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Proteomic analysis of serum proteinsresponsiveto
styrene exposure

Ki-Woong Kim" - Kyung-HwaHeo - Yong LimWon - Jin\Wook Jeong - Tae Gyun Kim and Injeong Park

Occupational Safety and Health Research Institute, KOSHA
34-4, Gusan-Dong, Bupyong-Ku, Incheon 403-711, Korea

By comparing the proteins from the workers exposed to
styrene with the ones from contrals, it may be possible to
identify proteins thet play arole in the occurrence and progress
of occupational disease and thus to study the molecular
mechanisms of occupational disease. In order to find the
biomarkersfor assessing the syrene effects early, before dinical
symptoms develop and to understand the mechanisms of
adverse hedlth effects, we surveyed 134 employees, anong
whom 52 workerg(30 made and 22 female) were chronically
exposed to styrene in 10 glass-reinforced plastic boat
manufacturing factories in Korea and 82 controls had never
been occupationaly exposad to hazardous chemicals induding
syrene. The age and drinking habits and serum biochemigtry
such astotd protein, BUN and serum credtinine in both groups
were Sgnificantly different. Exposed workers were divided into
three groups according to exposure levels of Syrene(G1, below
12 TLV; G2, U2 TLV to TLV; G3, aove TLV). The mean
concentration of arborne styrene in G1 group was 10.93+
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11.33 ppm, and those of urinary mandelic acid(MA) and
phenylglyoxylic acid(PGA) were 0.17+0.21 and 0.13+0.11
0/g creatinine, repectively. The mean concentration of airborne
dyrene in G2 and G3 groups were 47.54+22.43 and 65.33+
3347 ppm, respectively, and levels of urinary metabalites such
as MA and PGA increased condderably as expected with the
increase in exposure level of styrene. The airborne styrene
concentration were significantly correlated to the urinary
concentration of MA(r=0.784, p=0.000) and PGA(r=0.626,
p<0.002). In the 2D electrophoresis, the concentration of five
proteins including complement C3 precursor, alpha-1-
antitrypsin(AAT), vitamin D binding protein precursor(DBP),
alpha-1-B-glycoprotein(A1BG) and inter alpha trypsin
inhibitor(ITl) heavy chain-related protein were significantly
dtered in workers exposed to styrene compared with controls
While expression of complement C3 precursor and AAT
increesed by exposure to styrene, expresson of DBP, A1BG
and I Tl heavy chain-related protein decreased.
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These results suggest that the exposure of styrene might
affects levels of plasma proteinase, carriers of endogenous
substances and immune system. In particular, increasing of AAT
with the increase in exposure level of Syrene can explain the
tissue damage and inflammation by the imbalance of
proteinasefantiproteinase and decresse of DBP, A1BG and [T

[.M g

AERE EHAEA R A Ee AHEE e F
238 sk o] shuolm, w7 7kA W Eujly] ol
¥ o] = B 2 f = o)V & stthMiller -5, 1994). AF
groll Qloj A AE|RE) thalr ] 2 2 el A Sl tHSumnere}
Fennell, 1994). A E] ] tjA= cytochrome P-450(CY P)2B
12(71 71 ¢ %5, 1997), CYP2B6(Nakajima 5, 1993),
CYP2EL(Guengarich 5, 1991) 5 59 549 Snjjzkdof 9
3|4 2~El o] epoxide 57HA<1 styrene-7,8-oxide(7,8-S0) 7+
A4 = 31, 7890+ (R)78-90¢} (97.8-S0 271 2] A&2olA
2 A enertiomers) = EA| 5 A 54 S kAl T EHLafon
5, 2002). 7,8-SO2] & 5t AF+= microsomal epoxide
hydrolass(mEH) 2] 21-g-¢l] €]l 4] epoxide®] ringe] ] A
styrene glycol(SG)°] A ¥ 5, NADPH 24 Bais
of] 2] 3|41 mandelic acid(MA)<} phenylglyoxylic acid(PGA) =
1l A ) CHOhtswji ¢} Ikeda, 1971). 71 ©] 9]l &= 2] 2 ko] #|uk
kel wjds s E4E 7,8-SO7} glutathione S-
trandferasg(GST) 2} 3 3HF-5-(conjugation)ol] 2] 8 A A = +=
phenylhydroxyethyl mercapturic acids (PHEMAS)(Haufroid -,
2001)$} styrene-3 4-oxide= - A4 == 4-vinyl- phenol (4-
VP)(Pantaratto -, 1978) “5-0| 91Tt o] ¢} go] AE|=IERE o}
Yz} ole] 744 58124 9] At} Bedstel oFRolE A
(pharmecokinetics) A7+ &'a5] Z 3 x = 21 A 58
Aof tfsto] Solido] AL RUEE Ax=d= 3
7] g A |2 Fotol AR A7 S setet=|
o] Stk @Al 2B =& ZEA gt AEEY B
UHHES Ao g ujd s A i 55
A5kl 7hakal QILHACGIH, 2002). 22t o] &) &t Hp-&
o0 EAAE AL Y], 1 72 st g Al
HE7E7] o T}, Wigaeus -(1984)-2- 2~ E] &l 293 mg/nt (68 ppm)<
MR &R AT ARl AERIY] I W)= oF
40, 2o] QlojA] MASE PGA ] 7] 77 44 7H} 9
AZF A Eehal Baspglow, A ol dlo|u &

