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Development of diagnostic genes
by a proteomic method
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SUMMARY

In this research, we developed a method for the localization of pregnancy —specific
protein from cow urine on 2-D gel. The proteins were transferred to membrane and
microsequenced. One of the proteins, bovine pregnancy-associated protein 2 (bPAP 2),
was identified, characterized by N-terminal and internal sequencing, and mass
spectrometric analysis, and the pregnancy-association was confirmed by Western blot
analysis. It will be a good candidate for developing a cow pregnancy detection assay.

Total proteins from pregnant and non-pregnant cow urine were obtained with
addition of trichloroacetic acid. Approximately 0.35 mg protein of each sample was
loaded onto each first dimension isoelectric focusing gel. Generally, the protein
concentration of 60 ~ 90 mg/L in pregnant urine was about three-folds higher than
that of non-pregnant urine. Interestingly though, the total proteins in the four urine
samples from the different cows in terms of age and status of pregnancy showed
similar migration patterns on 2-D gels. For better separation and improved spot
intensity on the gel, urine samples were fractionated with ammonium sulfate. When the
proteins were separated on 2-D gels after the 50% ammonium sulfate fraction, several
pregnancy-associated and non-pregnancy specific spots were found on the gels. In
particular, spot 2 was isolated very well at 20 kDa and PI 6.2, and expressed at a
significant level in pregnancy-associated urine. Considering the spot intensity after
silver staining, the amount of the protein in the spot was believed to be in the tens of
nanograms range. Throughout this experiment, we focused on proteins whose
expression was pregnancy-associated.

To determine a correlation between the expression level of the proteins and duration
of pregnancy, the relative expression levels of spots 1 and 2 in the urine of cow #46
was compared at 2, 4 and 5 months of pregnancy. In this period, the expression of the
spot 2 protein increased significantly while that of the spot 1 protein remained constant

as the pregnant state proceeded. The possibility of the influence of feeding conditions
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or other genetic differences on the expression of the pregnancy-associated proteins
localized on the 2-D gel was ruled out by analyzing pregnant and non-pregnant cow
urine from another institute housing a different lineage of cows and receiving different
feed. Interestingly, the profiles of the total urine protein of the cows from two different
institutes were highly similar on 2-D gels. As the pregnant cow was artificially
inseminated four months before the urine sampling and the protein was expressed at a
significant level, it is possible to speculate that this protein is expressed much earlier
than the four-months state, and perhaps even earlier than two months after artificial
insemination.

Proteomic analysis of the urine proteins separatated on 2-D gels was not very
informative. Among over 200 spot analyzed, only <5% of the proteins could be
annotated by PMF (peptide mass fingerprinting) due to the incomplete nature of
existing bovine genomic and protein databases. Some of the protein spots were
identified with low MOWSE scores. The spot 2, bPAP 2, showed a similarity to human
(or bovine) collagen by PMF. The collagen-like sequence in the N-terminus of bPAP 2
could be digested by trypsin to form some responsible peptides matched to collagen,
which is a huge molecule with repetitive Gly-X-X sequence. The pregnancy-
association of bPAP 2 was analyzed and other additional pregnancy-associated proteins
were sought on the 2-D gel. Due to the variations of urine protein components among
individual cows, isolation of pregnancy-associated protein by comparing 2-D gels
required many urine samples from pregnant and non-pregnant cows. From the analysis
of the spots on the gel stained with Coomassie Brilliant Blue R-250, we set the cutoff
for pregnancy-specific proteins as repeatedly positive in pregnant urines and negative
in non-pregnant urines from at least three cows in different gestation periods and
feeding conditions. Proteins from 30 pregnant and 20 non-pregnant urines were
prepared, separated on 2-D gels, and analyzed using the image analysis software,
PDQuest. The bPAP 2 protein spot was the only pregnancy-associated detected protein
on 2-D gels stained with Coomassie Brilliant Blue. There were two false positive and
on false negative urines among 20 non—pregnét and 30 pregnant urine samples,

respectively, in terms of bPAP 2 expression. Considering the high correlation of bPAP
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expression to bovine pregnancy (over 97%) and low background (10%), the bPAP 2
protein can be utilized for the diagnosis of bovine pregnancy by an immunological
format.

The expression of bPAP 2 in the non-pregnant urine was compared with that of
the pregnant urine using a silver nitrate staining. Non-pregnant or pregnant urine
proteins in gels were first stained with Coomassie Brilliant Blue. The gel images were
scanned and stained with silver nitrate. In the Coomassie Brilliant Blue stained gels,
the bPAP 2 protein was clearly apparent in the pregnant urine but not in the
non-pregnant urine. The bPAP 2 protein not shown by the Coomassie Brilliant Blue
staining could be detected as a faint smear on the silver nitrate stained gel. Urine (50
~ 100 mL) was fractionated with 50% ammonium sulfate to run one 2-D gel,
suggesting that the basal expression of bPAP 2 is lower than the detection limit of
silver staining, at the nmol level. The concentration of bPAP 2 protein in urine
increases with the onset of pregnancy and reached a concentration higher than the
nmol level, as detected by Coomassie Brilliant Blue staining.

The identification of bPAP 2 was pursued by N-terminal and internal sequencing.
Several spots of bPAP 2 on PVDF membranes were investigated for Edman
degradation and 18 amino acid sequences from the N-terminus of bPAP 2 were
identified. Database search by BLAST using the amino acid sequence suggested that
the N-terminus of the protein has a high similarity to collagen alpha. The similarity
residues in the four Gly-X-X repeats in the sequence, which is the typical repeat of
collagen proteins. Further sequence analysis by internal sequencing provided an
extension of the collagen-like Gly-X-X repeats up to 37 amino acids with some
ambiguities. However, the other internal sequence of bPAP 2 did not show similarities
to collagen but to several different protein within short sequence ranges without any
common features. Given that the molecular mass of the protein is about 20 kDa and
the average molecular mass of an amino acid is 110 Da, the protein should have about
190 amino acids and at least 20% of the protein should form a collagen-like structure.
The rest of the sequence forms a different kind of structure. This structural feature of

bPAP 2 shows similarity to human and bovine lung surfactant protein D (SP-D).
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SP-D forms a quaternary structure with the oligomers of trimeric subunits. Likewise,
bPAP 2 protein could form a quaternary structure via the collagen-like structure.

The amino acid sequence data obtained by a MS/MS spectrometric analysis of the
tryptic peptides of bPAP 2 are summarized in Table 2. The peptide sequences do not
identify any bovine protein but show limited similarities to various proteins from
different species. The early stage of bovine protein and genomic databases limit the
proteomic approaches to identify proteins from bovine tissues. Although it might be an
inefficient way to identify bovine proteins by PMF or peptide sequencing by a MS/MS
spectrometry until the full-length bovine genome sequencing is completed, in the
current study, the results from the mass spectrometric analyses provided an ample
amount of sequence and structural information of bPAP 2.

Polyclonal antibodies and monoclonal antibodies against the peptide sequences
obtained by N-terminal sequencing (DSELAGPRGARG) and MS/MS analysis
(DGQELELVSSG) of bPAP 2 were generated rabbits and mouses, respectively. The
polyclonal antibodies showed such high nonspecific binding that the antisera could not
show the specific bPAP 2 band until the anti~bPAP 2 antibodies were purified using
the affinity column. The specificity of the antibodies was analyzed by Western blot
analysis on 2-D gel separated pregnant and non-pregnant urines. Both antibodies
indicated the bPAP 2 protein to have a pH of 6.2 and mass of 20 kDa. However, the
affinity purified antibody against the peptide of DGQELELVSSG still showed high
nonspecificity in Western blotting. Thus, the antibody to the peptide of
DSELAGPRGARG was used for Western blot analysis. Approximately 5 ~ 15 mlL of
the bovine urines at different gestation periods were fractionated with 50% ammonium
sulfate, separated by SDS-PAGE, and transferred to the PVDF membrane. The blot
was blocked with blocking buffer and incubated with the affinity purified polyclonal
antibody in blocking buffer. Result shows that the purified antibody selectively
recognized the 20 kDa band and that the intensity of the band was not correlated with
the gestation period. The antibody recognized nonspecific bands with molecular mass
lower than 20 kDa in some non-pregnant urines. The specific recognition of the bPAP

protein by the antibody was not changed although the urines were coliected at different

_13_



times and places. In other words, the bPAP 2 protein in the pregnant urine is
expressed in a pregnancy-associated manner. This result suggests that bPAP 2 is a
bovine pregnancy-associated protein and that the expression of the protein in the urine
varies in the individual cows. From our screening experiments, we saw <10% of false
positives and <3% of false negatives. These results suggest that there could be
veterinary reasons for this variation of the fluctuation of the expression level among
individual cows. If the bPAP 2 protein expression level during pregnancy can be
quantitated, the correlation between the embryonic mortality which accounts for major
reproductive wastage in farm animals, and the fluctuation of bPAP 2 can possibly be
investigated. We have successfully produced a more specific monoclonal antibodies,
Mono-1 and Mon-2, to develop a diagnostic Kit for bovine pregnancy test.

In conclusion, from the proteomic analysis of urine proteins from Holstein cows, a
bovine pregnancy-associated protein was characterized by 2-D gel and image analysis,
PMF (proteomic mass fingerprinting), N-terminal sequencing and MS/MS analysis. Due
to the incomplete nature of current bovine genomic and protein databases, the
identification of the protein was not quite successful. However, using the peptide
sequence information, antibodies against the bPAP 2 protein were generated. Western
blot analysis using the purified antibody to bPAP 2 showed the protein is indeed a
pregnancy-associated protein and that the bPAP 2 concentration in the urine of
pregnant cows fluctuates among individuals. The correlation between the fluctuation of
bPAP 2 expression and veterinary symptoms need to be analyzed. This antibodies can
be utilized to develop a reagent for the demonstration of bovine pregnancy and should

be a valuable aid to help understand embryonic mortality in bovine pregnancy.
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ATEL2 proteomics PO E A 537 HAYL Fato JA A9 oF uywF

AL 7 e AEAHI 99z AHAYHES A $t7] BEo)H(Wooding and
Beckers, 1987, Sasser et al, 1989; Zoli et al, 1991). I &< &9 AAAA(LZF, H,
T5) QA5 dAdS FA R G Fdv) s JASoEIF oA YA
S Y markerZ+ AHE37] o8l Hol AATH (Morton et al, 1987 and 1992; Lynch
and Abbott, 1988). 121} proteomics WHE o] £3A 9 Fo) A%go2 EAsE ©
RAolgte 58T FA7E o] )39 71D E2-D gel)F image EAWEL 59

ojtHE Hole wwA

S

tio
>

W3 4 9lil, mass spectrometry H 3 amino acid

w5 3 AT uNde] FHAE 44 e £

do

sk
At} Genome project’t L&A olx
HEHA ATFHANAN Exof = AFRY ANEV} sbEsth. B B AFN 25 &
FTHOE QA5 dHAg A szt st AE AR AFHJF REEin R wo
o TES] ALE W vuy A@EA o) Holr] Wt (Young and Tracy,
1995; Ito et al, 1998; Pedraza-Chaverri et al, 1996).

sequencing WY T& o]
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Proteomicst 2-D gel electrophoresis 23 942 WA -2 mass spectrometry®t 22
T Z AR e A, & dataE 2o g AYsto databasedlste Ao

2 g9ss ¥ 5

32

o ol MM B uw BEANE 93 2-D gel electrophoresis, mass
spectrometry, database® 93 bioinformatics®} image ¥4 o2 WA/ &S dE $
At & 2-D gel electrophoresis 712 4 wrEgda Rejsd szt A=
A olglst A& 793t IPG strip (immobilized pH gradient)S o}&3t=4d @77} B
A AP dad ghe pH 998 Fad g Adss ALEE7])71 oy o] 7%
< BHANAZE Ad 71gclER UM T Awsd AHEE 5 o, B dF-EANE
oln] A7|171& S Y3t AL vt E38 Image analysisol A computer software
€ 9183t 2-D gelddl A/E 9¥AS MEFHoR vasts AQH FUHANZTY 2
7b ZobM S AA A Te]l A GARME ¥ 2 ojn] FAAGAM AsHa gl
© PDQUEST (9]=)Y Melanie (2=92) #& software7t el A] 220]3 o}, Mass
spectrometry ™ 3}8tAtE0] AT FES BA S HE ojv] MHAAH o2 ARSI 9
o ZAF0l A3 F27F AR BT gude JEY rley Fugs B4 ity
sttt PE-Biosystem, Bio-Rad, AP-Biotechnology® Z<& ®[= Wi %9 Biotechnology
AN AAHom il BMS 93 mass spectrometry A $&o F£43 R
& Xo|i glth. Bicinformaticst “@#A ofmxt ME, FAANYE, @WA mass
spectrum fingerprint, B %2 7% & A AZ o2 databasedtsly] =22 dwdol} &
AA NEE o] &3te] gillde] 715 S & £ YRS 3= Aot A4 Uy & 3
AA o v fFoldd FFEolre AR Tl 4 ARG Hobg nsH
7 wE A W E4A A AAEE HE £ dE Bolon,

¥3H Human genome project ©] ¥ CeleraAls g T EFE proteomicsES A =3
& A o] Eokdl FHE 7[gol2 AT 19 9 venture 3|

A% ol AYvh. KA A de] WY F HU #HL
FAZE 7%g walEe Foly] Wi @@ fjd A7t hot topice 2 APHT Y
. Yol A= proteomics 7]&S o] &3 vwlA AFRolA FAE 5 ~ 8 groups,

_20_



i

9 B yenture A}

ol A

=
=

A9 2 4%e wAG o AAFN F7ee BE

4, AdgEE 7] 9

= I e
proteomic mapS &I 9]

ki3

ad A

=
=

o}

akl

o
e

o g3tel 4
+ 9

HolA 75T 25 @ =1

tis

o) g

[3
=2

HA A3

=
=

T2

£
R

_21_



Z13
=

g A

=

=

ol
ES

proteomic map ZA

1

Ko}
T

EojutM A2 mass spectrometry ¥4

AFATF Y Wg

- 9FuMAL 2-D gel A

1L A 1AdE -

H 3 &,
A1 A,

-
it
o
R
R
£
iy

7

o] amino acid microsequencing ¥4 & %

w2

ol ¢

wir

K

=13
=

gy A

=
=

)
=

proteomic map 24

i

k<]
L&

- 9FUud 2-D gel 24l

2. A 23 &

ol thul & o] mass spectrometry 24

i

_22._



=
b

o

R
®°
R
i
]

ol

IE Solgd®W Aol amino acid microsequencing 24& %

>=
=

9] protein fingerprint database T

3. A 3ApdE

P2l

A

- QA Eo] 4449 cloning %

2, A A

A9 2

wr

8t (ELISA)

[e=]
=

B

- AYFE A

Gt

HO

AFAE 2 3

A2 A,

Al A e

KN
T

L AUEE

&7 AWETY BN AEF

_23_



% 600 Kg W9l Holsteins 4% 444
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(free stal)ol Al ALS, #ejdtglen 234 772 AFFTHES 33
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1
o
2
i

