (B) =42 x]3t7] W3lo] w2 AHakx <l
o H#x 7 FEA] pOBP Atele] AF z13t¥(binding  affinity) A
(plOd.Jsp) el B3 2 =228 (H)QSARLowis, 1997) RES 28 WA|
T2 T, 54 AR dAardEe] A% HskEAd oqdFE HESSH

2. A5 2 Y

A 24 18y A 2 s dadS e vdR 77 se=
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SOl WA FAES FE OE OFVE e 15709 A AH(99%) 2-
cyclohexyloxytetrahydrofurane (A=1~11) 2 2-phenoxyte- trahydrofurane
(B=12~15) f+=A|(Pevsner %, 1990) 524 ¥5¥ +Z& Fig. 19 YeEp A
aga #H A $7be] 25 Ao 2HE 28 A pOBP (22kDa)¢t WA 2+
Atole] #AZH(obs.) A% 88 A4 (plOd.Js) (Dal Monte 5, 1993)E Table 1
of g st} o] FoAM 127) 3EES training set® A AdFo] HQSAR =42
st o] &38R 3/Me FIFES test set (6, 8 F 12)2 AFslo] 24

S-S HAESIAT Test set st§ES 44 7+ A #53ke =717
I BRE A Tl 7 g e e 2 mde §Ag
152

werstel AL 2 AFES

o o> 1o o

X FUIO rlo

B2 E2a99 A, 2 A"y PLS (partial least square) #4]-&
TriposAHSybyl)e] #x rdg AZE9 o (Ver. 691)E A2t HQSAR
(Heritage %, 1999)2 ¥x}9o] 32499 +2= A H(alignment) A 7] A &1 F Ho
27349 x| i AFoRRE BAZZH(fragment) TE EdEE A4 A
a2 Bas9 FxAA 543 AT Aol W e4M(nternal &
F] A (PLS)H o2 8435 = v ot (Lowis,

N

extrapolation) <& #AE FE
1997).

WA, Zhzve] Aol diste] 27 5 2~10 9AF A7 HAZ AGAI7 L
2} CRC (cyclic redundancy check) algorithm< Ab-&3fe] #xlo] =l 4
o] (53~40D)E Adsta A4S At} ol final array’/F 4 S22 olx
AN binge] WGl AW QIAEREA Ao Fx4 FHI rEst ol
e E20% Hol(array bin® ) AR Adoez wAHAY. aglx
TZ2AR #A 245N 4 FEOF ol x3E AERE 2 A Feiv g o
Aol oste] WAE & v wekx T2 FA v e e 22 279
A 7] (fragment size)9t ZZ} 5 A (fragment distinction) 2.2 o] Xt}

o] A A hologram lengths: 53~401S R F MEldle] PLS BE4& A3
st om ZZFe] EAL atoms, bonds, connections, hydrogens 2 chirality 2}
HEE 7|EAos Addgt b 2 27t £&5 AAsAT A7l &
2 27457 5~8Y W b 4Ed B #S dS 4 ddern= o EA %
7t #(5~8)& 7]+ 2% hologram lengths+= 53~401%2 17438t zhzte] 7t 5

o

:
e WA AFA0E AP FE BA #E 2E nd

o=

4
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B=12~15

Fig. 1. General structures of used some odorants, 2-(R-cyclohexyloxy)
tetrahydrofurane (A) and 2-(R-phenoxy)tetrahydrofurane (B) derivatives.

HQSAR-PLSY A%k, HQSAR E P& training setoll Al WAl £2bo] x4
ol Heje AETA Alole] BWAZ PLS 4 (Wold 5, 1983)S F3dlo] FiyF
Aoz dutr oz tS 29 ez TAAT. 7oA x4 bin, olH T
AAANA sehE, o EA E=afd e AFaelil ¢ PLSERH f%
binell 3t Algoly L& 2] dojt}

Activity;=%£Lxy; ¢ ;+Const.

5 r1r o=

Abzo] Fxo gid B4 2] ALk SgtEe Fol 22 239
Holg w3k A¥e ARE AASIEEA Aozt PLS 7[HE E=2a9 S
Aig F bingEQ AU S AESA A" 5AZA 2ds AT
= AFEET PLS #A o= 8 249 Qe o 7MY F& 29 Aol
Z2 7 =2 @i(best cross-validated re.) @l 7]1Z3te] Aeigc) FA R
AT dFe 7H A 15 oAkd daEo] Jom 13S leave-one out
(LOO) cross-validation (cv.) ¥Aol| &3te] A=A} a8jrz 1 FAHL HH
3 o= ndS 9)sle] A (component) FE ZAA S data setoll A ZF AEY
AR w@ AddE £A 2239 bine HAE FAOE YEHiT SEEe
o =5 XS5 cross-validated standard error(SE.)$F dZ%, g*gke] 74ko]
slgd. wkA HAH AR =5 AFE3Y non cross-validation (ncv.) 2}

o2 FRIE odF Rdd dste] #F PLS #41& A8 7|25 o=2 H
A2} chirality 7} A)® A= atom, bond 2 connectionsE°] E&E 1S AA
sted AbgEth mde] AL o ZA4(q° preditive ability>050) 183 34

A

|
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(0.90> r’ev goodness of fit)e] AE=Z 71538 =22 LOO cross-validation
oz AARFHAY. HF A PLS 74]*} A= 7] = (contribution map) FEIR o
o}A W tarining set T dFz FAAA M =2 A WstE A5 (Pred)E
UEhd 2-(trans-3-methylcyclohexaneoxy)tetrahydrofurane (5)¢} 7+4 @& 74
L1 2-(trans-4-tert-butylcyclohexaneoxy)tetrahydrofurane (11) 2} %7 & ¢
7] Z (atomic contri- bution)E Hl1 & F Q=S &7 A AT

Table 1. The observed binding affinity constants (Obs.p[Od.]s) with
porcine odorant binding protein (pOBP), predicted values (Pred.p[Od.ls)
by HQSAR methodology and their deviation (Dev.)

No. TUPAC Names Obs. Pred” Dev.”
1 2-(1-methylcyclohexaneoxy)tetrahydrofurane 5.96 5.96 0.00
2 2-(cis-2-methylcyclohexaneoxy)tetrahydrofurane 578 577 0.01
3  2-(trans-2-methylcyclohexaneoxy)tetrahydrofurane 589 5&4 0.05
4 2-(cis-3-methylcyclohexaneoxy)tetrahydrofurane 6.05 613 -0.08
5 2-(trans-3-methylcyclohexaneoxy)tetrahydrofurane 6.29  6.22 0.07
6° 2-(cis—4-methylcyclohexaneoxy)tetrahydrofurane 6.11 579 0.32
7  2-(trans-4-methylcyclohexaneoxy)tetrahydrofurane 572 579 -0.07
8 2-(cis—4-isopropylcyclohexaneoxy)tetrahydrofurane 4.34 49 -0.62
9 2-(trans—-4-isopropylcyclohexaneoxy)tetrahydrofurane 499 496 0.03
10 2-(cis-4-tert-butylcyclohexaneoxy)tetrahydrofurane 461 451 0.10
11  2-(trans—4-tert-butylcyclohexaneoxy)tetrahydrofurane 4.38 451 -0.13
129 2-(4-methylphenol)tetrahydrofurane 565 531 0.34
13 2-(ethylphenol)tetrahydrofurane 529 526 0.03
14 2-(isopropylphenol)tetrahydrofurane 497 504 -0.07
15 2-(tert-butylphenoDtetrahydrofurane 496 492 0.04

ARTS (Average residual of training set) - - 0.057
ARTS (Average residual of test set) - - 0.427

IThe predicted values were calculated according to the model XI in Table 3.,
Pdifferent between observed values and predicted values., “test set compound.

)

al

3. A

)

A% 3y A 4 HA A2EA g4 228 g4 E e AERE dR
o 4 (Sung %, 2004b) AAE-& San-androst-16-en-3-oned} 50 1% 9] steroidl
FAHA S &3 BTG E FAE A (Meyer 5, 1991)E AlAbste] wlushk wf
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4-androsten—3,17-dione®} 5n-androsten—3fi-ol- 17-one®] 5n-androst- 16-en-3-one
I A A =y v O}L]E} Eg-3aFe HdAEo ulg H|=3 AIFLS
EFiich 3 Sa-androst-16-en-3-one?] FEAZ 47 lipo- caline(Gower
S 1982)7 ZAgtel= v dA =EHe] =H o #3 A (docking studies)E
22 Ae7tA ged @Al 24 Fol A (Herent &, 1995) &2k A7|v B¢
g 54 T, A8 7HA 8RS Fetete] pOBPe] A Al did A-8A8S
ZAPsE B o g o]Fo] oW henzophenone, dihydromyrcenol, 2 undecanal &, 2
7HA  #grEol(Vincent 5, 20000 AEXATE 7oA oo 1579 2-
cyclohexyloxytetrahydrofurane (A) 2 2-phennoxytetrahydro—- furane (B) %=
A (Fig. 1)EPevsner %, 1990)3 pOBP7re] o|Z®(Pred.) A% H3td A4
(plOd.Js0)E(Table 1) WA= A= cyclohexyl-X A (A)7F #3Z phenyl-
AA(B) Bt w2 A% IstEs JEPHATHA>B). B3 2-methyl 2]3HA1(2, 3)
= cis<trans, 3-methyl X844, 5)& cis<trans 18] 1 4-methyl, 4-isopropyl
2 tert-butyl XI$HA] (6~11)= cis=trans®] F oIt} o] FolA 5 (plOd.]5n=6.29)
7 Ad = A7t 13Y s vER vk 11 (p[0d.]s=4.38)0] 7Fd v
A3 Hehy s deddoh mEA 1270 33HES training set® A A 814
HQSAR 29& FE3ta 37 =2 test set2FH RO oF5AHS AE

2 2743 549 9% WA EHA 2 B #EAFigDES ddew
st 2RO A AFH FR-ZAHFAAHQSAR) #Hek E4(Lowis, 1997)2
2RE 7b4 £S HQSAR 29SS A7) $98to] WA, training set 3ol o gt
B 27 27]19 9SS FAFEe] Table 201 At 2 Ay, ¥4 %7t

37] 2~10 1811 best length 53~353bing] ZAAM fHF=% EL(I ~VI) F,
“md V'7F B2 27} 27] 5~8 18] a best length 307 bin, FA ¥ FE 49]

I EFAe ¢*=0900 2L AHAC] 17 =092 v FZach T B
A zzke) @rle] Y Wakk BaEa 22 27 58 FAMCR AN
A e AS YER L dth webA @ A A4 AEH FxeE AR
e THSE el 2D AR GBI T 57 7] WEe] a1 ARoR
B 2Ael #4S 5T 5 9l

sk, Table 29 Aol uwpe} %‘: 2} z7bol (5~8)8 AAstL FA 279
Sgol wet JFS 2AY) SIske] Zze] 27 54& WA AFHom
M 2L EA S ZEE best modelS BAEAT. A TR o E B4
27t EAo] @ ARE Wstg oy EAXI A AAEA L) wehA

I

|
Table 3% atoms, connectivity, chirality 223l atom < THslE &2 %7t
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frxeste]l skt
AA Aol &3k 7= A (chirality)o] 7F S 2.3
o)

XHﬂ%%i %XH F1A=2~4 2 B=1~2)¢} HA T2z =& ﬂ OBPs
Abolo]l FA-7]AZE Wbgo] F1EA o o EAS Ut AR
] o

2 ool A1 9ge AAET

Table 2. HQSAR analyses for the influence of various fragment sizes on the
key statistical parameters

Models Fragment size Best length 1%v.(q%) SEey. Prev. SEnev. NC
I 2~5 53 0.891 0.277 0.972 0.142 5
o 3~6 59 0.892 0.276 0.983 0.110 5
il 4~7 401 0.896 0.222 0.936 0.173 2
I\ 5~8" 307 0.900 0.246 0.982 0.106 4
v 6~9 353 0.892 0.255 0.981 0.108 4
VI 7~10 353 0.902 0.228 0.973 0.119 3

“The best of fragment size., SE. :cross-validated standard error., SE... ‘non

cross—validated standard error, NC ‘number of component.

EdXe o F4; HQSAR =S 9145ke] 3D-QSAR == (Kubiyi, 1993b)
o] AL o =A(PA(EE r%y) preditive ability>0.50) 123 AEA0.90> ey
‘goodness of fit)e] FE=Z 7}&38lH o F2-2 LOO cross—validation® 2 24 5
cH REXI2 ols 7Iee AA AdIste wg 2 Zdolth Table 1+
HQSAR RHXI= A4E @A E25¢] oﬂ%—% A7t AshE A (Pred.plOd.]s)
o #=E A Aozt (Dev.)S 242t A7 stdth. AHEA S 2 training set
o] Hyt o] FH(ARTS=0.057)0] 3] #torma #AZ=F ke F ghol wl¢
2 dA S Aysta Qo ol RUXI9 ¥THXAH(SEN=0244 2 SE,..=0.094)
7F g 27 wEely frE Rde o3Ao] g £ Uz Hrhdd,
Fig. 2 o= A 3}§&(Table 3)°l thsle] HQSAR 22Xl o3 o 5kt o
S A s Aot veldAE YEh AT

1
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Table 3. HQSAR analyses for various fragment distinction on the key statistical
parameters using fragment size default (5~8)

Models Fragment distinctions Best length r’ev(q®) SE.v. Pocv. SE.cv. NC
VI Atoms/bonds” 53 0.905 0.211 0.948 0.156 2
VIl Connections 307 0.900 0.246 0.982 0.106 4
X Hydrogen 53 0.889 0.280 0.985 0.102 5
X Connectivity-Hydrogen 401 0.875 0.297 0.985 0.104 5
X1 Chirality 97 0.916 0.244 0.988 0.094 5

UThe best HQSAR model, "In all case, the atoms and bonds fragment
distinction are turned on., SE. :cross-validated standard error., SE,.. non

cross—validated standard error., NC: number of component.

65 @ training set
O testset

Pred. p[Od.]5,

40 L L L L L
4.0 45 5.0 55 6.0 6.5

Obs. plOd.],,

Fig. 2. Relationships between observed (obs.) binding affinity constants
(p[Od.ls0) for porcine odorant binding protein (pOBP) and odorant
molecules, and predicted values (pred.) by HQSAR model XI. (Training
set! Pred.p[Od.]5=0.984(Obs. p[Od.lso) +0.087 (n=12, s=0.073, F=775.811,
r’=0.992 & q*=0.975).

