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ABSTRACT

E. coli orithine cabamyltransferase is the enzyme which catalyvzes the
first step of biosvnthetic pathway of arginine. It is the condensation reaction of
L-ornithine and carbamyl phosphate to produce L-citrulline. Ornithine
transcarbamylase also  includes a conservative amino acid stretch,
-Ser-Thr-Arg-Thr-, of various phosphate binding proteins.  The stretch has been
implicated as the binding site of carbamyl phosphate.  The enzyme undergoes the
conformational change upon the binding of carbamyl phosphate which is the first
substrate to bind to the enzvme. To understand the structural and functional
roles of Serine 55 which is implicated in the carbamyl phosphate binding, mutant
enzvmes have been constructed at this position by applying the site-directed
mutagenesis. The serine residuc was mutated to cysteine, alanine and glycine to
observe the charge and size effects.  F coli argl, gene for one of omithine
transcarbamylase isozymes, was cloned by the polymerase chain reaction (PCR).
The argl was amplified from genomic DNA of E. coli DH5 e strain, and ligated to
the prokarvotic expression  vector. pKK223-3. The recombinant DNA was
transformed to E. coli TB 2 cell which lacked the isozymes of ornithine
transcarbamvlase. The results of medium selection and enzvme assay indicated
that ornithine transcarbamylase was cloned. The enzyme was purified and
confirmed bv the SDS PAGE and kinetic results. Site-directed mutagenesis was
applied to mutate serine to cysteine, alanine or glycine. The template was cloned
wild tvpe argl. PCR amplification resulted in mutatnt argl/ genes at Serine 39.
They were lgated to pKK223-3 and transformed to TB 2 cell. The results of
DNA sequencing clearly showed correct mutations were introduced.

In conclusion, The mutant enzvme svstems of ornithine transcarbamylase
at Serine 55 have been successfully constructed.  These systems can be used for

studving the roles of Serine 53 during the enzymatic catalysis.
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Figure 1. Urea cycle and omithine transcarbamylase-catalyzed reaction
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2. Omnithine transcarbamylase® &4 2 #+Z%

DEF B ZA3E omithine transcarbamylases= 37019 £&#E subunits=

TAso] Qar FAbEe oF 110 kD olw, UBR R VE AESAS AAd%= A
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202 Zufsl=  anabolic enzymeolth, 12, eukarvote S oAl yeast, 1iL
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ornithine transcarbamvlaseS2 trimer® T+%2& 7}X|X % Pseudomonas* &
hexamer %= dodecamer® ZA3}71x dcd. ¥, human liverst E coliZ2HEH F
Z 9 omithine transcarbamylase®] &A% (Iscelectric point, pD< z}z} 7.959 4.99]

t} (Pierson et al, 1977).

1) Steady-state kinetics(FFAE] W& &)

thokslt NTSZRE 2 anabolic omithine transcarbamylase= vl-$ H]$:
b4y HASES zZtet E ocoli2 FE ¥2 omithine transcarbamylase
Michaelis-Menten Kinetics2 W21, Figure 2AdlA ®o] pH 8 ool 7139
Aa QB olgo] HF FatHo|o HhSoll A, HAE A WA 71EQ0 At

N ol Aty Agtsla, T WA AMAEQl inorganic phosphate® W& 3dth(Marshall and

pe)

Cohen, 1972; Legrain and Stalon, 1976; Kuo et al, 1985a). pH 7 ©ldlollA, 4
enzvme-carbamyl phosphate EZAE HA $A4HQ 4EIF random binding
mechanisme WEtHFigure 2B, Wargnies et al, 1978). WS- 259 temarv
complex( & A~-7}8FE ¢l 2k-1.-Ormnithine; E-Cp-Om)¢%+ A AAE2] ternary complex(&
Z~, L-Citrulline¢} ¢14F; E-citrulline=P)e) &A= Legrain$) Stalonel] 2138 8Fa A v}
(Legrain, C. & Stalon, 1976).

(A) BI-BI ORDERED MECHANISM
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(B) RAPID-EQUILIBRIUM RANDON MECHANISM
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Figure 2. Mechanism of ornithine transcarbamylase
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Ornithine transcarbamylasey> 7]&AEo] digr Aee] 1-/4  (substrate
specificity)o] ¢ ZF3le] Quelz 7pupil kel /AL 7] H(substrate analog)®] 7
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grSol a4 Aty W3 wanscarbamylation®] vl 280 B3l §4 0
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N

olx 3 el [vsine (Marshall & Cohen, 1980) #} arginine group (Marshall &
Cohen, 1980; Kantrowitz et al, 1930)°] Z&3le = & 7] oYyl Ao+
cvsteinvl group (Marshall & Cohen, 1980)0] &3t} o] Az AAH olv]i ik
A7) g4 vlAgMe] pxA A% 9 Fuf 7lFe iz dFe] FATGANA
Zr A RELHAY. E coli®) argl AR 23] expressions]s= Ornithine
transcarbamvlase @] arginine 572] #7]S site-directed mutagenesis WS o]-8-3}<
glycine©. 2 X 3A171 Zde] qgie] Aol o] 7|7t Fhubglite] ZAgte) %

% 31 induced tit FEje) vl o] WstE frustel @Al Fhupadste]



2 (E-CP binary complex)ol M3d o yel Age]l n{4S ®oFrh  ©] arginine
7)o olsled A EE FA 9 isomerizations FHizEEol F
o] gl SAwo] Ear 1 Aol 200008y FAaskdth (Kuo er al, 1988). @,
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| S
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2
rlo
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3) OTCased # A&

Ornithine transcarbamylasey® 5 %o M= nlEIZrmglol matrixel &
a1 &2el A A @ (nucleus)ol A expressionE] ™ mitochondrial targeting
sequences7t N-terminus 1ol #oilrl. o] leader peptide®] =713z °F 4 kDo)
&2 chal o) wlEERsglolel lxurel 9l receptordl 91de] translocation¥! £
o, Zn(IDel ©] #3}= matrix proteaseel °lato]l 2l 71 €} (Horwich et al. 1984). ©]
A Ao thEh alabe] vl lat ol iiE] &yl ojuidbMde] aGEE el d
o= human (Horwich et al.. 1931 Iara et al. 1933), mouse (Scherer et al.. 1983).
1wt rat (Krause et al. 1985)ell disld o ke Atk Ornithine
transcarbamylasesi= 28laki: Eet 2 wAsolMd o ol& Human 3t rat®l
ornithine transcarbamvlases webg 4kl A4 7FAL vk
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L5 A XL O
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open reading frame (ORF)OlA 89%2] %9 4% 7hx3 vk Prokaryotes®l 7d-5-el
2w E coli®l argl (Bencini et al. 1983 Kuo et al, 1983) ¢t argF (Bencini et al.