3. A, dAxY 2F AF : dF, FAF, ABAHAF, FF Fol AL ddx
2 HgdARe 0FE AFEY] dstd 4 EFM FAFE v gAL R dAE: L
=% 7158 29 ice bathollA WAAIIZ 045 um filter2 st Pl A E oL,
AE, 08 & AAsGD Agd 252 54 THAAA proteased] ZH&E A4
NAG AFPZ 7FAL samplee MA3] %9 F Add dAde AAS A8
AART To AL Haa o]RAL A filter BT Zt sampled 1 liter ©]%
AR Rom HAG Hel Yal %o dAWT 5L 7IE5AG

O

4. 2 9=awA 23 o 600mle & 2% sampled 77 H3A AA sample F9
A
T

al
%9 ammonium sulfate® 4A|7F o] ol A S M AAZ & YA

o
=2

2 A

i)

tlo

FEAE HHAM 50% 459 ammonium sulfateZ 4A|7F o] @A
o fAEE Fo AAE dwa AHES 30mle PBS(phosphate buffered saline)
fdo] &3AIZ Fol 10%2] trichloro acetic acid(TCA)Z 4A17F &<k A&t 3
A8 s BO T pelletE ethanol® Al F AZRAFHLZH salt

E AARY. FAFD $UAS 100% ethanolZ AlFH, A& 3= WPS 53 9
AU AAs Y o] Fo| Speed-Vac.& o]-&3te] Tl

AzANAY Adzd d@dS H G rehydration buffer2 =k @Hld w24

A& Bradford ¥ o2 ZAA{YI, standard2E & BHYFEZEH GE ol &3

.l
mlo

5. 2-D gel electrophoresis : Rehydration bufferdl 3o}9lE ©¥Wd sampleg 3t
IPG strip(BioRad, USA)°l loading 39 A7)2E < st @9dze] pl &
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o] ol W& EYEZ Y& IPG strip run 2AL 22TNA rehydration #HL
passiveZ 3A|3}, activeZ 10212+ 2.2 33 ramping 5417}, isoelectric focusing 64
7t total 24Xt 2 dFAth. Isoelectric focusing #Ao] ¥4Y IPG stripg 12%
polyacrylamide gel°ll loading &t @A 9] sizeo] WE EE P3P} o)x4d
719 %F0°] B F gelS silver staining & coomassie brilliant blueZ 9%
% PDQUEST (Bio-Rad) image ¥21€& program$ o]&3te] EAFc) w2237
WA ol g vuste FEAoZ EAGE dANAES FHI

6. Mass spectrometry &4 @ A%3 gl do] AAE 937 3 94 @HA spotd

7.

2-D gelolA ZE a2 gel spotd] £ Y= G AL trypsin®E AEF peptideZ
geldl A elutiondtt}, Elution® peptideZ matrixo]l 1A A7) Voyager DE-STR
MALDI-TOF MS ¥27] (Applied Biosystems, USA)Z #A 3. 2"dEexL
delayed extraction-reflector =o)X 20,000V acceleration ¢}, 150ns delay time
o EEAHAA 22Ut HEol== BAF 700 ~ 3500 Dalton Atele] RS A€
Aok, 2~2¥EHL H 300 individual laser shotllA AP ERAISY autolytic
products?] m/z 8425, 10456, 2211.18 7FA 3L internally/externally 23 3t}
Fingerprint datat ©®A9 AHAE H3lesd Fo3F AFE7F HHY 71E9
database(SWISS-PROT, UCSF database %)d €A3A &+ 74F Q-TOF MS
W2 2 peptides®] amino acid sequence® A 2 FA}stS Blast search®th. F 7

t},

& BE AL WHAA gow H42e vude] Aud Ro 23

w;

Tandem-MS 4 : Tandem electrospray 2% ¥4]& Micromass CapLC capillary
column®] E°]¢+ flight spectrometer (Micromass, Manchester, UK)2 Q-TOF
hybrid quadrupole/orthogonal acceleration timeo2 F33th EYAS A& A
Exv £9 e 5% formic acid® I, IAA ZHLY Pepmap C18 (LC
packings, Amsterdam, NL)2.Z 9 A A FFJY. 5% formic acid’} §H2
60% acetonitrile® &% HFElo)|=g FFEN 7] FAeAS. 2 FX = MS/MS
9] survey scan modedl A T FF AFHEHLE m/z 400 ~ 1,800 Da HH
A dgadth. JElel=E MY o, Q-TOFE MHd ol2ws FHA77] Hs
AtEFA E= (RFDC RE)E o] &3t Autolysis® E A FZbojy Aletd oA
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8.

10.

11.

FehE o2 ATHoZ AAA "ok obviit M EE PepSeq TS

o] 83t oA}, dojn Hg& NCBIY BLASTHM o 2 7HAsgth

Microsequencing®ll <3k @¥d AR © |zl AdM £2F 9P S PVDF
2 (BioRad, USA)S.2 20% wlgt&o] L3 o]% bufferdl A 120VZ 15412 &<
oA o £AF GWAL Ponsau-SE FAF dEld @il WM=Eg
HeZ2 el o g2 Nog H4E9 242 Edman degradation 349 =
T AE A7) (Applied Biosystem 492 Procise, USA)E A3ttt Internal A g
EME 95ty #Ho] 7te 9id S gel2RE st EFA HE F, Hfelol=
% bufferg o|&43l FZEs 3 HPLC 4L 939 4um Cl8 Nova-Pak
column 3.9 x 150mm (Waters, USA) 94 ZzZvtEa gz AA At Welld
293 feel= H3 g Ngd Ag 24712 2489,

-

il

Image analysis : @4 % ZL Epson GT-9500 2/d &2 2031, =2 oluX & o
A A4 =238 PDQuest(Bio-Rad, USA)E A3t EA =5 oj4y #=
€ Yehlle 993 spots #A I, 1 spotsE AE spot HAVIFLR I FE

AT A 39 spote] FEE wdeel= # F, EF olrx A% wlmseivh

A oEFGNA peptide B4 1 & oEM A peptides BAL Y UCSF
(http://prospector.ucsf.edu/)®] Protein Prospectordl ¢l MS-Fit program& A&
3t o

Polyclonal 3 Az AA : NZd Md £45 Q-TOF 2% 4 T34 29
%l N-terminal % internal HEl=E AMISE 7122 39 ZFPeol=
(DSELAGPRGARG$ DGQELELVSSG)9l W@ polyclonal A& A Z3tirt. &4
peptidesE ZtZF E7]o] FASlY immunizationdt g od, FLFA F 2 ~ 3F
Ao g F 389 boostinge F8ET F A testdte] FYY antigenicity S
At 3 ol S F=9 FAs HE] HE W EVY AFoZRE
< E9& AHstd S 2 F polyclonal FAE FAFsATH ojf AL ¥
A o B9 Affi-Gel 10 column(Bio-Rad, USA)E& ©] €3l AA st

S

i

o%



12. Monoclonal A A z# A A : Polyclonal A A 2ol AlEE T 279 peptidesE &
Y22 A4£49 monoclonal FAE AZ3HUT £ immunizationS st FAS =
E Fu|992A 3}9E 4 ~ 659 Balb/c moused] FAFGITH FY FAF F 2 ~

3F 1A 2 F 3x4d 9 boostingS A F AL testdld] Y2 antigenicity

= dAsta, 23 o 2T vx9 A7 HEHE W, mouseZF-E spleen
< Yoo}, myeloma celld §3& FHlan. o] AAFS& ot AAs dEsA

5
2
n

2 U 7 FE8 &F ¥ spleend AA glo] ARSHA wo] I F AFE
ok, Al E spleen® ZFE splenocytesE X} connective tissue® A A HEF
E ®3std AR A FH]¥ splenocytes®] & Al FAHE AASE spleen
cellse ol @A vl wHEd EEsE YEZF FAE  (myeloma)st
hybridomaE ®EA4sHA st 73 AFS & 5 JA do. £22E3E myelomats

8-azaguanineS 33 wiX oA zEA FozHN WA MIE Y, AAT F

l..

2ot §3AAG. 8 T of 209 %, ELISA WY 22 hybridomaZ screening
st} Screening ¥ FAS A= A XE AEEte], ‘limiting dilution’ FH o2

cloningg 339 © Y cloned & B33 cultured T3 2 AXE 38t &
Y clone?l hybridomaE Al €3ttt o] cell® F2AAlA protein G purifications 43§

3l4 monoclonal antibodyZ 7 A 8} ot

13. Western blot ¥4 @ 50% ammonium sulfate2 ¥ 338 4o FUNFS
SDS-PAGER #e@ & PVDF %oz d@gsg olFAZrh ol& 3 Algd
buffer= transfer buffer (48 mM Trs, 39 mM glycine, 20% methanol)e}9,
electro-transferring #Xl+= Trans-BlotR SD Blotting Kit (Bio-Rad, Hercules,
CA, UsA)oltt. duldo] &4 £L blots® 5% non-fat dry milk in 0.1%
Tween 20 in PBS (PBS/T)& AH&3te, 4TAA 16 At < T AL2A 14
7t &<t blocking3t A th. Blocking ¥, &A7F £3=H e E7 HE 1@ 400
(polyclonal 34)) =+ #9 spleeno 232 H s}z A E 1 : 2000 (monoclonal
)] Hl &2 blocking buffer (5% non-fat dry milk in PBS/T)oll A3t 4



2o 4A 7t B wAZAT PBS/TZ AE F 23 A7 12 AE 2A 3
Al 871 A8l A, Horseradish peroxidaseZt A= v 23 FAE 1 @ 30009
Hl&2 Al buffer (PBS/T)oll 843t AN 1A &<t wh&A7]12, PBS/T
2 M H3Act A3 ¥ Supersignal family (Pierce, Rockford, IL, USA)9| kg9l
o3 99 bandE filmol s}

14, & dAHA : FAFES 2 F FAHAIL 19 ~ 20 €73 BAHAAAM 10 ml9

HHS gyringeZ AFsG AHFF FALS polystyrene AP H &7]L 4TolA
2500 ~ 3000 rpmo 2 1587 AAFEestd AL oA Bdd AL
AHE A7bA] -20TeAAM dFES st FATEY dAHAE #AEEE
(progesterone) A ZAALN o A& HYA(FTH) A Kitd Addel Z2HXE
(Genedia Protest, Green Cross Life Science Corp, Korea)E A}83t9
immunochromatographic assay 22 AgdslQqct 23 BAHoZ G4, SA4E B
&) progesterone A #FHALE radioimmuno assay (RIA) ¥oz BAM3In 1

F Yoz #38 2o Y 604 F AFANEA JUFTE A BA5Y
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Table 1. Sampling of the urine from pregnant and non-pregnant cows

Date of B?dy Periods at the sampling (month)
Ranch ID birth weight
i _
(Kg) Pregnancy Non-pregnancy
19 1991. 7. 20 605 3 and b -
40 1994. 8. 9 600 2 and 4 -
29 1992, 12. 8 602 2 and 4 3
88 2000. 8. 29 . 597 2 -
46 1994. 12. 10 613 15, 4, and 5 2
Kyungpook 60 1997. 6. 22 599 - 2
National 64 1997. 12. 22 603 5 -
. . 65 1998. 1. 9 601 5 -
University
78 1999. 8. 12 611 3 and 5 2 and 4
70 1998. 5. 4 602 3and 5 -
48 1995, 3. 22 613 5 and 6 1 and 4
30 1993. 1. 31 621 3 2 and 4
50 1995. 10. 7 590 3 3
Seoul S0l 1997. 9. 14 617 4 -
National
. . 502 1997. 9. 10 597 - 14
University
Y506 1996. 6. 5 605 4 3
Y717 1998. 4. 20 611 - 2
Y226 1996. 10. 5 591 3 2
Y303 2000. 2. 17 589 4 -
Y430 1999. 11. 6 604 5 -
Youngnam
. . Y513 1998. 8. 3 611 4 -
University
Y704 1997. 1. 27 602 4 -
Y228 1995. 12. 5 611 5 -
Y117 1999. 7. 13 603 4 3
Y302 1996. 3. 2 599 6 -
Y1003  1997. 6. 22 607 4 -
K23 1995. 6. 23 618 4 -
Kunwee
. K33 1998. 10. 5 605 7 -
Dairy
K14 1993. 2. 19 601 -
Farm

K30 1998. 3. 5 607
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3. 44, gaxe] eFvuM 2o

2 BN AR PN D HPaae LFEANRERYH gASogude &
g8t7] 98t thekg oy B
T ovheh ol YASo] duMAS gyAoz Ry oF 2-D gel
electrophoresis2 #Qlets Hti4 ¥2 ol R 2 AWy HFHor I3y
AT
2 Ao A8 ZHzbe] e FEAEE 1 literolY oM, filtration FolE 600ml¥
APR-SEE T olwl 7] 2 F £ Fuwa wrE oF (.lmg/miolYdth )AL 30 ~
50%= ammoninum sulfate fractionaton % 30ml¢] PBS buffer2 3 ojA 533 o
@8 d e 5+ 10mg/mlolRen T4 F 10% TCALAdA HAAsd AxZ
T o2Edwde] HFFEE 50mg/mloldth olddA de oEdwWAS
IEF(isoelectric ~ focusing; Bio-Rad, USA)Z 1z} #A7|9%sdon, Zu=z
SDS-PAGEZ 2} A719%53ste dAla 2 vlgdalAe] thd proteomic map pattern
= dglen, olg HuEMaY YaEo)alFAS A H(Fig. 2 ~ 6). Fig. 2¢]
M HgAAe] FaWAs pH 3 ~ 10 99 IPG stripg AH&3std 2-D gel
electrophoresis patterns E o F& ZIojth 3 Fig. 3ol v galire JrasrE
Hlug 2-D gel AFAS BAFROM Fig. 4914E 50% ammonium suflateE
fractionation¥ 9] dalA29 HAA A9 2-D gel patterng HAFAth Fig. 37
wad F@ o] u]s] ammonium sulfate® fractionationdt ¥
9 2-D gel patterno] @@ FHAo] Y& Y MAYF ZAE JL £ Ut
Astd pH WY E 4 ~ 72 =43 IPG strip
S AH8ate JAla 2 Hdalae 2-D gel® HlREAMEY 1 AFE Fig. 59 B
FAh. 183 Fig. 64 e & 24 AHT 2EANZE T3 2-D gel
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Urine from pregnant and non-pregnant cows
i
Pre—filtered immediately and stored on ice
1
Filtered through 0.45um membrane or ultrafiltration
l
Dialysed against PBS, pH 7.4
{
(NH4)2SOy4 fractionation, 30% and 50%

d

Centrifugation, 12000g
i

Dialysed against PBS, pH 7.4

1

1096 TCA precipitation
l

2-D gel electrophoresis
l

Image analysis
i
Mass Spectrometry and microsequencing

l

Identify proteins by database searching
l

Genetic, immunological, or immuno-histochemical

Identification

Fig. 1. Established flow chart for the isolation and identification of cow urine proteins
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MW(kDa)

Fig. 2. Representative 2-D gel protein profile of normal non-pregnant cow urine. The
urine proteins were separated on a pH 3 ~ 10 linear gradient the IPG strip, further
separated second dimensionally on SDS-polyacrylamide gel, and stained by Coomassie

Brilliant Blue R250.