Fig. 2014 AA g&En=15<S o=z g I 2 (Pred. plOd.]s =0.825(Obs.

plOd.Js0) +0.942 (n=15, s=0.191, F=110.428, ’=0.902 4 q2:O.865) Bt training
set(n=12)° 3k #A2] (Pred.plOd.]50=0.984(Obs. plOd.]s) +0.087 (n=12, s=0.073,
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F=775811, r°=0992 9 ¢°=0975)0] d|ZA 7} 43A Zdo)A] ml$ LI5S 1w
o]iL UTh LY} test sete] A-F, A TANA Hlojd AHFES HolmEA I
o o] ZH(ARTS=0.427)°0] & < UElE ol fE test set 3H3HE Awa] x}

°]7b 2 8=+ training setoll A wlAS}A7] wiol ot

¥ AYA BAY 27; AT PLS B4 AR MHon 247

E

NEE 3l7] 918te] Fig. 3o+ dSgke]l 7bg & @4 2xH5)et Fdd o=
g5 yeld ExH11) 27459 7|9 (atomic contribution) A =& YEMHSI T
=2 RE M 2 84 Ex(5) F, 2-oxyfuryl group H+9 C3 2 C5 4

2= pOBPeFe] A3; zlste ol Z3stA 719 (green)stal =] FiEL
(gray)el 7195 YeEl JdSS & F Aok v 7P e &
F2H11)9] %9l = tert-butyl groupd A A9 A9}t furyl group
A-9] methylene groupe] 7143t %+=(red) 4 FS HEFUATE o] <f
3l HQSAR “REXI"S B2 299 Zo] #ul olye, B2 %7t
;L_ﬁsjﬂ z%i oﬂ 9]5140]7] Lq].ﬁ}oﬂ /K—]Euo}_L Eilaﬂ 710101] 71;2
o cross-validated standard error (SEw.)E #HA3}stALY 7H
(5 FgorA =2 4% AgES Y 229 Fx9
o]

T AT

ox 1|
o o gy
Lo
W o

@
g

=l m}l_‘
(]

]
oX o
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N
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ne b1 ooX 2 et o e b op
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Fig. 3. Atomic contributions to the binding affinity constants (p[Od.lso)
of odorant molecules (Left: 11, Pred.p[Od.]sp=4.51 & Right: 5,
Pred.plOd.]l50=6.22): Green color denotes the greatest contribution to the
binding affinity while red signifies least contribution and gray color

signifies average contribution.
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o| A3} o] WA FAES A Fxo
4= (plOd.]s0) 2kl Al gt d1r
2}, Q19 A el FE}o] = (artificial peptides)et WA (== uhE AW el
5, 199459 AAE 3 7[2HQA 24RE FE&HY S dATE
z T

o o
9.
o
w0
e}
S
wn
e}
=

Al Hlal B2 24 (CoMFA) Rt vl 2 S
fri=skal pOBPS} WAl 22} 7 Zo]-5teh4 el Fea8d w2 A% sy

o
T UEd 5 Qe Bae FxA add wete] olslstan wh.

il

28
X

HA -4 HZER] ba-androst-16-en-3-ones WAE & = A4 EAE
sto] 7h=e] Ak 85 xdEy] gk AESA A5 A FHoR d8slal
2} HAY BRFEA] 2-cyclo- hexyloxytetrahydrofurane (A) % 2-phenoxytetrahydrofurane
B) FEAES % W3lel =842 porcine odorant binding protein (pOBP)
of tigh A3 Hse A (plOdls) Areld] BZFA Fx-gddAd #d 24
HQSAR =2EXIS F=3dt. WAl EAxFoA cyclohexyl-* A (A)7}F
phenyl-2] &4 (B) o} =2 2% 3t8S YA oH(A>B) ZEX> &4
Z7tA7)1(5~8), = Zol(97 bin)e 714 (chirality) 7oA dFA
(@*=0.916)7 F¥A (r*=0.988)0] vl FZaAT 7l ERRE WA EAe] A
Sk 13 E Ao V) osteE BEE 2-oxyfuryl groupd C3 2 C5 YAkl AT},
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A 4 A A A5sAsdo= &&etr] ¢g =HA
H2ZE A WA 29 g4 1L 2-(Cyclohexyloxy)
tetrahydrofur-ane %39} Porcine Odorant
Binding Protein Alo]¢] A3¥ Fsh=of sk v

ol R B

1. A &
EHX] <A ¥ Z¥ Sa-androst-16-en-3-one (= Sa-androst-16-en-3-ol) 2]
]E & A lipocalin (Gower®2} Hancock, 1982)3 A3tst= H|Hd A it=s
Tjriﬂ CAe #g AFE(Spinelli &, 2002) By ofuel, WAl ZH I A=
(Pevsner %, 1990) odorant binding protein (OBP) 7to] F+x-3-A A o] 73k
A (Pelosi®t Tirindelli, 1989)E50] &utstA o] Foj#] a1 JdtHKrzymowski 5,
1999). A1 F7FA bovine OBPol 2]3le] 212 w0 oju] 4z WAl & Fof A
(Herent &, 1995) ##te] A7|v B 2wl 54 5, 83055 st
porcine odorant binding protein (pOBP)2] ZAgr¢ X|of 3t A gAS A &
Hog AEF 33EZE  benzophenone, benzylbenzoate, dihydromyrcenol,
selenazol, thymol, 2-methoxy-3-(2-methyl-propyl) pyrazine % undecanal %
(Vincent &, 2000)¢] Ut} ol&jg AFEL 7tSE5S AEFHORE FASAL 1
Faoz #8317 9189 (Rekwot 5, 2001) #HA HAZEAS D& A =
2ol Ao #ek AFe] HAOoR olFojAa Qlth T, Hile] mEW AE
sHPBS)® sex odor aerosol (SOA)E AH&3H Ay, 7159 AL} &84 =
Aol A o] g whgk Aol AAThar skl ok (Shrestha &, 2001) 7-&3t€ A
= H2ZEAd oA Zdo] oy, dAE HdA =<l Sa-androst- 16—
en-3-ones ARE3tal Q) o] & HAAES JdstaA AAHSung T, 2004)+
A zt=ef {FA18 steroid stFEEC #3k E2-gstAd A A
Z9] AR Al (similarity index) L#]i 7] &R 24 5o w3k 73
2289 (H) QSAR 2P #ste] B il (Sung &, 2005)3F Tt
oAM= ob¥7bA EHetAl Hre A A @42 OBPY 4 &4

(olfactory receptor) 7+¢] E%3k w7}y &S olafst=d oA 7FE =23 o

NES FR8] AEETHR A FHoez 8317 9t Ao dslo=m 3

g WAl 2o g=E gt s o AA A oy A A
9
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hydrofurane F=AE2 58 A< pOBP Atele] A3 Hst&E 5 (p(Od)so) el v
A= T2 e AAE olF sy ¥5te] 3D-QSAR U (Kubinyi, 1993)2.
2 val x4 224 (CoMFA) (Cramer %, 1988)% A d)sla AEsIST).

O O
£ *
C, C,
O (@] R
(OF)
R
(1~11) (12~15)

Fig. 1. Compound used as template for molecular alignment showing: in
bold face is shown the reference atoms used in multifit alignment
protocol of the SYBYL program. The Ci;’ and C; atoms in substrate

molecules are chiral center.
2. Als 2y,

29 2dd,; gdst F7183E fFx2AE TodA A9 H(Pevsner S,
1990) WA E#<l 7|FAREAREA 2-(cyclohexyloxy)tetrahydrofurane =%
T-2(Fig. 1% pOBP 7t A3t 23te < (p(Od)s) (Dal Monte -5, 1993)
Table 19 A#sFAtt. CoMFA #41& TriposAH(Ver. 7.1)¢] 2 mdg X
101 (SYBYL)9} HINT Z =213 (Ver. 3.079)S Ab&staich. WA, 7bg <bx
F2ko] 3a9 e E A7) Yste] 2D & E simulated annealing W9 (Kerr,
1994) 0.2 3xk9l F+x(3D)°] A= dEsto] 7Hg kg gk & (conformer)E &
AsFA Y. AW cyclohexyl 1#] X 3A19] A $-(1~11)9l+= cis-trans T&°]
A5 FLoz dAFA e tetrahydrofuryl 1289 28 ©AAXHC)9 cyclohexyl
agle] 1H ARG )l tigk NTFAH R H SH)S CURICAR), CilR)CS),
Ci(S)Cao(R), Ci(S)Ca(S) &, 4714 =F o= Z/F3IATE

i
m o lo

(& o

oL
o

_31_



Fig. 2. Alignment of the potential energy minimized odorants, substrate
structures with chirality (Ci'(R), C2(S)) according to a least-square
atom based fit (A).

olwf cyclohexyl iLg]7dell X37|7F AgH A3e JASA SHAY=
o= 712 S Fostx] sk divkstd, 712 o Fel dAglol
EAANE YEtHA7] wiEolth Lol ek phenyl aLg] x| gkAe
15)0= YAFAlo] tetrahydrofuran 18] ¢ 2 &AL AH(Cy) 3 FH ]
Aujgoel wel kA 471R] 2Tl ESAF T CoMFA fielde ++317] ¢ 'L}
GAZA template= = 2-tetrahydrofuranyloxy groups 183 X 37 FR O
= cyclohexyl'ﬂ} phenyl group (Fig. 1)< §l9“57}°% atom based fit (A) ®
(Marshall &, 19793} field fit (F) W (Clark &, 1990) 2.2 329 & 7Hdol
2 5} o] ?;%j/\] 7131 standard field (S) % 1nd1cator field (D& =33t 22

CoMFA fielde} 2 W2(A B F)ol @& CoMFA RHEES =5k 3itt

L

o=
o o m =L o

|

ol

CoMFA 2wl Ae] AL WAEAe] Ad w3 712 e] ©E CoMFA
2dS f53817] 95t 1.0~3.0A¢ space grid <9 WolAl ¥ probe atom
(sp” 2 +1 AshS FHRHo= wdatdr) Tripos force field®] probe ¢ =Fo}
U 2Rz A (dispersion)ol WE A W7 A A5 2ES oldsly] 95l
Lennard-Jones potentialel] ¢]3F A& (Van der Waals potentia) @ A 713
(Coulomb potential)e] Zg o2 CoMFA %S A4t} oju] Azt AstE
2 Gasteiger-Hiickel W o2 A4kt o A3 dstE 5 (p(0Od)sy)ell o st
JAG D AAT o AFAAA FSAEGHINT) o2 235 d+=(Kellogg 5,
1991) CoMFA field® 749 29S FX=3t3th
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—'?—v‘f'_— 3:1‘_%]'% A, 32 F7Hdel] AEd 3D o SAH A3 33

A BE F AR5 (partial least square: PLS)HMH (Stahle¥ Wold,
2 %*4;}04 CoMFA EHE59 FAHRES T3kt o] #Aox 49
FAE 5 ZAS] 93l leave-one—out (LOO) cross validation (cv)ZH4 S A
date] dZ4, r'o (Bt O T

8] 3 vhA Y CoMFA 92 H 4o AE9 non-cross—validation (ncv)2 &2
FEH ABAFE e 5 AT 71 A E A9} pOBPALel o] A3 23k b

TS
o] mx]= CoMFAZ ] 33 S 1% (contour map)= =28 RS L3ty A
55 AAHoz #Es) 59 3gd neA

T ~!
93l CoMFA AFES3 a4
2} Abol o] AAES o mA Aot

Table 1. Observed (Obs.) binding affinities (p(Od)sy) of 2—(cyclohexyloxy)
tetrahydro- furanes and predicted (Pred.) values by the best CoMFA
models with atom based fit (A) and field fit (F) alignments

No. [UPAC name of odorants Obs. 5 A 5 a)F )
Pred. Dev. Pred. Dev.

1 2-(1-methylcyclohexyloxy)tetrahydrofurane 5.96 5.89 0.07 5.88 0.08
2 2-(cis—2-methylcyclohexyloxy)tetrahydrofurane 5.78 5.83 -0.05 5.85 -0.07
3 2-(trans—2-methylcyclohexyloxy)tetrahydrofurane 5.89 5.98 -0.09 5.99 -0.10
4 2-(cis-3-methylcyclohexyloxy)tetrahydrofurane 6.05 6.07 -0.02 6.08 -0.03
5 2-(trans-3-methylcyclohexyloxy)tetrahydrofurane 6.29 6.20 0.09 6.18 0.11
6 2-(cis-4-methylcyclohexyloxy)tetrahydrofurane 6.11 5.68 0.43 5.70 0.41
7 2-(trans-4-methylcyclohexyloxy)tetrahydrofurane  5.72 5.68 0.04 5.70 0.02
g 2-(cis—4-isopropylcyclohexyloxy)tetrahydrofurane  4.34 491 -0.57 4,93 -0.59
9 2-(trans—4-isopropylcyclohexyloxy)tetrahydrofurane 4.99 492 0.07 4.92 0.07
10 2-(cis—4-tert-butylcyclohexyloxy)tetrahydrofurane 4.61 4.48 0.13 4.49 0.12
11 2-(trans—4-tert-butylcyclohexyloxy)tetrahydrofurane 4.38 4.48 -0.10 4.49 -0.11
12 2-(4-methylphenoxy)tetrahydrofurane 5.65 5.77 -0.12 5.75 -0.10
13 2-(4-ethylphenoxy)tetrahydrofurane 5.29 5.35 -0.06 5.33 -0.04
14 2-(4-isopropylphenoxy)tetrahydrofurane 497 4.99 -0.02 497 0.00
15 2-(4-tert-butylphenoxyl)tetrahydrofurane 4.96 5.03 -0.07 5.03 -0.07
Ave.? 0.068 0.068
Test. Ave.” 0.373 0.367

DPpredicted values by the best models, AIV and FIV in Tdble 2., Pdifference of qbserved
(obs.p(Od)s0) values and predicted (pred p(Od)so) values, “test set compound, “average
residual of training set, “average residual of test set.
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3. A

e

oz

>

WA BExE9 A FZE: 7| EAEA, 2-(cyclohexyloxy)tetrahydrofurane %=
Aot &4 HOBP)7Ee] whS-o 9lo] A A=A (hydrophobicity)S WAl &4 A
AW St olsod dAAM THE Fag 8 FY syt AeAd Y AR
Abolol = Aol gl dWbdel] ol2slel Exle] A7 AF;|Ao] lon
(Kansy, 1996) A&l® WA E2}E5L logP=315~495 ¥ 2FALS 7IA=
shetEolh, upEla] WAl Exkek pOBP 7+ A% Hstg o] #A(Pevsner 5,
1990)el ¥+ w2 (Abraham &, 2002) X %= Aol xgE o] thksA AT
vk o o7 A tgE WA EAES T2 £3d7]E UE cyclohexanolZ}
phenol FX=AE2 15702 A ¥ (99%) tetrahydro- furanyl ether A& o]t}
(Dal Monte &, 1993). &% A2 template<} o]t i]@rﬂgiﬂ T%% Fig.