19%3). 21@) 3 vhiE prokaryotes®] frAzbe]l @akbel FrvjMdo] 4 Arh



3. Ornithine transcarbamylasce €%
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2) Ornithine transcarbamylase®} Aspartate transcarbamylase ©] H] il

E. coli ZHE ole ornithine transcarbamylase ¢}t aspartate
transcarbamylase  Zhubyl Q14Fel €] F transcarbamylation W& F A ch
aspartate transcarbamyvlase®l holoenzymee 3712 dimeric regulatory subunits®} 27H]

trimeric catalytic subunits©.2 7’ % o] 2t} ornithine transcarbamylase®t #el,

aspartate transcarbamylase®| catalyvtic subunit> ¥ 2FF(\Mre]l 102 kDot 3782 &

23t sybunito. i ¥ o] 2thKonigsberg & Henderson, 1983). =i E coli ¢
ornithine transcarbamylase®t aspartate transcarbamylaseoll ¥sfe] ofbu] ik 4714 A
o] #wkite] wre Fhupullzbel binding domainol siEEch FhubulQldbe] digh ¥
& 42| binding domain® FAsttk. E coli argl®t pyrB Akelel d homologyi
2 35~40% 0] tH( Vet et al. 1984).  Aspartate transcarbamylase2l Zhvbvl QI+t
domaing ornithine transcarbamvlaseel Zhubl 14k domain©.x2 2 3HAIZ chimeric
aspartate transcarbamylases 72 €43t 248 vhebditk(Houghton et al, 1989).
Z chimeric @249 wFS-& &% A o] wild type aspartate transcarbamylase®] ®F

g &1: QAT o7 FAbehal debuel
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iy A AstelA Qe g A FARRY spubnldel Agel solahi: Gy
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phospho oxvgensoll Z3Hslhi: aspartate transcarbamylase(ATCase)2l opun-2b %h7]
o 3= Table 13} Figure 3914 Molz Zxgd oF 7707k vk 21 & 2709] serines©]

289 3o lek o)9F S serine #7113 Table 2014 Mol phosphate binding



proteinsell  #p=

T

phosphorvlation®] %11 target

ATCase® carbamy] phosphate binding domain®] vl -

el gEe opuliegk FHUlibo] wfghria A

Table 1. Comparison of residues implicated in binding and catalysis

of ornithine and aspartate transcarbamvlase from E. coli K-12

LhebLbs oburash VTR A e H O W protein Kinases©l

HdRRElR=y Ormnithine  transcarbamylase(OTCase)

g8 steleh F9 o,

Amino Acid Residues in

Serine
Threonine
Arginine

Threonine
carbamyl

phosphate Serine
domain i
Lysine
Arginine

Histidine

Arginine
Arginine
Amino-acid ) .
. Glutamine
domain
[.eucine

aspartate transcarbamylase”

Amino Acid Residues in

o !
Ornithine transcarbamylase’

a2 Serine 20
23 Threonine )
54 Arginine 57
%) Threonine B
30 Serine 31
84 Lycine 86
105 Arginine 106
134 Histidine 133
167 Arginine 165
231

267 Leucine 274

* Data taken from Honzatco & Lipscomh(1982).

" Data taken from Bencini et al.(1983), and Kuo er al.(1988).
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Fabstvbis B3t 9l



o
E-N
¢
\

NH--- b CHEEQ
Thesa.-~7 U Al _Arg167
NH ' 0 ‘059,;(H oo
/N P 3 7 r{
\//‘\\ Leu 7 c‘o‘
‘, \ 267/ CHz
' \ (010 Vi
Ser \ ’ c
80 ;: ReY ’O‘—— \o
&~
Adjacent 8’4 . RN
Chain Arg" ‘g.;;,
Lys 229
not bound
Tyr Lys |
165 232
Tyt
240

Figure 3. Binding of N-(phosphsnacetyl)-L-aspartate to the catalytic
unit of the holoenzyme, aspartate transcarbamylase

(Volz et al, 1986)
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Table 2. Comparison of amino-acid sequences in the phosphate

binding sites of several phosphate binding proteins”

protein Sequence

- ;chlin L)r(;tcin - g]y-:&cr(OIi)~g]_\“l.\’s:(7')‘a.\’p
Histone H2A ser(OH) -gly —arg(+)-glv
Histone 114 ser{OH)-glyv-arg(+)-glv

Histone 1 gly—ser(OH)-phe-lvs(+)-leu

Glycogen synthetase e-ser(OHD-val-arg(-)-
Troponin tle-thr(OH)-ala-arg(+)-gly
Flavodoxin gly—ser(OH) —gly-Ivs(+)-glv
Adenvlate kinase glv-ser(OIN-gly-Ivs(=)-glv
:‘\S[)eirtz;te :cransczlrbeilxls'lzasc lezt*SCL(?)II’);thrtz;é(i:}jt;rii? 7

Ornithine transcarbamvlase ala-ser(OH)-thr-arg(-)-thr

X -ser(OH)-X -arg(+)-X

or lvs(+)

N 1
Consensus sequence’

* This table is adapted from that in Bencini er al., (1986).
"X represents an undefined amino acid., (<) represents a positively charged amino

acid(tOH) denotes an amino acid with a hydroxyl group.



Fhupd Az AdkstyE otulmal AVIE FolA Arginine 57°]  protein
isomerizationol 838 A& Fcliz ol HiuErh  Site-directed mutagenic
method% ©] £33 Arginine 572 Glycineo 2 | 3hA171 EdWo]l g 3¢
isomerizationo] dojubx] ¢gkrl ol AL charge®t size& #7F FAlA dolwty] uf §-
o "3s] o= @9lo] isomerizationd] o= AL H&& ah=A AL gt &
arginine®l ureodo group®] UthE &-@ake] opujisl 77|19k salt linkaged o]l
7], obUd size7t 2 R groupel glvcine? H groupl @ ®of|l 218tod spectroscopy
R AEE A &y A A Addko] doju} euwl - vupiebAle] Fhupl thell
o1&k jsomerizationd WalatiAl FA A7 ok A% WA chemical

modificationoll &1 8k opu-2t Y| Eo FRAS Lol FeE AAY, A A&

4239 otvly-zk groupti ol 7S AFFrhE A, Hir whwlgol ol

7bel Z2oAe Aps wiz AEA 4He Aol et point mutation2] F5-oll

wooli st Awdog 9 a1 3tk ornithine transcarbamylase®l Serine
550] FZ9 FHul7le] Hoats A WY S EAAA A AtskEdl o]
Aoz » Aa3 gz Eddo] §4E d= AHol ARSI, o site-directed
mutagenesis®#E & o] &5kl olQd =& A3l Wl Serine 559 A& oo}
Wl ek g EelgAla Sdve)alld gest: Aotk E coli YUY Ed 7L
wpl ekl el grgl7h B AFHA M BREa e ol §lv] wiel olE F3Yd
31 Serine 357F Cvsteine, Alanine, Glycine & %3ty Sd¥o] &l E W A7pnapn]