MW(kDa)

S
32 45 55 6.8 8.5

pH

Fig. 3. Comparison of the total urine proteins on pH 3 ~ 10 IPG gels. The cows #30
(A) was non-pregnant and #48 (B) was pregnant for 6 months at the time of

sampling.



MW{kDa)

Fig. 4. Comparison of the urine proteins pelleted at 50% ammonium sulfate saturation
on pH 3 — 10 IPG gels. The non-pregnant cows was #0 (A), and the cows #48 (B)
was pregnant for 5 months at the time of sampling. The arrow indicates the

pregnancy-associated protein.



MW(kDa)

Fig. 5. Comparison of the urine proteins pelleted at 50% ammonium sulfate saturation
on pH 4 ~ 7 IPG gels. The cows #48 (A) was non-pregnant and #46 (B) was

pregnant for 2 months at the time of sampling. The arrow indicates the

pregnancy—associated protein.
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Fig. 6. Comparison of the urine proteins pelleted at 50% ammonium sulfate saturation
on pH 4 ~ 7 IPG gels. The urine #30 and #46 was obtained from a Kyungpook
National University’'s dairy farm. The cows #30 (A) was non-pregnant and #46 (B)
was pregnant for 4 months at the time of sampling. The urine #K30 and #K33 was
obtained from a Kunwee-Gun dairy farm. The cows #K30 (C) was non-pregnant and

#K33 (D) was pregnant for 6 months at the time of sampling.



4. QU718 JASe] T BAF AHZA}

AEReH 53] #2 spot2 PA7IZEe] ZHgel] we g BHFe] Fylo] F
7S #9E + AR Fig. 7).
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MW (kDa)

= [ T P g
45 5255 59 66 70 85

pH

Fig. 7. Time-dependent comparison of the pregnant cow's urine proteins pelleted at
50% ammonium sulfate saturation on pH 3 ~ 10 IPG gels. The cows No. 46 was
pregnant for 1.5 (A), 4 (B) and 5 months (C) at the time of sampling. The arrow

indicates the pregnancy-associated protein.
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P77 dd g FEF WEEANFig 7) 2 ded 9Nz BNAgzRY
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Fig. 8. Peptide profile of fractions from reverse phase HPLC after trytic digestion of
#2 spot protein. Upper line is the sample treated by In-gel digestion of #2 spot with
trypsin, and the under line is the blank spot digested with trypsin. The arrows indicate

the selected fractions for sequencing.
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Table 2. Internal sequence of #2 spot protein and queried results through BLAST

searching program

Fraction
Internal Sequences Matched Proteins
Number

Actinin-like protein

3 LRREESEK Golgi resident protein GCP60

CG14998 gene product

M protein precursor

17 VWLESKK
M protein
AL GU,GD,LS,VHE,
20 Mixed peptide
KQ,AQ,SA,GS,5G

* The used parameters are as follows. Database, NCBInr.02.07.2001. Molecular weight
range, 1,000-100,000 Da (588157 entries). pl range 3.00 to 10.00 (616977 entries).
Species, Bos taurus (3360 entries). The search with the combined molecular weight, pl

and species selected 3174 entries. MS-Fit search selected 9 entries.

Table 29] A#%E Fa 8 o, 29 Fxx 2 G937 database’t o}
Z3t7] o] A9 WA matchHe RS A7] ISR ofdeE datat F
% mousetE= BAZME 80% o149 homologys ZeE d¥dL wHHA &
$FO 2 #2 spot GHAL MEE GAZ FAFHAUT

Te 94 2 MYNY 2FL MAste] 2-D gl MASHTL £2F 20 KDa,
pl 62 ¢ #2 spot BN A BF AREZE 7|E3ld A2 FA Ao mEH YAl
oA FhEAel Ug BELS F 16%, HIYAARAA ZH¥AHdel & FEL

16% A=A Ao Yelyith(Table 3). o]l Ade A2 4% ojde FH

o] X

ol
=3
28 9
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8% ol 4 ZAY + de AAE 9usER 50| antibodyE A&
A ¥ A AFEME Ay 52 A %o2M XFo antibodyE A x 3}
o A Kitz AH433 ¥ < A7t Qg ez YAAY marker2N AF
5ol e & Roz WAL,

x
Hir

Table 3. Comparison of #2 spot protein expression patterns in urine proteins of

pregnant and non-pregnant cows

Cow No. of No. of No. of No. of
Ranch pregnant | non-pregnant |false positive cow’ | false negative cow'
Kyungpook Nat’l Univ. 20 10 3 2
Youngnam Univ. 10 10 2 2
Chunan Dairy Farm 10 10 2 1
Kunwee Dairy Farm 2 2 0 0
Total No. of cow 42 32 7 5
Statistic analysis(%) 7/42 x 100 = 1491 5/32 x 100 = 156

= false positive cow means no detection of #2 spot protein in 2-D gel analysis of
pregnant cow urine.
#, false negative cow means detecting #2 spot protein in 2-D gel analysis of

non-pregnant cow urine.

2-D gel £A4& T3] Add dA5e] dWAER} Ity oz Yeye 2F5d

WA E ol protein mass fingerprint database T=& 3 Z spotg F3to



mass spectrometry&41-S 3G H(Fig. 9). o] AT AlgAzE AFYHAA
A3 diz daAqon, BAE F% peptides MALDI-TOF MSE #4s %t}
Table 49 M & YA Eo] Ao th protein mass fingerprintd] W3 A2FAE B
oF1 gler, Table 5AAE dut o5& M Ao] th3 protein mass fingerprint
AFHE ek ojdel 23 FEEE 12%59 YA dud 2 (8%

g e ZdaAo] t)¥ protein mass fingerprint database® A FH o2 T3¢t}

Spev H=>BCNR(2ZD0poNCIRS = §33.4, 10411]

108 K407 148~

1300 437

J408 243
g 0
A

127960 002 8en

1990 843

;1” 1313 41D
{10 0w 03 @0 7

L]

Fig. 9. Protein mass fingerprint of peptides from #2 spot protein after trypsin in-gel
digestion. Each peaks has the peptide mass of 933.41, 1005.48, 1091.48, 1313.66, 1330.68,
1610.80, 1672.92, 2043.96, 2200.07, 2372.11, 2451.27, 2467.24 and 3389.75.
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Table 4. Protein mass fingerprints of bovine pregnancy-associated proteins prepared

from pregnant cow urine

Spot # Sul;?r/xiztt od Ml:i/lt?}: od I;glr;a I::/ioti;gs_ Start | End C?e/lzl:r:des Database Sequence

1 1017.4313 | 1017558 | -125 690 | 698 1 (K) AKEETSKPK (A)
11655811 | 11656217 | -35 37 | 46 1 (K) EHTEPKSLPK (H)
1389.6729 | 1389.7967 | -89 670 | 683 1 (K) KPASVPKHLGNGGK (A)
14287191 | 14286494 | 49 433 | 445 0 (K) EADPEDGKPVEDK (V)
1584.746 | 15846483 | 61 316 | 328 0 (K) CGEDEETVPSEYR (L)
1939.7981 | 1939.9878 | -98 606 | 622 1 (K) YQHLLDDNKEGTPGKPK (D)

2 10155075 | 10155676 | -59 1798 | 1806 0 (K) TVLEIDTPK (V)
1078.6833 | 10786625 | 19 1063 | 1074 0 (R) GLPGPVGALGLK (G)
1089.5566 | 1089.5978 | -38 176 | 184 0 (K) NVTLILDCK (K)
10985752 | 1098518 52 838 | 848 1 (R) GEDGPEGPKGR (G)
11475725 | 11475972 | -22 1392 | 1403 1 (K) RGPPGPAGPEGR (Q)
1160.5778 | 11605952 | -15 631 | 642 0 (R) GFDGLAGLPGEK (G)
11826003 | 11826635 | -53 867 | 878 0 (K) LGVPGLPGYPGR (Q)
1296.687 | 1296.582 81 1285 | 1298 0 (K) GEPGEAGEPGPSGR (S)
1332.6786 | 13325757 | 77 1827 | 1838 0 (K) FGFEVGPACFMG (=)
1407.7141 | 14077021 | 85 949 | 963 0 (R) GPNGPQGPTGFPGPK (G)
1433.7131 | 14337137 | -0.43 1393 | 1407 1 (R) GPPGPAGPEGRQGEK (&)
1488.6095 | 14887447 | -30 628 | 642 1 (K) GDRGFDGLAGLPGEK (G)
1491.6594 | 1491.8059 | -98 1794 | 1806 1 (K) GYQKTVLEIDTPK (V)
1554.6992 | 1554.7263 | -17 811 | 825 1 (K) GEDGFPGFKGDMGIK (G)
1837.9839 | 1837.8945 | 49 972 | 989 1 (K) DGLPGHPGQRGETGFQGK (T)
1844.0228 | 184492085 | -36 879 | 897 1 (R} QGPKGSIGFPGFPGANGEK (G)




m/z MH+ Delta | Modifi- Missed
Spot # Start | End Database Sequence
Submitted { Matched | ppm | cations Cleavages
3 11214767 | 1121.5301 | -48 588 | 597 0 (K) EACFAVEGPK (L)
11456512 | 11456431 | 7.1 236 | 245 1 (K) AWSVARLSQK (F)
1163.6078 | 11636312 | -20 6 | 0 (K) LVNELTEFAK (T)
1166.549 | 11665298 | 17 499 | 507 0 (K) CCTESLVNR (R)
1249.6051 | 1249.6217 | -13 3B | 4 1 (R) FKDLGEEHFK (G)
1283.7005 | 1283.7112 | -83 361 | 371 0 (R) HPEYAVSVLIR (L)
1305.6816 | 1305.7167 | -27 402 | 412 0 (K) HLVDEPQNLIK Q)
1308.6976 | 1308.7276 | -23 558 | 568 1 (K) HKPKATEEQLK (T)
1399.6836 | 1399.6932 | -6.38 569 | 580 0 (K) TVMENFVAFVDK (C)
14156319 | 14156881 | -40 | IMet-ox | 569 | 580 0 (KYTVMENFVAFVDK(C)
1433.6992 | 14337099 | -7.4 89 | 100 0 (K) SLHTLFGDELCK (V)
1439.8048 | 1439.8123 | -5.2 360 | 371 1 (R) RHPEYAVSVLLR (L)
1457.7066 | 14576582 | 33 286 | 297 0 (K) YICDNQDTISSK (L)
1479.8034 | 1479.796 5 421 | 433 0 (K) LGEYGFQNALIVR (Y)
1491.734 | 14916208 | 76 76 | 88 0 (K) TCVADESHAGCEK (S)
1511.8339 | 1511.8433 | -6.2 438 | 451 0 (K) VPQVSTPTLVEVSR (S)
| 1567.7482 | 1567.7433 | 3.1 347 | 359 0 (K) DAFLGSFLYEYSR (R)
1639.94 | 1639.9383 1 437 | 451 1 (R) KVPQVSTPTLVEVSR (S)
1670.8154 | 16707597 | 33 | pyroGlu | 118 | 130 1 (K)YQEPERNECFLSHK(D)
1687.8141 | 1687.7862 | 17 118 | 130 1 (K) QEPERNECFLSHK (D)
1738.847 | 17388508 | 2.2 469 | 482 0 (R) MPCTEDYLSLILNR (L)
1791.7362 | 1791.71 15 267 | 280 0 (K) ECCHGDLLECADDR (A)
18889136 | 18839274 | -7.3 169 | 183 0 (R) HPYFYAPELLYYANK (Y)
1894.9315 | 18949373 | -3.1 508 | 523 0 (R) RPCFSALTPDETYVPK (A)
1921.9 1921.937 | -19 529 | 544 0 (K) LFTFHADICTLPDTEK (Q)
1969.8594 | 1969.8458 | 69 581 | 597 1 (K) CCAADDKEACFAVEGPK (L)
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m/z

Spot # Submitted MZ?C{; ed nglr;a gﬁ;ﬁs— Start | End Cﬁiﬁs Database Sequence

4 | 10544532 | 10544852 | -30 335 | 342 1 (K) DKTHSCHR (H)
11075575 | 11075039 | 48 220 | 227 1 (K) EQQMCNRK (S)
12716435 | 127154 | 81 | pyroGlu | 325 | 334 0 (K)QVCEPENPCK(D)
15807332 | 1580.7603 | -17 199 | 212 1 (R) TRVCNSPEPQHGGK (D)
1673979 | 16738611 | 70 309 | 324 1 (K) GNQPFGVGLEAARTEK (Q)
1846.9222 | 18468322 | 49 9 | = 0 (R) FFAENETWVVDSCTK (C)
1923847 | 19238904 | -23 88 | 104 0 (R) SCDVTSNTCLGPSIQTR (A)

5 | 1091498 | 1091.6326 | -123 329 | 337 1 (R) RALAQLTYR (S)
11335478 | 11336363 | -77 | IMet-ox | 78 | 87 1 (K)AGTLEMVLKR(V)
11815751 | 11816505 | 64 276 | 285 0 (R) CLPGLHPVFK (L)
12467524 | 12467233 | 23 192 | 202 0 (K) QYLAAPLVMLK (M)
14448471 | 14447218 | 87 333 | 349 1 (R) SLCPLDDLADRR (L)
1856.9271 | 18569904 | -34 | 1Met-ox | 149 | 164 1 (RILVLPSGMEELRAQLER(E)
1860.8784 | 1860.9604 | 44 ﬁ\fe‘g‘; 192 | 208 1 (K)QYLAAPLVMLKMDPSGK(L)
19940757 | 1994.0673 | 42 70 | 86 1 (R) LDFEWTLKAGTLEMVLK (R)

6 | 10605665 | 10605468 | 19 | pyroGlu | 168 | 175 0 (RYQWVIQEFK(L)
11736434 | 11736553 | -10 208 | 307 0 (K) ALELCEILAK (E)
125264 | 12525639 | 61 57 | 65 0 (K) FQDVYDYFR (A)
1269.6547 | 12696401 | 12 | 1Met-ox | 220 | 229 0 (R)EVQYTLEMIK(L)
1983.0928 | 1982.9419 | 76 323 | 340 1 (R) SLQSKHSTESDPPTNVQQ (-)

