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Determination of Active Site in PRD1 DNA
Polymerase by Site-specific Mutagenesis

Hwang, Jungweon and Guhung Jung
Department of Biology Education, Seoul National University, Seoul 167-742, Korea

ABSTRACT: The PRD1 DNA polymerase is a small multi-functional enzyme containing
conserved amino acid sequences shared by family B DNA polymerases. Thus the PRD1 DNA
polymerase provides an useful model system with which to study structure-functional relationships
of DNA polymerase molecules. In order to investigate the functional and structural roles of
the highly conserved amino acid sequences, we have introduced three mutations into a conserved
amino acid of the PRD1 DNA polymerase. Genetic complementation study indicated that each
mutation inactivated DNA polymerase catalytic activity.”
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=k o]E& human DNA polymerase aS it
s, virus2H-E] AP Eo o]l2iz vhofit 4o
o] ArdA o 4] BAH o Bernad er al., 1990). 7]& ¢
ool BlFo] Eu, conserved region 12 poly-
merasing auiw site2, region 112} IlIs= INTP
binding site® FA% 2 lti(Argos, 1988; Gibbs
et al, 1988; Knopf, 1987; Larder et al.. 1987).
PRDI12] DNA polymeraset Family B8] DNA
polymerase® & 7F AciJung er al. 1988:
Knopf, 1987; Larder et al. 1987) PRD1& og]&
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directed mutagenesis 333, 7 A3} BEH o) 4
ezt dejudwl DNA polymerase) com-
plementation s¥e] §le]z& u¥hgc)

e R ouky

ABRF

AN 2% plasmid®) 52 E coli NM5228} E. coli
RZ1032[HfrKL16, PO/45{lysA(61-61)}, dut, ungl,
thil. relA1]1(Kunkel, 1985) 7} A}-8-5¢]c}. Phagemid
expression vectord! pEMBLex32  European
Molecular Biology Laboratory2%-€] 9d9jow F
coli HB94(ram A7, HfrH, Gal~. pLM2) 2} mutant
PRDI(sus2)+= Public Health Research Institute
of the city of New York2] Dr. L. Mindich®Z -]
3%ith. Helper phage?l MI3K072 IBIZHE T
sJ3ksdch
Computer 244

#ibat bl Mol BA software systemdl PC
/Gene W9 program PESEARCHSE Ap&3le] 1.
&8 opr)xAgt AqE Agton wF REF o}y
Libe AF §qlezx zalslgick(Moore e al,
1988).
Site-directed Mutagenesis

Uracil& 233} single-stranded plasmid DNA
(200 ng) 2} 214134417 oligonucleotide® 20 mM
Tris-HCI pH 74, 2 mM MgCl,, 50 mM NaCl 2
Fdell 1:209] v]E2 4idch o) Edg 65Tl 4]
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7HA BEE 7P oA kanamycin(100 pg/
mD) @} ampicillin(100 uyg/ml) & 53 w=z|o 4] A
Hatsde}. Plasmid pLM2+ kanamycin®. 2 28]3
pEMBLex3+ ampicillin® 2 A ¥}t Sodo)x
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(sus2) & complementdls & 34137 9.
PRD1 o}Al# mi= PRD(sus2)E, pLM29} ofz
AHzF  Eolye]l plasmidE  7hRlE £F9e)
platingdhsic}. oju), mE wfxje] kanamycin(100
ug/mN# ampicillin(100 yg/mH & A7stac)
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Conserved region Il

Family A

E. coli poll (749)  VTSEQRRS-B-MA- INFRLIEMSAFPLA
S. pneumoniae pol I (698) VTANDRRN-§-BA-VIFRWVIRISDFRLS
T. aquaticus poll (654) VDPLMRR-AR- BT1-SFRVLEIMSAHRLS
TS (557) LFPALRE-AQ-NA-ITFRILIEE- SBPAKVAHS
7 (516) D-TR-DN-8TF 1 -YRFLR-ABDEK 1
SPO2 (432) KGSPLRE-KG-WAEL-ALGIQE-BIGAL
yeast NIP1 (744) SR-NEQ- N1 F-RYBRITB- ABAKFAS
Family B

