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Abstract

Escherichia coli ornithine transcarbamylase catalyzes the con-
densation reaction of ornithine and carbamyl phosphate to pro-
duce citrulline. To study the structure and function relationship
of the enzyme, Threonine — 56 was selected to be mutated. This
residue has been suggested to be located at the binding pocket
of carbamyl phosphate. Threonine—56 is one of amino acids
in the consensus stretch of phosphate binding proteins. It has
been substituted to serine, valine and glycine to observe the
size and the charge effect. Site—directed mutagenesis by the
polymerase chain reaction(PCR) was applied. Each mutant
arg 1 gene was obtained, and was ligated to the prokaryotic
expression vector pKK223—3. TB 2 E. coli strain which does
not have ornithine transcarbamylase activity has been used to
express mutant arg I genes. The result of DNA gel electropho-
resis after Hind HI/EcoR1 digestion of cloned mutant genes
indicated that mutant clones were successfully constructed. For
further work, DNA sequencing and purification of mutant enzy-

mes will be performed.
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Ornithine Transcarbamylase2) 7|5 % £4

Ornithine 2 2 % € urea® YA &< urea cycled A <ol

EA4ste #E nitrogend AA o2 AAANINE F8 A
AN Ake} gAlol 92153 Ak Ureotelic animalsel o) 3 4 &
W &5 = ammonia®] o 90%7} uread] FERE ESAF A A
Qtol| A} &3} amino acids®) deamination F 2 transami-
nation reactionoll 93t dolubA| T amides$t amino nitro-
gend ammonia® T4A 7= 2ol Bl o] urea cycled
4 enzymes©| cyclic manner2 Z{3ch o] cycleol 23l
M A% & urea? § nitrogen atom< ammonia2 £ ¥ #2332
T A R aspartate2F-E Fef e} £3 urea? carbonyl
group< carbon dioxide2 €l k30, ornithine & nitrogen
3} carbonyl group®} carrier2 243131 o cyclevirh YA o}
2 2 ¥olA A% ornithine transcarbamylase (OTCase : EC
2.1.3.3)< urea cycle®] R @A) A ornithine® carbamyl phos-
phate?] Zgutg-o 2 BE citrullined FA3e ¥H3d %3
e Aol

%% 8o A3 omithine transcarbamylasex= 37 2
22 subunits® TFAEY AR FAFS ¥ 110 kD olH,
ornithine 2 2 7§ citrulline s ¥4dste FE e Fojste
anabolic enzyme©] t}, 221}, eukaryote 5 A& yeast, 12| 1
Yo prokaryotedl A& HWgE Zouldte catabolic enz-
ymex Z A} )8 & 9 ornithine transcarbamylase & 2 tri-
mer®) 7+ZE 71X A9t Pseudomonas X 4 hexamer =& dode-
camer2 Z37|% 3t} $H, human livers} E. coli 25H
22 % ornithine transcarbamylase®] 5 33 (Isoelectric point,
p)& Z2Z 7959} 49°)c}(Pierson et al., 1977).

g AEEZHE U2 anabolic ornithine transcarbamy-
lases ¢ Bl5@ AT HEEE ZEW E wliz $H

2 ornithine transcarbamylase> Michaelis—Menten Kine-

tics® w21, pH 8oldol A 713 A 4459 ool
2% &a3olth AL oM, Ahe R WA 71 E 2 carbamyl
phosphate®} A 3l2, 5 WA A A& inorganic phosphate-&
ur& &} (Marshall and Cohen, 1972 : Legrain and Stalon, 19
76 : Kuo et al., 1985a).

Ornithine transcarbamylase= 7| 2 Sofl th g Ml o] 1 {4 o]
ol & 78lo] ornithine® carbamyl phosphate®] &1} 7|4 ¢
ASol 2o 71AEN uHA 5% "y TRAS AR
AL ot} o) 942 L ligandsE o) A4 AEE T 3 trans-
carbamylation®] Zrjzt&o] Fodte, AAo T8l 22l
L& amino acid residuest 283t ligandsel wheh 24 27}
A2 B{8 5 dd &, chemical modification ¥ 8 2 2fo) 9
&9 carbamyl phosphate?] Zgol = Hojke & 7RR 9] lysine
(Marshall & Cohen, 1980) # arginine group(Marshall & Cohen,