7 | 11095507 | 11095301 | 19 342 | 350 1 (K) ENLKDCGLF (-)
11655987 | 1165604 | -45 | 1Met-ox | 301 | 309 0 (K)VQFLELNMR(R)
11826156 | 11825213 | 80 129 | 138 0 (K) DSGIQACFDR (A)
13717694 | 1371716 | 39 177 | 188 0 (K) TTGHETQFSFK (D)
15407078 | 1540.743 | -23 83 | % 0 (R) AMTTLNIQYGDSAR (Q)
15567148 | 15567379 | -15 | 1Met-ox | 83 | 96 0 (R)AMTTLNIQYGDSAR(Q)
11636412 | 11636312 | 86 42 | 51 0 (K) LVNELTEFAK (T)
1166.6226 | 11665208 | 80 473 | 481 0 (K) CCTESLVNR (R)
12267035 | 12266819 | 18 261 | 274 1 (K) YICBBZBTISSKLK (E)
14837635 | 1483783 | -13 256 | 272 1 (R) ADLAKYICBBZBTISSK (L)
1487.79 | 1487895 | -67 | pyroGlu | 523 | 535 1 (K)YQTALVELLKHKPK(A)
1511.8061 | 1511.8433 | -25 412 | 425 0 (K) VPQVSTPTLVEVSR (S)
1553.8228 | 15538361 | -86 457 | 469 1 (R) LCVLHEKTPVESK (V)
1567.8326 | 1567.7433 | 89 322 | 334 0 (K) DAFLGSFLYEYSR (R)
1500.8349 | 15907838 | 32 115 | 127 0 (K) LKPDPNTLCDEFK (A)
1607.8005 | 1607.7634 | 23 430 | 442 1 (K) VGTRCCTKPESER (M)

_48._




m/z MH+ Delta | Modifi- Missed
Spot # Start | End Database Sequence
Submitted | Matched | ppm | cations Cleavages
8 1295.6619 | 12956636 | -1.3 203 | 213 0 (K) DFPLSGYVELR (Y)
14237 14237585 | -41 202 | 213 1 (R) KDFPLSGYVELR (Y)
1664.8227 | 1664.8399 | -40 59 | 73 0 (K) QLSAFGEYVAEILPK (Y)
1870.9689 | 1871.0179 | -26 128 | 142 1 (R) FEIVYNLLSLRFNSR ()
1920.9035 | 1920.9918 | -46 | pyroGlu | 249 | 266 1 (RYQPPESLKLEAGDTKPEAK(-)
9 1212.6397 | 12126186 | 17 | 1Met-ox | 142 | 151 0 (K)LAEYTDLMLK(L)
1433.7365 | 14337276 | 62 223 | 234 0 (K) QDLDINNIPTYK (K)
1544.8082 | 1544796 | 79 | pyroGlu | 223 | 235 1 (K)QDLDINNIPTYKK(S)
16349 | 16348754 | 15 246 | 260 1 (K) LYRTDLALILSAGDN (-)
1710.7974 | 17109503 | -89 M| 47 1 (K) ELQNLIQELQQARK (K)
10 | 1077.3618 | 1077.4999 | -128 8 | 92 1 (K) EDENCLRK (Y)
12025953 | 12024757 | 99 | pyroGlu | 9% | 104 0 (RYQCMQDMHQK(L)
pyroGlu
1217.6197 | 12184706 | -698 9% | 104 0 (R)YQCMQDMHQK(L)
1Met-ox
1390.7949 | 1391.5982 | -577 | IMet-ox | 95 | 104 1 (RIRQCMQDMHQK(L)
1432.7969 | 1431.7378 | 740 48 | 59 1 (K) EILRQMSSPQSR (D)
1505.7861 | 1504.7834 | 666 71 | 82 1 (R) KMSVQEYELIHK (D)
1530.7846 | 1531.724 | -613 M4 | 47 1 (K) LESEDSDSVAHSKK (E)
1600.8824 | 1600.895 | ~79 133 | 146 0 (K) ITTIVVHIYEDGIK (G)
1634.8753 | 1635.8052 | -568 | IMet-ox | 72 | &4 1 (KYMSVQEYELIHKDK(E)
1914.0525 | 19127251 | 694 | 3Met-ox | 231 | 245 0 (KYEMHVLEQTNMEEDME(-)
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m/z MH+ Delta | Modifi- Missed
Spot # Start | End Database Sequence

Submitted| Matched | ppm | cations Cleavages

11 | 10475244 | 1047.4933 | 30 65 | 72 0 (K) CIASTYYR (G)
16729204 | 1672.8005 { 72 29 | 42 1 (K) NYKATIGVDFEMER (F)
1681.8484 | 1681.8186 | 18 169 | 183 0 (K) AEYWAVSSLTGENVR (E)
1688.8615 | 16887954 | 39 | 1Met-ox | 29 | 42 1 (KINYKATIGVDFEMER(F)
1706.8167 | 1706.8601 | -25 118 | 133 0 (K) DLSVSVPVVGEDFTSR (Q)
1732.8808 | 17329485 | -39 102 | 117 1 (K) ENDPSSVLLFLVGSKK (D)
1745.8747 | 17459689 | -54 189 | 204 0 (R) VAALTFEVNVLAELEK (S)
1834.896 | 18349551 | -32 117 | 133 1 (K) KDLSVSVPVVGEDFTSR (Q)

12 | 10865993 | 10865254 | 68 285 | 293 0 (K) SHCIAEVEK (D)
11426253 | 1142.7149 | -78 522 | 531 1 (K) KQTALVELLK (H)
11636412 | 1163.6312 | 86 42 51 0 (K) LVNELTEFAK (T)
1166.6226 | 11665298 | 80 473 | 481 0 (K) CCTESLVNR (R)
1226.7035 | 1226.6819 § 18 261 | 274 1 (K) YICBBZBTISSKLK (E)
1483.7635 | 1483.783 -13 256 | 272 1 (R) ADLAKYICBBZBTISSK (L}
1487.796 | 1487.89%5 ~-67 pyroGlu | 523 | 535 1 (K)YQTALVELLKHKPK(A)
1511.8061 | 1511.8433 | -25 412 | 425 0 (K) VPQVSTPTLVEVSR (S)
1553.8228 | 1553.8361 | -86 457 | 469 1 (R) LCVLHEKTPVESK (V)
1567.8826 | 1567.7433 89 322 1 334 0 (K) DAFLGSFLYEYSR (R)
1590.8349 | 1590.7838 | 32 115 | 127 0 (K) LKPDPNTLCDEFK (A)
1607.8005 | 1607.7634 | 23 430 | 442 1 (K) VGTRCCTKPESER (M)




Table 5. Protein mass fingerprints of bovine proteins prepared from normal

non-pregnant cow urine

m/z MH+ Delta | Modifi- Missed

Spot # Submitted | Matched | ppm | cations Start| End Cleavages Database Sequence
31 [1121.4767] 11215301 | -48 588 | 597 0 (K) EACFAVEGPK (L)
1145.6512 11456431 | 7.1 236 | 245 1 (K) AWSVARLSQK (F)
1163.6078| 11636312 | -20 6 | 75 0 (K) LVNELTEFAK (T)
1166.5495| 11665298 | 17 499 | 507 0 (K) CCTESLVNR (R)
1249.6051 | 12496217 | -13 3B | 4 1 (R) FKDLGEEHFK (G)
1283.7005| 1283.7112 | -83 361 | 371 0 (R) HPEYAVSVLLR (L)
1305.6816 | 1305.7167 | -27 402 | 412 0 (K) HLVDEPQNLIK (Q)
1308.6976 | 1308.7276 | -23 558 | 568 1 (K) HKPKATEEQLK (T)
1399.6836 | 1399.6932 | -6.8 569 | 580 0 (K) TVMENFVAFVDK (C)
1415.6319| 14156881 | -40 | 1Met-ox | 569 | 580 0 (KYTVMENFVAFVDK(C)
1433.6992 | 14337099 | -74 89 | 100 0 (K) SLHTLFGDELCK (V)
1439.8048 | 1439.8123 | -5.2 360 | 371 1 (R) RHPEYAVSVLLR (L)
1457.7066 | 14576582 | 33 286 | 297 0 (K) YICDNQDTISSK (L)
1479.8034 [ 1479.796 5 421 | 433 0 (K) LGEYGFQNALIVR (Y)
1491.734 | 14916208 | 76 76 | 88 0 (K) TCVADESHAGCEK (S)
1511.8339 1511.8433 | -6.2 438 | 451 0 (K) VPQVSTPTLVEVSR (S)
1567.7482| 1567.7433 | 3.1 347 | 359 0 (K) DAFLGSFLYEYSR (R)
1639.94 | 1639.9383 1 437 | 451 1 (R) KVPQVSTPTLVEVSR (S)
1670.8154 | 1670.7597 | 33 | pyroGlu | 118 | 130 1 (K)QEPERNECFLSHK(D)
1687.8141 ] 1687.7862 | 17 118 | 130 1 (K) QEPERNECFLSHK (D)
1738.847 | 1738.8508 | -2.2 469 | 482 0 (R) MPCTEDYLSLILNR (L)
1791.7362| 1791.71 15 267 | 280 0 (K) ECCHGDLLECADDR (A)
1888.9136| 18389274 | -7.3 169 | 183 0 (R) HPYFYAPELLYYANK (Y)
1894.9315] 18949373 | -3.1 508 | 523 0 (R) RPCFSALTPDETYVPK (A)
1921.9 1921937 | -19 529 | 544 0 (K) LFTFHADICTLPDTEK (Q)
1969.8594 | 1969.8458 | 6.9 581 | 597 1 (K) CCAADDKEACFAVEGPK (L)
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Spot # Sulgrl/liztt od MIZItI(;II: od Dp;e)i;a 1:;2?;25_ Start| End cﬁiﬁes Database Sequence

35 |1054.4532| 10544852 | -30 33 | 342 1 (K) DKTHSCHR (H)
1107.5575| 11075039 | 48 220 | 227 1 (K) EQQMCNRK (S)
1271.6435| 127154 | 81 | pyroGlu | 325 | 334 0 (K)QVCEPENPCK(D)
1580.7332 | 1580.7603 | -17 199 | 212 1 (R) TRVCNSPEPQHGGK (D)
1673.979 | 16738611 | 70 309 | 324 1 (K) GNQPFGVGLEAARTEK (Q)
1846.9222 | 18468322 | 49 9 | 23 0 (R) FFAENETWVVDSCTK (C)
1923.847 | 19238904 | 23 88 | 104 0 (R) SCDVTSNTCLGPSIQTR (A)

42 | 1091.498 | 10916326 | -123 329 | 337 1 (R) RALAQLTYR (S)
1133.5478 | 11336353 | -77 | IMet-ox | 78 | 87 1 (K)AGTLEMVLKR(V)
1181.5751 | 11816505 | -64 276 | 285 0 (R) CLPGLHPVFK (L)
1246.7524 | 12467233 | 23 192 | 202 0 (K) QYLAAPLVMLK (M)
1444.8471| 14447218 | 87 338 | 349 1 (R) SLCPLDDLADRR (L)
1856.9271) 18569904 | -34 | IMet-ox | 149 | 164 1 (R)LVLPSGMEELRAQLER(E)
1860.8784 | 1860.9604 | -44 fﬁ’&‘;‘f_}i‘; 192 | 208 1 (K)QYLAAPLVMLKMDPSGK(L)
1994.0757 | 19940673 | 4.2 70 | 86 1 (R) LDFEWTLKAGTLEMVLK (R)

60 |1060.5665 | 10605468 | 19 | pyroGlu | 168 | 175 0 (RIQWVIQEFK(L)
1173.6434 | 11736553 | -10 208 | 307 0 (K) ALELCEILAK (E)
1252.64 | 12525639 | 61 57 | 65 0 (K) FQDVYDYFR (A)
1269.6547 | 12696401 | 12 | 1Met-ox | 220 | 229 0 (R)EVQYTLEMIK(L)
1983.0028 | 19829419 | 76 323 | 340 1 (R) SLQSKHSTESDPPTNVQQ (-)

56 |1109.5507 | 11095301 | 19 342 | 350 1 (K) ENLKDCGLF (-)
1165.5987 | 1165604 | -45 | IMet-ox | 301 | 309 0 (K)'VQFLELNMR(R)
1182.6156 11825213 | 80 129 | 138 0 (K) DSGIQACFDR (A)
1871.7694 | 1371716 | 39 177 | 188 0 (K) TTGIETQFSFK (D)
1540.7078 | 1540.743 | -23 83 | 9 0 (R) AMTTLNIQYGDSAR (Q)
1556.7148 | 15567379 | -15 | IMet-ox | 83 | 96 0 (RYAMTTLNIQYGDSAR(Q)
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m'z MH+ | Delta | Modifi- Missed
Spot # Start| End Database Sequence

Submitted | Matched | ppm | cations Cleavages

61 1438.70181 14386967 | 3.6 152 | 163 1 (R) KWEAEGYAESLR (N)
1441.7016| 1441.744 | -29 250 | 262 0 (K) WAALVVPSGEEQR (Y)
1645.7476 | 16458226 | -46 28 | 41 0 (R) FISVGYVDDTQFVR (F)
1712.8164| 1712876 | -35 13| 27 0 (R) YFYTAVSRPGLGEPR (F)
17563.8524| 175391 -33 204 | 217 1 (R) EVTLRCWALGFYPK (E)

62 |1052.5963| 10525376 | 56 77 | & 1 (K) SELSGKFER (L)
1360.623 | 13606459 § -17 97 | 107 1 (R) YEAKELYDAMK (G)
1369.6863 1 1369.7004 | -10 216 | 226 1 (R) VFEEYEKIANK (S)
1671.7607 | 1571.8645 | -66 36 | 50 0 (K) GIGTNEQAIIDVLTK (R)
1677.8003| 1677.7352 | 39 302 | 316 0 (K) TLSSMIMEDTSGDYK (N)
1765.9311 | 17558376 | 53 1Met-ox | 209 | 222 1 (R)ISATHLMRVFEEYEK(I)
1826.9356 | 1826.9839 | -26 262 | 278 1 (R) LYFAMKGAGTLDGTLIR (N)

72 |1071.5014] 10716162 | -107 7 15 0 (K) LNIDSHQR (L)
1171.6086| 1171.5278 | 69 123 | 132 0 (R) GNHECASINR (D)
1548.7919 | 15488347 | -28 | pyroGlu | 99 [ 111 0 (K)YQSLETICLLLAYK(D)
1639.822 | 1639.7756 | 28 247 | 260 0 (R) AHQVVEDGYEFFAK (R}

76 |1415.6391| 14156953 | ~40 271 | 283 0 (K) DAVIMNSQPEVGR (R)
1431.6439| 1431.6902 | -32 | 1Met-ox | 271 | 283 0 (KYDAVIMNSQPEVGR(R)
1571.8129( 1571.79%64 | 10 271 | 284 1 (K) DAVIMNSQPEVGRR (V)
1687.7721| 1587.7913 | -12 | 1Met-ox | 271 | 284 1 (K)DAVIMNSQPEVGRR(V)
1672.91671 16727198 | 118 322 | 336 0 (R) EPSTNASVYMDLATC (-)
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Spot # w2 MH: Delta | Modifi- Start| End Missed Database Sequence

Submitted | Matched | ppm | cations Cleavages

81 [1295.6619| 12956636 | -1.3 203 | 213 0 (K) DFPLSGYVELR (Y)