o

=7

heavy chain-rdated protein in workers exposed to syrene is
associated with dysfunction and/or declination in immune
sysem and Sgnd transduction

Key Words : Syrene, Manddic acid(MA), Phenylglyoxylic
adid(PGA), Prateomics, Molecular biomerkers

oA Bt 71 WS 7ML Qe A0 R BaE It
(IPCS, 1983). o] & 8 &2 17+
& o] goto] A& RUHY S

A71F 072 gkste] ek Aol B 2 247t
2 A 7h g 3 AE A AR S s RS s
of whe} 2ko] & Hol=t](Manini 5, 2003), 0] 2]t 2fo]= 2~
Elgle] tjrtel] Foshi= @40 el olE a4 f4
A} o} 3} o] Qle= 21 0 2 B 115 31 9 tHMa S, 2005).
whebA] B AFAES AE AR ol 2} Ak A of A]
wEHe el Eet e o A SA Y 71 A2 g ek A
B84 BUE " WS s Slsto] AlsAl A=
71715 o] &3 A 28 A 9] ) (Manini 5,
2004), & £ 2] AYE-8-4] H F (biotransformation) 2t 7
¥ @484 A4 (Calson &, 2006) 2 A EAY A=
& & thAF W14 (metabolic susoeptibility)(Ma 5, 2008) 1] 143t
AT7h Es] A8 1 Qi o] olgle i A HAd 3 A
W& st ofsfialr] flsto] =) - g4 o & ks o
T5 31 Q= o7k A A SH(proteomics) Aot T
AA 82 {2} v Al (post genomic erg) 2] A& 213
& W 9l TokRA AT A o] A A F-7 441 genome]] 9]
A L= B e o] F3l R H EH(proteomes) =
2= Hofo] SHL O 7 x](Anderson} Anderson, 1998) AJ ™
e}, o8k gl oksl 5] W 7]ERS] W Fofol| A ATt AL
ATk ZZE QA0 7p & B2 A3 w4 el o
A AshE] = T O] 20} 7] vla, Al ES] 2] H
w3} 9 W o] 5 WS (pogt trandationd modification)2] 4] 2
Gz o] A H & gotst] AESA w2
(perturbation) & ©] 8| & = $ k= 21 0] t}. LoPachin -5-(2003)
A5 Aol Qloj A S ] 7] 53 A of ojs A
O] AL 34 9] wZof| 9Jto] A4 = adductse) A
A EA o ol A %] += ¢14+3}9} glycosylation 32 &
Sho] o] o7 Qlste] i o] 7) 5} BAS
ofafjsh=t] o] &0l QlthaL st3ict. o]y st Aol A o]
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AHEE T Qe B Y s nhexane?] tiAks AL
2 5-hexanedione(2,5-HD)o| t}. DeCaprio 5(1982)< 25-HD7}
AA W ABA R Gl 9] ofnl 7] 9 §EE-sfo] 2,5-
dimethylpyrrole adducts= 343 3117, ©] adducts?} 417341 -f &
21 0] serine} 91 %) 4 B (regiosdlectivity) 2 95 3024 <
A& 0 71t} H 31813 tHDeCaprio &, 1997). 21l
A At A U B of] o ek FANEE, 54, OFE9] tjAL
7179 A o] Xet o) 54 0% - A Az st
A s stof o sk A-7F Eks] 8 E 1 Q) tH(Sierum 5,
2005; Boyd-Kimbal -5-, 2006).