maize S-1 (606) AKGEKALDFIYRITMES--LIBRFE! -SB
A. immersus pAI2 (940) TPDDPMYFIQ-ALLMER--LRFR-MDE
C. purpurea. pClK1 (787) NNVTEK-NIQ-BLILEE--LIBRFIMNIN
K. lactis pGK11 (775)  NNKVKR-NV- 1 Nt IMEB-- LVEKFAQKWY
K. lactis pEKl2 (760) QPCPIR-MVR-M1ALN-BGGHIKE-VQKE
S. cerevisiae REV3 (1076) RLLNNKE-LBLILLAR-VT-BYTSASFS
S. cerevisiae CDC2 (688) DVLNGRE-LELMISARS--VIFTRATVE
S. cerevisiae poll (934) vQCDIRIQ-ELRLTARE-M-JBCLEYUNS
human pol a (940) LQYDIRE-KRLALTANE-M-[ICLEFSYS
HSV- 1 (800)  AVLLDKEQARI BvVCIN- -VIEFTRVOHE
vzv (764) AVLLDKERARIVVONE--VIERFTRVAQR
BBV (670) RTILDKIOLEIXCTCE-A-VERFTRVAND
HCMV (800) RMLLDKEIMILIVTCR-AF-IBFTRVVNE
FPV (637) TLYDSLE-YIYRIIANR--VERLMEFSNS
VacV (626) AIYDSME-YTYRIVANE- - VIR MIFRNS
ACMNPV (596) DLYDOKINSV-IRTANE--1IEEYYRIFYK
AdenoV-2 (686) KNQTLR-S1Q-NLLSH-A-LESFATKLD
T4 (547) TLANTN-LNRNILISE--LEBALINIHF
PRD1 (329) KAGDLFHNIFYMLILIEE-S-[IKFAQ-NE
$29 (374) SEGAIKE-LE-NMLEB--LEIKFA-SNE
M2 (371) EEGAKKE-LB-3MLED--LiIKFA-SNE

Fig. 1. The conserved region shared by family A and
B DNA  polymerases. The numbers in
parentheses indicate the first residue in each
sequence. Ildentical residues are indicated in
white letters. Related residues are shaded
letters. Groups of amino acids taken to have
similar side chain properties are: D and E: Y
and F S and T L | and V. Dashes(—)
represent the absent of corresponding residues.
The amino acid sequences of Escherichia coli
DNA polymerase | (E. coli pol I, maize linear
mitochondrial plasmid S-1 DNA  polfymerase
(maize S-1), Kluyveromyces lactis linsar killer
plasmia pGKLT DNA polymerase (K. lactis pGK/
7). human DNA polymerase a (human pol o),
Herpes simplex virus type | DNA polymerase
(HSV-1). Adenovirus type 2 DNA polymerase
(Adeno\-2), T4 DNA polymerase (T4), PRD1
DNA  polymerase  (PRD1).,  ¢29 DNA
polymerase (929) and M2 DNA polymerase
(M2) were obtained from Matsumoto et al
(71989). The aminc acid sequences of
Saccharomyces cerevisiae DNA polymerase | (S,
cerevisiae  pol 1), Epstein-Barr  virus  DNA
polymerase (EBV), Human cytomegalovirus
DNA polymerase (HCMV) and Vaccinia virus
DNA polymerase (Vacl) were obtained from
Wang et al. (1989). The amino acid sequences
of Thermus aquaticus DNA polymerase | (T.
aquaticus pol Iy and T7 DNA polymerase (T7)
were obtained from Lawyer et al. (1989). The
amino acid sequences of Claviceps purpurea
linear  mitochondrial  plasmid  pCIKT — DNA
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polymerase  (C.  purpurea  pCIK1)  and
Kluyveromyces lactis linear killer plasmid pGKi2
DNA  polymerase (K. lactis pGKI2) were
obtained from Qeser and Tudzynski (1989).
The amino acid sequences of the DNA
polymerase were obtained from the sources
indicated:  Streptococcus  pneumoniae  DNA
polymerase | (S. pneumoniae pol )(Lopez et
al, 1989); 75 DNA polymerase (75)(Leavitt
and fto, 1989);, SPO2 DNA polymerase (SPO
2Y(Raden and Rutberg, 1984); yeast
Saccharomyces cerevisiae mitochondrial DNA
polymerase MIPI (yeast MIP I(Foury, 1989)"
Ascobolus  immersus  linear  mitochondrial
plasmid pAl2 DNA polymerase (A. immersus
PAIZ) (Kempken at al, 1989); Saccharomyces
cerevisine REV3(S. cerevisiae REV3)(Morrison
at al, 1989); Saccharomyces cerevisiae DNA
polymerase Il large subunit CDC2(S. cerevisiae
CDC2) (Boulet et al, 1989); Varicellar-Zoaster
virus DNA  polymerase (VZV)(Davison and
Scott, 1986 Fowipox virus DNA polymerase
(FPV)(Binns et al, 1987),; Autographa califonia
nuclear polyhedrosis virus DNA  polymerase
(AcMINPVY(Tomalski at al. 1988).