1423.7 1423.7585 | -41 202 | 213 1 (R) KDFPLSGYVELR (Y)

1664.82271 1664.8399 | -40 59 1 73 0 (K) QLSAFGEYVAEILPK (Y)
1870.9689] 1871.0179 | -26 128 1 142 1 (R) FEIVYNLLSLRFNSR ()
1920.9035 | 19209918 | ~46 | pyroGlu | 249 | 266 1 (RYQPPESLKLEAGDTKPEAK(-)

85 [1212.6397] 12126186 | 17 1Met-ox | 142 | 151 0 (K)LAEYTDLMLK(L)
1433.7365] 14337276 | 6.2 223 | 234 0 (K) QDLDINNIPTYK (K)
1544.80821 1544796 | 7.9 | pyroGlu | 223 | 235 1 (K)YQDLDINNIPTYKK(S)

1634.9 | 16348754 | 15 246 | 260 1 (K) LYRTDLALILSAGDN (-)

1710.7974 1 17109503 | -89 A4 | 47 1 (K) ELONLIQELQQARK (K)

90 1}1077.3618| 1077.4999 | -128 8 | 92 1 (K) EDENCLEK (Y)
1202.5953 | 1202.4757 | 99 pyroGlu | 96 | 104 0 (R)IQCMQDMHQK(L)
1217.6197| 12184706 | -698 pyroGla 9% | 104 0 (RIQCMQDMHQK(L)

1Met-ox

1390.7949) 13915082 | -577 | iMet-ox | 95 | 104 1 (RYRQCMQDMHQK (L)
1432.7969| 1431.7378 | 740 48 1 59 1 (K) EILRQMSSPQSR (D)
1505.7861 | 1504.7834 | 666 71 82 1 (R) KMSVQEYELIHK (D)
1630.7846 | 1531.724 | -613 34| 47 1 (K) LESEDSDSVAHSKK (E)
1600.8824 | 1600.805 | -7.9 133 | 146 0 (K) ITTIVVHIYEDGIK (G)
1634.8753 | 1635.8052 | -568 | 1Met~ox | 72 84 1 (KIMSVQEYELIHKDK(E)
1914.0525| 1912.7251 | 694 | 3Met-ox | 231 | 245 0 (KJEMHVLEQTNMEEDME(-)

96 11047.5244| 10474933 | 30 65 | 72 0 (K) CIASTYYR (&)
1672.9204 | 16728005 | 72 29 | 42 1 (K) NYKATIGVDFEMER (F)
1681.8484 | 1681.818 | 18 169 | 183 0 (K) AEYWAVSSLTGENVR (E)
1688.8615] 1688.7954 | 39 IMet-ox | 29 | 42 1 (KINYKATIGVDFEMER(F)
1706.8167 17068601 | -25 118 | 133 0 (K) DLSVSVPVVGEDFTSR (Q)
1732.8808 | 1732.948 | -39 102 | 117 1 (K) ENDPSSVLLFLVGSKK (D)
1745.8747| 17459689 | -54 189 | 204 0 (R) VAALTFEVNVLAELEK (S)
1834.896 | 18349551 | -32 117§ 133 1 (K) KDLSVSVPVVGEDFTSR (Q)




Spot # m/z MH: Delta ) Modifi~ Start| End Missed Database Sequence

Submitted | Matched | ppm | cations Cleavages

105 {1243.6774| 1243588 | 72 3276 | 3286 0 (R) LSSFESMTDVK (E)
1244.6866| 12446938 | -5.38 2900 | 2909 1 (K) VIQHIRGMYK (V)
1251.6878| 12515929 | 76 111} 121 1 (K) NSSSQRSTQEK (L)
1513.9873| 15137875 | 132 34081 3421 0 (R) QLFQSAHASRPGSK (L)
1550.9563 | 15508153 { 91 730 | 741 0 (K) LYNCIFNPVLQR (&)
1562.0253 | 1561.881 | 92 471 | 484 1 (K} ALINNVMKIMSTVK (K)
1678111 | 1577.8759 | 149 | 1Met-ox | 471 | 484 1 (K)ALINNVMKIMSTVK(K)
1607.0335] 1606.8553 { 111 198 1 211 1 (K) EDHLTAKLNHLSTK (E)
1649.0876 | 16489096 | 108 1302 1315 1 (K) EKNIFLLMQQGTVK (N)
1655.1282| 1654.8991 | 138 20391 2051 1 (K) IFQEKVQSIMYLR (H)
1667.1158 | 1666.9024 | 128 25931 2606 1 (K) FLLAQTDSLLMKMR (S)
1746.2842 | 1746.1046 | 103 590 | 605 1 (K) SVIVPLLHAFKLPALK (S}
1817.1702| 1817.0424 | 70 2517 2532 0 (R) VIEDLIVLLGYLQNSK (N)
1880.3869 | 1880.1512 | 125 70 | 8 0 (R) EELLTLLLSLLPLVWK ()

137 |1015.5075| 10155676 | -59 1798 | 1806 0 (K) TVLEIDTPK (V)
1078.6833 | 10786625 | 19 1063 | 1074 0 (R) GLPGPVGALGLK (G)
1089.5566 | 1089.5978 | -38 176 | 184 0 (K) NVTLILDCK (K)
1098.5752 1098518 | 52 838 | 848 1 (R) GEDGPEGPKGR (&)
1147.5725| 11475972 | -22 1392 | 1403 1 (K) RGPPGPAGPEGR (Q)
1160.5778 | 11605952 | -15 631 | 642 0 (R) GFDGLAGLPGEK (G)
1182.6003 | 1182.6635 | -53 867 | 878 0 (K) LGVPGLPGYPGR (Q)
1296.687 | 1296582 | 81 12851 1298 0 (K) GEPGEAGEPGPSGR (S)
1332.6786 | 13325757 | 77 1827 1838 0 (K) FGFEVGPACFMG (-)
1407.7141 | 1407.7021 | 85 949 { 963 0 (R) GPNGPQGPTGFPGPK (G)
1433.7131 1433.7137 | -0.43 1393 1407 1 (R) GPPGPAGPEGRQGEK (G)
1488.6995| 1488.7447 | -30 628 | 642 1 (K) GDRGFDGLAGLPGEK (G)
1491.6594 | 1491.8059 | -98 1794 | 1806 1 (K) GYQKTVLEIDTPK (V)
1554.6992 | 1554.7263 | -17 811 | 825 1 (K) GEDGFPGFKGDMGIK (G)
1837.9839| 1837.8945 | 49 972 | 989 1 (K) DGLPGHPGQRGETGFQGK (T)
1844.9228 | 1844.9295 | -3.6 879 | 897 1 (R) QGPKGSIGFPGFPGANGEK (G)
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Fig. 10. Match set using 2-D image analysis program. The cows #K30 (A) was

non-pregnant and #K33 (B) was pregnant for 6 months at the time of sampling.
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Fig. 11. Analysis set using 2-D image analysis program. The differences between
pregnant and non-pregnant cow’s urine protein were shown in the margin graphs. As
the spot intensity has differences over two folds each other, the graph was shown in
the margin. The left bar in margin graph indicates non-pregnant and the right bar

indicates pregnant.



Table 6. Catalogue of urine proteins for MALDI-TOF MS analysis verified by
PDQUEST(Bio-Rad, USA) image analysis program

Spot Number Molecular Weight ol Protein expression

(Da) during pregnancy
2 20,000 6.2 increased
5 18,000 5.7 increased
6 19,000 48 increased
7 22,000 43 constant
8 24,000 54 decreased
9 28,000 49 increased
10 28,000 4.7 increased
i1 24,000 55 decreased
12 26,000 56 increased
13 27,000 5.7 increased
14 33,000 5.6 constant
15 36,000 5.7 increased
16 38,000 56 increased
17 38,000 55 increased
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4.2 5.0 6.0 6.8

Fig. 12. Urine proteome map of pregnant cow. Number uses for the identification of

each proteins in Table 9,
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Spec H[BP = 933.0, 10766]
933.0515 X[

Y

1005.0988

I

% Intensity

3 8 5 @

Fig. 13. Peptide mass spectrum of unseparated tryptic digests of the spot 2. The
Coomassie Brilliant Blue stained protein spot from a 2-D gel was in-gel digested, and
the resulting peptides were extracted and purified. The spectrum was obtained by
delayed extraction, reflector MALDI-TOF MS, and the MS-Fit database was searched

with the measured tryptic peptide masses.
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Table 7. Database

searching

pregnancy-associated proteins

results

of peptide mass fingerprint

of bovine

D MOWSE Protein Speci Protein N
rotein Name
score MW(Da)/pl pecies ot
5 565 23597.5/4.71 Human Calcium~binding protein CABP4
6 1110 67403.7/5.44 Mouse Lamin B2
7 442 57188.6/8.87 Mouse (AK004918) Putative
8 549 84514.7/8.05 Mouse (AK002920) Putative
9 783 71255.4/7.34 Rat Kexin-like protein PC7A precursor
10 1600 66141.3/5.38 Bos taurus  Albumin
‘ Ratt .
11 37.2 53727.3/5.02 u.s Neuronal beta-catenin like protein
Norvegicus
DLA ¢l I hist tibilit
12 309 40462.6/5.57 Canfa £ class 1 AIstocompatbiity
antigen
13 83.7 22451.0/6.04 Mouse (AKO007469) Putative
Hypothetical L1 tei
14 368 65714.9/9.98 Hurnan ypothetical -2 protemn
(third intron on gene TS)
15 99.2 80345.0/5.51 Homo Sapiens {(AB020665) KIAA0858 protein
16 1090 51114.4/5.73 Bovine Clusterin precursor (Glycoprotein III)
17 241000 51114.4/5.73 Bovine Clusterin precursor (Glycoprotein )
* The wused parameters are as follows. Search-engine, MS-Fit, Database,

NCBInr.02.07.2001. Molecular weight range, 1,000-100,000 Da (588157 entries). pl range
3.00 to 10.00 (616977 entries). Species, MAMMALS (90949 entries). The search with

the combined molecular weight, pl and species selected 3174 entries.
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Table 8 Matched parts of peptide sequences with top ranked protein of the other
bPAPs using MS-Fit searching program
3 Q
Peptide m/z ML+ No. (%) NCBIr?r.
ID mass submitted matched Masses Accession
tolerance ubmi atche matched No.
1521.7888, 2506.2156, 1521.7841, 2506.2508, 4/28
5 50 ppm 13431342
2538.1534, 2554.1177  2538. 2406+, 2554.2355%* (14%)
904.4655, 906.4674, 904.4740, 906.4757, 7/57
6 50 ppm 228591
1021.5119, 1046.5599 1021.4624, 1046.5305 (12%)
803.5063, 826.5152, 803.4627, 826.4497, 13
7 80 ppm 4/ 12836467
842.4968, 946.5698 842.4446*, 946.5209 (30%)
1033.5121, 1930.9931, 1033.4889, 1930.9658, 4/32
8 30 ppm 12833259
2043.9860, 2451.2987  2043.9987, 2451.2448 (12%)
951.5756, 955.4612, 951.5627, 955.4889, 7/46
9 40 ppm 631850
1066.5291, 1442.7427 1066.5573, 1442.7855 (15%)
712.3765, 1163.6276 12.3742, 1163.6312 9
10 10 ppm 65, 11636276, 7 ’ ’ /50 229552
1249.6142, 1283.7068 1249.6142, 1283.7112 (18%)
700.4757, 839.3853, 700.4609, 839.3973, 25
11 70 ppm Y 11182352
855.3369, 13356107 855.3922*, 1335.6801 (16%)
2275.0019, 2282.1605, 2275.0242, 2282.0802, 4/30
12 50 ppm 129896
2291.0005, 2609.2101 2291.0191*, 2609.1603 (13%)
747.3889, 764.4174, 747.3902, 764. 4167, 11
13 50 ppm Y 12841036
1081.6417, 1154.7116 1081.6370, 1154.7050 (36%6)
1731.9556, 18749170, 1731.8740, 1874.9421, 18
14 50 ppm 4 87765
: 1892.0556, 1927.1969 1891.9687+, 1927.1017 (22%)
1636.8949, 2330.0135, 1636.8308, 2330.0909, 4/20
15 50 ppm / 4240205
2346.0032, 2359.9937  2346.0858+, 2360.1105 (209)
1526. 1975.94 1526. 1975.9302 4/25
16 50 ppm 7954, 1975.9407, 526.7855, 5 , / 116530
1998.8138, 2014.7983 1998.8656, 2014.8605 (16%)
778.4095, 1247 5867 7784212, 12475868 8/24
17 50 ppm , 1247.5867, s ’ ’ / 116530
1411.6550, 1526.7979 1411.6528, 1526.7855 (33%)
* The used parameters are as follows. Search-engine, MS-Fit, Database,

NCBInr.02.07.2001. Molecular weight range, 1,000-100,000 Da (588157 entries). pl range
3.00 to 10.00 (616977 entries). Species, MAMMALS (90949 entries). The search with

the combined molecular weight, pl and species selected

indicates an oxidized methionine.