wpeba o] A9 HAL ANAEYS flkele =49
AEAS QAR sho] AE Y mEo] o3| W A
L A Q1 WSS Kol So] A S sjolsto], Al
oJ&l] ity = Ao tist 7| dS ol llshed ARE Al
ot A7 E Hrre - ole e A nEdR &8
afazt shoith
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Aol =Z¥ Ao] gl AHFA FEAE t 2T AR A
Attt o5 tidtel diste] A543 5 A
A8 A et ok, ol ol ol & 3det ot oAk 82
I e E T A 529 S 12k AT AH134) = A g 513
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PR spof 2E]09] el olstol wake 84 |
49 93} 5ES BANA txwD) wEE oA
FA3Y] 9 & VA 128 JE Ao 4

2343 o] g tAgon, o) 59 B
71104, 258 & 122+25K10]9]t o] QA= B
QAT YA NAAT A A FHE A7)
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99198912 AR AW, A= Folo] FI <
FOAARRE FONS e e, A7E APtk

2. A+ LIE

D) 371% 2 s 9 =5 AR WA

218 571 5 syrenee] A3 o A2 w5 = YA
Qb 1.7 A4 (Nationdl Ingtitute for Occupationd Safety and
Hedlth, NIOSH)o| M =33} 274 A3 ¥(1996) ‘Method
1501 = bl gy o gJsto] AAleitt 571% AF
o) 22 GATS FHAE ot AR A EE
#7](Low How Sampler 113 D, Gilian, USA) & o] g8} &3
200me8] &5 2E U, Z2EARS] T35 91A] A 64
TFold IR (A Y] Bt A6} flske] 2 AJ7ERE
Ao dehs wASSIth AE o] £41 8 Lt
S AEE AHE AR B e v, F3AE GC
& Hfolgell W 1mee] o] 3RS Y GHAIZ &, 7}
2~ 3 2 vhE 71 2 9] (CP-3800 GC/FID, Vaian Ltd., USA)E o] &
sto] T eIk AE Y] ke tAHES 245 98t
WS LEAY] AYFE ARl FEAE F o] 85t
AH g &, Yed Az AR Sasiolth AF
=% AEE T4 Ogda 52 WS B fgsto] A
515 tHOgeta -, 1988). L= AFZH-E] A F 8 Al 2 4]
O} Th, 80 wlE Fste] HAAZwE T2} o] 54 700
08} 2 AL 5 1081 A 3 e ke AA A ERE
Tt R AT A A 2 ek e (Weters, USA) S
9)3F 117 4H2 Supeloosl C18 2 # (15omx 21 mm, 447
5 m), 0] 542 Er0]-2-4= 1 { of| ntetrabutylammonium bromide
55 g7} KHPO: 15 g 51 45843 vghas 731
1060 7 Z3sk §-HS ARE-SISITE o5 745 1 ml/min,
UV A&7 A&3-4 225 mo 2 =% manddic acid(MA),
phenylglyoxylic acid (PGA) 2} 7} AH(hippuric adid, HA)-S- 4]
3t creatinine©. = 1. 5te] wld S AbESlolth

28 T el 24

Q)Y o ==L AL

83 4B transferrin 2 19G2] A A 9 532 CNBr
activated sepharose 4Bl 2411, transferrin 2 1gGe] tf &
polyclonal antibody”} coupling! column==- ©]-8-3}°] eution
buffer{0.1 M glycine(pH 30)]= ©]-8-5t°1 1 mi/min®] %0 2
NRE EEANAG(R 7S, 2005). &€ YA =0
trichloroacetic add(TCA) & &35t & G50l A 1AI7F 59
A7) RS, 16,000 rpm(4°C)ol A 105 ok 95250
ARES Ath AAES dhars o] §3to] 28] AlH5ta
AZAZ T, lyssbuffer(8 M ured) 2 -8 4] 7] 2 L}A] AhE
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N 1AIZHES AR F, Q-2 (3000rpm, 5:2)sho] &
A5 Lowry (19601 w2l Y o, T 5
A4 AFo) AHg B