2 Introduction of Mutation at Threonine—56 of Escherichia coli Ornithine Transcarbamylase

1980 : Kantrowitz et al., 1980) ¢} %83} £ 32 7132l orni-
thine 2ol cysteinyl group(Marshall & Cohen, 1980)°]
293t o] 272 AAY amino acid residueS e Ak @
RAf M F2H Ag ¢ Zof 75 HE FE ol molecular
level) A & o] ADstA BFHULE colid argl FARA
9] &to] expression® = Ornithine transcarbamylase®] arginine
579 residueE site—directed mutagenesis B o] £3lo
glycine© 2 X ¥A 7l Edwo] AAo HLol o] residue’t
carbamy! phosphate Zol 42 3™ induced fit HEf 9
gy 2z H3lE fudted HA9 carbamyl phosphate?)
2 (E-CP binary complex)o} t ¥ ornithine 2% L&
A€ EoZt} o) arginine residued] o3l AaEe AL
isomerization® Zofzt &0 F2§ ¥ L 3to o3| gle
Eq@ule] 2% 11 840] 200008 223D (Kuo et al.,
1988). &3, £2 whfol 93t Cysteine 273& alanine® 2
PN Edol EAZ AP NI ST ER AT o3td
o] cysteine residue™ active pocketl Al ornithine® &% o}
Aol go] ZYSE residue2 A Z&ch(S. Lee et al., 1990 :
Kuo et al., 1990). Ornithine transcarbamylaseT L5 F &<
mitochondrial matrixell £33 &2} precursors ¥ (nuc-
leus) o Al expression®| ® mitochondrial targeting sequences?}
N—terminus 1ol £oqlth o] leader peptide® Z7]¥ oF
4kDolo} &4 Ao} mitochondria®) 4 X el Q& recep-
toro} 9] 3te] translocation® Fof, Zn(11)ol &3 matrix
protease] 2l3ted A € H(Horwich ef al., 1984). ©] precur-
sorol th & nucleotides2} sequences$} ol 258 A& ¥ amino
acids sequences’t 2 5% %9 ¢ = human(Horwich ef al.,
1984 ; Hara ef al., 1988), mouse{Scherer ef al., 1988), 22|22
rat(Krause ef al.,, 1985)°ll ti3j A &2i# Qlt}. Ornithine trans-
carbamylasese 1 318t= §U4 & E Ao M o o 2 Human
rat®) ornithine transcarbamylaset =2tg¢ A9 FAANE
7EA 3 Qle} o] T AAELS 22 9 amino acidsE 7HA X
2l 2.5y, amino acids A ol A 93%, 2] @ DNA2| open reading
frame(ORF) ol M 89%9] 5YU44& 7IA 1 St Prokaryotesel
73 ol = E. coli® arg 1 (Benciniet al,, 1983 : Kuoet al., 1988) %}
argF(Bencini et al, 1983), 18] t} & prokaryotes?] # Az}

nucleotides® sequences?t ¥#iA Ut

Ornithine transcarbamylase®} Aspartate transcarbamy-
lase®] ®j 2

E. coliz®E @& Ornithine transcarbamylase$} Aspartate
transcarbamylase-< 7}utY QlAkoll 2] 8} transcarbamylation ¥t
o0

$& 23 aspartate transcarbamylase?] holoenzyme&

3709 dimeric regulatory subunits®t 2708 trimeric catalytic

subunits® 2 T4 5o} It} ornithine transcarbamylase$} #
o], aspartate transcarbamylase?] catalytic subunit& ¥ 2}3
(Mr)o] 1020002 2 3709} TY ¥ subunite 2 7435 At
(Konigsberg & Henderson, 1983). 2 E. coli %] ornithine tran-
scarbamylase ¢} aspartate transcarbamylaseol #3ta] ofujic At
A71qg e Hubiel wre Ftuty Q4+ binding domainel
gt

carbamyl phosphateell t§& % #4292} binding domaine %
U3t} E. coli arg I & pyrB Abol 9] A homologyw ™ & 35~40
%ol th(Vliet et al., 1984). aspartate transcarbamylase®] 7}u}3d
214} domaing ornithine transcarbamylased] 7}u}g 14k do-
main2. 2 X A} 7l chimeric aspartate transcarbamylase-2 7 2}
A4 B4 Jebdth(Houghton ef al., 1989). &, chimeric
Ao vhe& 5 82 A Aol wild type aspartate transcarbamy-
lase ¥3%% AASH o}F FAREA ey