Lol Yetiglon WAl #4533 259 A4F ¥sE 45 (p(0d)s)ES Table 1oﬂ
At ols WAl ExE59 A3 WsE AT (p(0d)s) = 4.34~ 629-4
el 7]8) o] dAARA cis-ARY trans-A 7} A2 =& u/\(trans>c1s)
Bolar gt} olu cis- E trans-A 9] F+E L cyclohexanol 113 C-O0 A%
b kel thste] cyclohexyloxy el x| 7]7F 22 Wakol™ cis—Al o]
o Wl A folE trans-A WIEE Y 28y 2D F2E 3D FE

ghal= bES FHE EMsks BAolA cis-AS] Aol o oA Skt
g, X] rle=s cyclohexyl A g A Eo] W= phenyl XA KT AR = 2

o, o

o S

;
ﬂ
mlo
T
o,
5:
g

Table 2. Statistical results of CoMFA models” with two alignment
types and chilarity of stereo centers (Ci'(R) & C2(S)) in substrate
molecule

Fields PLS analyses
Models 3 I O Z 29 SRR
Al v 0887 0981  0.09%
A/ v 0883 0977 0104
ATl v Vv 0865 0975  0.108
ANY 0.886 0984  0.086
AV v vV 0873 0976  0.106
FI v 0.882 0979  0.099
FI v Vv 0898 0970  0.119
FII v Vv 0880 0966  0.126
FNVY 0.881 0983  0.090
FV v VY 0893 0970  0.119

Abbreviation: S=standard, I=indicator, H=H-bond, A: atom based fit alignment,
FZ field fit alignment, UNumber of component=2, Yeross-validated rz,
2 d

“non-cross-validated 1, Ystandard error estimate. “the optimized model (grid: 1A).
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Table 3. Statistical results of CoOMFA models with two alignment types
and chilarities of stereo centers (Ci* & C2) in substrate molecule

Chiralities C1"(R),Ca(R) C1'(S),Co(R) C1'(S),Ca(S) Ci'(R),Ca(S)
No. Al FI All FII Al FII ANVY  FN
Fields SI SIH SIH SIH SI SI SI SI
Grid(A) 1.0 3.0 3.0 3.0 15 1.0 1.0 1.0
Components 2 2 2 2 2 2 2 2
e (a?)” 0.864  0.878 0.881  0.903 0.855  0.862 0.88  0.881
T 0.981 0.984 0977 0974 0973  0.967 0984  0.983
SEE;. 0.096  0.088 0.104 0.111 0113  0.124 0.086  0.090
F value® 226.80 26998 193.02 16885 162.05 133.21 281.44  258.92
Steric 0432  0.468 0.407  0.455 0.450  0.435 0.408  0.395
Electrostatic 0.103  0.062 0.130  0.088 0.123  0.121 0.146  0.155
ClogP 0.465 0470 0.463  0.457 0.427 0444 0.446  0.450

o . 2 d)
UThe best model, Peross-validated r “non-cross-validated r°, “standard error
estimate, “fraction of explained versus unexplained variance.

ot

K
re ot o

CoMFA =29 7|3 #2(Fig. Do A G digt 7124k 2 SY)
C1(R)Co(R), Ci{R)CHS), Ci(S)Ca(R), CL(SCAS) &, 4714 =F oz F7F3}
7HA fJAE B, A 2 F 5, 27FA WMo R JHEekdnh & o=, Fig. 29
Ao & FES Yl B2 F3HAA "Held X 37|59 ®s
wel A% WslEoel M= o2 yverdn gl 3 7k ZE e giske
standard field (S), indicator field (I) @ H-bond field(H) %, 37}#] CoMFA field®] 5
7HA] 2%l 2= 10702 CoMFA 29SS fxatgth. webd 17F4 A 3
1070 24, ZF 40719 RS fiste] vlal 22 A4S AAIEH
AA L] C'(R),CASQ A-F, CoMFA el x3t3t gride] ®Wstel wE 10
Mol mdse] dgk SAFES Table 20 Aeslitt. o]5 2 FolA SI e
g grid 1.0A =71 RU(AN % FIV)o] 7Hg ¢sgh mdoldr. o]k 2+
SHeR 7HA AN 7, 3 7hA A el tiE A R F 5, 2704 A
fEste] 744 FEd RASAI~AV 2L FI~FV)S
Table 3¢ £ 3}913} AEAT, 7 FEF BB CAR)CAS)E 207 A
9 ANVOITh T3 C'(R),CaS)e oA Weks &
S test seto® 79?5} 499 wdl(n=11, field=S, grid(A)=2.0, A F=2
r'e=0.806 2 1°=0951)7} test set §lo] HA FFES Ao fFryE nd
(n=15, field= SI, grid(A)=1.0, 24 F=4, r"=0.743 2 ’,=0980)% F%alo] =
AZES HESIoY vd AVEY 4353 nde =314 ok,

o
2
2
Ho
H'l
rﬂ
1—11
M
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65 L @ Trainin g set

O Test set

Pred.p[Od.]50

4.0 4.5 5.0 5.5 6.0 6.5
Obs.p[Od.];,

Fig. 3. Relationships between observed binding affinity constants (Obs.)
and predicted binding affinity constants (Pred.) by CoMFA model AIV.
For data set; Pred. (p(Od)sp)=0.8390bs.(p(0Od)s0)+0.885 (n=15, s=0.182,
F=125.481, q°=0.855 & r=0.952)

eyl we AVE 24#4S onetE non-cross-validation rae=0.984¢} I
22 s=0.086 LIE] o =4S UEE LOO cross—validation riet (B qz)ol
rcv_0886011\}\v——11] At sk *J—’Foﬂ‘i‘ AA T 40.8%, 7174 14.6% 18] 1L

44 (ClogP)o] 446%% 43S A= &40tk o] ZHZ Table 19
*H wAbEel g Ad st Ao oS53 (prep(Od)s)s Albetal #53k
(obs.p(Od)s) 2 el =gk 3o] 2fol(Dev)E Aelatdch 18] #59 2% st
el CoMFA EEANVe 9fste] AlLte dS53kate] #AE Fig. 39 YEUA
ok 2elE® CoMFA RHFEAN ®rb ofye} o AX A (Pred.(plOdls)=
0.8390bs.(p[Odl5p) +0.885, n=15, s=0.182, F=125.48]1, a°=0.855 @ r=0952)0. =%
ATt HstHo] AA 3] NAE HANEAES o= = dS Aoz dolAr),

CoMFA S3%: PLS &4 7] %3t A3 Hg=g o] & 5(p(0d)s=6.29)
o} 12(p(0d)s0= 565)4 Sa=ES Fig. 4 242 yepldv. A9 favor (25
A): disfavor (=4 t 80:20 18] a1 A A7 =3t favor (FH24): st
A favor (&A= 80: 209 vl&E ZFzF eEldeh. 2} 59 A& cyclohexyl
aEge] 1 gAAAE AL o] Ao PAH R F A3V EY
=
]

H
52 (220) 43 1ege] 7] Aoz et aga YAHos #L
28717 BPDFE(=TdA) B Sdtdoe] & AU mYEFEE(EeA)
% 7loinl &

3 gt 7o Jom digEct ey A% sk Aol g
(%) A 408%, A7 146% 18]l A 4

A7) ot Vo By JAFH AeAdgel R AA TS YERR
t}h aele R 22 1294 % phenyl 224 ortho, meta @ para-9 3¢ W& A
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Fig. 4. The contour plots of the CoMFA (atom based fit) steric and
electrostatic fields (stdev#*coeff) for binding affinity between pOBP and

odorant molecules, (5) and (12).

Fig. 5. COMFA-HINT contour map for hydrophobic field (stdev#*coeff)
for binding affinity between pOBP and odorant molecules, (5) and (12).
Cyan color denotes the contribution to hydrophobicity while red color

signifies contribution to hydrophilicity.
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CoMFA-HINTGS 1 %: pOHPe| oigt ZA3 slgo] wuws & 33&ES
3,7-dimethyloctan-1-ol (ICs=0.3uM)= <¢& A (Pevsner %, 1990)3) o™
odorant:= 3ol L3 01} green odorantES U353 FES etk
At o] BaEl wh th(Herent 5, 1995). Fig. 59+ 4 <=4 (hydrophobic)®d 3} %l
44 (hydrophilic) gl #3 CoMFA-HINT S1=2 uehfilch 24 5004
cyclohexyl 112l C3 % C5 YAk Alole] &3t LA (EsM)o] 45 4
3 skge] F7Fsk 3-methyl 7] 32 IAFAA(ESA) ZFE7)7F A$E A
Fol A zstEo] A E ALES AARSEL Aok 283 12914 orhto-9 A &
2FA 18l para-9 A FollE 4 A&7 EAFE ASole A s
Hol] MAE AoR ogdrt. oAy o], AEld CoMFA REEAVIe Ti1%
(Fig. 4 ¥ 5) 5A4Co=2%E 842 pOBPe 714 #2137k A3 ghego] v
= CoMFAXS olslad 4= 9l g ootuel, AjE HskE A (p(0d)s) 7t
2Hg AAEk e 87 MR E BERE dS F AATH

=T = =

—~
Yo

_0—/\)

d

ﬁ’, mlo
o MY

A A=A paoR &85 gk HA 34 HEEAA 24

Starza Aol WA Ex= A 2-(cyclohexyloxy)tetrahydrofurane %=
gxol Fz9F =842 porcine odorant binding protein (pOBP)7Fe] A
g A5 (pOdspel gk vlu #24 E41(CoMFA)S st 7Hg st
CoMFA =49 AIV (% (Clz) 0.886 2 1 =0.984) 712 2z} U 1A Z A (chiral
center)®] Adiu]d o] Ci(R),Co(S)S] #AE atom based fit WHOZ A3} H S
7 9-2] standard field®} indicator field7} &% CoMFA#2] oA F=¥ 3]
t}. o] CoMFA 22 A 40.8%, AA714 146% 2 A543 446%7F 4
st Aol S vAE 849S YHERSIT CoMFA Si%9] 4
1 A% Hstd WA EAE FAstsd 2 7HA A= A

O:
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A5 A HA HZ2E A B & Salivary Lipocalin®
&

R=4
2RY A 984 HojA4 3y Virtual Screening

1. A &
fEsEs AETHOR FAS Y Fuxd FHoR &835t7] 93k (Rekwot
S, 200D) A AEREAY WAE ddste giA 22 @A #e A 5
© % porcine nasal tissues Zol =4 Hx A W EE So-androst-
16-en-3-one (¥ Sia-androst-16-en-3-o0l)¢] &= <A lipocaline(Gower
S 1982)3 Agete v HA Ht=sde = # Vincent &, 2000)&
o] =g]7|& SAvk FA A A= al(Herent 5, 1995) 21th. Odorant-binding
proteins (OBP)+&= F cavity?] EH]7] o] 23] E”éﬂ?ii 3k
A TR Asely $72be] transductions A= Aoz F=4 ¥ (Buck,
2004). 25 soluble biomolecules< lipocalins® large familyol <3ty H| = Z
de A A Fe= 7T BE == members7t AW HAIRE AwHA
aqueous biological fluidsel 2542 e1 BEAlo] st AgdA=zA 33}
o &= 5-androst-16-en-3-one % 5-androst-16-en-3-ol¢} =& A}o] <]
Zhel] ste] AT vlE THChen &, 2003). & ATFolA = =HA -S4 H
A gAl EES "Ml fskd #HA 4 HEZY FEAR o
lipocaline(1GM6)oll  th st Thkst 313=E39] virtual screening(May &, 2003;
Kitchen &, 2004) A Alstal AESHA T

¢
¢

Aol A A el

2. AR 2 U

Androstenone®¢ E# (Docking)d¥: olv] X-A AAFE7F LEA
1GM6 (Salivary lipocalin from Boar) T%(Spinelli %, 2002)°] sybyl module?!
FlexX program= A}-§3}9 androstenol and androsenone automated docking
S FY3F oM, cavityE €T pocketol] 2¥¢ES & F Ut EI FlexX
2 automated docking ligandE ©] ¢ XAl Molecular mechanics(MM)< ©] &
st HAsE g5k 7‘}7]9}94 restraing A A8t oldf Ca AAES
constraing FR oW ZAEL ligand TAS W4 10A 22 4 3} (minimization)
2 S35l ligand9be] restrictiong A AsATE 71d B EE 3uke s g
Chembridge product libraryES WArSZ virtual screenings A A3e] Score
(Kcal/mol)7} vto} £ o] & ¥ 33&E T/NE AA3 AT
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3. 43 4 a7

A A8; G289 pocket 3Fekol polar group?! GLU1213 H-binding S
& 4 9= TYPI123 amino acid’b &A18tal vk, GLUI1213} TYRI23%ke] 7 ¢
= 241A02X ZHE3 F2rATS A Jdow HEZEQ polar Group©]
binding & 4 A& IS 3t ASS AT F Ao pocket 2H S T3

i = PHEG6O, 58, 932 99| rigidityet AF4E 7HAaL gleme AjHy

moi
34

T4 & A
o Aztsta e A A7), FH, 33}, ket WHeE 73740} 9)\

o
% 5 gon oF E4Ee wWe AWAL £ 9o

ool XMy of 274A%]H LogP#k2 15.458°]t}. FlexX& *]—ﬁO}@]
A 222 logPRke 3819, F9& 266A°02H 3 BHdE Hgsitt
T Ak ®=3g Figl 9 Fig2dA e @4ateld 7271 A3Eo] s
047101]/‘1 TE A% 5ol C=0 groupe] WHg F3te] 9l off= i
2714 €] binding modeE YWEI L = Ho|th

T o

i
%
s A T 1 e

< d¥e -

4 &
_n

[

E T

mRE&H 3

Fig. 1. Conformational changes in loop2.

g2 EA F, active site?] WH-ol| glycerole] A& o] dom =1
dre BHde FxE Ho vk oY T x= ligand7t 2¥E F JTUF
el e= Zow F5T F oz Addd e g7 dElAEY Adtst
= 23 AL AT 5 Advk. = plapping effectol] o84 dH3} 23lo] vt
Ae= Aoz e 4 9lom pockete] 9F-Eol 2712 WEl sheetS A3}
1 Q= TYRS87, TRYSS, GLYR9Z HAF loopH-3 Asp30-Vald3o = A%

o] pocket 979 & FTS T oz HHT,

g
ks}
2 ¥
_IR [‘ F
it
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Fig. 2. Best FlexX docking poses for 1 and 2.