Al g Asge BYsts Aol
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LA o

PCR (DNA Polvmerase Chain Reaction)oll o] &%= Tag DNA polvmerase
¢} Oligodeoxynucleotidesi= Korea Biotechel 4 Fslabed sz, 413t & A (Hind. EcoR
[)eb vl A3 e & BM Koreaol A 153133t} Prokarvotic expression
vector®! pKK223-31: Pharmacia (Sweden)oll 4, Affinitv chromatographyell A& 5]

Matrex Blue Gel A9F DNA fragmentsit o ¥}Al7]=d o] & ¥]3= Microcon
Amicon(USA) A =918kl v), [a-"P]-dATP(spec. act. 3000 Ci‘mmol)&
Amersham(USA)el A #1821 Ampicillin, Trizma base. Agarose, Urea,
Phenol, Ethanol, Sodium  acetate. KCI, NaCl. Ammonium  sulfate, 1 2] KIH.PO,,
Ornithine, Carbamyl phosphate. antipyvrine, 2, 3-butadionmonoxime, (SIGMA, St
Louis, Mo, USA)S & ZobAel2t molecular hiologvel HR% AlkH e w5
SIGN A A ]lske] Ab&3sleith. RNase, T-Vector, Ligase. DNA Purification Kit,
A8t & 429 HindIll, EcoR I (Promega. Northern California, USA), Yeast extract,
Tryptone(DIFCO, USA). Sequencing kittUSB, USA), Thermocyclar(Pharmacia Co,
Sweden), UV/Vis Spectrophotometert KONTRON UVIKON 860, USA)5o] B od-p

oA Abg-&| At

1) E. coli Genomic DNA F4&

E coli Genomic DNAS- DHS e strainlhsdR recAl A (argF-lacZY DU169

O R0dlacZ .~ MI5]2 FE FEH¥AvE WA DIbeS LB plated] L#3de] DIlba



single colony& #8 LB wiAjell A 12417+ &b w3t § Bacterial cell2 5000rpm

HHEES TE 56740, 10% SDS 3u¢, 20mg/

ol Al 3¥F AdFEY 2 HAH

XN
i
N
2
o

m¢ Proteinase K& Z&3le @38 HOE resuspensionstil @ F 37T oM | hr¥
I 4= 5M  NaClg 100/ 7tetar # EFA7IH FAHo 7,
CetylTetraAmmonuimBromide/NaCl & 48 80 7}stx £3xl EgES 65Tl A
105t Bastck M E |ysate® 41 chloroformiisoamyl alcohol(24:1)& ] gj g &,
phenol/chloroform/isoamy] alcohol(25:24: 12 A g|sled FZ3}. Genomic DNAC
isopropyl alcohol 0.688 7}ated #H = A1 7]51, DNA HHAES 70% Ethanoli A 2 ghu}

genomic DNAS TE 100x¢9 resuspension?] 71t}

2) argl w72 53%3} Cloning

argl FA2AE  FE3s7] 98] Table 3oA debidiz 2749
Oligodeoxynucleotides&  T]zFQlate]  3H4d &1l o) N-%et Primere] @714 a&

5-CA GGT GAA_TTC ATG TCC GGG TTT TAT CAT AAG CAT-3'9)3, C-
weke] Primer 971ME& 5-CA TGT AAG CTT TTA TTT ACT GAG CGT
CGC GAC CAT-3’elth.  Prokarvotic expression vectoor. pKK223-3¢] 2% £ i24]
% 7] #8lEcoR I 3% Hindllol &l %3+ Restriction enzvme sites$ 2+zbel N-wu
chap C-det A ol H7FAZ . Restriction enzyme sites& N-2ghap C-vut
b Al dd 2 8& 29 Utk PCRS Thermocycler(Pharmacia Co. Sweden)oll
A FEENoY, argl FAAE 2ug E 2 genomic DNA, 2mM dNTP 1040, 77}
o] N-Zety C-2et primers 100pmol. 10 x reaction buffer 10x¢, 2.5unit®l Taq
DNA  polymerase & #F3te HIT £4  FIrst 100wl M FEAHL
Denaturation &% 94T, Annealing 2%3% 55T, Extension &%+ 720 % 3lgiv}.
Amplificationoll i3t of z2pM3F A}3+& Molecular Cloning®] w48 #aslgdiv}
(Molecular cloning 2, Sambrook. Fritsch. Maniatis, 1989). %% argl 42k 1
% agarose gel electrophoresisell 9]&] 1y} PCR3le] 22 DNAMS

Low-melting-temperature Agarose gel electrophoresis$ 3tod 943ty DNA bhand¥t

_14_



Table 3. Amino acid and mutagenic primers

Amino acid Condon

N-terminus
Wild type
C-terminus

Ser DO TCG

Cys 55 TGC

Glvy 55 GGG

Mutant

Ala 55 GCC

Oligodeoxynucleotides(h'-3")