carbamyl] phosphate®] phospho oxygensoll Z &3} Aspar-
tate transcarbamylase(ATCase) 2] amono acid residue o< Ta-
ble 1914 B2 A ok 7707 ek 1 F 2789} Threo-
nines®] &g 3t AUtk ol9 & Threonine residuest
phosphate binding proteinsoll #3 WEht= amino acid resi-
dues2A], Y¥+H 2 2 protein kinasesoll 2/3te phosphoryla-
tione] % target residues® ©]th. Ornithine transcarbamylase
(OTCase) &= ATCase$} carbamyl phosphate binding domain®l
9 FA82 2 22 amino acid residuesE ©l ligand2 A1 2
&3telet A
Table 1. Comparison of residues implicated in binding

and catalysis of ornithine and aspartate transcar-
bamylase from E. coli K—12

Amino Acid Residues Amino Acid Residues
In aspartate in Ornithine

transcarbamylase® transcarbamylase®

Serine 52 Serine 55
Threonine 53 Threonine 56
Arginine 54 Arginine 57
Carbamyl Threonine 55 Threonine 58
phosphate Serine 80 Serine 81
domain Lysine 84 Lycine 86
Arginine 105 Arginine 106
Histidine 134 Histidine 133
Arginine 167 Arginine 165
) i Arginine 229
Amino-acid )
] Glutamine 231
domain ) .
Leucine 267 Leucine 274

* Data taken from Honzatco & Lipscomb(1982).
® Data taken from Bencini ef a/.(1983), and Kuo ef al.(1988).
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carbamy] phosphate”} 2 &= 249 ZEe JHE
amino acid residues7t 71?2 olol tht A& ¢ AR
ol pjojg Axo|t). 53], o] A 3-dimensional struc-
ture7t Bt & 2] 2] @& Aefoll A carbamyl phosphate 7} 2 33+
A4 oot ZE g H8E FHE o doldite AL
A2 g, 2PN, AgAA BnE A7 A el 22 YA
2 A (circumstantial evidences) 28 carbamyl phosphate2|
bindingsl #oldle AAde ofpjxite ¥BHF} JAES
ddte ool A

2 a9 FEAQ EEE carbamyl phosphate?} OTCaseol
binding® ™ enzyme isomerization& #%23l=d, Threonine
56 residue7t FZM foll o} P 7| e YFHo2
wr& el 1 §ct. ornithine transcarbamylase 2] Threonine 569
FZ9 Zn)7|50l B3l A mechanismE molecular
levelol X A Fated dpjHoz & a3 DAZA ¥l
AAE 9 Hol Ay, ole site—directed mutagenesis
Mg o] §3te] Ak AP AT Threonine 569 L&
Udohf7] Y& & woz FgdeldE EPse oo
Z 2 AF A BHED e E coli OTCased) argl &
o] &3} Threonine 56| serine, valine, Gly 2 A 8@ &% o]
OTCase &8 A 2€g TYPgc)

ok

2. A 9y

Al

PCR(DNA Polymerase Chain Reaction)o} ©]&3 & Oligo-
deoxynucleotides= Bionia(Korea)oll M ¥ 433ttt Tag DNA
polymerase ™4 A+8-3} proofreading 715 & 2'J Vent DNA
polymerase= New England Biolab(USA) N A +d3tdx, A
3t E 4 (Hindlll, EcoR 1)9 & A 7REH LB =+ BM Korea
A4 F9ldlth Prokaryotic expression vector$] pKK223—3+
Phamacia(Sweden) A1 A, Affinity chromatographyol Al& =&
Matrex Blue Gel A%} DNA fragments?| o #A) 7] =0 o} & H &
Microcon& Amicon(USA) N A ¢ 3t th. Ampicillin, Trizma
base, Agarose, Urea, Phenol, Ethanol, Sodium acetate, KCl, NaCl,
Ammonium sulfate, 28] KH,PO,, Ornithine, Carbamy! phos-
phate, antipyrine, 2, 3— butadionmonoxime, (SIGMA, St Louis,
Mo, USA)E A AotA el9t molecular biologyol 23 Ao
E& 25 SIGMAol A4 7 3te] A48 % T}, RNase, T— Vector,
Ligase, DNA Purification Kit, ¥ & 43! HindIll, EcoR I (Pro-