ol 213} active ligandE 9] =7]o] AH3 FaFS nA Aoz oAdrct &=
gk o] 23k receptor flexibility7} ligand A Aol 713 EA7F €@ FEolgk A7

I

"rh o] AAF x| ligand7t ZA2FHAUNE= TE27F 1A sybyl®] FlexX
Program< o] &3sle] =% A #HEzXRoxr ez S5a-andorost-16-en-3-oned
Sa—androst-16-en-3-ol& ZA &3} o]52] binding key residuesZ ZholH gk
A3 cavityd] W2 FE AFAAQ A7]Ql Valds, Pheb8, Ala73, Valss,
Phe93, Leul06, Leul08E= T4 =o] 3lem ofg =S43710 Tyr87, Tyrl2s,
Cysl7bo 2 450 Ao & + Atk

;W] crystal structures Glycerole] Cavityo]l 28 H FZ2ZMA pockety +
7F @89 +xE U 9t} olg s txEE ligand’} 2

A =
olS o 4 At o83 proteindl ligandS A 3l7] Yl E cavitye FH)
H3lE g sle]okut 3¢t o] 2] binding pocket ¥ TF$ ol EA8FE loopEs
o &Ade AFE7] YA loopES FAEAT. cavity F9ol= 2719 loop

So] &A%} loop 1&(Tyr87, Tyr88, Gly89) &l loop 2 (Asp30. Glu3?,
Asn38, Gly39, Ser0, Met4l, Arg42, Vald3)o]™ o]E loopE 9| flexibility= 271
o] fi-sheets AZ3ta A+ 3709 olv=AbE= FA X loop 1ETE 1471 €]
ol = AE R A H A Joop 29 flexibility7} Bl £& Ao ® e H) o] 3k
AL S vlg o2 o]5 loopE e FEHW3E Sybyl moduled] A& FERIIHWE O
§3te] o5 loopsel W3S AFsATh Figleld HXe] loop 2= o] T
xoh= 2 498 W@ o] binding pockete] 977F 2 A& F dvkE vt

odd 4 dom olo w} binding pockete] FEE HEtHE 45T 5
t}.

X0 ol
32 o
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Fig. 3. Structure—-based query

478 AFSEE 249 A ARzl = glycerole] AgHE o] A o™
cavity®= 477F 23 A At o] A2 ligand7t Agstr] doll= cavity 7t
deAqdetrt A Fele @dvsE As 9uddn & = k. oy
plapping effect™ cavity 7%<] loope] =2l oJs|A dojd 4 2t} o]zfst
Gl o] Jigand bindings A73F7] 918X+ cavity 799 FEiHSE 1St
ofoknt 3} th. ©] 23t binding pocket ¥ FHol EAFF= loopE X US
AF3t7] HElA loopES ZAFSFETE cavity T = 2719 loopE Y I_ZH%
Fig. 19 YeEHAT} loop 12 Tyr87, Tyr88 % Gly’9 18] loop 2= Glu3?,
Asn38, Gly39, Serd0, Metdl, Arg42 2 Val43o|™ o]E loope Y flexibilitys 2
Mo f-sheetE AZA3Ia A= 3709 ofneitE2 FA A Z loop 1HF 1371
o ol AER FAHIZ loop 29 flexibility7} v & Aox m#EHETL}. o]
23 AME S At e R ol F loopE el FEHW SIS Sybyl moduled] = FRI1H
S o] g3lo] o]5 loopeEe WIE o =38ttt Fig 2914 -ol FEl¢ —one &
HeE gdxedd A stdoh 9o AdellA pockets st A= A=
liphophilicdt 54 & 717l Phe, Val, Leul® FA o] 9421 pocketd] aFeki-of
= A% $2A8S dA4% £ JdE Gl 9FE 2 duk -old] A fol= Tt x
A9 OH group¥ Glue] CO9F +4Z23%E FA3 L oS & & oy, -one
9] A%+= Glu9 CO: groupd TF+Z4 C=0 groupzitel AFA HE
o Fx¢ C=0 group®| -ol¢l 78‘—‘%9}{— HHOl 2 pocketd] f1ZF% o2 wgsta
ligand®] ErAa12] 7} pocket ¢tz o g wjdE]o] it o] s AH}ELS FlexX
binding score’} Z}Z} -6.78kcal/mol ¥ -4.5kcal/mol¥d-& Heoli Ut} -ol9 H
%7} 84 ] #83% binding modeE 7MES & F A olg s AFER 9
ato] A ztel o] Ae FEE A= pocket sHAF-O Glush FA2AF 52 A A7
Aol A3 243 pocketS TASL A= TS liphophilic interactiond
T ARG ogd FHEaHAES et AMER ligandE FedH 7IEH o]
7

Aol Azt

VARSKS)

5
2
o

i) ng
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Fig. 4. Binding mode of AQ6060 in active site of lipocalin.

N2 FF9 ©@A; Active pocketo] Z3sl+= androstenol® androsenone
9] binding modeE 71O 2 sybyl? unity programe Al-&3te] Fig 39 #o]
Tyr87> H-bond acceptor®} donor 18] Arg62, Cys7b, Val74 18] Tyrl23,
Glul21-& RD(receptor donor), LA(ligand acceptor)® queryE A3}th. oloF 2
L queryE 7FA 1L sybyl9 Unity program< o] &3lo] A Z2& ligandE 2Fokth
2 A, ot Fig 29 22 stgEEo]l HAEHJOT o5 FFEES FlexX&E
AL-8-3Fo] receptore] AEsle] o] £ 9] binding modeES M| 3t

Table 1. The results of Flexx docking and volume of candidated
compounds from TUNITY search.

Compound number® Score” Volume® ClogP?
AQ6431 -39.9 2354 2.26
AQ5755 -394 2274 2.96
AQT7111 -39.0 233.0 0.55
AQ7113 -385 253.6 1.85
AQ6060 -38.1 182.0 0.01
AQ6184 -37.6 204.2 0.54
BQ6663 -52.7 400.5 3.61

YChembridge product library (http://chembridge.com), Yin Kcal/mol, “in A°

dhydrophobicity.
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g Ad, 3w Ule] B FedA T FHEZA] HAEo o]59] binding
modeS H]_’ﬁ}‘ﬁ N F, 6709 FREAL Glul2l, Tyrl233 F422%8S IA
g 4 9lE H-bond donor &< acceptor groups 33E dete] 7FAa glth.
*—T‘ﬂﬂﬂh— oly st FAAZ WA B2 FAS /A A &3 #5435} A liphophilic
interaction¥to. 2 ZA3e 4 Qv FHEHo] AHEATE Table 1o o5 FH
EZE9 FlexX binding scoreol| 4] H.%o] <=<3}A liphophilic interaction%to =
g3 FREZA score GA E Aol M EFSE & 5 AR eH ligand
o] Rz} 182 A’emm ¥Ae ] 273 A’ HluwE ol AALE o F
AL 3 o2 Fig. 49+ lipocalin®] A4 xlg]o] =7 H AQ60602] A LdS
HER LTt

b}

4. 4 &

Androstenol® androsenone®] binding modeES 7] RD(receptor donor),
LA(ligand acceptor)® querys A3te] A2 ligandE ZSdth ol &5 F =52
FlexXZ A}&3}o] receptorel]l ZAgsle] o] 59 binding modeES H|wdk 2
3ntod el =" FolA THY FEREHol HAHJT olF, 6719 FHRE=HE
Glul21, Tyr123¥ 423 (Taylor %, 1984)2 #A e 4 A+ H-bond donor
52 acceptor groups SE oo ZHX 3 S B ol EolAE o]
213 H-bond donor &2 acceptor group= 7FAA] &1 534 AFAAQA
Jeagrto g AT ¢ e AQ60S fIAIe FxH =5 7Y SFEE

= A

o,

2
) }oll

_44_



A6 A A HAZE A EZ =3 Tetrahydrofuranyl-

oxycyclohexane %42 34

LA E

Porcine odorant binding protein (p—-OBP)ol| th3dl A 33j2o] mluwz &
3}etE-2  37-dimethyloctan-1-ol (IC5=0.3uM)=Z <& A (Pevsner, 1990)%)2.H
nutty odorant®= Z 3} o] EZ& ¢ 21} green odorantES U353 AFS e
k= Abdoe]l Bu® vk Atk (Herent 5, 1995). <&, #=HA FZAAE F,
p-OBPe} WA 412l 2-(cyclohexyloxy tetrahydrofurane =45 Aloleol ZAgt
384 A pl0dIsp)oll ek FEF4Ql Fxo &4 #HA(SAR)(Akamatsu, 2002)
258 7P T8% dAES AETLA T4 sHoRE &&ety] g A4t
HaEal Qlrh of7]o A= A #HE2E A dA 2249 2t=E @ sta A
3t AH(Hansch &, 1995) HQSAR (Lowis, 1997), CoMFA % CoMSIA 5,
3D-QSAR Ed 2 MY EF tetrahydrofuranyloxycyclo- hexane (TFC-A % TFC-B)
9} virtual screening®lA] A El® AQ6060S ¥ 3/ 3FES AASL 9
FToAA 7M=& A2 HstY AE U o®E VgiEHE TFC-A 5249
doll et HESAT

2. Am % U

I 84 FEEY 43 HA F49 25 2HorRY 8 AA pOBP
(22kDa)et x4 Hl=g dAAAdS Zte oY /71 SFE Tl 2-
cyclohexyloxytetrahydrofurane % 2-phen-oxytetrahydrofurane -f+%=#|(Pevsner
T, 190059 FxWsted wE #AZH(obs) AY HsHFF(p[0Odls) (Dal
Monte %, 1993) Alo]¢] 37FA] QSAR R 2 (Sybyl, Ver. 7.1)& FE3dH(AH 5,
2005; 2006). 18]la 37FA #3892 oxytetrahydrofurane (A), 2-(cyclohexyloxy
Jtetrahydro—- furane (B) % 2-(phenoxy)tetrahydrofurane (C) =Sl ofs}¢]
optimized QSAR " (Cycle: 2000, Hit: 400)2. 2 °F 1719 XA ol ds}
o A3 WstE 45 (PredplOd.ls)E AlAtslaith. 3k, Chembridge library 9] 3
oy 7 B ES thAte 2 3 virtual screeningol A A EE FgE FoA A

g AT =" AQ6060E 9 A8l tetrahydrofuranyloxycyclo
~hexane (TFC-A % TFC-B) =4 5, HE4o= 3709 =HA A= A sigt=s

2 Agsgn



Ak R 7)7): FAel AHES AlFELS HlF-E Sigma-Aldrich AFe] 165H A
e Az EE AAsA g agE ol&stdoen fr]Evs FEAoR
A 3Fe] (Perrin 5, 1988) AF&3lith.  E3], tetrahydrofurane(THF)& Na &<
, methylene chlorideMMC)E Cam %S o] &3t S5R/ale AFEsAY. 28
e FxEAS 935te] NMR spectrat™ Varian 400 MHz 292 34319

SU Mo ol 19

g4 359 FdA: 37H4 QSAR EHY o= A9} virtual screeningl A
Aud shetE FoA 7 =2 A FEY s dEd AdeE UgiEs
A2z 4 sgtE 5, stvds FA6h7] 9t &3 EZ =2 cyclohexanecarboxylic
acidZ methanol & H<o A thionylchloride®} ¥F$A]A methyl esterE 4-& t}
Lo HE MAE tetrahydrofuranyloxy-cyclohexane (TFC-A) f=A7F A4 5=
¥} 8 Scheme 19 A2 &}3ich

I

Ay 9 a

3D-QSAR Ed: gAML ] C\'(R),CASS AS, M 4E3 CoMFA
< C'(R),Cx(S)e] A} atom based fit(AF) AHA Fxg Zdo|dr}
1 RU(A 5, 200602 AAAYS 9nsE non-cross-validation rney=0.984}
93} $=0.086 L] &4 S ERNE LOO cross-validation r'e @t (2 ¢
rw=088601%l e A sty Ao nAE axE YA 408%, FA7NH
14.6% 1831 2544 (ClogP)o] 44.6% ©11th. CoMSIA =23 (4 %, 2006b)
ol E3], Ay Rdle FEZXHOF atom based fit AE I} grid 1A Z7 A
A FETS ez g A H Aedde] 2FE RE(RAT=2
n=11, r’w=0.613, r'»=0.904, SEE= 0.255 ¥ F=37.68) 123 data set& tlao
2 a5 23 ZAdA fEE BRd(FAS=3, n=15, 1%.=0.692,
r"ev=0.928, SEE=0.197 ¥ F=47.042)5°] Hlate] A3 F5d medglo] &9l
Atk olsl e wow 7 JAME FolA HF FEI wd ES A
o 2E 2EE vugk A3 AT Cl(R) & Cu(S)9l =34 FEd &
\:4210] 714 ks sk Etﬂalo]oﬂz]-_

r
2 B ri ol
O HN 2 a2

5
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Table 1. Statistical values and contribution fraction of the optimized
3D-QSAR and HQSAR models

Statistical & fraction CoMFA”  CoMSIA”  HQSAR?
Fields Sta Ste -
Number of used compoundsd) 12 12 12
Space grid (A) 1.0 15 -
Number of components 2 2 5
F value” 281.44 122.09
o (g 0.836 0.856 0916
e 0.984 0.964 0.933
Standard error estimate (ncv)’ 0.086 0.129 0.094
Arts" 0.068 0.088 0.057
Steric field 0.403 1.000 -
Electrostatic field 0.146 - -
Hydrophobic field 0.446 - -

Abbreviation: Sta=standard, and Ste=steric, a)optimal value of SL; 1.418.,
Patom based fit alignment, “molecular fragment;, 5~8 and best length; 97,
Yhumber  of training set compounds, Pfraction  of explained versus

g) h)

. . . 2 . 2 i
unexplained variance, °’cross—validated r°, “non-cross-validated r°, standard

error estimate, V" substituent lipole, Yrotatable bond acount,,l)average residual of

training set.