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

CA TGT AAG CTT TTA TTT ACT GAG

CGT CGC GAC CAT

TTC GAA AAA GAC TGC ACT CGT ACC
CGA TGC TCT

TCG GGT ACG AGT GCA GTC TTT TCT
GAA GAT GAG

TTC GAA AAA GAC GGG ACT CGT ACC
CGA TGC TCT

TCG GGT ACG AGT CCC GTC TTT TCT
GAA GAT GAG

TTC GAA AAA GAC GCG ACT CGT ACC
CGA TGC TCT

TCG GGT ACG AGT CGC GTC TTT TCT
GAA GAT GAG

Amino acid "2 DNA  <equences: -

sequencestt ol dh

AR F AR agarose sliceo] 29 9] TE(20mM Tris

Kuo er al (198310 WWiE¥l argl gene® DNA

- CL ImM EDTA, pH 80t 7}

8kar, Agarose gelir melting2)717) €180, 65C water bathell 4] 3357 goly=2l ),

,13_



2o fHE 23 T F 4 PhenolipH 80E 71dled & s 5000rpmell M

1033 9 resdnt, 5843 micro tubesdl &3 F. FEHAI} FEo

chloroform/isoamyl alcohol(24:1)% 7Fatel 2 E& &b, 5000rpmeol A 10% 7 A4 &2
sttt tha], 8 A=y polvstyrene centrifuge tubesoll %711 29 etherd 7}
gte] 3% ¥, 5000rpmeol A 1043 14 elskeivtk etherd& Al 7 0 v &
o] 0.2¥42] 3M sodium acetate(pH 4.8)% 7Febir A B Ao 2w o] ethanold 73k
ol z Egslar -70C ML Fare] 2413 F9vh polystyrene centrifuge tubes$
10000rpm, 4Tl A 158 4 8skar vacuum  dry ovenoll M A E:AIZ ¥
TE(20mM Tris - Cl, ImM EDTA. pH 80)o mol DNAES &84 o 2 44
gtart. A A argl F 3% DNA9F @& wEQl pKK223-3& EcoR I 7+ HindM 2.
oA 2% AsagAz 2 DNA fragmentsit Amicon? Microcon-302.2 o] 3}
Al 7131, T4 DNA ligase® ligationAl Ztl.  Shot-gun methodol ¢l3&}) argl + @ %7}
A Z8tE plasmide TB 2[E coli K-12:o0argl-pyrBllargF 1 M Xl &2 43A%H
tf, #AAZ A7 TB 2 cell& M9 minimal plate(lmM Uracil, 3ug/m¢ Ampicillin)
of =ttt M9 ampicillin plateol 2 & colony-E 50ue/m Ampicillinit 2] 2] ¥

LB s #lell Al wieksto]l A z3t Eepavjmg FRdgo]l ¥ AMEs A0

3) Ornithine Transcarbamylase®] F& 2 A A

AN z3  EeAv=(pKKlarglE %38l TB 2 cellel  colony S
M9/Uracil/ Ampicillin/agar plateoll A d@ &t #izvh S0ue/mé Ampicillini: 3-8t

17 LB #ix] 1Lo A xg Eebsav]lipKKargDE 7FA 1 i TB 2 celld 37Tl

-

Aowka sokgic) AlE siFeRS 5000mpmoll A 20350t 1Al delste] H A A7l
HAES 280 9] breakage buffer (100mM KH-PO.,’40mM L-omithine, pIl 7.3)°l
olth, 4 E¥:S Ultrasonicatori 40% St IyvsisAl 7] 3L, icedll A 18- WzhAl 7l &
thAl A3 ekl S Ultrasonicatorsz 3~43] whalol lvsisAl 7] 5L, iceoll M v zbA| 2
th, ol AE widdE 12000rpmell A 2037 QARG FEANES 65T

water batholl A 10839 742 A1 713 jce bhathdl Folirrl, AbZAwre FHsiAM 40%

- 16 -



ammonium sulfate saturation®: 3 3 4132 8lo] AbZdAur S FHSku}p  v)pa], Az

w5 FEok 60% ammonium sulfate/ 50mM potassium phosphate plH7.5 & oo =
AW 30389t stiming Al 71W AL 9l F0 r o] A 7ick. A M S0t} o
20mM Tris acetate bufferipH7.5001 4 dialysisAl 21c}k, BM A1 70 g4 280 4

Matrex Blue Gel AtAmicon)column it 0~0.50M KOl gradientd o] -&8Fe] el A7)

U &4 NS 10mM Tris acetate(pl7.530e A1 A A1 7151 Amicon®] el A ek
71 sEA % Laemmli ' methodell Wil #7983 Coomassie Blueit o
A5k sodium dodecylsulfate polyacryvlamide gel 72 & 49 homogeneitvi: 913}
FIRE

4) Enzvme assavs

& o

ol 98 Steadv-state 2V &Rl 3 Bipe] 1 AS galdeEle] wnil
ALGAlAIAL A s v A o] iy WERA A 7hE A ofAlo) i FElate] o Aafil

U RAE QR upuielde] e Eawg S wE W EGTel s

h¢

FVoQlakel Hobspwad Al#bin) o &Y 453 Pastra-Landis methodS o] &38Fe] -8
ARl Lecitrullin®] A& A4t &owge 3% obAlEA %9l
0.8% 2. 3-butadionmonoxime-£ 0.8z 100m¢) 2 50% 4kl mlg] fall¥lo] ¢)i-

antipyrine(g/1 ¢ )& R3] [20] 82 o] vHE color reagent® z R AMslaxp sbi-

A1Eyte] 2mes 7pgho i wbSol Furgivh & 7)1 AR nonlinear regression
methods& o] 83k Michaelis-Menten equation (equation Dol # 38k W o Fu,

v = Vi S (KN + [S]D (equation 1)
o] 2ol A,

Vi Rate of catalysis. Ky Michaelis constant, Vi Maximal rate. [S]: Substrate

concenturation©) .



5) Site-Directed Mutagenesis

PCR W& Ed¥old E coli argl FAAE FAs=d ¢4990. ¢
23 scheme Figure 49} £t} Table 39} o] r]zpeld 2709 S9¥oeld PCR
primers< Zt SdWole] DNAF IS A =d olg 8"t HAAIZole] S o)
A argl FAALE 5- 9} 3- 2t primerse AHS-3le] 270¢] FHAIDNAs 2HE &

Z A tHDenaturation, 94C, 30sec : Anealing, 65C, lmin ; Polvmerization, 72C

olN

2min). Agarose gel electropharesis= ¥+ A3, A Fo] &4 € DNAS Fl3l,

FH Zdwol grgl FAAE pKK223-3 E coli &M E ) ligationA]7] 3, SR Ho

ta)

% deletion mutation® argl 842 71X A= E coli TB 2 cello] &2 W34

=

d
- > |
o 1 >< > 3
A et Ugrow B*T
c

Figure 4. Strategyv for PCR site-directed mutagenesis
A, B ! restriction enzvme site
¢, d ! mutant primers
a . b'~terminus primer

b : 3'-terminus primer
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6) DNA Sequencing