3174 entries. An asterisk



Table 8. Prateins identified by MALDI-TOF MS-Peptide mass fingeprinting

MOWSE | #/36(%) Masses Protein MW .
# Score Isllzzched > | %Cov m(Dl:)/pI Accession # Species Protein Name
BOS (AF100170) major fibrous
! 4.64 4 (10) 40 93989/6.2 588120 TAURUS |sheath protein precursor
Beta-adrenergic receptor
kinase 1 (Beta-ARK-1
2 | 145 4 so | messso | [@luaisim | BovINE | L e reseptor
kinase 2)
Coatomer gamma  subunit
3 382 411 30 | 9738753 | [@l1706000 M | BOVINE |(Gamma-coat protein)
(Gamma-COP)
Cyclic-nucleotide-gated
olfactory channel
Cyclic-nucleotide-gated
4 | 177 4 (10) 10 | 7601563 | [@hoo230 M | BOVINE | o] Channel 2) (CNE
channel 2) (CNG-2)
(CNG2)
BOS (M98430) leukermia virus
5 16.2 6 (6) 5.0 78371/8.8 l§]163328 TAURUS |cell receptor
Phosphatidylinesitol
3-kinase regulatory alpha
S subunit PI3-kinase
6 438 54 30 | s30%58 | [@hoosss M | BOVINE p85l$;'pha ( sub’unit)
(PtdIns-3-kinase  P85-alpha)
(PI3K)
BOS .
7 1.16 5 (13) 3.0 86648/5.7 !@ 115986411 TAURUS (AJ414556) IkB kinase-beta
; BOS .
8 16 5(13) 3.0 86648/57 15986411 | Taurus [(AJ414556) IKB kinase-beta
SYNTAXIN BINDING
9 52.7 5 (13) 6.0 67555/6.5 | [&@ 501510 M | BOVINE [PROTEIN 1 (UNC-18
HOMOLOG) (UNC-18-1)
Coatomer gamma  subunit
10 3.84 4 (1) 3.0 97387/5.3 §§ i1706000 M| BOVINE [(Gamma-coat protein)
(Gamma-COP)
BOS (AB059430) fibroblast
11 722 5 (13) 3.0 87319/59 [§115991082 TAURUS |growth factor receptor 3
Beta-adrenergic receptor
S ki 1 Beta-ARK-1
12 | 219 5 (13) s0 | 764869 | [@h1a1si m | BOVINE [ o ouiied renawior
kinase 2)

* continued on the next page.
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MOWSE | #/36(%) Masses Protein MW . . .
# Score Matched %Cov (Day/pl Accession # Species Protein Name
> BOVINE .
13 1.58 5(13) 4.0 89769/5.2 319945 M (FRAGMENT) desmocollin 2b precursor
(ABO1383938)
14 23.1 4 (11) 3.0 92129/5.1 @ls019612  [BOS TAURUS [hypoxia-inducible  factor-1
alpha
BOVINE .
15 143 5 (13} 40 89769/5.2 §§ 1319945 M (FRAGMENT) desmocollin 2b precursor
BOVINE
16 145 5(13) 40 89769/5.2 § l319945 M (FRAGMENT) desmocollin 2b precursor
BOVINE
17 1.44 4 (11) 3.0 89769/5.2 @ ]§19945 M (FRAOGMENT) desmocollin 2b precursor
PROTEIN KINASE C,
18 13.3 4 (11) 4.0 76838/6.6 §§1125548 M BOVINE |ALPHA TYPE
(PKC-ALPHA)
(ABO18398)
19 255 6 (5) 40 92129/5.1 }@{5019612 BOS TAURUS|hypoxia-inducible factor-1
alpha
20 0.956 4 (10 5 011/ URUS (AF032866) X-linked zinc
. (10) 0 90211/5.7 a 16416471 |BOS TA finger protein
(ABO1383698)
21 424 4 (11 3.0 92129/5.1 §§15019612 BOS TAURUS |hypoxia-inducible  factor-1
alpha
Secretogranin I precursor
22 19.7 6 (16) 8.0 70357/4.7 i 134463 M BOVINE (SGII) (Chromogranin C)
BOVINE
23 1.59 4 (1) 4.0 89769/5.2 § ]319945 M (FRAGMENT) desmocollin 2b precursor
(AB018399) endothelial
PAS domain protein
24 6.26 4 (11) 2.0 96170/5.7 &ls019614 |BOS TAURUS 1/hypoxia-inducible

factor-2 alpha

continued on the next page.




MOWSE | #36(%) Masses Protein MW . . .
# Score Matched %Cov (Da)/pl Accession # Species Protein Name
Anmnexin VI (Lipocortin VI)
(P68) (P70) (Protein III)
25 8.83 4 (10) 100 | 6979754 |[@B121751 M| BOVINE |(Chromobindin 20) (67 kDa
calelectrin)
(Calphobindin-1I) (CPB-II)
HEAT SHOCK 70 KDA
26 61.9 5 (13) 9.0 70229/5.7 495339 M BOVINE PROTEIN 2 (HSP70-2)
(AF294797) bovine
27 1L.S 4 (10) 6.0 73582/9.2 {a li 1527860 {BOS TAURUS|leukemia virus receptor
BLVRcp199
28 19.7 5 (13) 8.0 69324/58 | [€2 2190337 M [BOS TAURUS (X58989) serum albumin
K serum albumin  precursor
29 | 117 5 (12) 90 | 6927158 | [@Qligesd BOVINE |0 tidated]
HEAT SHOCK 70 KD
30 527 6 (16) 6.0 70251/5.6 [§!2495338 M| BOVINE (ppoTEIN | (HSP70-1)
Guanylate cyclase soluble,
alpha-1 chain
31 26.6 4 (11 5.0 77534/8.4 118059 M BOVINE |(GCS-alpha-1) (Soluble
an @__ guanylate cyclase large
subunit)
S serum  albumin  precursor
32 | 429 4 (12) 70 | 69271158 | [&l18694 BOVINE [ \2tidated)
] SYNTAXIN BINDING
33 70.2 6 (16) 7.0 67555/6.5 ‘501510 M| BOVINE [PROTEIN 1 (UNC-18
HOMOLOG) (UNC-18-1)
34 34.8 4 (12) 6.0 75133/5.3 F‘ BOVINE Vitamin K-dependent
’ ( ' ) ¢ |131085 M protein S precursor
Kininogen, HMW I
TECUTSOr iol proteinase
35 72.7 5 (13) 10.0 68711/6.1 i§1125506 M BOVINE ?nhibitor) (Thiol p [Contains:
Bradykinin)
Beta-adrenergic receptor
S kinase 2 (Beta-ARK-2
36 | 219 6 (17) 100 | 7980573 | [&h14154 M | BOVINE (G_pmtein( coupled re)ceptor

kinase 3)

continued on the next page.
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MOWSE]| #/36(%) Masses Protein MW . . .
# Score Matched %Cov (Da/pl Accession # Species Protein Name
(AF087569) skeletal
37 | 164 4 (11) 60 | 9a604/57 | [Blees1711 |BOS TAURUS muscle-specific calpain
Kininogen, HMW Il
Thiol protei
38 | 163 4.(11) 80 | es711/6.1 | [@12s506 M | BOVINE  |Tphibitor) (Thio P Contains:
Bradykinin]
Kininogen, HMW II
recursor (Thiol proteinase
39 | 163 4 (11) 80 | e8711/61 | [@li25506 M | BOVINE  |Tihibitor) ( P Contains:
Bradykinin]
CALPAIN INHIBITOR
40 | 413 5 (15) 6.0 | 75844/4.9 1352417 M| BOVINE | a7 pASTATIN)
(AF247186)
41 | 193 4 (10) 60 | 6649372 | [@he3s407 |BOS TAURUS 6-alpha-L-fucosyltransferase
Ig hea hai
42 | 1310 4 (12) 140 | 50625/6.1 108750 M | BOVINE (E,M;_X_l7f}fgf’A5;’recurs°r
AB004275 vascular|
43 | 229 4 (10 170 | 46682/8.1 850314 |BOS TAURUS fmdotheﬁal )gmwth factoi C
SYNTAXIN BINDING
44 | 474 4 (5 50 | 67555/6.5 501510 M| BOVINE {PROTEIN 1 (UNC-18
HOMOLOG) (UNC-18-1)
RAPI GTPASE-GDP
DISSOCIATION
STIMULATOR 1 (SMG
45 | 240 4 (13) 100 | 6106852 |[&Ji707894 M| BOVINE [P21 STIMULATORY
GDP/GTP
EXCHANGE  PROTEIN)
(SMG GDS PROTEIN)
X14338) NADH:ubiquinone
46 | 844 4 (12) 70 | 48948/59 | [&]g33783 |BOS TAURUS f)xidoredi ctase (428 XA)
47 | 530 5017 150 | 42073/7.7 [§lg780412 BOS TAURUS [(AB006441) lipoyltransferase
48 | 159 4 (1D 120 | 4207377 | [&]780412 |BOS TAURUS |(AB006441) lipoyltransferase

continued on the next page.




MOWSE | #/36(%) Masses Protein MW . . .

# Score Matched %Cov (Day/pl Accession # Species Protein Name
(X12924) GTP-binding

49 42.8 4-(11) 10.0 40127/5.3 359 BOS TAURUS protein G39 (AA 1 - 354)
GTP-binding protein GL2

50 249 4 (11) 9.0 41378/6.0 108712 M BOVINE alpha chain

51 | 266 4 (10) 100 | 5318558 | [@118389980 [BOS TAURUS|(AF461261) GASZ

52 532 4 (12) 13.0 42073/7.7 § b780412 BOS TAURUS|(AB006441) lipoyltransferase
(X12924) GTP-binding

53 19.4 4 (14) 8.0 40127/5.3 359 BOS TAURUS protein G39 (AA 1 - 354)
(X12924) GTP-binding

54 137 4 (13) 9.0 40127/5.3 359 BOS TAURUS protein G39 (AA 1 - 354)
J02671) hydroxyindole

55 210 4 (19) 160 | 37777/5.6 {Qh@ms BOS TAURUS|O-methyltransferase (EC
2.1.1.4)
(AB008575) MHC class 1

56 25.1 4 (12) 12.0 39037/5.4 § !2864664 BOS TAURUS heavy chain

57 125 4 (14) 13.0 59263/5.1 § }108553 M BOVINE  |butyrophilin
HYDROXYINDOLE
O-METHYLTRANSFERASE

m ( H1I OM T

58 38.9 4 (14) 16.0 37925/5.6 E@ 12507044 M BOVINE (ACETYLSEROTONIN
O-METHYLTRANSFERASE
) (ASMT)
J02671) hydroxyindole

59 275 4 (16) 180 | 3777756 | [@li63148 [BOS TAURUS|O-methyltransferase (EC
2.1.1.4)
ATP synthase alpha chain
liver isoform,

60 | 453 4 (12) 10.0 | 38876/9.6 114511 M| BOVINE |irochondrial precursor
(Fragment)

continued on the next page.
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MOWSE | #/36(%) Masses Protein MW . . .
# Score Matched %Cov (Daypl Accession # Species Protein Name
INORGANIC
PYROPHOSPHATASE
61 31.8 413 11.0 | 32844/5.3 BOVINE [(PYROPHOSPHATE
{13) 583322 M PHOSPHO-HYDROLASE)
(PPASE)
(V00110) fibrinogen beta
62 41.1 4 (12) 10.0 | 48500/8.5 357 [BOS TAURUS| p..
(U88329) GTP-binding
63 29.2 4 (13) 5.0 74806/5.6 [@}3046232 BOS TAURUS .
protein
ADENOSINE DEAMINASE
64 2717 4 (14) 13.0 | 40289/5.4 902736 BOVINE |(ADENOSINE
AMINOHYDROLASE)
NUCLEAR FACTOR|
65 34.2 4 (11) 11.0 | 49112/8.9 I§}547762 M| HUMAN |NF-KAPPA-B P49
SUBUNIT
66 5 (AF308633) herpesvirus
123 4 (12) 20.0 | 33083/6.6 §|11096291 BOS TAURUS|, "\ ediator C
(M17844) steroid
67 183 6 (22) 11.0 | 57927/9.5 163473 |BOS TAURUS||| p.0x hodroxylase
68 54.0 4 (11) 9.0 40906/7.6 448290 M| BOVINE |G protein-coupled receptor
69 441 5 (16) 15.0 41775/5.2 71616 BOVINE |actin, aortic smooth muscle
PLATELET-ACTIVATING
FACTOR
ACETYLHYDROLASE IB
ALPHA SUBUNIT (PAF
ACETYLHYDROLASE 45
70 356 4 (13 10.0 | 46613/7.0 I§In7o793 M| BOVINE |KDA SUBUNIT) (PAF-AH
13 45 KDA SUBUNIT)
(PAF-AH ALPHA) (PAFAH
A L P H A
(LISSENCEPHALY-1
PROTEIN) (LIS-1)
PLATELET-ACTIVATING
FACTOR
ACETYLHYDROLASE 2,
71 278 5 (14) 10.0 43866/6.0 647689 M| BOVINE |CcYTOPLASMIC
(SERINE DEPENDENT
PHOSPHOLIPASE A2)
CLUSTERIN PRECURSOR|
72 391 4 (14) 7.0 51114/5.7 {anssao M| BOVINE [(GLYCOPROTEIN 1))
(GPII)
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°]’2¢] peptide mass fingerprinting #4L = Fo|A #42(bovine Ig heavy chain
precursor) 3tUtE GAIZA ZF gAEZ dgsd oS3 2o

1. 5% protein spot& MALDI-TOFZ %43, peptide ¥ % peaks® ¥t}

Voyager Bpec #1uwr BCaxNFFQ. 7wr Die>-MC{IM = 877.0, 5870}

von 77,0008 Ty
204,
.
2
301 7248
.om7 H
” 0817023 1338000
Ganad 11687381
. | cess TAs1.7267
1a40.9003
4930114
B 1678.0004
§ 21120000
H
340080 i 1732 1088
18728178 1ess.0702
i i 2151.9127
7782 4301
Irisorar freo 20ee
18709081
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2. TA%F peaks A3 3o A7) £o 2 YEI

2797.38.
2767.34

136416

87704 0 5870.08
804,27 1 568237
1301.72 Ly 45389
. 861,06 0 4413.02
1051.7: 10517 0 4145,88
1334,89  1334.89 0 4074.9
868,54 868,54 0 3848,85
1165,74. 116574 0 3814,29:
1181,73. 115173 0 3520,68:
84107 841,07 0 3460,11
1448.93] 144893 o} 3197,17 5
893,01 89301 o 3079,18 o
1618,07) _1618.07. 0 2951.31 2
882,55 : ) 294152 o
,,,,, O 2737.35 e it
1434.91 0 2285.03 =
173211 1732.11 0 2247.98 &
82509/ 82509 o 223857 4
98256 98256 0 198425
8425 0 1952.42
. 1993.98 1 1915,78
1672,92) 167292 9 1803.42.
808,27, 806,27 0 1887.73 =
2151,01, 2151.01 0 1738.62
1265.75: 1265.75 o} 1717.64 K
968.,55: 968,55 o . 150424 o
106057 0 ©1473.31 S
130069 1 1433.85
R’ 278241 .0 0881 e :
129669 129669 0 1372.85:
[t N
0
0
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5. &#