(2) 22+ (2 dimension, 2D) 71 7] %

2 Z42ke] DY S FUS R SAAIZ v, Tl
A F 5ol 93 ul lysisbuffere} E9-afar 2ol A ok 1A3E 5
Qb A F-, 15,000 rpmef| A 104 5t 42 sto] o
2 A9 90 40(350 1g)E immobiline drystrip(pH 4-7)
(Amersham Biosciencesi}, USA)ell %4 3191 t}. Immobiline
drystripel] 450 10.2] rehydration bufferS & 3115 3 A A] & o},
o) 4 A 752k rehydration- 2] 7] 3. WA cover fluid ail 2 -2
Algxde] 124 €& % immobiline drystrip covers & 17
Ettan™ |PGphor II™(Amersham Biosciences, USA)S o] &30
IEFE- A 353 th IEF7} £5 % S immobilinedrystripS 7 U]
9] cover fluid il S A A & tF5, immobiline drystripS-
equilibration & 9 o A 154 &<t A A 3] shaking &} th.
Immohbiline drystripel] #0121+ equilibration €918 SF+=
o] &35} A A3 t}S, 11% SDS-PAGE gel o] immobiline
drystripS &% 1 agarose seding solutionS: Wof $H413]
& Thaoll 2mAfgd = 1847 54 71955 AAI8k3IT
SDSPAGE gd-= 71tfo] 117 94(40% methanol + 10% acetic
acid)ol A 1 A7k &<k shaking incubation A1 7! T}2-, 30%
ethanol 2} S H+Z o] &-3lo] 2xF A28k 12 0.02% sodium
thiosulfate &9 © 2 13- 5-9F senitizing 3 3, SH52 23]
A2 5131t} SDS-PAGE gel 2 silver nitrate -§-2(0.2% silver
nitrate + 37% HCOH 0.2 m¢)] ¥ 1 20% &<} shaking
incubationdt TFS, SH4 2 23] Al H e A8 (3%
sodium carbonate in 37% HCOH 05 m{)ol| 4] ¢k 45 Eof uh-g-
A7 %, 5% glydne® 2 W& F18ka WA image 41 =

ANBTHA 716 5, 2008).

=

Z7}e] ehi A gote- A1 she] cutting gt Th, T E
T A GEAE AT Cutting® B ot SHTE
23] A2 3}al de-daining &-2(30 mM potassium ferricyanide +
100 mM sodium thiosulfate) S ©] 45147 siver 418 9H 3]
AAsA Y. =72 23] A8 0.1 M ammonium
bicarbonate 494 200 b5 & 31 "ol A 2087 A o T,
200 10 acetonitrileS: 3 7}} 1 600 MO & 55 5k vortexd}
2 1A 0.1 M ammonium bicarbonate &9 @ 17 5% F<k
600 rppm.©. 2. ThA] vortexa}o] . Acetonitrile 200 (=2 @ 11
52600 rpm .= vortex 3t -, Aol A gd & 712 AIFA T
2% gdell 200 ng trypsin &-<1-5 W11 D50l 4] 453 3t

MC ¢

oX, r_\d‘

AN F- GHS 8] A7 S th, 50 mM ammonium
bicarbonate solution 40 10 2 11 37°Coll A oF 814 A 7F =<k
incubation A| 71t} Incubation A)71 A] &5 poros reverse phase
R2(20-30 /m bead size, PerSeptive Biosystems) 7} packing®! gl
loading tip(Eppendorf, Hamburg, Germany)°l 4 17, 60%
acetonitrile} 5% formic adds- ©]-8-319 desdtingy} 555 A
At 59 FY AEE HrolA] i ddayed-extradtion
reflectron time-of-flight mass spectrometer(Model MALDI-R
Micromass, Manchster, UK) = A-8-sto] il & 57 skl
o] }-+= ElectroSpray lonization MassMass(ESI-MSMS, Q-
TOF)(Micromass, Manchgter, UK) S AF-3Fo] w2 4 g
A ST A e > MASCOT 2 2 719
(www.matrixscience.com)=- ©]-8-51¢] NCBI databaseel] 41 -%
el 2] 3} 1) wato] 2l

3. A2 EAM

Ao T8 575412 SPSYWindow verson 12.0)Z ©] &
sto] wE I} vl A3 Aol S ekl a, w
A)2- 2-test @} A+ H5-A (Pearson corrdlation) 2 A A&l