HQSAR =d: =194l A=A ‘TLZ A BA (HQSAR) O #3F -4
(Lowis, 1997) 2% ¥ HQSAR EH& 7] $ate] WA, training set 3}
grEol g fragment size®] FFS FAFSES D} a2 A, 7HE 2 HQSAR
a5, 20052 EAz7Z A7]7F 5-8 183l best length 307 bin, A 4
B 4olal o FALe ¢’=0.900 123 ¥l rhhe=09822 Wl FEegivh
gar x274o A7|(5-8)° g Wt Rds SAFCRE JfdsHA i 3l
ek 22 2zbe] Ao #dk JEFS A A3, 23 2749 54T ]/‘1
AAAGl #Agk 712 A (chirality)e] 7HE T8.3 8.40]%1 2™ best length7} 979

e 5ola 3L ¢’=0916 1Ela Aol r%.=0988L %
7HE G Rds fRegiv aene WA
2

-

> BACIFHE D49 2 A2
W B=1-2)% #A F2t £ OBPs Alo]o] Fa-7]A7k whgo] 71yl o
£42 YTt AAE ofE wgel B gAHew olFel Ax UL AN
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A 39 A5 100 ml s Eek2~Fo] methanol (30 mDS ¥il
ice-bath &% Z73}o|A SOCl; (10 mhHE HH3] H7std . (5729 SOCl,
WAl g AgE wkgo] o]Fo] AmE Hugk HHs| A7t stofof drh) 304
B 2o A wrEAS FE3 wHk Azl T &% 33E 4-(aminomethyl)
cyclohexanecarboxylic acid, 1 (5.0 g, 31.8 mmol)= “ANEHZE HH3 A7} 3}
Atk Carboxylic acid, 1¢] #H7I7F £ Foll= wk&o) ol carboxylic acid’}
A8 HA FAN HAHT] 7] A AE] epER FF A AT yPrE F
3 AI7E BoF ko] SOCLS methanol &S €43 A A3t Ao 3]
AS HA2EY methanolol] ¢ thdol| o] 271¢ diethyl ether® %ol
S| M 1A ZA crude methyl ester, 2 (65 g)= At do{x crude methyl
ester, 2 (65 g)¢} KuCO; (88 g, 63.6 mmol) S THF/H:0 (1:1)¢] F&do] Y
Wk A]7)H A benzyl bromide (7.6 ml, 70.0 mmol)Z ice-bath’oll A %3] 10
F A7) Ak wrg e Ao A] over nightA|AH 83 ¥FSAI7l &, 3}k
ethyl acetate®} & #H7lstar pH 6.0 7oA Al 2Hd oA FEH3Fo] F7]
e Y FEste] AT Aol f{UlFS I ¥ NapSOs2 A%
AAZ 3 72 FFHst] ¥ A7) A4S =2 crude methyl ester 3
t}, AxE o] methyl ester, 32 ethyl acetate®} n-hexane &0 ZHo=
Si0; column chromatographydle] vyellow oil®] methyl-4-((dibenzylamino)methyl)
cyclohexanecarboxylate, 3 (10.2 g)& 92%(in 2 steps)e] &&= AUTh

F

111

)
J

El

e e o lo fr

32 o

3: 1H NMR (CDCI3, 400 MHz) d 0.78 (q, J=12.0 Hz, 2H), 0.94 (q, J=12.0
Hz, 2H), 1.38 (m, 1H), 1.46 (s, 1H), 1.60 (m, 1H), 1.80 (d, J=12.0 Hz, 2H), 1.94
(d, J=12.0 Hz, 2H), 2.22 (d, J=7.2 Hz, 2H), 3.44 (bd, J=5.6 Hz, 2H), 354 (s,
4H), 7.2377.7.40 (m, 10H)

3}3HE tetrahydrofuranyloxycyclohexylmethanamine (6)= THFZ couplings} <
42} methyl amine A WSE E3lo] AL £ YO methyl ester, 3=
LiAIH,E& A3to] alcohol® FLAAZH T 2 v THF solvent WolA THF
= 24E coupling A 7]3 dibenzyl protection groups Pd/C vl ZzAsfel A =43}
W8-S =31o] amine, 62 ¢S F S Aow AGEAY. wel A methyl ester,
4- = EdR sto] MeOH
Sm A A SOCLS W3S %38 methyl esterification W8S Al =3} free
o)

amine®] T3} benzylation protection ¥F3< =3 4& & AU

(aminomethyl)cyclohexanecarboxylic acid, 1& &%
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TFC-A¢] &A: Crude amine, 6 (500 mg, 2.3 mmol)< CHsCN (15 mDol] =
o] a1 KoCO3 (640 mg, 4.6 mmol)¥} iodomethane (3.3 g, 23.0 mmol) S ¥+ Al Z
o} 98 &9 brineSs H7Fste] AFHZ T A AE o] methylene chloride
2 FESAT olgA dold {71F5E B FF NaSOu= A% 55 Al
At & 7 F7F3 AN crude amineE AUTE AojX amined ethyl
acetate?} n-hexane & ZHA o2 SiO; column chroma- tographydste] &2 3}

= 714 395 tetrahydrofuranyloxycyclohexane (TFC-A) (380 mg)g 4t}

1H NMR (CDCl;, 400 MHz) d 0.7270.98 (m, 4H), 1.42 (m, 1H), 1.68 (m,
1H), 1.75 (d, J=12.0 Hz, 2H), 1.8071.92 (m, 2H), 194 (d, J=12.0 Hz, 2H), 2.22
(d, J=7.2 Hz, 2H), 2.27 (s, 9H), 3.44 (bd, J=5.6 Hz, 2H), 3.5573.78 (m, 4H), 5.10
(t, J=6.2 Hz, 1H).

\\\\“\\
\/O p Ph ¢ Ho\p
)

6 1) reduction of methyl ester 3 1) methyl ester formation 1
2) coupling with THF 2) protection of amine group
3) hydrogenation reaction

Scheme 1. Synthetic process of tetrahydrofuranyloxycyclohexylmethylamine

analogues.

4. 4 &

HA A HEE A BXAE A A dH WA EA2A] 2- (cyclohexyloxy)
tetra-hydrofurane f=AE9 AHFH Fxo FEAQ porcine odorant
binding proteinel ®lg A3 = AF(pO0d)s)  AFelel HQSAR %
3D-QSAR =93  virtual Screeninggi o =& Adstdct. 1 A9, 718 &

O

sk A7t X3 At dEd F 3 #HA HE2EE A SEES dAst
a oA 3 3EE(TFC-A)S %LH 39 th. cyclohexanecarboxylic acid® &t

¢

]I.
=

12 3t MeOH &1 Z7oA] SOCLS w8 © 2 methyl esterification

AlE3a 283l free amined] ™ 3}e] benzylation protection HF-S-S A

oo rU{EI
ol

mlo o,
b1
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3} th.  dibenzyl protectione AHFASl d7] ZZ A benzyl bromide$}2]
coupling ¥F3-° 2 Z+Z+eo] functional groupE©] protection® methyl esterE &
S F AJY. A E methyl esters: FE2 FPA I = S U] AHF o
A#a ek Dibenzyl 3719 & HE W& Pd/CS FHulz AMEF F43
8- 087 28 H o tetrahydrofuranyloxycyclohexane (TFC-A) =4S A 8t
o]
%

T

ig
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A 74 HA Az A BEY AFAHY,; Tetrahydrofuranyl-
oxycyclohexane %3¢} androstenone® =74 9
3 Az 54

aefAe] =EF 507 90%e wHjES  gAstA F7HAIZ)

(Hemworth &, 1982). ¥ 2] A A 5= 5 3 EEA] A
auje] 717re Fole Ao ol&dHua R EATH(Sign- oret, 1970; Stevenson
5, 1984; Petchy -5, 1980). <&, &A1 SAlo] &3 Hilo] a2y 5 H
A HZ 22fpo]o] ARgo] A Y A E&4d Sl FoF vk )
Aol vt 3k thH(Shrestha 5, 2001). o= & = A sex odor aerosol
(S0A)9] Ml E&AdS SHatA HEzed A 2459 S 5, 2006a)
#Aale] A% v} ok 7)o A= androstenone® FAE tetrahydrofuranyloxycyclohexane
(TFC-A % TFC-B) (4 %, 2006b) % virtual screening product®! AQ6060(4
s, 2006c)°l tiste]l Av]e] HAow &g F eA AFE A HdEt)
Agk A A 5Q4AE dFstar 1 FolA TP AF AsE e =5 A
o2 qFHAUY TFC-Adl tigh == A =& S #ato] HESATH

2. A5 W

g3 549 o3 Tetrahydrofuranyloxycyclohexane (TFC-A % TFC-B) %
virtual screening productq! AQ6060°¢] =R =AS dFstAY H7HASE
85% ©]4)st7] 918kl Health Design Inc.(HDDelA  71%#  TOPKAT
(Toxicity Prediction by Komputer Assisted Technology) X~z 13 (Ver. 6.2,
Accerys. Inc)S o] &3te] wl= AW2AE o= (FDA)°] g AX/F b
(RC), Ames =AWl AM), HAA =4 LFAAF(DPT: developmental
toxicity potential), #F A T5A(LDs) % 3% Al (skin irritant) %5, o128 &

B5o BAYES A3t

AleFe]l ZA: SigmaAl 13 A% androstenone® FAH TFC-AZS Al-&3}o]
A A2 G HAPE §HS AxsAL o5 3 ELS FEs D(PBS) AF

D>
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(SOA: Intervet, Boxmeer The netherlands)?] 7 -$-(androstenone: 0.28mg/75ml)
o} Fdsk l(]?.‘E(l 29x10° Mole)Z71¢] 05% tetrahydrofurane (THF) 48 o0&
Alzste] Attt SOA 1/le & = Aol 224 &AF & 45, oF 30 ARE-

@ 4G5S szdel Ao Azsold,

dE -
(RC), Ames %ﬂt&OVé( M), ZFA44 =4 ‘?:}?Z%X]T(DPT) —501 sHeR g%
d shgt=ol thste] siACl WE Az A HS AES AAs AT
4t | AES0A)S ABFok 22 sE(Mole) oA 2 Ae5E Il &
Aolek= A e §-4d wWHSA
Aol 1550 SOASH dd +=(1.29x 100 Mole)zﬂ«] TFC-A
5= AestA Ftrh #HA e

THF #8942 247 Agstgnh. J27 1 37
717k 21991 A& @erstel S o 2304 149 ok, RAES 3o 227 24
Yoz FHE Solo BF PYEAYS JYYOR AN S

FIFEEY EA 9 =: Tetrahydrofuranyloxycyclohexane (TFC-A % TFC-B)
9 virtual screening product$! AQ6060 5, S3EES Uz var AW A5
ook (FDA)o] et AAH/F T4, Ames &AWl (AM), # 27574 (LDs)
2y R Z}Z}H(Skin irritation) —':‘94 =¥ =4 A¥E Table 1o ATt

. 3
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Table 1. Predicted various toxicities of pheromonal compounds by
CoMFA model and their predicted binding affinity constants

No. Compounds. Predplodls” RC” AMY DTPY LDs” Skin” logP?

1 TFC-A 10.37 0.000 0.000” 0000 32 0999 1944"
2 TFC-B 972 0.000 0.000 0000 32 1000 2.290"
3 AQB0E0 6.02 1.000” 0976 0002 1.8 0.000" 0550
4 Androstenone - 0987 0.000 0.000” 100 069" 3795

Predicted binding  affinity constant by CoMFA  model., Prodent
carcinogenicity, Y Ames mutagenicity, d)developmental toxicity potential, Yrat
oral LDs (g/kg), "skin irritation, ®hydrophobicity, “exceeding confidence
limits.

Azl w2 3AE, TFC-A 2 TFC-BE AAF HAAMRC)I Ames
ARl (AM) 2 FAHQ 54 FAFA(DTP) o whste] 25 549 54
= etk 18l A(rat)oll g A7 54X (LDso) =

Fol oyt u i 7H2A(skin irritation) ©E 7heAdel wl$- £H

YRR A7l g SA4AEe] AR w2 A7) wid
EHR Z87ts & dow didd. 28u AQ60602] 7 -t-oll= A
(RO Ames =AWl (AM) &d 7HsAdol Jerng &8 7t Z
o},

e}
=l

]

il
=Gk

o]

L o L4 2
?.SZMO

Ay
r% oX oX

Az AF AP 5 H9A sz 2zl
A=) A= 27 FAe] HHor PrEthReed ., 1974 Krzymowski
=, 1999).
2 oAt e =
d 231 227+ m:e] AA |
28hA & 155 A= 53%9] 2

2oy @4 H2Ee A N3 Axe v
WL ol el Auolq g4 HmES Aeld A wggo] 0% FARL 9

5 >~
3 & Atk

4. 4 &

Virtual screening product?! AQ60602] 74 -$-ol= AAF 2Id(RC)ZF Ames
EdR)d(AM) Ed 7hsAdo] wlg AR HA] HAZ2E2d giA 222 &80
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whsstn #uEgol A9
Ames EAMOIF(AM) 2 FAH S4 WA (DTP)7
=

AZgke Geigy] Wil B8 ks @ A
@

o
i
[o
o2
Mo
)
-
i1t
o
rot
i
o
k2
o
fr te

H =
o] 20% HAHHL PFT & AATh Lo B FAEAL 28557 el
9 @e 4%He A7 Fuksolok & Aol

_54_



A8 A FRES AHAAMAN FA-FIHFT AxY AEA,
d4 % FSH, LH, Estradiol-17F % Testosterone
T HAE FF5 AAY o9

= o, GEEH, &7 a2l AFHANE Tl w4

&S W=t Hughes 9 Varely(1980)o 2t = x| olA A= AT 5-870
ANE dehe, delgke 18EE7A SrtkaL Sk o] Aol A
200-400mlel ™, A A 20-80x10°0)gkal R wslglr). Diehl 5(1979)2 13]
AbEE AAEe $3150-200ml, A Wi 30-60x10°0)eha ®aslsd
Von Rohloff (1973)°] X ite]l o]atwl 1AFE 44744 9] FREA Ao gfe
ol 7b okar stk Qe AApgE= bA o] F4H ghAstal FEtel A
o7} & Ao Z yelyko Large White ¢ #& thaFo| A A=
7F 22 AoZ YewtH(Hughes $Varely, 1980).

2] sAHNE o]gsle] Aoz AFHA FAHANE AUThH= Polges(1970)
of Warh IRHAAN W staksoe] oA A FAA A w3 A
Y T AHGraham 5, 1978 ; Larsson, 1978 ; Pursel, 1979 ; Johnson, 1980).
Pursel®} Park(1987)& lactose*egg yolk 3AlHS o] 83 5ml ~ER FAAN
Az destdon, s2A-F & AAFEAEL 37%, FGHA &L 51%
al ®Bal sl

Ao A Ao Bd AARPA el A RolE sEZe] A bt
S E(FSH) AT 2L ofair =dertal 1383l a1(Schinckel
;1984), TR =olA €% FSHY %7l =555 Aaa7|7F ZropAla A

o] ZAaFE AL WY FFP(Lunstra 5, 1996 ; Ford % 1997 ;

rz
rlo
H

oln [y

2
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Zanella &, 1999). 1ef1} o} & FSHe| ¢gt AAPdel =H7]dL 23]
W A4 & ki (Zirkin's, 1994).