TER FAMol argl FAEAEG #@R1Ev] 91 HE A wWioi DNA
Sequencing s AHEskAth cloned d¥stel DNA Purification KittWizard mini
colum. Promega Col®. it DNA &48kA el 2@ HA3 ¥ Sanger®l
Dideoxy-mediated Chain-termination  method(1977)5F o] 83lo] ¥ 45kdck. =4 34
A plasmid DNA 1~2u¢3F template DNAR AF&315L, o 7]o] 2N NaOH2mM
EDTA 2piis 7b5Fol 2l@-ol A 537 WA dic), W as] & Eppendorf tubeol 2.5mM
Sodium acetate(pln.2) 3prfs A 713 3 cold-cthanol 7op¢5 2 #3F8ke] -707C oA A
15378 kst il v 12.000mpmell A 153 Akl sle] g Ede B
3L 70% cold ethanol 200pv3: 7F8FIL 12.000rpmell A 167 w2l @i oAl A
NS YAl DNA pellets S 99 3 Z-ggeol M 7144

Template DNA(]1 ~2u09] 3x sequencing buffer 240, primers 1ugS #7138
3L 65Col A 2gE ZRR-g 3 ARkl WEE] 2E A Annealing A1 ATE 0N DTT 1
at, Labeling Mix (dGTP) ox concentrate (7.0 M dGTP, 75xM dCTP, 754N dTTP)
2uv. [a-PYIAATP 050, sequenase 2 unitsiy &88te] 2204 557k labeling W3S
stact 37T Pre-warm*1%] 4702] termination mixture’t 59125 Eppendorf
tube(ddA, ddC. ddG., ddTell labeling  ®F2-S- 3b gol 35,8 zbzE g7 o]
Eppendorf tubeell 7F&ked 37 Coll A 104-7F Termination ¥ES-& A AIEEATE Stop
Solution(95% Formamide, 20mM EDTA, 0.05% Bromophenol Blue. 0.05% Xyvlene
Cvanol FF) d4pvMS Z2H2E 470 2] termination mixture?} $591 911 Eppendorf tubeell
7Fske]l  Termination HF8-% W37 fch Sequencing gel H719%-& 3k7] 9|8y
samplesS 75T ol A 247 7he-gk & o 9-Sof] W zhA] o

Sequencing gel A 7199% 2 8% polvacryvlamide/6M  urea gel3 ©]-§31d
1600Vl A 5413 &9t runningdtith  dvledFeo] #ubd 10% MeOH/CH:COOH
(Dol A 4047 fixing 212 3, Sequencing geli: gel drver® 2417 dw welct
Sequencing gelo] v N-rav filmS WA A 70T 1243 L =EFA7

F.filmS #@gskel ki Aok
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1. Wild type argl/® cloning 2 %<l

Ornithine transcarbamvlase® argl FAAS 2317 A3, Wild type
E. coli genomic DNA= ¥ argl #3AS5 PCRZ ZEAIZHAY. ZFE317] 93
Oligonucleotide primers2 #WaWE ¢l pKK223-39l cloningS AA138t7) 918l HindII
9} EcoR [ &4 9] restriction site> F7FAJEHAT Oligonucleotide primers& Table 3
2 ZAz3gdt. ZF Z42Fe] primerd &4 W3l £ & 7122 FAE38lE restriction
enzyme site?] 5’ sidedll 5702] extra basesE F7FsIAt. PCRE 3t A7|9F S

g A7} Figure 501},

Figure 5. The results of the agarose gel electrophoresis for PCR

product of argl gene.

| » 1 2_3-M Lanes 1 and 2; genetic DNA of DHGaas a
template for argl gene amplication. Lane 3;
total DNA of TB 2 cell Ivsate as a template
for PCR. The TB 2 cells used in this
experiment were supposed not to have a
mutant arg//pUC 18 plasmid since the
plasmid was cured. Sizes of the molecular
marker were 2.18 kb, 1.77 kb, 1.23 kb, 1.03
kb, 0.65 kb, 0.52 kb, 0.45 kb, 0.39 kb, and so
on from the top DNA band.

10 kb —




PCR3}4 22 DNA¥#  Low-melting—temperature  Agarose  gel
electrophoresisE o] &3lo] =438} DNAE ¥ 9 AAsdt. Wild tvpe argl
A7 GEHG = S WY A8 E coli TB 2 cell€ host celli2 A} &3k}
E coli TB 2 cell& pvwBIt argl F+d#7F 25 A A% M uracil® arginine?b 1
= mediumoll Mz &b F7F gltd pwrBIiE E coli aspartate transcarbamylase® &
Hatolth, 424 Byl W A A grglol pKK223-3% Hindll® FcoR 12 @i, o
A7 F LigationAl # 2 28Hsl pKK223-3/argl¥ competent TB 2 celloll & 2 4 %}

A ek, 2 A3 cloneo & HE plasmidit %38t EcoR 1 3} HindM =z} %

ol agarose 7|9 E s A7t Figure 6 °olth. cloned argl S A #7F 7153 o5 ut
o] ¥i=# FAEk7l Y&t 453 TB 2 AlE e pKK223-3iargl plasmid = &34

H2¥l TB 2 colonyd “w¥sl”] ¢ tbed3dl growth conditiond Zt+ platess whis

o] screening 8t # ¥}7F Table 4o]tt,

Table 4. The wiabilities of TB 2 strains under various growth conditions

Growth conditions

Strains : S mm e e =
LB amp M9 Uracil/arg M9/ Uracil M9/ Uracil‘amp
TB2 X 0 X X
B2
[0} O O O

(pkk:sargl)

amp, ampcilling argl. arginine.
O indicates that the bacterial cells could grow on the media. and X means that the cells

were not able to grow on the media.



Figure 6. The results of the agarose gel electrophoresis for

pKK/argl plasmid.

- Lane 1; pKK/argl digested with EcoR I

1 2 |
: i and HindII.
Lane 2; The PCR product of argl/ gene
4. |
_ S kb - . ' as shown in lane 1 of Fig. 3.
1.0 kb -»

2. Wild type argle =& 2 39l

oflt

A3E TB 2 M XA A4F38}= ornithine transcabamylased Y X FA
o 2]gt ¥ (ammonium sulfate fractionation), 9¥ A (heat denaturation), Amicon’s
Matrex Blue Gel A #3}4 = =2ro}l% 12 9 (affinity chromatography)g Al43le] &=
FaA Edstdrh. & ExiArig &4 R 2 AA TS AR 9T
d

SDS @9 H7|9E3 AHA7} Figure 7otk Z2YE arglE Ry o4

1)

Omithine transcarbamylase®l K.} ke #2 WEET u/RH$5L Wild type9
Omithine transcarbamylase®] ¥H&-4:% o7f¥4=2} wlwdle] Jeb® A}7) Table 5
ol



Figure 7. The results of the SDS polvacrvlamide gel electrophoresis

for the expressed argl gene product. Lanes 2 and 3; Two

: protein fractions of which had activity of
ornithine transcarbamylase were applied on
the 7.0% SDS polvacrvlamide gel. They were
collected by the use of the Matrex Blue Gel
A column. Lane 1 was the protein molecular

size marker. The sizes of the molecular

marker were 94 kDa, 67 kDa, 43 kDa, 30
kDa, 20.1 kDa, and 144 kDa from the top

(]

= =
g &
S &
P -

protein band. The calculated molecular size

of the fractionated protein was 38 kDa.