Fh 5HHE BAH M JbeA Ut peptide=R2E 9

numberE click3ld o} o] 2345 d&t}

52 AZE)9  accession

KEY®ORDS ~ glycoprotein; heterotetramer; immunoglobulin: meabrane protein.
SOURCE cow.
ORGANISM Bas taurus
Eukaryota; Mstazoa; Chordata: Craniata; Vertsbrata; Euteleostoni;
Mammalia; Eutheria; Cetartiodactyla; Puminantia: Pecora; Bovoidea:
Bovidae: Bovinae; Bos.
REFERENCE | (residues 1 to 470)
AUTHORS ~ Symons,D.B., Clarkson,C.A. and Beale,D.
TITLE Structure of bovine immunoglobulin constant resion heavy chain
gasma | and gamma 2 genes
JOURNAL  Mol. Immunol. 26 (9), B84!-850 (1989)
MEDLINE 90097966
PUBNED 2513487
REFERENCE 2 (residues 1 to 470)
AUTHORS  Sanders,P.G.
TITLE Direct Submission
JOURNAL ~ Submitted (~MOY-1991) to the EMBL Data Library
FEATURES Location/Qualifiers
source 1..470
/organise="Bos taurus”
/db_xref="taxon:9813"
Fretein 1..470
/product="1g heavy chain precursor (B/MT.44.17.H5.A5)"
/note="1lg gamma-1 chain C region (clione 8.10)"
Region 161..225
/region_nase="donain"
/note="innunogiobul in homology #label INM"
Site 318
/site_type="binding"
/note="carbohydrate (Asn) (covalent}"
ORIGIN
1 mnplwtlify Isapiavisq valresgps! vkpsatlslt ctvssfsiss yaltwvroap
B gkalewvsgi tsgattyynp alksrisitk ensksavsis vssvtpedta tyycarstyg
121 evgdgaiada waqgllvtvs sasttapkvy plssccadks sstvtlgclv ssyapepvty
181 twnsgalksg vhtfpavias sglysissmv tvpgstsaqt ftcnvahpas stkvdkavdp
241 tckpspedee pppelpggps viifppkpkd titisgtpev tcvwwdvghd dpevktswfv
301 ddvevntatt kpreeafnst yrvvsalriq hadetggkef kckvhnaglp apivrtisrt
361 kgparepavy viappqeels kstvsitcmv tsfypdylay ewarngapes edkyattppq
421 I|dadssyfly skirvdrnsy qegdtytcvv mhealhnhyt akstsksagk
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38 HPLCOl 2% peptide 37t FAE 71d Fytd glen=z Hog B
peptide sequencngg Y& Q-TOF MS(Mass spectrophotometry)2 ¥ & o] £3}
7] 913t ESI-TOF MSAd# Q-TOF MS/MS A#d& 4333 rHFig. 14). ©]
WHe ESI-TOF MS d3doz2RE HZAH3 peptide fragmentE 2 F (Fig.
14A) °]Z1& Q-TOF MS/MS WHoz H& B3t o A9 =48 1
(Fig. 14B) ©] %Z}E9] combination® computer2 #243le olv| =4t sequenced
doll= WhdE AR WPAFoer B w & A Qo @A
sequence A#%E 7H¢ AFsA 2d¢ F AE HAVHeR wddd. o HRo]
AEHoZ HAYHY 2D-gel 49 o8 YrlEo] dWAE ofv| x4t sequenced
AR Lol sequenceE ©| €39 BLAST programes 7HA31 @Az
nucleotide databases®& AT F Q7] Wi JAAd dliAdE] FAE W9
o & J™E /AL 5 U Aolth ojggd WS o83t Fig. 1594
HoFE vheh Zo] bPAP 2 (#2 spot)®] peptide M EE M=ol #E F UULH,
o)A ZtZt V-L-G-A-G-Q-P-L-P3#} E-L-E-L-V-G-G-G-S-A-Q= 1HA
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Fig. 14. Nano-ESI-TOF MS and Q-TOF tandem MS spectrums of peptides from the
in-gel digestion of 2~D gel spot 2. The peptide of 820 m/z (A) was selected as a ion

source, the fragment of peptide mass was measured by Q-TOF tandem MS (B).
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Fig. 15. Q-TOF MS(Mass spectophotometry) spectrum of peptides from the in-gel
digestion of 2-D gel spot 2 protein for the identification of amino acid sequence of two

peptides, V-L-G-A-G-Q-P-L-P (A) and E-L-E-L-V-G-G-G-S-A-Q (B).
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2 A9 HFEXE proteomics WHoZ A9 oFozHE EEI YAl E
olgMAG o] 8t NAHEIJUME AT YaASo] A Kite] Axo ULoz

g7 Sud g

Jm

o] @A gpot #29] peptidesell g o}m] =2k sequenceE
0]-§3t] N-terminal sequence 171%} internal sequences FolA 17/1& A esd

FZ79 peptide® AR FAHA peptidesE 27 AA I T HPLCE 2A g
A3 34 peakE BEAFoZ F AAHUS S ¢ & UH(Fig. 16 ~ Fig. 19).
ol¢} o]l A A E peptidesE E7 o] FAStS polyclonal FH& AFHoZ &3t
%o, 1 A& ELISA (Enzyme-Linked Immunosorbent Assay) 24]&}4 Fig.
20 ~ Fig. 2591 JelAet. 22y AlZ9 polyclonal &A= specificity 7} o}
FA= GotA 42 E backgroundE YERH AT, Fig. 262] Western blot ¥42
Holl M BT uke o] spot #2 T A (bPAP 2)o) thate] vgN e 25D
RHAME ZAASA FRAT dAhe] 2FANE BolstA AT = U o
polyclonal &9} specificity& ¥¢]17] 913} &4 peptide’t 2% € affinity resing
A z3te o]& o] &3 column chromatography & $3)38td polyclonal IS A Al
SRt A A AAHA F& FA nlste v$ ¥E specificityE e
W o Westrern blotting 2.2 A EA 38 S o spot #2 GWAS wj$ Meizo
2 A9 HFig. 27). A4S /I BEAS Jdai9 vHdaire] 9F gl g
A= oz MEA 2 9ax AgA g Mg ggd & HT5AHL B

rl

o3 ot A o] FASZ o] 85ty gpot #2 G Ao oL HAE =2 HEe YAl
AGS & F Jd= AZ AE37] 93 progesterone®] BZF leveld polyclonal

anti-spot #2 FAE ©] &3 Western blot EAZAHE v B A8 H(Table 10).
AA7LA 71 BAHE JARG719 RlA(radio immunoassay) el @
progesterone level®] &3 2 follow-up 28L& 3 YAARE =3 2Ad3F 49
et B AFE 539 AZF polyclonal anti-spot #2 TR )3t FAE o
&3 Western blot #4& 53 JAolR AxZ AFH| 2L o false negative
7} 5% wlgko]9l o false positiveZt 10% A=z e o)Ae] AdE B 4
THol A daEe]l FA7L Aok 90% ol¥e ATFEE YElgE RoF:
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o e AL AF7A Bad dete] 2YAdd Kit EAd g 4l
AAET 20% o4 -3 Adolnt. Ao E RIAY 93 progesterone

% A% #E5S AEAL PUA @ 4 gk Loln follow-up 23

WA F71¢ WE progesterone leveld T3 49 dAl ARE

7] B drg JARG AlFoze HAA st FUHI )
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Individual Sample Report

‘Reported by User:  System Project Name: 2200402

L SAMPLE IN}FO#R‘M‘A‘TRON o
wam k P01 Acquired By: Svstem
Sanple Type: Unknown Date Acquired: 200402-16 2 X 11:48:48
il 67 Acq Method Set:  mettiod 500
njection# 9 Dete Processed - 2004-02:48 2 % 2:04:18.

2 idsrs |
s
Cgioan ]
Va2t
m .

RO s N e

- 1ot

Fig. 16. HPLC elution profile of the synthetic N-terminal peptide of bPAP 2 to

evaluate the purity of the synthetic peptide.
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Print-of window 80: MS Spectrum

Injection Date : 2/16/04 2:12:27 PM
Sample Name : p117-ser Vial: FIA
Acq. Operator : KSD

inj Volume : 7 i

Acqg. Method  : CAHPCHEMVIWETHODS\DIRECT.M
Last changed : 2/16/04 2:11:07 PM by KSD

(modified after loading)
Analysis Method | C:\HPCHEMVIWMETHODS\DIRECT M
Lastchanged :2/16/04 2:10:35 PM by KSD

{modified after loading)
Flow injections :

Inj. InjTime Vial FIA Sample Name Fragmentor
fmin} M

A 1.

1. 1
1 0000 2pHTOLTT 120
2 1405 3pt1702-11 120

MS Spectrum

LRI B e pr g 2

VR g A B Bns s Trag

1AW -

11308

1100 1200 1300 g

Instrument 1 2/16/04 2:16:09 PM KSD Pagetof 1

Fig. 17. MS spectrum of the synthetic N-terminal peptide of bPAP 2 to evaluate

the purity of the synthetic peptide.
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}9«1 . Individual Sample Report

Reported by User:  Systerm Project Name:  s200402

_SAMPLE INFORMATION

Saple Name:  plir2at | AcqindBy. . Svstem S
Samole Tvoe: - Unknowny ~ Onte Acouired: |~ 200ZI8 R T S1548.
: o | Aoy, Mathot Set: - ‘method :

Vi e Provesseds . L 0080247 T B
- Processiog Method. 1 :

Wt N

T - Pagec 4o

Fig. 18. HPLC elution profile of the internal peptide of bPAP 2 to evaluate the
purity of the synthetic peptide.

_83...



Print of window 80: MS Spectrum

Injection Date : 2/16/04 2:12:27 PM
Sample Name : p117-ser Vial - FIA
Acqg. Opesator : KSD

ini Volume : 7 i

Acg. Method  ;: CAHPCHEMVIMETHODS\DIRECT M
Lastchanged @ 2/16/04 2:11:07 PM by KSD

{modified after loading)
Analysis Method : CAHPCHEMYWMETHODS\DIRECT M
Last changed - : 2/16/04 2:10:35 PM by KSD

{modified after loading)
Flow Injections .
inj. inffime Vial: FIA Sample Name Fragmentor
[min} ™
o] } |
1 0000 2p11701-11 120
21405 3 pitI02-11 120

g

a0 e e 1160 1200 v

instrument 1 2/16/04 2:16:256 PM KSD Pagetof 1

Fig. 19. MS spectrum of the internal peptide of bPAP 2 to evaluate the purity of

the synthetic peptide.
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Fig. 20. Result of ELISA (Enzyme-Linked Immunosorbent Assay) test of rabbit R1

serum after first immunization with the N-terminal synthetic peptide of bPAP 2.



Dilution Fold Pre—|mmune 2nd-lmmunized
171,000 0.17 1.354
175,000 0.067 1.219
1/710,000 0.045 0.995
1/750,000 0.045 0.611
1/100,000 0.037 0.386
Mono2-1
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1.4 1 o.
12 o
€
& 10 “a
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> 08
2
S 06 - o.
Iy T
2 044 "0
o
. .\.\_‘
0.0 - - —
1;1,'000 1;5,'000 1;1ol,ooo 1;501,000 1;106,000
Serum Dilution
—@— pre-immune serum
---O-- 2nd serum

Fig. 21. Result of ELISA (Enzyme-Linked Immunosorbent Assay) test of rabbit Rl

serum after second immunization with the N-terminal synthetic peptide of bPAP 2.



Dilution Fold Pre-Immune Final-immunized
1/1,000 0.373 1.298
1/5,000 0.138 1.180
1/10,000 0.082 1.066
1/50,000 0.052 0.733
1/100,000 0.044 0.505
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00 : . : :
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Serum Dilution
—®— Pre-Immune
+--0--- Final-Immunized

Fig. 22. Result of ELISA (Enzyme-Linked Immunosorbent Assay) test of rabbit Rl

serum after third immunization with the N-terminal synthetic peptide of bPAP 2.
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Dilution Fold Pre—|mmune 1st—Immunized
171,000 1.086 1.212
179,000 0.718 1.179
1/10,000 0.469 1.115
1/50,000 0.181 0.878
1/100,000 0.093 0.818
Mono2-2

14
1.2 -
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o

S

% 0.8

g

Q 06 -

8

S 04
02
0.0 T 1 T T T

1;1,000 1,5,000 1;10,000 1;50,000 1,100,000

Serum Dilution

—&— pre-immune serum
Q-+ 1st serum

Fig. 23. Result of ELISA (Enzyme-Linked Immunosorbent Assay) test of rabbit RZ2

serum after first immunization with the internal synthetic peptide of bPAP 2.



Dilution Fold Pre—| mmune 2nd—Immunized
171,000 1.255 1.365
175,000 0.939 1.328
1/10,000 0.68 1.206
1/50,000 0.314 0.891
1/100,000 0.165 0.561
Mono2-2

16
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>

2 0.8 A
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E 0.6 -

O 04
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00 T T T T I

1;1,000 1,5,000 1,10,000 1,560,000 1,100,000

Serum Dilution

—&— pre-immune serum
O 2nd serum

Fig. 24. Result of ELISA (Enzyme-Linked Immunosorbent Assay) test of rabbit R2

serum after second immunization with the internal synthetic peptide of bPAP 2.
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Dilution Fold Pre-Immune Final-immunized
1/1,000 1.142 1.245
1/5,000 0.868 1.220
1/10,000 0.659 1.130
1/50,000 0.274 0.825
1/100,000 0.150 0.535
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Fig. 25. Result of ELISA (Ehzyme—Linked Immunosorbent Assay) test of rabbit R2

serum after third immunization with the internal synthetic peptide of bPAP 2.



35
2%

20

MW(kDa)

16

Fig. 26. Detection of pregnancy-associated protein 2 (bPAP 2) in the pregnant cow
urine by Western blotting with the polyclonal antibody against the synthetic peptide.
The cow #k30 (A) was non-pregnant and #k33 (B) was pregnant for 4 months at the

time of sampling. The arrow indicates the bPAP 2.
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Fig. 27. Western blot analysis of pregnant and non-pregnant bovine urines. Urine were
collected from two different farms (A and B) at different gestation periods: A; from 4P
to 9P, the gestation period was 2, 4, 4, 5, 5, and 6 months, respectively. Likewise, B;
from 3P to 9P, the gestation period was 3, 4, 7, 7, 3, 3, and 3 months, respectively. NP
means urine samples from non-pregnant cows and P means urine samples from

pregnant cows.
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Table 10. Comparison of efficiency between progesterone level test and Western blot
analysis of bPAP 2 protein for bovine pregnancy evaluation in pregnant and

non-pregnant cow

Samle Bovine Progesterone level Western biot Final

No. ID No. {ng/ml) result

1 98-730 10.44 O Pregnant

2 98-709 13.45 0 Pregnant

3 97-704 0.73 X Non-pregnant
4 97-704 0.66 X Non-pregnant
5 98-621 13.47 0] Non-pregnant”
6 99-601 13.37 0] Pregnant

7 98-409 21.26 0] Pregnant

8 96-302 16.39 6] Pregnant

9 97-178 0.30 X Non-pregnant
10 99-117 9.83 X Pregnant™
11 97-112 15.22 O Pregnant
12 30 6.87 X Non-pregnant®
13 59-1 4.45 0] Pregnant
14 100 1.40 X Non-pregnant
15 106 2.44 X Non-pregnant
16 138 5.36 6] Pregnant

17 143-2 1.23 X Non-pregnant
18 169 5.22 O Pregnant

19 55-1 0.08 X Non-pregnant
20 b55~2 0.11 X Non-pregnant
21 280 4.08 O Pregnant
22 278-2 2.13 O Pregnant

(*), a false result in both of tests ; (*x), a false result in Western blot analysis ; (a), a

false result in progestrone level test.
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10. 29415 0] @A 3 monoclonal antibody A% ¥ Western blotting :

Spot #2 YW A(bPAP 2)7 ¢ Eojxoz AFIT 4 <JE monoclonal

antibody & Al&eled A KitES AX3H, 95% ojAte AL E 2= ¥Ee 3
GAGS AT F S Ao2 7ld¥} Monoclonal &4 AZ3Ad) tis) Fig.
289 JMgH o m T g3t



[Immunization of mice]

Screening
of sera

| Isolation of spleen cells] [Preparation of myeloma cells]

Feeder cells
(variably required)

Cells fusion

Tissuq culture

Screening of
hybridoma
supernatants

[ Expansion and selection of cultures to be cIoneﬂ

Feeder cells » Freezing of cells
A

[ Cloning by limiting dilution

v

[ Isolation and expansion of clones ]

Freezing of cells

Recovery of frozen cells

v
[ Production of ascites fluid ]

!