Romanowicz(1976)¢] 1} FlorCruz¢} Lapwood(1978)%= LHO| #H]+= H5F<
FE Aol Wol7} Alettta skl ey Allrich 5(1981)& wolo] &g b

gt Hastdth Allrichs(1981)2 43520 FEAA E% estradiol-170
o FEE ARG Ax 4093l 11.3pg/ml, 25024 & el 114.2pg/mlS YER ]
JadstHA FE7F Skttt al B¢tk Mariscal 5 (1996)2 b 3] Ad<=gh
FE A o A testosterone %7} 4.7-7.3ng/mlo] i &9 oW, Allrichs (1981)
& 409 %l 1.31ng/ml<, 25029 # ol 15.76ng/mlS WEFA T B 3189t}

B odge TRE AA4E, sA-§3 F Ao AEA 19 " F

FSH, LH, estradiol-17¢ % testosterone ¥Xxol v 2= 53 Aldo JEs

2Aste] S48 FRES AL AT N2AnE AT AN
2. AR L W
hoBAES ZAARA 2 A

HA ATFAEH FEASFA A ALS
Z(Duroc) 2= 459 234 (Yorkshire) R =
2o ANGFZAL R sAFNY A=z

dARHAE 79 Aoz 9 9-10A] Apole] A
o 4=t :

SAA AxE Yi T (2002)¢] Hirgk W ofste] HAJs . B
FAAFES A2 (20-23C)ol A 2AZF &<k AAE] WA FH o

Fio]l Holg Hala 1,500 rpme 2 1087 YA )
gtk A4S AAT A FAF AAFE7F 1.0x107/ml HE
lactose-egg yolk 28] 3L N-acetyl- D-glucosamine (LEN)¢] ¥3&% 1z}
1o 2 5 ml H%=5F 3t AFFAAC 12 A AL 5T YA 247t
HE & LEN+4% ZEAlE 849

o

/R O )
o L
o3l
tlo
2
A
Ol
N
N,
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°] 10 ml ¥H&=5 &t 7k #eo] 3

e
Gmbh, Landshut, Germany)dl 5 ml® t}iFo] Fdsle] Helsdet. F9 2 A&
=

°lyl ~2ERE FV|EE JFdE A% ¥ aluminum rack ¢ol FHow =
S T dAgALs FHOA 5 cm HojA o FHo R Fol 208 FAAN F
-196TC 2] AAALZo HASFT. AANALZ HAEH 2ERE 52T FZ

A 40% FSt Galsk i

EZ¢ 75 ml BTS 34N (Pursel# Johnson, 1975)& 4 29
S5ml¥ F he BES FHalo] 3 FELE 37ColA 3087 %
Agk & ARl FEAE FASIATH & g 3E2E HAFIFE st 1%
glutaraldehyde & 1173} 2 ™, Pursel?} Johnson (1974)2] WHel| <lslo] A
AA(NAR acrosome)E 9172 d v 4 stel Al 1,000x2 A} T

N

2. dole A 2 AR Are] FEH BA

oie F53 234 FEE 247 455 BN F 21 gauge TS
AHEstel £ 9-1041 Atelel o] AHolx AdHER A, AT AL
= WA 24A17} B 3]

51 2 4TCA] 3,000 rpme = 1537 94 &8
AR BYAROM, AP BAT dA 20CAA YE REFG
g% FSHe %E‘—C‘ Bolt & (1981)°] WHE F+ Mo 250 we] A=5E A

gato] AAearh. F-H A FSH FAs 1AGAR AHEa L, 2434 A4
sEE oA AFH 32eg Bds) A AHSaAT £5EdE FSHe
1:101—}\].)\

JRL TSt} RFETRA AFESEAL, ol USDA-FSH-PPIC|QIth. 7 9]
125, 250 1213 5000 LE,;A TAS REAs FgshA wskth A HA Al
T 1,400, 1, 184, 183l 1,359 pg/mlel i, FHA A 8= z+zb 1637, 1,316, L
23l 1,114pg/miel Ak A E LH T2 AN #HA FEAFE A 4.8%<
9.1%°] At}

g% LHe] 5%+ Niswender 5(1970) &) AW ¥ o]F & AR H Y

2] (double antibody radioimmunoassay, RIA)<S &3l 300 2 F ¥EE& THE0]
A SAsAT £ BEE LHe 25724 AFEsEda, A 8 e =8t 7] =
o Abgstith LHe= 227 T W (chloramines T method, Greenwood &,

196305 wAe] AunEviEades BoA Bt & sALH A
IAAZ Agsdth A9 S A9 A% FEASge Ao 4
7} 55%9}F 6.5%°] At}
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A

cl

O:
oo

E; ¥ %+ Britt 5 (1974)9] #H<l Ajtd estradiol?} A estradiol €]
FAREYHS o8t AASATE E, &8A (Lilly no. 22673) 5o]Ad-2
Kesler 5 (1977)° 98] Ba® vl vk A7bE PHIE9 38&e Fiddow
89%0laL, AlZghe APY A4S aestel AT F e 500u HA 9
A A E5%E 4ml dimethylene chloride® 3Z%3dt9th == 84 (d2AAD s
7], 4.2 pg/ml estradiol) 500u= FE M7 AwF (10, 25 50 28]3L 75 pg
estradiol) 9] 3582 106+£2%°] %t} A|E 53] 300, 500, 800, 1,000 2231 1,400

o
ol il

we BASAL 534S FPsA ot 47 565, 57.3, 55.2, 53.3 12l
520 pg EymlS #frataivh 43 Wl 52 A3 3 W94 geAss 44 55%

o} 5.8%¢°] 3t}
g7 testosterone FE=ZFHE

diethyl etherell ¥ il vortex3d ¥ +3F 3 F7] &wfjFo] +g7t =W /7] &vj
Te A=A Rop FIAIZIW PERAZT #7] &ui7E 9] oA
EIA buffer 500 S 23t E4 A8 Enzyme Immunoassay (EIA)H O E th&
7} o] A AL TE. EIA kit (Cayman Chemical, USA)Z washing buffer® 33]
A=A H, Z welldl testosterone ¥+ T+ samples 247 50 wl® 7Fgk &
testosterone acetylcholinestrase tracer®} testosterone antiserum= Z+ welle] 50
WA 23 37CAA 1A S EEHA WS A7l 3 washing buffer® 53] A
H3g % Ellman's reagent® %l 1A3F &<t 2AAIA  Microplate Reader
(Molecular Device, USA)E o] &3}o] 405 nmolA S35 AU

v

A A5 E+= Table 19 UEG wpel o]
S, ALgodA AATFo] wkon, HAFro
o

]
O
T5 R 2IAMFNN FHo] oF, 7he

’

7 .
01’8’9] A3+ Hughes$t Vareley (1980) 18] Diehl % (1979)¢] B a1 ¢}
< YERA G
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Table 1. Comparison of semen characteristics between breeds and among

seasons in boars

No. of Semen volume (ml)!, 2 Sperm concentration (x10%/ml)!, 2
0. 0

Breed boars

Spring Summer Autumn Winter Spring  Summer Autumn  Winter

Duroc 4 18Qpel Hoor ATIOOEAOTTE T 91i04 1803 19:04 1803

2763+ 290.6+ 280.8+ 2554+

Yorkshire 4 915 26.9° A5 597> 2.2+0.4 1.6+0.3 1.7+0.4 2.0+04

! Spring (March-May), summer (June-August), autumn (September— November)
and winter (December-February).

2 Means*SE for six ejaculates from each of four Duroc and Yorkshire boars.

® Means*SE in the same column with different letters differ significantly
(P<0.05).

wosd-g8 Aol 5, AEE AAesd 2 ALHEA v

off
Ny
of
o
2
2L
1o,
e
of\
EuE
)
=)
1%
ol
D)
Ho
offl
oX
s
>4
o
et
2
lo,
=
ﬂﬁ
o
=
El
o

A5 Table 29 2ol FRES} RAMFAN A7 BAo AR B AE

Table 2. Comparison of motility and normal acrosome of frozen-thawed sperm

between breeds and among seasons in boars

Motility (%)?, 2 Normal acrosome (%)!, 2
No. of
Breed
boars
Spring Summer Autumn Winter Spring Summer Autumn  Winter
455+ 20.4+ 395+  32.7+ 50.5+ 27.0+ 30.6+ 25.6+
Duroc 4 21™ 10" 24Y 19 19* 1.4° 21" 17
. 56.0+ 31.5% 347+ 30.4+% 53.5% 26.8+ 29.2+ 28.4+
Yorkshire 4 2% e 2 18 200 16 19 18"

! Spring (March-May), summer (June-August), autumn (September -November)
and winter (December-February).

2 MeanstSE for six ejaculates from each of four Duroc and Yorkshire boars.
ab Means*=SE in the same column with different letters differ significantly
(P<0.05).

xyz MeanszSE in the same rows of motility and normal acrosome,

respectively, with different letters differ significantly (P<0.05).
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7He 2 AESH A AR FEA-FE & AAesAd 2 AAHEA vE
o] =Tt A FETH AMTAA sZA-FI F AAEEAHLE B A
Al 8 aMEe]l E=A dER oy, FAHAAE Aol It oo AR
Azte] Wsde FEE JMAAe], FE, AE S osliA dFS wHte=
Johnson (1985)2] ¥ 319} & A x|&kar Q).
o TEE F3d, A4 ¥4 F FSH T% v
TREY F3d, AdY 3% F FSHe %8 Wuwd 23 (Table 3)+ £
= A 9 FEE YEddlY a8y T EF

al = + Lunstra 5(1996), Ford 5(1997) =1
23l Zanell 5(1999)¢] H e} & dXxstar ok 22} FSHel ok A A3 A
o %

Table 3. Comparison of serum FSH concentrations between breeds and among

seasons in boars

Serum FSH concentrations (ng/ml)!, 2

Breed

Spring Summer Autumn Winter
Duroc 204.84£17.3b 235.5+21.9b 223.4+23.6b 230.3+£20.4b
Yorkshire 105.9+13.6a 126.3+17.4a 115.6+18.7a 112.4+19.8a

! Spring (March-May), summer (June-August), autumn (September— November)
and winter (December-February).

2 MeanstSE for six ejaculates from each of four Duroc and Yorkshire boars.
ab Means*SE in the same column with different letters differ significantly
(P<0.05).

LHe F%E wv|g A3} (Table )&= &

0
AMEI FHEFIE Aol7F AT EF F wF Tl A Folm Aol
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ool A A= LHE HulE w8359 Ao 9ojA Wolrh Asitte
Romanowiczs(1976) ©]t} FlorCruz ¢ Lapwood(1978)¢] H.iiot= zo]7F Qo
U LH £u]& volo] JaFe whx] o=tk Allrich 5(1981)¢] w2} w3
A YER AT

Table 4. Comparison of serum LH concentrations between breeds and among

seasons in boards

Serum LH concentrations (pg/ml)?, 2

Breed
Spring Summer Autumn Winter
Duroc 890.8+21.0 798.7+£23.6 837.5+23.7 803.7£25.1
Yorkshire 942.7+18.4 809.6+£19.8 902.8+24.4 903.5%£19.3

! Spring (March-May), summer (June-August), autumn (September-November)
and winter (December-February).

2 MeanstSE for six ejaculates from each of four Duroc and Yorkshire boars.

=)
of\
td
r
1o
st
ofN
gﬂi
b
i)

W g3 F estradiol-1739] F% B

ZRrEo Ly AddW dFH F estradiol-173¢ FEZ v g A3 (Table
5v 83T w5F ol Akol7b fldlTh T3 T FF EFolA AlE TH
= IS,

ATE ES T FFT ETFolA AE hlx Aol 7E §lSlt
= A9 dAolA EF estradiol-17(e] FEE

I} 40«¥ H o 11.3pg/ml, 250¥ H ol 114.2pg/mls YElH o] AAsHA w27 5

7hehth= Allrich 5(1981)¢] H.arok= xfol7h Atk EA Aol A= 3607450 ¢

Beo] FHA 7L o] &Aoo A= FFH AEI FAHF estradiol

-17p9] FZ=o A Aol 7F §lA T
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Table 5. Comparison of serum estradiol-17fconcentrations between breeds and

among seasons in boars

Serum estradiol-17[} concentrations (pg/ml)!, 2

Breed
Spring Summer Autumn Winter
Duroc 31.6+2.7 30.8+2.5 29.5+2.9 30.4+2.1
Yorkshire 34.5%2.0 33.4+2.2 33.0+2.4 31.8+2.6

! Spring (March-May), summer (June-August), autumn (September-November)
and winter (December-February).
2 Means=SE for six ejaculates from each of four Duroc and Yorkshire boars.

uh, FRES F

of\
&

, Aldd ¥ = testosterone X B

FrnrEo Zxd AldY g3 F testosterone? TE=Z W3 A= Table
F =

691 LhERYE vhe} o] 8aMFo] FEF BT} BE AN

Table 6. Comparison of serum testosterone concentrations between breeds and

among seasons in boars

Serum testosterone concentrations (ng/ml)?, 2

Breed
Spring Summer Autumn Winter
Duroc 3.75+0.49% 1.21+0.08" 1.84+0.17% 1.95+0.44%
Yorkshire 5.96+0.43" 2.84+0.37™ 3.01+0.36™ 3.25+0.32"

! Spring (March-May), summer (June-August), autumn (September— November)
and winter (December-February).