Table 5. The comparison of Kinetic parameters of E. coli ornithine

transcarbamylase.

Sources Kear(min™) Ko H(mMD? KaP(mM)®
E. coli K-12 1.4x10° 0.32 0.05
TB2 (pkk/argl) 1.0x10” 0.35 0.06

Ko™ Michaelis constant for L-omnithine, K" Michaelis constant for carbamyl phosphate,
kea turnover number of the enzyme.

* The enzymic reaction was performed at 2mMI carbamyl phosphate in Tris acetate buffer,
pH 85 for 5 min at 25C. The range of L-ornithine concentration was 0—~6mN].

® The enzymic reaction was performed at 4mM L-omithine in 50mM Tris acetate buffer,

pH 85 for 5 min at 25C. The range of carbamy] phosphate concentration was 0~2ZmM[.



3. Site-directed mutagenesis

AR ole] SAWH argl FAAE E coli AR FE237] 3o
DNA Polymerase Chain Reaction(PCR)& ©]-8-& Site-directed mutagenesis %42
%918t Serine 552 Glvcine, Alanine, Cysteine®. 2 =@WolAlZithk. Table 33
Figure 49 mutagenic primers®} PCRE ©]&% site-directed mutagenesis®Hd-S 7|
&89k pKK223-3 LEuEe 229 QD argl FA2] wild types FEFL
2 Atgatgh 2709 S @wold primersst 5-2Y primer, 3-Z%Y primer2 ©l§
ste] zbzhel o7)9) Swold FTAE FEauh. 59 I-FdNel" FHA
ga A A7)9F A7} Figure 89 Yebd Aok AAZole) Sl argl
Ax2 A7) 98l PCR template2 2709) 5-3 3-5@wold F AL AHE3lx, 5-
gt} primer, 3-2¢ primers o]&3te PCREZ S%3% A7 Figure 901, F
Figure 9= AalZole] Sdwold argl #AAE PCRE AT FAAE  gel

electrophoresis 3 7ot}

Figure 8. 5'- and 3'- DNA Intermediates made by PCR

—
(93

5'-Intermidate of SOC 55 (Ser—Cys)

N

5'-Intermidate of SOG 55 (Ser—Gly)

. 5'-Intermidate of SOA 55 (Ser—Ala)

= W

. Marker (1.35, 1.08, 0.87, 0.60, 0.31,
and 0.2~0.28 kbs)

3'-Intermidate of SOC 55 (Ser—Cys)

o

3’-Intermidate of SOG 55 (Ser—Gly)

N o

3'-Intermidate of SOA 55 (Ser—Ala)




Figure 9. Mutant argl genes made by PCR

1. SOC 35 argl (Ser—Cys)
1234 5 AL o= - R
) 2. Marker (1.35, 1.08, 0.87, and 0.60 kbs)

3. SOC 35 urgl (Ser—Gly)
4. SOA 55 argl (Ser—Ala)

4. Mutant argl® cloning ¥ #¢<J

PCR&E & AAzar|e] Edold urgl FAE 4384 ¥237] A%

o] Low-melting-temperature Agarose gel electrophoresisZ ©] 83l £4314 DNA
£ He g AAFct 4 gk Mutant arglet Eoocoli F@WE el pKK223-32

HindlM ¢} EcoRI = #2731, A3A17] & LigationAlA AZFE mutant argl’

pKK223-32 competent XI.1-blue cello] & AAfAzitt HAAH cloneo 2 F
E] alkali-DNA mini preparation®}-S ©]-8 3} plasmid® F%3}e] EcoR [ ¥ Hind
Mz A2 F, #7149%3s 237} Figure 100]th, F24YH 7t Sddo] A5 =

SHA

do] oBE Sanger® Dideoxy-mediated Chain—termination method(1977)0l 2]3}e] At

71 444 g 237} Figure 110t



Figure 10. The results of gel electrophoresis after HindIl/EcoR
digestion of Mutant argl/pKK223-3

« 1. HndIll’EcoR I cut of SOC 5 argl/pkk (Ser—Cys)
« 2. Marker (231, 94, 66, 44, 23, 20, and 060 kbs)
« 3 HindlIVEcoR T cut of SOG 56 argl/pkk (Ser—Gy)
— 4 HindlI’EcoR I cut of SOA 5 argl/pkk (Ser—Ala)

. HindII/EcoR I cut of pkk/arg/

< 6. Marker (1.35 kb, 1.08 kb, 0.87 kb, and 0.60 kb)

1
(@2

Wlid tyvpe argl/ Mutant OSG Mutant OSA
(«<TCG) («—GGG) («—GCQ)

Figure 11. The results of DNA sequencing of Mutant & Wild tvpe

E. coli ornithine transcarbamylase.



5. Mutant SOC¢| #3&

Serine 35 cysteine® 2 X8 A7l Edwo] 4% PCROl 93ty FTEH
muatne argl7}t A3H pKK223-3 plasmidE  competent TB 2 cellol B8R H8 A1
t}.  LB/ampicillin 1A vzl A M eidt G2 colonyE LB/ampicillin A v Zj o)) A
watol wioFgt Fo 2zlE] wiAloA]l E 3PS wiekEldh wikd ulElgiols R
Mg GBS 3 affinity chromatographvE 3 237} Figure 120]th, &49]

Aol )3t ololE 3+ AR, KCI gradient®] &4 dlalA elution® fractionZ 2] 3}

Yol A E4e) $4de] vhehgth

2071
/
o -+
g 0.5
=
Enzyme activity shown + C
g
0.0 +
+ 4 + + 0.0
1 20 Tubes 4g 60