mega, New England Biolab, USA), Yeast extract, Tryptone(DI-
FCO. USA), Sequencing kit(Pharmacia, Sweden), 5-©l ]
Foll A AL E AT

uy

E. coli Genomic DNA =&

E. coli Genomic DNA-2DH5@ strain{sdR recAl A (argF —lac
ZYA) U169080dlacZAM15]12 %8 F&5 Ut WA, DH5eg
LB plateo] &% 3te DH5¢ single colony& #3] LB vl 2o 4
1243 B9 wiokst ¥, Bacterial cell 500rpmefl 4 5&3F
AR 712 APAAS o) B¥2E& TE 567#¢, 10% SDS
340, 20mg/mf Proteinase K& ¥ ¢3l= ¢35 490 2 resuspen-
sionsti & ¥, 37C oA 1 hr¥et ¥ A h 5M NaClg
10042 71&tn & EGAHG. £ B, Cetyl Tetra Ammo-
nuim Bromide/NaCl &% & 804¢ 7}8l2 8¥® EYE L 65
Tl 10859 Buddc MY lysate® $4 chloroform/
isoamy! alcohol(24 : 1) 2 * 2] ¥ ¥, phenol/chloroform/isoamyl
alcohol(25 1 24 1 D2 A3t F23 9tk Genomic DNAC
isopropyl alcohol 0.64] 7}3ted AW A|7]3, DNA AP &2 70%
Ethanol2 A& &t} genomic DNAE TE 100#¢} resuspen-
sionA] F k.

argl §Xx ZZ5 Cloning

argl SRS Z2Z&7] 98 2709 Oligodeoxynucleoti-
desZ i st A3t Table 2014 ¥ %ol N—2¢h
Primer?) g714¥d& 5-CA GGT GAA TTC ATG TCC GGG
TTT TAT CAT AAG CAT-3|i, C—2¢¢| Primer 7]
AMde 5 —CA TGT AAG CTT TTA TTT ACT GAG CGT CGC
GAC CAT—3'o] i th. Prokaryotic expression vector, pKK223~
3ol 44 229< 371 98l EoR 1% Hindlo) swahe
Restriction enzyme sites® Ztzte] N-2otg C-ug d7]
g Bl H7tAIZ k. Restriction enzyme sites& N— TT3}
C-2¢ d7|Hgol REE 29 $uUth PCRE Genecycler
(BioRad. USA) & o1 &3t FHAo, argl fAA}be 24¢
A5 2] genomic DNA, 2mM dNTP 104, 2tZ e} N-2g3
C— 2 primers 100pmol, 10x reaction buffer 104£, 25unit<]
Vent DNA polymerase & ##3t % &4 237} 1004
o] ZZ )7t} Denaturation & MC 303, Annealing
€5+ 55C 18, Extension € £+ 72C 222 2 3%t} Ampli-

ficationo]l W o zAg A& Molecular Clonings! ¥4
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& AP FE2Y argl FAAE 1% agarose gel electro-
phoresisel 23 &A= At

Site — Directed Mutagenesis

ERYO|H E oli arg] HHAE §48 =0 PCR ¥YE
£ 839 PCR¥MY 2 2 point mutation] 71 & 2 o) 7hebgh
scheme& Figure 13 £th. Table 29} o] tajeld 2709
EdWo] PCR primers& & E8¥olo DNA SUAE &4

Table 2. Amino acid & Mutagenic primers

ghed olgatych. MAUole AWl agl FHAL 5
—N terminal® 3'—C terminal primers® AM&3te] oA
AFHUE vrEoA 2709 DNA F42 8 FEHAG
(Denaturation, 94T, 30 sec ; Anealing, 65C, 1 min ; Polymeriza-
tion, 72C, 2 min). S ® SdWl argl FHAES L agarose

gel electrophoresisS 3t Al §4 ¥ DNA7F 1.0kbe A7E
ZeE g

Amino acid Codon

Oligodeoxynucleotides(5' —3")