. AR a

e it i Bt bt s s E o S R B s T s
7} 49217487} 4681924 2 T 7kol| 2] 8k Afo] & H G
O 1(p0.09), A Y Hf 1307 F It Aol E
wo)x] gktt}, Ty 2ol A &1 AK35.4% vs 23.1%)
9} &3 2H79.3% vs 59.6%) 7} =T E.TF =9kt o] 5 tiAt
A5 ALT,AST @ GGT+= & ol tha & S =
Bl ot Fux Wy BAH O R oo Aol §
o} 371% 2H A0 FE9 tiAREE ] vl el oot A
Ao AEA) 559} MAZ} 0.784(p<0.000), PGAS] 5%
= 0626(p<0.001) 2] ] & B THFg. 1). A3 19] O
A58 H 4t 10983+11.33 pome] AE| o] =E ¥ 1 9191
], 2E 9] AR QI MASEPGAS] =5 il Ad &2 717}
0170217} 013+ 0.11 g/g credininec| 1tk A& 7 119} 1117}
wE2EE AU HitsE s 4754122437} 653313347
pPMC.E 5F MASE PGAS] Hj A - 7]% syrene?] 559
S)Esto] T7HE wjA e HeltHTable ). vl o) A 8T
o g Ake] @Yol b EAlshs &Y, trandering} 19G
< polydond antibodies”} coupling®! CNBr activated sepharose
4B column: ©]-g-sko] A AT T, 23F 719 5= AA]
ato] £eko 2 ghele A quot- 2F 10099 7] A =91 o1t
°]% MALD-TOFZ ©]-g-ato] &7 ¥ Wl 1579l aL A
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YL Apo] & Kol Wil 2 570 %I tHp<0.05) (Tale 2).
0] % 57} 9] vkl 4] == complement C3 precursor(CC3P) 2} dpha:

g3l =22 9olsto] W H Sof ghul A & 8ol ¥ 2] okglr}
(Fig. 2). Zeivt A& AE 9] w350} fHdafo]
a)
500.000 -
é 400.000 - .
T
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é 400.000 o
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Fig. 1. Correlation between airborne styrene and metabolites concentration.

a) r=0.784 (p=0.000) and b) r=0.626 (p=0.001)

Table 1. Concentration of styrene in airborne and its urinary metabolites insubjects.

Metabalites (g/g credtining)
Syreneinar (ppm) MA PGA
Contral (n=6) No exposure 00 00
G I(n=6) 10971133 017+t021 013+0.11
G II(r=6) 47542243 065+0.28 029+0.10
G II(n=6) 65.331£3347 0.791052 034019
MA, mandelic acid; PCA, phenylglyoxylic acid
Table 2. Quantity of serum protein in subjects Unit: intensity
2D gd spot(Norm Quant.)
Groups
CC3P AAT DBP A1BG ITI-P
Control(n=6) 1292+501 78156 4131968 1517+123 426+ 457
GI(n=6) 29701402 89+88 1236+1888 1269+336 %6+85
G3(n=6) 184411240 91+98 1318*1401 1030+346 138+201
G3(n=6) 3159880 25%6+1191 1806+1642 10431352 389+270
pvaue 0.041 0.013 0.037 0.088 0.042
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L-antitrypsin(AAT) 2] 3H8] & - Zof| A =9k o 1 vitamin D
binding protein precursor(DBP), dpha-1-B- glycoprotein(A1BG) %!
inter dpha trypsn inhibitor(IT1) heavy chanrdated protein(I TI-P)
O] el &t o A 2 2102 VpERE oL AATS] 79
of AEAY] IEE eE (AT ellA] iy By
A9 257} @A 29k neb ] 2B w2}
o] 9= of= 570 WM Ao] Fig. 204 A A gk dhef A
I sdTAE Flety] fste] ESI-MSIMSE AL
sto] Gl A dE FA S the, MASCOT 22717
(www.matrixscience.com)= ©]-8-51of NCBI databasee]] 4|45
w9173} v wafe] FUat el S Helsg)

THTabled).

V. 1 Xt

offl AFelA = AHAL mER ko] LA
5ol & aQlskx] ekl ot Aoz o d W
15
m

o{dN Sou, (¢

L
of AES g E Qlste] TrhE WAL BAAT
(complement C3 precursor) £} AAT O, 7 ohalal
DBP, A1BG ¥ ITI heavy chanrdated proteino] 1t} o] 5

k9
2 jolt® Fo| vhd e pasoirk, 17l d v
d

=

A
o

A} S8 AE S T2 7 A o] =2 (xenobiotic) T
AbE 281 CYPol| ofste] Ak W, AW 549 AE AT
A3} kg o] £ 78909} - tiAE A ol &Jste] T
AEh o) ks ol g SA) Q) F AR FF
AAAZ dA Lo, 28 9 HoA|, A%, HAE A,
SE71A L AN A T JAA Ao AAA FAE LA
Tl B ESQITHIPCS, 1983). o] ] kA A8k -4 1}
oflA] FAQ1 gHE Bl Fo] WA 52 QoA gt
Hpe} o] AEJ] tiAbr} o] Fo| A &= 1Hel A fHd H o]
GO F o] 5 st U, AES A 7|l A A A
7ee T8k G EEA AFUY mEel P
o} oAl W slE B el Ao|gt Ayt