Figure 12, Purification Profile of Cyvsteine—55 Mutant E. coli ornithine

transcarbamylase



1. Wild tvpe arglel cloning % <l

Ornithine transcarbamvlase® argl S3 25 F243st7] 94s8te], Hindet
FeoR 1 & 229 restriction sited 7FA 3 & PrimersE o] &3t Wild type E. coli
genomic DNAR Y€ argl f 47 PCRZ ZE A7k PCR #4e& 2 A7)
wak 73}, Figure 59l A 130 Jane 13 23 E coli DH5a @ genomic DNAE +
sloir sto] QQeAolal, lane 3& ARES) argl FHAT AAL TB 2 celld
total DNAS =8 o2 PCR & 71 0. negative control® AF&&ivt 1 A3} Jane
13 23 DNA® 227]7F 1.0 kbe] @l 928 4= %31, lane 3ol A< bandit
4 ¢loltl,  Low-melting temperature agarose gel electrophoresis® ol -&3to] PCR
ool DNASE ar4sbAl el 2 Aasidd, Wl 2 A argloh pKK223-34F
HindlI$ EcoR 1 & #biisl, ofmpa)7) & LigationA# 2 32%% pKK223-3/argl %
competent TB 2 cellel @2 #8220k, @245 clone s HE plasmids #&
sto] EcoR 1 3 HindM & &<t 73}, Figure 6olA 2 & %ol lane 1& 2749
bandir 219 4= ddvh 94714, 45 kb2 717F pKK223-3013. 1.0 kbA717F argl +
Azkelth Wild tvpe argl S A7 @A77 AREEE host cell2 E. coli TB 2
cellis 2pg 8t E coli TB 2 cell® pyrBI®} argl +3 27 25 A7 =l Uracil
2 arginine?t $137 mediumel 3= A# F7F glck cloned argl A A7E 7l H O
iLowrd o sl dolr ] 91l pKK223-3/argl plasmid 2 BAAEE TB 2
colonvet %% TB 2 A%% thadl growth condition % platesoll M screening 8t
9y, Table 49} o], TB 2 Mi= arginineol §137 M9 minimal mediumel A1z
spob 4] @Fi- 2 0.2 Mo} Ornithine transcarbamylase2l 71%ol srolshi- U7 2

WEjo] 9 oo ob s qivy wkdel, pKK223-3/argl plasmidg $Hedtal ol dE Wt

-
sy

TR 2 41 Aot~ arginineol §13* M9 minimal mediumol| M % o - # #je}
oA o i Yol pKK223-3iargl plasmid7t #2d HALe ¢ F Jdrk wE

Ampicillin @i 2 2]¥ M9 minimal medium® LB platesel 4% TB 2 Al32£<Q1 85

4‘38,



MY 2edn) ek vk pKK223-3/argl plasmid7t # 24 Foldiz TB 2 AxEQl %
23 Ampicilline. & Agxol Ao Bty #F el e Hol Ampicillin

o] Aol iz FHEAT 7hA AL A= pKK223-3/argl plasmid?’} 224U

2. Wild tvpe argl® ¥38 % 29l

gaAgE TB 2 AZEeld 4238k Ornithine transcabamyvlase< $FR.# %5l
olak  YSHammonium sulfate fractionation), @ W A(heat denaturation). Amicon’s
Matrex Blue Gel A 21804 =tiioli 2l 9l (affinity chromatography)2 AF&3sle] o>
Feb Welstda. &4l WA E WEl ¥ g4 BxE A4l 9%
SDS vkl A A7) sk An 38 kDal & ol F =348 el band?t o] S Figure
7ol A 4 ol

2y grgli ¥ W8 E Omithine transcarbamylase?] Ko kew & 24

L w/EES Wild typeel Ornithine transcarbamylase® HH-&&5 vf7i

429} vl astel W, Table 5 oA MiLo],

|

295 g§47F Wild typeel Ornithine

transcarbamylase @t v $ FARSES- ek 4= it

3. Site-directed mutagenesis

dA71olo] HeAWol®l argl FHRAE E coli MEA 24937 flste

2

DNA Polymerase Chain ReactiontPCR)S o} #3F Site-directed mutagenesis W&
=918le] Serine 55 Glveine, Alanine, Cysteine®. it HdAWo| A7t E coli
PKIK223-3 wrE vi]e] ZF2y9 89y argl FFd2e] Wild tvped F3 o2 ALE33]
ar, zkzrel 2she] melwoldl primerset 5 e primer, 3-¥9 primerS o] &3t
zbzbel 2s)e] Eelwolyl T7HAL FESQIVE 5-9F 3-EAWolgl kAo gt

A Avd% A7t Figure 8ol UEhg Qlisdl, S-melwold Fuhal 2v)7h ook
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02 khelar, 3-Edyol®l F7hAe] =77k 0.8 kbelth, A el EHARold
argl FAAE A7) Y&l PCR templated 2702 5~ 3-EAWeld FUHAE ALE
st ar, 35—t primer, 3-2% primerg ol &3] PCRE T3 23 dA 7 ol9]

wagoly grgl FAA7E F4EAG. Figure 9914 B 5ol 1.0 kbl HA Zol9

k
mutangenic argl fA2HSOC, SOA, SOG7F &89S R Qo

4. Mutant argl@l cloning % <l

(=4

Low-melting-temperature Agarose gel electrophoresis& o] &3ste] 43814
DNAE ¥el W AaAsdvk 4 e Mutant argl®t E. coli EMEQ]
pKK223-3% HindM ¢ EcoR 1 & #iir, oAzl &, LigationAl A 2%+
mutant argl/ pKK223-3% competent XI1.1-blue celiol & A A g A| 2k &4 x 3yl
clone® % €] DNA mini preparation®-% o] £3Fo] DNA plasmids +&38kaL, 8
2243 cloneo iz YE] 92 mutant argl’ pKK223-3% EcoR [ ¥} HindIli 2}pix
A3 Figure 10, 11914 Kol #3io] 45 kb7 7 pKK223-30]aL, 1.0 kbZ 7|7} argl
T olul, EHAwoly] zb Eolwlo]l fF bt Edo] o3RE DNA sequencing
gro i #9lst et Figure 119lA B 5:o] 2 siEol si@dstes G711 A Al#lo]

oretvlwt sFulolal o g MR QS-S HolFEr)

5. Mutant SOC¢} 23

Figure 12014 18 2} Roli:8 of4o] & Az KCl gradientstoll A 12
Wonzol shiboll A F Aol g8 bk W2 DNA sequencing$t Aol o
o) Serine 557F cvsteine 2. i A3kl o UR EelxFpupulabA vt Ao vhiio]

B89 el welve] wal shgel Walh o PEAX HAL 5N FRA

ALTT Rl

Wookae mawAdel v st Aee AN Mdn Axge sel AU
of 2z thiel AlsElel & 47 ABElolA 1 AL okk wE K AW 27