2 MeanstSE for six ejaculates from each of four Duroc and Yorkshire boars.
ab Means+SE in the same column with different letters differ significantly
(P<0.05).

xy Means+*SE in the same row with different letters differ significantly

(P<0.05).
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A9 A QAN FAHANA FALEFRE o &

l;
BAA ] AT A mEZ=eol 249

FAEZ 7] (flow cytometers)= FAFEHE £48t3 (Pinkel &, 1979), &
A E AEAS H7relr] $lskel (Matyus 5, 1984 ; Garner 5 , 1986, 1988) A}
S5 9t

FAE BEFI)E ol &3 AAAME YEAY v EEZgole]
g UE ol BRuHA, HAAEEAE Y MEZ= oL
HA73 = Alolo = ATAAIE Yvi=E Aol HJ—QC’iﬂr(Evenson =, 1982
Auger 5, 1989). Rhodamine 123(Rh123)E FAZEF7]S o] &alA AR EEA
¥ nEZcgol A9 (mitochondrial potential)S Hluld}il FA]o] nmEZ =g o}
o] &4 Hrtstr] A AFE o sk tH(Evenson &, 1982). H<: ol HA
W} FAZANE o] &t FAEEF7IAA Rhl23= mlEZ=gole] F# <l 3
7}V2, propidium iodide(PD& AAMAE2e] A AS Hrlsted AMEEu
(Ogier de Baulny %, 1997).

gow ‘51“5‘9] 7|2 B FEATFNA FAEZEFIY S8 AR
o $E5HS THY F AornE FAo| FAAT|sH ol Te s AAT F
2 Zlojt U]Ej— ofo] g3 FAAES] b el ek A2 dA
A2 FA-g P2 Vs 73@6}7] A AHEE e s AgE
Aol A Hze] dulA JALE fsiA &t AFEE 5 St

AT FHe AN 4 sA-FHE A AAeA MHMA, FF 1Y
I AFHEETE nEZEg ot 43 Alxwre] b o' JFS mA=

g FAERFIE ol Gekel Brbski Aol girh

> 12 30 ofh
o o X &

THRES 15~-2271€389 S AHgden 20049 8¥FE 20053 7E7HA
Seuetn FEASHY] FEFANAM ALSEH . Ao Tr%, Mol A
slolE 7} 652 H-E dFd 134 AFH3A
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254 W A 24

AAFE wgol MAN A-EE AEste], B s dEMo|ENEE o
f3lo] ZAE A AR $EAL 37CE 7F3 FdEu Astol A 2508 2] ul
&8 XAl e (Pursel® Park, 1985), A del= Arx13 w7 sl A
10008 e] &= 3 AEF BA 10075 FAkske]l Frksidvh. AAFE = A
THE THFSIATH

% ANHANAR), =48 HADAR), 24" HAMAR), olg® HA
(LACO)Z Y59 #H7etdH (Pursel 5, 1972). ¥ Addli= 80%°]del 547

AFHAAE AL FFAARES A

=

t

(20723°C)ell A 2713 &<t A

f
2 re

B2l A X37’\}%%?‘:'—Er(30~60m1)€— 2
3

A3 YZAAAT 15m FER FFAHAE AAs Hata 800g=z 1087 ¢
AEeste] ZdS A8kt Xé = ]74—51 AAE AE AAEE7F 1.0x10%/

m¢ = %2 LEN(actose, egg yolk, N-acetyl-D-glucosamine) 13} 34 9 (Yi %,
2002) 0.2 5ml FE=E35e] AFEFAIAY. 15 I AL 5T YFAoA 2417
HES LEN +4% 28AlE A H@2a s]Ad) 5ml 2 23 3|Aste] F Aol
o] 10ml I == 3} A7]eF o] My HALe ZFHA ~EZ(Minitub Gmbh,
Landshut, Germany)oll 5ml 2 UFo] FYste] F& E(steel bal)Z &13} 3t

F9 "W Hoy ~ERZE FU7]|EES JIEUE 24 3 % aluminum rack 99l

FHOR 2 T dAF4 HHAA Sem B Ko FHORE Eol 2087 F
AN F -196Ce] AAD 2T RASATh A AaEo] wpH 2ERE A
2o Folzl 52T FRoA 45% F Fallste] 2EZ YH 27t §35A
15C7F H&=5 sttt

2}, Rhi123 3 PI 4

AA HEFE7F 5x10%sperm/ml F =2 A A} TAAH NS 10720ml FH 3
AbgEEE T A AIES 400mle] mTLP- PVA(Yoshlda 5 1992)¢} BTS(Pursel
7} Johnson, 1975) ®iX & 20C$F 4ColA zZ+zb 1500rpmo.& 3% AF3 F

Rh123(Sigma, St. Louis, MD, USA) Smg/m{ol A 2083+ a3t 205 v &
AEL 400mee] mTLP-PVA<®F BTS A= 20TCTe} 4TolA Z+2F 1500rpm S =
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3= 2 AFS Y 2ElayA] A1ES PI(Sigma, St. Louis, MD, USA)

Smg/mlol A 10&3F 9 & F43HA

=]
T'_T/}:}

rot

ol HAEEFIE o8

AANE BEAL 100mW powerE 7FA 1L 488nmE 215 3F+= argon laser”f
225 FACStar Plus Analyzer(Becton-Dickinson, CA, USA)E A}-&31A
sheath flnid WellA 1%% 1000 events ¢ & (rate)® 33+
Rh123 332 530nm band pass filterE F3A SASND, 7 FFo HE2
560nm dichroic minorel] ¢J&iA 2 F ATt 2z A& diste] 10,000 events
7F F 33 YsiA A5 H 1, 5000 events’t PI IS s B4 5o
o ARAES] HAMES G| HiT ke bi-parametric analysis(Rh123 rs. PI
fluorescence)®t PI I &S 93 mono—parametric analysis® $a|lA wEox
Windowsoll &) A 2= At}

et Aol gk EAHEA (ANOVA)e] SAS package(SAS, 1996)e <] 3
A FHEATE Fatol 948 < 0.05°] A8EASs W MAAY 1+ AEgs
vl &l 7] 913l student’s t-test’} AF&E At}

Fig.1o] Yehd vlelzo] PI stainingol] &l 2d o] WA o] A =
< A7) Bl &2 region 1o Azt oA ARstE AT 1y 75 Al
xopyp mEZedots AL 3= AARS] Hl&2 Pl staining©] ©bd Rh123
stainingol] 984 21E o] region 3¢ FA3IHI AT AZsE o Hr &A
g Alxes 7 oy mEZ=gol d5de] gle HAE region 2914
AEA w9 =24 B HARE09| region 4914 TAEG oY E A=
2H3A &gt mTLP-PVA HiX| & 20ToA A3k ng A2 80%oldol <+
Agk Axgst 7ed mEZ=goE HA AL Al $A-83 FA= region
1, 2 2 30 EXHojya, Be Fo Ayt &= /‘ﬂi 23 v 7leA W ES

=gotE 7HA AL AU
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Fig. 1. Flow cytometric dot plots of boar sperm analyzed for rhodamine 123
and propidium iodide fluorescence. Fresh and frozen—-thawed sperm washed
with mTLP-PVA medium at 20°C are presented in the (a) and (b), respectively.

Axorel @A vEzEdce] BEA vAE
A7k A=ulA el F3E Table 10] vhebd whep 2o,
goje] Aol AxEere] Uy METEole] SEA L
7} BTS wlAmt} %keh. el Table 20 thehd wpsizto] 4]
3 vEZEole] FE4e AN FA-§

2pol 71 §li ot

Hl ]
yd3

Table 1. Effects of washing medium of fresh and frozen-thawed sperm on
mitochondrial activity and membrane integrity

Washing Fresh sperm2 Frozen-thawed sperm2
medium’ Rh 123 (%) PI (%)’ Rh 123 (%) Pl (%)’
mTLP-PVA 81.6+1.8" 14.8+1.8 44.9+2.6° 36.4+1.8"
BTS 73.1+2.2° 21.9+2.1° 28.9+1.8" 46.9+2.1°

! Washing of fresh and frozen-thawed sperm was done at 20°C

Means *=S.E. for six ejaculates from each of six Duroc, Landrace and
Yorkshire boars.

Rhodamine 123 (Rh 123) and propidium iodide (PI) are percentages of
mitochondrial activity and damaged membrane, respectively.

" P Means +S.E. in the same column with different letters differ significantly (p<0.05).
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Table 2. Effects of breed of fresh and frozen-thawed sperm on mitochondrial
activity and membrane integri‘cy1

Breed Fresh sperm2 Frozen-thawed sperm2
Rh 123 (%)’ PI (%)’ Rh 123 (%)’ Pl (%)’
Duroc 85.8+3.4 11.0+2.7 45.1£2.5 38.7£2.7
Landrace 78.243.3 17.9£3.9 48.3+3.6 32.3£2.4
Yorkshire 80.8+2.5 15.5+2.1 41.4+6.7 38.243.7

! Washing of fresh and frozen-thawed sperm was done at 20C
* Means +S.E. for six ejaculates from each of six Duroc, Landrace and

Yorkshire boars.

% Rhodamine 123 (Rh 123) and propidium iodide (PI) are percentages of

mitochondrial activity and damaged membrane, respectively.

Table 3. Effects of washing temperature of fresh and frozen-thawed sperm
on mitochondrial activity and membrane integrity1

Washing Fresh sperm’ Frozen-thawed sperm’
temperature Rh 123 (%)’ PI (%)’ Rh 123 (%)’ PI (%)’
20C 81.6+1.8 14.8+1.8° 44.942.° 36.4+1.8"
4C — 68.9+3.4° — 77.843.7°

Washing of fresh and frozen-thawed sperm was done by mTLP-PVA

medium.
Means =S.E. for six ejaculates from each of six Duroc, Landrace and

Yorkshire boars.
Rhodamine 123 (Rh 123) and propidium iodide (PI) are percentages of

mitochondrial activity and damaged membrane, respectively.
" Means + S.E. in the same column with different letters differ significantly

(p<0.05).

Table 3ol vtebd uwpopzro] Ao s24-F
AlEEre] v &2 4T AFH2E7F 20T AH2=RHT
715 o] &% MEZ=gole &FA A2 4T
Ao A FAA N A= AN AR 543, BFHATH 2l A
EA o] ymti(Clarke2} Johnson, 1987 ; Almlid®t Johnson, 1998 ; Hofmo<}
Almlid, 1991). whebA ERFE(40750%) %= Wi A5 2 7] wio] F24 4 9o
ddA oz o] g5 A &Eth(Johnson, 1985, Crabo$t Dial, 1992). 338 &2 A
S AW e Aol AsE =K dRAEY] AgFAHES A AMEE I

¥ 12
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o, 1 AFRELS AFHE AHol} AFAL Aolrt Wol UAIA T} Yi
5(2004) e o5t AL AT E FEAES] vjTEsA] o] v &L Az}
& mTLP-PVAE AH3g Aol AlHsA] &2 FA, BTSH mTBMO = A% g
AART Egvtn B st Kramer 5(1993)2 FAIXZEF7]S o] &8t of
A 2 A" AAES Rhl2BE GMste] nEZ=gole 75S ASsed L,
PIZ AM3te] GapAzure] 2bdgd S oot

AAE 0710C = 1I5T7HA FH5WEA &40 Astths 212 & o483 A
o] tH(Morris9} Watson, 1984). s x| A NS EEAFs# g AAS A
AAYE A5 15T o8tz WAA7I| A= A= 5 fioh 28y AFHF
AN wiFS bl AFZo 3t 4GS A& 5 Uk

AFAd e 7 HA &

o
HE e ofolth, AlEEHe HA
1

W

o=
F i (Watson¥ Plummer, 1985).
71E o] &g ANy FA-FAAHAY Axut SHAd )

_ﬁ_
nEZ=gole FAS BAs7] fsiAE 20CoA mTLP-PVA wj=]7} 2 gslct

4. 4 2

B ATE FAZEFRVIE o83t AN SA-Falg N GApoll A AET}
o] kAT mEZ=gole] o W& AAHuA, FF 2Ea AFHREY] §
HE Hrtstz] f1ste]l Akt 20Tl A mTLP-PVA wix| 2 A& gk 217 o} <]
2= 80%0) el s MEw 7)ed mEZE ol B A -85 g Aol A
= 20TColA mTLP-PVA Hj#] ¢} BTS WA= M H e A5 B2 7o AA7F &4
B A ETH(364746.9%) 3 B 7154 MEZ=2ok(55.1771.1%) ATk AlEeke] 9d A
I EZEgote] F4e A dol} FA-F AN G A BT EFF] 4
7F 942tk mTLP-PVA #ix|o|A 4T A&7t 20T A= ®tl 49
AlsEERe] H] o] &9kt

AREHORE FAEEFIE ol &3 AEo dAdy nEZ=golo A4S

At faiME dA Aoy sAG A A BT AFuA] 9} AHRE7E Fasgh

o A
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A 10 A AN A A Confocal Imaging 7|&=S
o] &3t A Ca o] =H7d +4

LA 2

A GApo A AL FAL ARl Na9} ZnolS F7HA71a Kol
AN Ztta st tHHood &, 1970). Mgol2 gajolo] 3|Mw AxpolA F43] 7
aat SN E A e A Aol A= Ak et B sk tHQuinnyt White,
1966). Cacl-¢] 2 FR= Fhol|l Afol7b  Wol yeum, A2 F4F Caol
o] MEY A% FdakA] i A TH Watson#t Plummer, 1935). 53] A9k
A= A W Casert 7hetttar def Ak Caol&9] 7k HANHS
S fFEde Fd 27 AEzAFoRE ZAE3t JANSS T GAR o] FoX =
o 2 AR WA= PIP, - 5o]% PLC &40 %27] 3&48% 7= 23 34
Ha, wpE @ES oldol 9 §3to] dojdrth(Roldan ¥ Harison, 1989 ;
Thomas ¢} Meizel, 1989). o] + @AY T Ca ¥E2] W7t Akl wet F
GAZ dojupa] BT Thedel i, ¢ = ®stE op7letke V1A
O YT BN AEAXGeR A4 vE ZoR AdEi UvkSihra
1992).

wepa] 2 ATE Hx e A A HE Confocal Imaging 7S &
st A Caol 2E7|dS FHstE=EN do =2 AFAHAl thAHY 7=

3T
& AT 5 Qe NEARE duA S

A

2. Als 2wy
7}. Sperm Capacitation

MASHA AFEE H A (Duroc) N2> AT 85 A 37 T =270 A%

Hastgoh @A AR e H1id 4x10° Al/ml otk RAE A H X
AzLe] AT 5L 935le], AE capacitation &Y (5 mg/ml BSA [bovine
serum albumin, Sigmal + Tyrode €<% [135 mM NaCl, 5 mM KCIl, 2 mM
CaCl;, 1 mM MgCly, 20 mM HEPES, 10 mM glucose, 15 mM NaHCOs;, pH
740D A 1 A7+ &<t incubation(37 )&} T}