N —terminus
Wild type

C—terminus

CA GGT GAA TTC ATG TCC GGG TTT
TAT CAT AAG CAT

CA TGT AAG CTT TTA TTT ACT GAG
CGT CGC GAC CAT

Thr 56 ACT

Ser 56 AGC

Gly 56 GGT
Mutant

Val 56 GTT

GAA AAA GAC TCG AGC CGT ACC CGA
TGC TCT TTC

TCG GGT ACG GCT CGA GTC TTT TTC
GAA GAT GAG

GAA AAA GAC TCG GGT CGT ACC CGA
TGC TCT TTC

TCG GGT ACG ACC CGA GTC TTT TTC
GAA GAT GAG

GAA AAA GAC TCG GTT CGT ACC CGA
TGC TCT TIC

TCG GGT ACG AAC CGA GTC TTT TTC

GAA GAT GAG

Amino acid ¥ DNA sequencest Kuo et al.(1988)ol S ¥ ¥ argI gene®) DNA sequencesE ¥ .

d
a
—_ —N
s — —X% —> >
A L Vane B‘T
c

Figure 1. Strategy for PCR Site —directed Mutagenesis
A, B restriction enzyme site
¢, d . mutant primers
a . 5'—terminus primer

b . 3'—terminus primer

Eaio| argI 7RIS 22 -

%9 £330l agl % 3AE HindIll EcoR I £ 2 double
digestionAl 7], 2 & AFALE A& pKK223-3 E. coli %
Al E] o ligationAl 2} EEH 2 2 deletion mutation¥ arg |
FARE 7R oy, argF FA4A7H $AE] deletion F o}
o] eUEl EdAduidetA Y 7)F0] Q1% E. coli TB 2 cell
[E coli K—12 Alarg 1 —pyrB 1 )argF™ 1o 8A 38 A}
HAAE e BYL shot—gun P E o] &AL sc-
reenings LEEL7} ampicillin £33 FRZE A2 U7
w2ol LB whAlel] o] F 50Mg/mie] =2 EFAA vfF3t
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Ack wiAel A BEt WorAl Foll FAE colonyE A
dto] oA LBERAIo)AM ampicillin 504g/méE 7hatar whE <t
sogsidct. 24 §AE2HEH AXE HIAANAAM Lo %
ol |3 plasmid 22 & FH £E 449 Feix
ol Hindlll EcoRI 22 double digestionA] 7] o} 7t 2~
A7NQ5ol o] 229E A4FE FI3}Ah

Omithine Transcarbamylase2| £& % HH|

Hz23 EdAn=(pKK/argl )& 83 TB 2 celld co-
lony-& M9/Uracil/Ampicillin/agar platecll 2 A83to] #stc),
504¢/mf AmpicillinE ¥%3h= LB wiA 1Lo) A2Y Ed-a
o = (pKK/arg 1 )& 7FA 2 Qe TB 2 cell& 37CHA ¢4
soFstgich ME wokd & 5000rpmel A 20E 5 ¥4
ate] AHA A

AAES 204(F A4 &) 2 breakage buffer(100mM KH,PO,
40mM L~ ornithine, pH 7.5)ol M2# A At} A X EF ultra-
sonicator 2 40% F9F lysisA| 712, icesl A 183 ¥ 3A 7 ¥,
ChA] M E ] AL ultrasonicator2 3~43 WHEEA] lysisA]
711, iceol M WA A o] HE v FAB-E 12000rpmel A 20
B 94D 43d0E 65C water bathol 4 10%
FQ 7E&AAFE, ice bathe] Wol YAAIIR YYE 3}
AHES Zeich 45 99E A3 M 40% ammonium sulfate
saturation® & ¥, QALY AT ARG oA,
4% & 90% ammonium sulfate saturation® 32, YA€
gto] & Ae Wz, AL HAFAt 60% ammonium sul-
fate/ 50mM potassium phosphate pH75 & %ol JHE L 30
H5 % stirringA1 718 A 39 ¥, AL AHES 20
mM Tris acetate buffer(pH7.5)e) =olx, £ gFL o
Wata] dialysisE 3—43) AlAT. FAANY ALE Amicon
(USA) 9] protein concentrator2 §3 A7) 1, 42 o] A Matrex
Blue Gel A(Amicon) affinity column® 2 0~05M KCl gra-
dient& ol 83« EAZ 47 EAde YL 54
ofHlol & st Aol Yehde 2YE HJAG Axo &
A7t &1@ BAL 10mM Tris acetate(pH7.5) ot A T4 A] 7]
¥, Amicon?] ©#A F%7]|2 ¥%A)Z . Laemmli(1970)
method®] @2}, Coomassie Blue2 ¥ 4% sodium dodecylsul-
fate polyacrylamide gel 2% 2 A4 2} homogeneityS #9135}
gt