- 30 -



Aste] Eobzb 2 okl 8 slon vldgiEo] Hdwolo] ot g Agdel WMot

s oA goeleha ghebEin

LA S

Qo] o] &8 Egtslol WU, £ coli 2VE Ed At ElA 9] isozyvme

o Mzt Fol gl argliy #id st al ol e Serine 559 A W] 9
g Cys 55, Ala 55, Gly 559] #elwlo] oud malxvjupidviae)l wa A xge 3

gabgith oro ©l favlelerst elnie Hdwel Aaid washAl REste] w

S&i A Aol Spectroscopic A ¥R 9ol wild type orithine transcarbamylase©

ARk b Al Mg o M Serine 559 A& ¥ Ve H QeE Wrelaah



o
_Lg
a

Escherichia coli®] &l Edxglupdepali= ob23d A FaelM 2

Ve gpupelelo gy AEgde] 4% HAAFE ootk o AA: o
?) 7}#] Phosphate 2§ whiao] 7pxa gli= fFAFE ofwet M Eel & bl

o] S furaliz SurAEEe) o] & 4ol ¥ domaind & Aol FiwpElite] Hgt
o ghied] v]edEtek woolgtel BMO [ocofi SUE EdagiubebA ol Ser-559
Fuj o] @1ES e praly] 918 HAwe] AAE i Aotk Serine #7]i A
inovhir o molel AekE b4 3 9lis Cysteine, Alanine, 712]151, Glycine 0.5t 1 o]

At Eewel s A171v] 9%

1

=
N
oft

Bol Wild tvpe argl FAze} ZFolibiz &bt
MAsto A el Fiel ghupbn kAol Serine 55% 719l Ashg ¥yl oF 4 Atk
DNA polymerase chain reaction(PCR)-& o] &38to argl #3428l Serine 55 9] %] i%
Site-directed mutagenesistdilol o]z EdwolAZt A HIdF el Hikir Ser
5501 Cysteine, Alanine, 2231, Glycine2 2 2% mutant argI A wrE g
ol pKK223-301 #2y HSe woFrh. Ed¥eld A7I7l A% +3 DNA
wild type argl FA25 A&, ol fH A= E coli strain DH5a 2l genomic
DNAF 2% 8bo] PCRel o8k W o Advh ZE% arglv pKK223-3¢ Al
A TB 2 cellol &Rxg Azdon L&y dulze] e Mdujuld o¢ A
G20l Bgo i elFdry. SDS @A WU
tvpe E427F S48 ol

Agdon % Age ANzA £ coli oU8 Bdzstubackdel §ix

oLG
h
=

k38 kDa 17]¢ Wild

o argl7b FRY s o, Serine 359 F39 slwel i elE AE 5 i

Woiwolyl ritito]l gr ot



Bencini, D. A., Houghton, J. E.. Hoover. T. A., Foltermann, K. F., Wild. J. R. &
O'Donovan, G. A. (1983) Nucleic Acids Res. 11, 8509-8518.

FForeman, J. E. & Nichaus, W. G. (1983) J. Biol. Chem. 260, 10019-10022,

Hara, A, Tsuzuki. T.. Shimada. K., Takiguchi. M.. Mori. M. & Matsuda, 1. (1988}
J. Biochem. 103, 302-308.

Honzatko, R. B., Crawford, J. L.., Monaco. H. 1., Lander. J. E.. Edwards. B. F. P.,
Evans, C. R., Warren, 5. G, Wiley, C. C., Lander, R. C. & Lipscomb. W.
N. (1982) J. Mol Biol 160. 219-263.

Horwich, A. L., Fenton. W. A, Willilams, K. R., Kalousek, F.. Krause. J. P.,
Doolittle, R. F., Konisherg, W. & Rosenberg. .. E. (1984) Science 224,
1068-1074.

Houghton, J. E.. O'Donovan. (:. A, & Wild, J. R. (1989) Nature 338, 172-174.

Itoh. Y.. Soldati, 1.., Stalon, V., Flmagne, P.. Terawaki, Y.. Leisinger, T., & Haas,
D). (1988) J. Bacteriology 170, 2725-2734.

Kantrowitz, 1. R.. Pastra-lLandis, S. C. & Lipscomb, W. N. (1980) Trends
Biochem. Sci. 5. 124-128.

Kantrowitz, E. R. & Lipscomb, W. N, (1988) Science 241, 669-674.

Krause, K. L., Volz, K. W. & Lipscomb., W. N. (1987) J. Mol Biol. 193. 527-553.

Kuo, L. C. (1983) Proc. Natl. Acad. Sci. U.S.A. 80. 5243-5247.

Kuo, L. C.. Miller, A, W, Lee. S. & Kozuma, C. (1988) Biochemistry 27,
8823-8832.

N

Kuo, .. C.. Caron, C., Lee, S. & Herzberg, W. (1990) J. Mol Biol. 211, 271-280.

C

Lacemmli, U, K. (1970) Nature 227, 630-685.
Lee, S, Shen, W-T1, Miller, AL W, & Kuo, L. C. (1990 J. Mol Biol 211,
255-269.

Legrain, C. & Stalon, V. (1976) Fur. J. Biochem. 63, 239-301.

- 33 -



Levin, B., Dobbs, R. H., Burgess, E. A. & Palmer. T. (1969) Arch Dis. Childhood
44, 162-169.

Maniatus, T., Fritsch, E. F. & Sambrook. J. (1989) Molecular cloning-A Laboratory
Handbook, Cold Spring Harbor Laboratory, Cold Spring Harbor, N. Y.

Mare, R. H. & Miller, R. D. (1979) Arch Biochem. Biophys. 195, 103-111.

Marshall, M. & Choen, P. P. (1980) J. Biol Chem. 255, 7287-7290.

Pierson, D.I.. Cox, S. L. & Gilbert, B. E. (1977) J. Biol. Chem. 252, 6464-6469.

Ratner, S. (1973) Adv. Enzyvmol. & Related Areas of Mol Biol 39, 1-90.

Scherer, S, E., Veres, (. & Caskev, C. T. (1988) Nucleic Acids Res. 16,
1593-1601.

Short, E. M., Conn, H. O., Snodgraa, P. J., Campbell. A. G. M. & Rosenberg. I..
[£.(1973) New Engl J. Med 288. 7-12.

smith, J. A., Struhl, K., Seidman, J. ;.. Moore, D. D., Kingston, R. E., Brent. R, &
Ausubel, F. M. (1987) Current Protocols in Molecular Biologv. Willy
interscience.

Volz. K. W., Krause, K. & Lipscomb. W. N. (1986) Biochem. Biophys. Res. Comm.
136. 822-826.

- 34 -



	표제면
	ABSTRACT
	I. 서론
	II. 재료 및 방법
	III. 결과
	IV. 고찰
	요약문
	참고문헌