AR A A dwd Fo ST 45& AU T2 A@A
Aol wmE Wat 4x10° A/mielAth. GAl Do) mkse] W ¥ HXA
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AAE 52 T & FxoA 42 23 5A21 ¥ IL-PVA & 4(114 mM NaCl,
3.2 mM KCIl, 2 mM NaHCOs, 04 mM NaH:POs; 0.27 mM glucose, 10 mM
sodium lactate, 2 mM CaCly, 0.5 mM MgCl;, 10 mM HEPES, 0.03 mM Phenol
red, 0.25 mM sodium pyruvate, 0.3% BSA, 100 IU/ml penicillin, 25 upg/ml
gentamycin, 2 mg/ml polyvinylalcohol, pH 7.40)2. % 271 % 1500 rpmo =
A FHE s, AsdEs My A T vE oA AFHs e 34ES 33
HhE stk A2 & 37 T2 712" Tyrode & AFH 3 & U3}
capacitation A (Sl F¢ FF)S vkE3 )

1}, Confocal Ca” imaging 2 4

FA% FA5 T AAE Wl Ca FF AAF fluo-4 AM (5 pM; Molecular
Probes Inc)o & 1 AlZF B<¢F A2 A loading 3t 1, FAd AxXE A&
A Fetzo] FAZAT 2 F Fd AL Y AEZD Ca¥ T WHsE TEH
1) 4 (inverted LEICA DM IRBE)2 2 A3}(imaging)3t i th. #HA] A 23 #F
A5 ARgsle] 37 T2 7F2d Tyrode S48 AHAAX Q¥ A
superfusion 39 th Ca® image?] 7]E3 ®A<& Workstation TCS NT
ZZOWE AFEEte] Algetdnl. 7F oFEe A= AA Atk 1 g wdt
FAE ol &ste] T AEE e =E AT

ﬂ

=49 fluo-4-Ca” e H(F/F)2 Cda” ¥55 dehglen, Ca”
sEe WelE AAESY  head(FH)NA  ZAHEAY. Fo= Hit  FA7
%3330 % (average resting fluorescence intensity)Z, Fv 33342 27
R T

= 40 mkl K

-~
".L'r"h,. ~
ke
J' 1}
L |
II;Irrﬂ Kl "-___*J
Tirrs {anc)
Fig. 1. Effect of high KCI on intracellular Ca concentration in fresh pig

spermatozoa. Left panel shows confocal Ca images recorded at
indicated time points. Right panel shows time course of the effect of
KCI on intracellular Ca (F/F,). F/F, was measured from head region.
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BEHow 4o dold wWelr AAE ue Agel wEF Hrm @
del A vk BRI AL Ay B Ade] dex 978l Ca¥ol
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Times (e

Fig. 2. Effect of external high K on intracellular Ca concentration in
frozen pig spermatozoa. Left panel shows confocal Ca images
recorded at indicated time points. Right panel shows time course of
the effect of KCI on intracellular Ca (F/F,). F/F, was measured from

head region.

HE 9B gdo TEE K40 mM<

fFrEsteth 4Y Ao A9 K A F
Ca”’ %7l % 9AY Z7H715 weolw AA38 ZF7tatgdrt. [Ca” i(F/F)E Kol
osle] 128% Fol Huigkel =Ry, AW WIFAF/F,)S 0520t} A
WA Ca® Z7F dAE K2 Hys & 64x% % 3 WstE (AF/F,)°
Ta Aeu (01D, 7 RMA GAAM = 6 28 =) T wrt

>~ (
W
©
g
B

w43 % WHSHAF/F, = 04D)E HAt)

A3 Ao HEo] LFE(0 mM)e K& AX oo w2 Heshd,
THFALE AZY Ca®'e F7hEo] #A3 vtk K Ag ¥ 353%° Ca® ¥k
F27F Aol Edste] 1 SU7MEEE WSS ¢ T A, WEEUF/F)S
0101tk HAdigtel =23 3 Ca’ vEE oA ALHoer Hadte] K A
A Rt 238 dA43 volxl
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Fig. 3. Effect of thapsigargin on intracellular Ca concentration in fresh pig
spermatozoa. Left panel shows confocal Ca images recorded at indicated
time points. Right panel shows time course of the effect of thapsigargin on
intracellular Ca (F/F.). F/Fo was measured from head region.

@ 5 uM thapsigarging H@3tg < wl, A4 AAZ U9 Ca¥ HE: A
T 32x% Fel Adgtel =gsda, 1 WEFUF/F)E 05100tk o]
AUHe 2EA W Ca” AFFE ek

FAde dAdow Ui S Al gasidi, ol AEg
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i Aoz MAHEL, TAI ArlAME ol yrAomw £ Fr
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Fig. 4. Effect of thapsigargin on intracellular Ca concentration in frozen pig
spermatozoa. Left panel shows confocal Ca images recorded at indicated
time points. Right panel shows time course of the effect of thapsigargin on
intracellular Ca (F/F.). F/Fo was measured from head region.

otk A4 @ 524 Az A caffeine-Y1734 2XEA 9 Ca® A vl

Yepyy, M EUelE  Thapsigargin-insentitive Ca® AZ17F =¢A
EA8 7FeAAE A = gl o] A i1E ryanodine FEAES ¥IEE =
d TheAel dedl, olE A Y%te] ryanodine FEAE
%”/‘éi}/\] 71{— caffeines TE Tz A}&3do] o A2¥A e Ca’
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Fig. 5. Effect of caffeine on intracellular Ca concentration in fresh pig
spermatozoa. Left panel shows confocal Ca images recorded at indicated time
points. Right panel shows time course of the effect of caffeine on intracellular Ca
(F/Fo). F/Fs was measured from head region.
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Fig. 6. Effect of caffeine on intracellular Ca concentration in frozen pig spermatozoa.
Left panel shows confocal Ca images recorded at indicated time points. Right panel
shows time course of the effect of caffeine on intracellular Ca (F/F,). F/F, was

measured from head region.
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Fig. 7. Effect of progesterone on intracellular Ca concentration in fresh
pig spermatozoa. Left panel shows confocal Ca images recorded at
indicated time points. Right panel shows time course of the effect of
progesterone on intracellular Ca (F/F,). F/F, was measured from head

region.
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Fig. 8. Effect of progesterone on intracellular Ca concentration in frozen
pig spermatozoa. Left panel shows confocal Ca images recorded at
indicated time points. Right panel shows time course of the effect of
progesterone on intracellular Ca (F/F,). F/Fo was measured from head

region.
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¥ 40 mM K'S Ag3 4%, A4 B2 F/F.&= 1.37 £ 007 (n = 48)0]Q L
FA% AR F/F,&= 113 + 0.03 (n = 10)°]At}. 5 uM thapsigargine # & g+
A, A4 AR F/F.e 142 + 008 (n = 22)°191, &4 A=A F/F,& 1.09
+ 0.04 (n = 6)°] AT

an r—
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S
i5d 48 22 'E
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10 foatebot B pagtng |Ga)
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KCl  Thapsigargin  Caffeine  Progestenons

Fig. 9. Comparisons of the effects of 40 mM K'(KCI), 5 uM
thapsigargin, 10 mM caffeine, 100 uM progesterone on
intraecllular Ca concentrations in fresh and frozen spermatozoa.
Numbers indicate number of cells tested. "2 < 0.01 vs. fresh
cells.
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A2Le] F/F,= 1.37 + 007 (n = 48)0]9 3, TA3 Axle] F/F.E= 1.13 + 0.03 (n
= 10)°12t}. 5mM thapsigarging 23t 49 AAAAe] F/F.= 142 + 0.08

04 (n = 6)01 2t}

(n = 22013, 5449 F/F,= 1.09 £ 0.

10 mM caffeine= A= s A5, A =R AA9 F/F,= 13 + 015 (n =
olda, T4 AR F/Foi= 090 = 004 (n = 14|tk Fx o] Fg
ARF2 kel Progesterone 100mME A2 3k 7 ¢ fdAF A Azl = Ca
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na o selgeh. ey olAAAE A LBA oEse] Axel A3
BEYS AR Ak AADH, ATV EABE, LEAZY, A,
ARG BE Dela AES ARTE Sol REA B/ PPos AgEm vt

B AxE= AAW ATP 55 H71817] 918k bioluminescence WH S 7l 35}¢]
AN FAGNe] HA ATP sL& H7Igo=ZM ATP X F45%H 79
AAE FHLA HAAEA
2. Al 2 9

ELCEE

goe 2004 8YNE 20059 7HE7HA FHUISt F-ETEANS A
}%5]1 Ae 15-22749%W FERESENE AFSAT. FAI=S Yorkshire
E 65%¢ Landrace TR = 7F253E 1Yo 3 WA

>~

01-)1

-

AHAF AN (raw semen)®| F& WAAYHGR FAsta, AL
o]-§sto] FAbs s AAtstAth AAEEHS TASHY] fske] 37 °C 7h=%o
F2rE eI AR A 2508 Sholl A #Eekl et (Pursel and Park, 1985). A 2}
AA 2AE fstel AEE 100709 AAE AR 10004 Skl A
AT AATE A= GG HA AA (normal apical ridge; NAR), <744
HAA QA (damaged apical ridge; DAR), @ =3 A A A} (missing apical ridge;
MAR), 4384 F5% A=A (loose apical cap; LAC)Z E/F3IAth (Pursel 5,
1972). A=A s A8AE 80% ol e e AYHAE (NAR)S 7H
At 2 A7 o] &ak3itt.
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AHAE FFAHALE 2470 AH A2 (22-23°C)e2 YAA L HAE 15

< W d. Lactose,

%3} N-acetyl- D-glucosamine 2 & A ¥ LEN 1z} 3|41 (Yi %, 2002) 0.2

= NS5°C YA

o] 2A17F 9t BREste] WAAIZIY W2k & 1% LEN 34 o) 4% glycerol

o] & 2x LENZA NS 7tete] 42 & FA 5 mle] ZAE strawoll Y

3tal, L2 % strawd] ES 53Ul Strawd Fdo] F7|Zo] oxE WE

T, AAA L AT oR2RY S5ecm 1A T2 ¢FHE rackel FHSHA T 20
B AsHAS AN dE Aol By straws A H ATl Ryst §

straws 52°C FZFo A 4527 =< & A&t

Lo

N

2}. Adenosine triphosphate (ATP) #2

g AY4EL2 mTLP-PVAE 133 (B4:mTLP-PVA)S] Hl&=Z 42 F,
oA 1023 gAEgs A FF5AE AA F, A mTLP-PVAE 7}8aL,
vortex¥t $ TA] FHH 120xgoll Al 107 YA E ATt s As AAST =,
mTLP-PVAE 91 & & 7ARCRE AAsEs Attt 38°CE 7F
&8 mTLP-PVAE AAFEE 2x107/ml2 A8z, 43 A7A 5% CO,,
38°C9] incubatorel] X731

Aol ATP F£5 93950 mM Tricine, 10 mM MgSOs, 2 mM EDTA
(pH 7.8)2 A Hboiling bufferZ 800 ml H]3}o] 100°ColA #E Atk 200 mle
Azs W & Al 100°ColA #EolaL, iceollAd 10&7F HWhx|ato] WZhA| # oh
Wz &S 4°C, 5000xg, 307 A & AT AN HEJATP F4&
918 reaction buffers 7+st7] A74A Wi (4 °C)oll B3t

ATP &H& 93te] A2k ATP bioluminescence assay kit CLS II (Roche
Diagnostics GmbH, Mannheim, Germany)Z ©]&3}lsth |4 ATP A4S ¢
sl &% Aol A reaction bufferE 7}8Fal 30°Col A 307 FAo) 7h2d
AES 100°Coll A 33 #Bolal, icedlA] Aoz WYZhAZl & 2o FArh
ATP standard Z4< 98] kite]l E3¥ ATP standard solution 10°, 10 °,
107,10° 10°, 10 M ATP ¥ %% welld] 2Fa3t. 4S5 s &
WA EA 7] (HTS Multi label reader, Perkin Elmer LAS model, USA)2] &3
700014 10%3F, 2314 S 519t
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Table 1. ATP content of fresh and frozen sperm from Yorkshire and

Landrace boars

No. of ATP content(nmol/60® sperm)
Boar No. .
Collection Fresh Frozen-thawed
-Landrace-
1 6 28.2+1.3 19.8+1.1°
2 6 195+1.2° 10.6+1.0°
3 6 20.4+1.5° 9.6:0.9"
4 6 36.1+1.4° 21.2+1.2°
5 6 27.0+1.9° 20.8+1.4"
6 6 22.9+1.7° 105+0.9°
7 6 28.6+1.6° 188+1.2°
Mean(X) 42 26.1+1.5" 159+1.1%
~Yorkshire-
8 6 19.0£1.7* 10.9+1.1°
9 6 189+1.8 9.6+0.9"
10 6 277415 19.7+0.8°
11 6 26.2+1.4" 20.2+1.0°
12 6 35.8+2.1¢ 21.6%1.1°
13 6 29.1+1.4° 11.0+0.8"
Mean(X) 36 26.1+1.7° 15541.0%

™Means+SE  in  the same column with different superscripts  differ
significantly (p<0.05).
“Means(X) in the same row with different superscripts differ

significantly (p<0.05).
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Table 2. Comparison of ATP content of frozen boar sperm between more
than 30% and below 30% motility

No. of No. of . s

Boars Collectin Motility ATP content(nmol/60® sperm)
7 6 >30% 175+1.1°
6 6 <30% 10.3+0.9*

PMeans+SE  in the same column with different superscripts  differ
significantly (p<0.05).

olshire] BAAINI Aol7k b AL ATP BAwgel zolo] 71915 2
o2 AR FAAL WA wae FAA SS ATP FEE e
A ezl

ATk oloh S A= ARG HAGANA oAY AFAEd oS
Ayl 2 dxskar v (Prinzen, 1977 ; Foulkes ¢+ MacDonald, 1979 ; Albers
s, 1985). Table 2¢ “eEpd vpeldo] FZA-F3| G2 oA 5o 30% o<l
A27F 30% olstel AAtET ATPO s=7F A Uetuth ooz A=
ATP sx¢ Gae] 5%+ dHe dABA7E A58 A58k

Table 3. Comparison of fertilizing capacity between natural mating and
artificial insemination by frozen—-thawed boar sperm with more than 50%

motility and normal acrosome.

No. of pigs born

Treatment No. of gilts Farrowing rate(%) . .
alive per litter
Natgral 12 33 9.8+0.07
mating
. Artljflagl 12 75 7.3£0.05
insemination

Table 3614 Aelals} A7 FA-a)5 509 olael £5AF 43
AS AAE FARNS AL AFFAF Anot et gk 2

ATt EREol e oRk "olAu By ozt gl Ao
Uehdeh olabel AsbelA 500 ool EAN ARAAE AL NEA A
e gl olgd & Aol PEHAT
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