AER 222 F7HE BAd s Wela U &
o] Sl THDiScipio, 1962). H.A= A& Qlak(rfo] 2 X,
Alat 5)E Tsto] ol &4 o thato] whg-sh= g iAo 7
A deidole} & ¢ glom, o] 52 -3 A T A
w7E ol=de A4 #gote] HsHEte AN
(humoral immune system)3} A /3 7 ¢ (cellular immune
system) RE-g-of] HxAQl kS gty 717 & 5o AT

Fig. 2. 2D map of proteins expression pattern in serum of subjects. Pl, 4.0-7.0 and molecular weight, 10-200
kDa. 1, Complement C3 precursor; 2, alpha-1-antitrypsin; 3, serum paraxonase; 4, inter-alpha-trypsin inhibitor
C terminal; 5, vitamin D binding protein precursor; 6, chain A antithrombin lii; 7, alpha-1-B-glycoprotein; 8, ITI
heavy chain-related protein; 9, heptoglobin alpha 1 chain; 10, pre-serum amyloid P component; 11,
heptoglobin alpha 1 chain; 12, hypothetical protein isoform 3; 13, ITI heavy chain-related protein; 14,

cytochrome b and 15, complement factor B isoform 3.



(2009) 0N A] A1 5738 st nhexaned]l =2 5= AR
o] Ao A RAATA Q] 2ol F7FE o H, o= n-
hexane®] =&o] HAATA Y WoSHel S & 4
2} sl oWl Aol M 2 AEE mF LR I oA
BAAFAN7} F7H A AE S o] AR sho] WelS
S-S Hol Ay} AT AATE AE Y] Eof| 9
sho] o] Z7}E 91|, AATE= chromosome 1491 encode
5] 31 ofu] A 3047 (MW 52,0002 -4 5 o] 9= serine
proteinase inhibitor(SERPIN) %-¢] a}ufo| th(Travis 5-, 1988).
AAT:= protedlytic F422] E4) 24 (Jandauskiene 5, 1999), %

Styrene =Zof HH-&-& Koli= @3 whildof o3k T2 g e WA 74 241

2 9] =4 4l 3 A F418-of) #hof & (Ikari 5, 2001), plasmact]

= 1% 9 438 (Ritchie 5, 2000), 23 4k4
F(Ueda's, 20023 543 =4 (Ucar -, 2006)©] =& = 15}
A HighE Holn F 2 Q] 3k WA s A-o] vk
(Stoller 2} Aboussouan, 2005). Plasmacl| 4] AATS] = H 3H=
774, 1, A7 A A 2 B 5o o] 4 v
Z]H (Lisowskar-Myjek, 2005), 53] 915162 & ol e 4
&= Z o ghek(Engstrom &, 20029). 2] 9] 4 S5
proteinase(dastase 5) 2} AAT 9} 72 antiproteinese (antidlastase)
o Etdel ofaiA doju, o]efd B dS 5, 24

Table 3. Identification of CC3P, AAT, DBP, A1BG and ITI-P proteins by Q-TOP-MS/MS. Sequence of human
proteins (by MASCOT program, www.matrixscience.com) matched peptide sequences are bold letters.

CC3P

1551 KVQLSNDFDE YIMAIEQTIK SGSDEVQVGQ QRTHSPIKC REALKLEEKK
1601 HY LMWGLSSD FWGEKPNLSY IGKDTWVEH WPEEDECQDE ENQKQCQDLG

1651 AFTESMVVFGCPN

AAT

101 EGLNFNLTEI PEAQIHEGFQ ELLRTLNQPD SQLQLTTGNG LFLSEGLKLY
151 DKFLEDVKKL YHSEAFTVNF GDHEEAKKQI NDYVEKGTQGKIVDLVKELD

DBP

101 PFPVHPGTAE CCTKEGLERK LCMAALKHQP QEFPTYVEPT NDEICEAFRK
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