Enzyme assays

A% opdole g 2o £YHUTL 22ULH Futg
Aatel Whgh HAYHEe HF v EFEA Fhubd A9
A7 A AU, 2714 e Pastra—Landis method &
o] g38te] WS A EQ L—citrullin®] AAE5E2A4 ZA5Y
o EANEL ofMo] 4E S0l o A Ue FAd vt
DAAE 7hehy] Al A SR EE A FE T, 5%
of I EAte] =9) 08% 2, 3—butadionmonoxime-£ 2 (0.89/100
nf) 2} 50% 3Atel ml2] L= o] QIE antipyrine(59/¢) &4 &
1:2 23u| &2 Ho] HE colour reagent® Z £33z}
e Algdd stgoz A vhgo] FUHAG ALY ofF ¢
Zhol A HHEQt 29 Foll 45T 2] water bathoi A AL
illumination A} ™. & o}Alo] LA o] F =& UV/VIS spectro-
photometere] 460nmeld F3F =9 7184 FAHHYL B
EIHE ¥ dojH ODE AEEYY FE2 A8NE F
AEE A

DNA Sequencing

g2ve 9o arg I F32k9 point mutationo] 3 &3]
@A =0 HAAE 37 AT AP e
DNA Sequencingg A3ttt 2 Ed¥o] clones 2 A
3te] wjokaln, DNA Purification Kit(Wizard mini colum, Pro-
mega Co) 2 & plasmid DNAE #4374 £z ¥ AAE ¥,
Sanger#H(1977) & o] 83t F7IMNIEE XYL &F
A8 plasmid DNA 5~10#¢E2 template DNAZ Al§33,
o] 7)o 2N NaOH/2mM EDTA 8#¢E 7}3le] A-&oA 1083
x4 B8 £ eppendorf tubeo] 3M NaOAc(pH48) 7
“0E F7HE ¥, cold—EtOH 120445 & £33 dry icel Al
158 wastgd. 238 o2, 12000rpmol A 1583 948
Ysted 43Ae v, 70% cold EtOH 200#¢E 7}ate] 4
31 12,000rpmol M 1583 948 &%ch oA 434 €
B2] 3, DNA pellets& 9& F, AFFeolA AZAZG.

template DNA(5~1048) & Z &/ 4 1240 %0l 1, Annealing
buffer(Cy5 AutoRead sequencing kit) 2#€, primers(4~400
pmoD & H7lat:, 65CAN N 583 7hE s F, A2 74A] A3
413 ] annealingA) 7 . annealed template 9} primer¥ tubeofl
Cy5—dATP labelling Mix 1#£& 7}& ¥ & g3t §
42171 T7 DNA polymerase(6~8units/2#8) 2:44& 713t 4
2ol A 587t labelling #+-32 A 7T}, labelling ¥3& 5~10
27+ 217 % Extension buffer(Cy5 AutoRead Sequencing kit)
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143, TREBOHOYS AuoRead Souencing ki JAMEE G0 4
EHG F, 3704 prowrmai ! O8S tormination mine
ture?t Bl YR cppendort rabm{ddd, 400, 430, ST ke
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$50 8B termination $%% 89 sop
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P
SRt ter.
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sinmion 4% 959 ¥ Sequencing gl 2% E 8

G¥ wamples® B850 380 7R B, P88

Sequmncing gl A 119 %8 89 e/ BM urea gel

SEE LU L RN

YR, sequendiuy

datn cars‘;;}mf:r-é?-’?;: ALF win programd ob 8 &b 9

Gite - directad mutagenmais

&

FOdolE ap | BERE oo TBI 44
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A
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st T ek, Table 9% B
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poinerd O1RSH s e B9dslE 2048 £8
#ygel ¥ -8 ¥~59Y

B 03k
FEA oI BdeslB ppl FHAES

e 2EH - T8

Wk primer, 5 W% prime § o138 (OB BEG ERH
Figare 3915 %, Figure 38 $¥gold] S4niddy wpl
27

SiEe 7 DN& BT O 1okbEA Bl eyl HA

CTOS, 1OV, TOGDT B4NYE s ¥ & ¢

A% PCRE YUY 495 pol clectrophoresisP Foixh,
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