Euriﬁcaﬁon and final testing of monoclonal antibodies ]

Shaded areas represent mouse use

Fig. 28. A schematic diagram for the monoclonal antibody production in this research
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Table 11.

Immunization 373 :

Polyclonal antibody #AZE& $3te] vlg FH|Ho|Z bPAP 29
£ 4 ~ 6F% Balb/
moused] FAFF S Z A immunization$th U FAF F 2-3F FFHORE
Z 3zH49Y boosting—a— FPsle] A testsld 3YUel antigenicityE
AAQsta, 83 Yo S8 529 A7 HEAHE o, mouseZHH
spleens dolio], myeloma cell® &< =49]|3t4th. ot 2] Table 11
< immunized mouse®] Ao tg ELISA test 2% & RAFL AUt}
o] A= AlFd Fdo distd AV F PHL J+S HEdn
Art.

N-termianl 2 internal peptidesol w3 3

Result of ELISA (Enzyme-Linked Immunosorbent Assay) test of mouse

serum after immunization with the synthetic peptides of bPAP 2.

dilution

mouse #

N-term-1

1:100

L 1.797]

1:1000

1:10000

[' o 1'.'8'554‘

negative c.

0.078 0.087 0.069

1}, Fusion &#

Serum test 2%} ZHH immunity’} 7Y ¥ mouseE AE3H fusiond}

t}. WA immunized mouseE AF BIFdod = H FE3 &5 F spleens



A Qo] AREA wo] WYt Tissue culture disholl A =)o) &2 2 =

24 5% AAsY AAF F AHY spleen®ZHE splenocytesE E&

o

connective tissueE AN HYTE B35t splenocytesE 7|2 stA FH| 3
o FAE AAEE splenocytesE FEZ T YA E (myeloma)®t hybridomas &
BEA st F3 HFY = =2 9ot EPEE myelomas 8-azaguanine
< SR wAA AGA oA wyd AEE A4, AAsm, ZAHA
ATE Hdestd A1 &3I4 Polyethylene glycol (PEG) Well Al splenocytes 9}
myeloma® ¥4 YHdEIsds {Z¥E AEE  hypoxanthine aminopterin
thymidine (HAT) A wixle]A x84 doh ¢33 F o 209) ELISA 3
2 % hybridoma& screeningdt1 o™, 7 A3+ Table 12 ~ Table 1391 Y&t
WAt

¢



Table 12. Result of ELISA (Enzyme-Linked Immunosorbent Assay) test of hybridoma
cells after immunization with the N-terminal synthetic peptide of bPAP 2 to screen a

specific monoclonal antibody

0.897 | 1.038 | 1.046 | 0.781 | 1.102 | 0.780 | 1.080 | 0.815 | 1.514' | 1.054 | 1.422° | 1.545°

0.760 | 0.673 | 0612 | 0505 | 0546 | 0.663 | 1.073 | 1.432* ] 1.194 | 1.008 | 1.164 | 1.370°

1.130 | 0.456 | 1.305° | 1.4017 | 0572 | 1.246° | 0.713 | 0.724 | 0.091 | 0.690 | 0.995 | 1.247°

0.810 | 0930 {1.391"1 0.923 {1.423"| 0731 11411} 1026 | 0.754 | 1.078 | 1.066 |1.328"

1525"] 1.083 |1.369°| 0.762 | 0.941 | 0.988 |1.449'°|1.483"7|1.303'®| 1.119 |1.437°|1.428%

15252 1.497%] 0218 | 0.993 |1.236%] 1.166 | 0641 | 1.141 |1.429%|1.471%| 1.145 |1.512%

1.283711.247%| 1.096 |1.240%°]1.300°| 1.145 | 1.117 |1.460™ |1.508%| 0.993 | 0.913 | 0.088 |

1.289%[1.520*(1.378%|1.267%%(1.372°| 1.083 | 1.192 [1.392%|1.401%| 0.983 [1.310“| 0.559

0749 | 1.040 | 0.935 | 0.508 | 0.787 | 0.750 | 0.840 [1.229"| 0.661 |1.456"| 0.950 [1.451%

0.845 | 1.123 | 0.933 | 0.651 | 0.725 |1.484*| 0.979 | 0.655 | 0.981 | 1.140 | 0.963 | 0.620

1.005 | 0754 | 0.644 | 1.123 |1.451%) 0.728 | 0.825 | 0.715 |1.355%| 1.010 | 0.641 |1.227%

0613 | 0774 | 0693 | 0.671 |1.457%]1.446%{1.406°|1.307°'| 0.842 | 0.797 | 0.59% | 0526

0947 |1.458%| 0947 | 0586 | 0618 | 1.197 [1.315%|1.292%| 0.888 |1.347°| 0.763 | 0.881

0932 | 0.962 | 1.019 {1.324%| 0.906 | 0.850 |1.443%7|1.455®|1.319°°| 1.144 | 0.750 | 0.507

1.099 | 1.112 | 0786 |1.454%| 1.170 | 1.189 |1.408™|1.429%|1.290%| 0.979 |1.361%| 0.100

1.025 |1.484%11.380%| 1.096 [1.457°| 0.998 |1.456™(1.311%| 1.005 |1.4177|1.444" | 0.478

*, Upper numbers denote the designated number of clones to be selected and stored in

liquid nitrogen.
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Table 13. Result of ELISA (Enzyme-Linked Immunosorbent Assay) test of hybridoma
cells after immunization with the internal synthetic peptide of bPAP 2 to screen a

specific monoclonal antibody

0.251 |0.778' | 0.284 | 0.243 | 0.399 | 0574 | 0.324 | 0.493 | 0.520 | 0.901% | 0.554 | 1.342°

0.239 | 0.500 | 0.458 | 0.788" | 0.388 | 0.383 | 0.382 | 0.482 | 0.399 | 0.430 | 0.424 | 0.484

0.293 | 0.320 | 0.353 | 0554 | 0.443 | 0523 | 0.368 | 0.288 | 0.461 | 1.543" | 0.206 | 0.445

0.040 | 0.278 | 0.392 | 0.304 | 0.497 | 0.309 | 0.374 | 0.438 { 0.531' | 0.270 | 0.373 | 0.321

0.356 | 0.782° | 0.246 | 0.360 | 0.587 | 0.378 | 0.499 | 0.320 | 0.588 | 0.604 | 0.270 | 0.312

0.8927 | 1.352% | 0.372 | 0.292 | 0.363 | 0.433 | 0.499 | 0.706° | 0529 | 0.349 | 0.420 | 0.364

0.440 | 0526 | 0.324 | 0.353 |0.942°| 0585 | 0.401 |0.969" |0.678"| 0.564 | 0.248 |0.708"

0.271 | 0.234 | 0.255 | 0.416 |0.834**| 0.619 | 0.478 | 0.452 [0.962"°| 0.290 | 0.266 |1.499'®

0.435 | 0.225 | 0.424 | 0.420 | 0.412 | 0.298 | 0.252 | 0.288 |1.256"7|0.747™| 0.387 | 0.236

0.213 | 0503 | 0.366 | 0.312 | 0.248 | 0.358 | 0.219 | 0.320 | 0.126 | 0.354 | 0.349 | 0.161

0.355 | 0.355 [0.980"°| 0.419 | 0.336 | 0.274 | 0.867 | 0.344 | 0.218 | 0.287 | 0.226 | 0.148

0.259 | 0.336 | 0.284 [0.739%| 0.332 |0.895%| 0.429 | 0.349 | 0.262 | 0.380 | 0.254 | 0.194

0527 | 0300 | 0537 | 0.258 | 0.421 |0.755%} 0.331 | 0.317 |1.291®| 0.323 | 0.163 | 0.200

0.223 |0.771%*} 0.345 | 0.167 | 0.275 | 0.404 | 0.649 | 0.357 | 0.347 | 0.372 | 0.290 | 0.215

0.482 | 0.470 [1.099%| 0.674 | 0.278 | 0606 | 0537 | 0578 | 0.396 | 0.357 | 0.275 | 0.167

0.265 | 0.446 [1.135%| 0525 | 0.367 |1.433%| 0.268 | 0.517 | 0.225 | 0.100 | 0.284 | 0.225

*, Upper numbers denote the designated number of clones to be selected and stored in

liquid nitrogen.
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. Cloning #4 :

ELISA test Z 3, N-terminal® internal ZtZtoll A X171 =& 4 clonesS Al
W3t cloning3l$dth (Table 14). ‘Limiting dilution’ W22 cloning s 43
3ld Y cloned S &3 T cultwreE T3 2 AXE A3t @Y clone

¢l hybridomaZ A3t}
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Table 14. Result of ELISA (Enzyme-Linked Immunosorbent Assay) test of hybridoma
cells after cloning process of selected clones which were previously immunized by
N-terminal peptide (A) and internal peptide of bPAP 2 (B), respectively, to screen a

specific monoclonal antibody

(A)
N-terminal
Clone name | 8E12 | 3‘2@ | 48BE2 - 62F8
culture sup. (24 )] 1.534 1.463 1.434 1.45
1/2 1.504 1.427 1.423 1.452
1/4 1.459 1.43 1.439 1.468
1/8 1.48 1.436 1.452 1.427
1/16 1.424 1.421 1.482 1.87
/32 1.476 1.4356 1.446 1.395
1/64 1.427 T .41 1.401 1.4
PBS
(nagative 0.066 0.057 0.057 0.057
control.)
Isotyping lgG2b, k lgG1, k lgG2b, k | IgG2b, k
(B)
Internal
Clone name | 5F1 8F4 | 16B5 | 23H7
culture sup.(H 4 )l 1.548 1.684 1.479 1.5
1/2 1537 1705 1.466 1.496
1/4 1..538 1.625 1.458 1.499
1/8 1.5643 1.502 1.41 124
1/16 1.518 1334 1.361 1..807
132 1.509 ] . 1.2:32 1.014
1/64 1.501 0.833 0.975 0.695
PBS
(nagative 0.061 0.053 0.052 0.065
control.)
Isoty ping I lgG2b, k IgG3, k lgG2b, k lgG2b, k

* The red boxes denote the finally selected clones for the mass production of bPAP
2-specific monoclonal antibodies.
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E 422 2 monoclonal antibody R A :

#2 AMdgl bPAP 29 N-terminal sequence®] E°]&<l monoclonal
antibodyE A A&+ 32F6 clone® internal sequence E°]% <2l 5F1 clones Zt
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Z2%3H A ZE monoclonal antibody7F bPAP 29+2] A gtell 914 polyclonal
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Protein G Purification step

Resulit

S.M : size marker

1. final serum 1ul loading

2. flow through 1ul loading

3. wash1 1ul loading

4. elutiont 1ul loading (0.1M Glycine pH 2.5)
5. elution2 1ul loading

6. elution3 1ul loading

7. elution4 1ul loading

8. elution5 1ul loading

9. elution 1ul loading

Fig. 29. SDS-PAGE (Sodium dodecyl sulfate - polyacrylamide gel electroresis)
pattern of a bPAP 2-specific monoclonal antibody Mono-1, which was produced

from 32F6 clone, during protein G purification step.
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Comments

« concentration ;

62
47.5

Smg/mi S.M : size marker

1. Purified Mono 1, 1/4ul loading
2. Purified Mono 1, 1/2ul loading
3. Purified Mono 1, 1ul loading
4. Purified Mono 1, 2ul loading

« storage condition ;

1x PBS

5. Normal mouse lgG, 1ul loading (1mg/ml)

Fig. 30. SDS-PAGE (Sodium dodecyl sulfate - polyacrylamide gel electroresis)
pattern of a purified bPAP 2-specific monoclonal antibody Mono-1, which was
immunized with N-terminal peptide of bPAP 2 and produced from 32F6 clone.
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Protein G Purification step

Result

S.M : size marker

1. final serum 1ul loading

. flow through 1ul loading

. wash1 1ul loading

. elution1 1ul loading (0.1M Glycine pH 2.5)
. elution2 1ul loading

. elution3 1ul loading

. elution4 1ul loading

. elution5 1ul loading

W 0 N Ak WDN

. elution6 1ul loading

Fig. 31. SDS-PAGE (Sodium dodecyl sulfate - polyacrylamide gel electroresis)
pattern of a bPAP 2-specific monoclonal antibody Mono-2, which was produced

from 5F1 clone, during protein G purification step.
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Comments

« concentration ;

62
47.5

Smg/mi S$.M : size marker

1. Purified Mono 2, 1/4ul loading
2. Purified Mono 2, 1/2ul
3. Purified Mono 2, 1ul loading

« storage condition ;

1x PBS
4. Purified Mono 2, 2ul loading

5. Normal mouse IgG, 1ul loading {1mg/mi)

Fig. 32. SDS-PAGE (Sodium dodecy! sulfate — polyacrylamide gel electroresis)
pattern of a purified bPAP 2-specific monoclonal antibody Mono-2, which was

immunized with internal peptide of bPAP 2 and produced from 5F1 clone.

_106..



Table 15. Result of ELISA (Enzyme-Linked Immunosorbent Assay) test of two kinds

of monoclonal antibodies which were specific to bPAP 2

Monoclonal
antibody Mono-1* Mono-2"
Dilution
Nagative control 0.067 0.068
1:100 1.523 1.560
1:1,000 1.455 1.509
1 : 5,000 1.462 1.270
1 : 10,000 1.477 1.113
1 : 50,000 1.443 0.407
1 : 100,000 1.423 0.265

*, Mono-1 was a bPAP 2-specific monoclonal antibody binding to the N-terminal
sequence of the target protein.
** Mono-2 was a bPAP 2-specific monoclonal antibody binding to the internal

sequence of the target protein.
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kDa

Fig. 33. Comparison of normal 2-I) gel (A) and Western blot analysis of the pregnant
bovine urine sample incubated with Mono-1 monoclonal antibody as a primary antibody

and anti-rabbit antibody as a second one.
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11. 29 gAY Kite] A543 -

B A7ge AAH vng fstd TudlAd MdE JAX0EE Kite] 4e3A
AN o1& 8 (F)SAANA AL, Belsl Y progesteroned] o
3 WAA chromatogaphic I KitE o] &3 ¢gAx 2 u|galie] iz 4
wyel AEAYE FHreEoh A4 FudddA Add EE AD Kite
progesteroned o] 88 AAWHozA EA A Fig. 3494 RAFE upgRo]
ANz BAAME F 20% FLrt RHFo] Yo, HYAL 5 oF 40%
A2t BEo] oA watA AAHoZ o 30%7F #HEo] ofHE Aew E
U 7)=9] AgA ko] o} AR specificityd] FAZEE ¢4n Jd&E ¢ F Ut o]

of Hl B dA7go] AR A JaSo] dHF peptided &3t AT

tio

polyclonal antibody 2 monoclonal antibody® 4 90% ©o]42] specificityE B

FozA nY Solyo] B& Kit® AT sHsdel WS & % 5 Ao
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Fig. 34. Pregnancy tests by using progesterone-based diagnostic Kit made from Green
Cross Life Science Co. Ltd., Korea.
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