GATCGATC

wild mutan
type
Fig. 2. DNA sequence of mutant (pEJG4) and wild-
type clones in the region of mutation. Arrow
indicates the mutated sequence.

Family A 5709 conserved region % Nwgt
L 2HE ojnxat A AHA 912} family B
4] conserved region IIE HHH 2% o)A 71A]
ME g familyeld B& 7)5& 7HxEEn 5
oy ste}h 22 o] Fx9¢ computerZ ¥-43}
iy 2L conserved regiono|eh= Adr} gio}
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Fig. 3. DNA seqguence of mutant (pEJGE) and wild-
type clones in the region of mutation. Arrow
indicates the mutated sequence.

(Fig. D). Zrz} o} & 71=te 2 family A2} BS] DNA
polymerase”} DNAE §Alsizieglx 7| g
o F familyWell4] F-#3H= conserved region$]
WAL F familyZhe] DNA §Hd7)ztel] 5ol
Utk AL AlAghL
Site-directed Mutagenesisofl 2|# Mutant Poly-
merase B4

Conserved region 1117} family A<} Bol] %%
28 FAstER o] {99 seg Yot 7] 33t
o] F-$lellA s} BEH  lysine-d histidine,
glutamine, glutamic acidZ *|&3lgic} Lysine&
(+)charge?] R group& z-& olu|izalald] o] 7}
& charge® zle 2122 histidineo] gle}, wha ol
(—)charged 7}3& o}v|4k0 & plutamic acid7}
lem m3 charge: §lA|3F polargl R groups
7HAl glutaminee] ik of$ 2 BEE lysined
histidine(Fig. 2). glutamine(Fig. 3), glutamic acid
(Fig. ) & npta zhzbe] £ dolgl f-4a8 71l
plasmid& pEJG4(Lys—His), pEJG5(Lys—Gln).
pEIG6(Lys—>Glu) 2 =5 &lic).
Complementation Test

2 adFellA ThEeisl Eod¥e] PRDI DNA
polymerase®] 7]5-¢ WS otol7] $J3}e] Bl
o] DNA polymerase +3A+E 713l plasmid7}
bacteriophage PRD1(sus2)¢] Eod¥o|& comple-
ment3h= 58& A8kt o] PRDI(sus2) £
Hol#dl= DNA polymerase gene <bell amber
mutationg 723 )22 {RNA suppressorZ
Zg3HR] 942 host celllo] = 2jHel4] PRDI
DNA  polymerase?t AlFH=A @& 7 viral
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GATCGATC

mutant

wild
type
Fig. 4. DNA sequence of mutant (pEJGE) and wild-

type clones in the region of mutation. Arrow
indicates the muiated sequencr.

replicationd & = Qo o] gl #}7] 9sled
sus' hostel S nphimurium  DB7156(pLM2) 9}
sus  host £ coli HBY%4(pLM2)e PRDI(sus2)
Fol AL Ak 1 AW S nphimurium
DB7156(pLM2)i= 64X 10°782] plaqueE & AJsh=
d] wlate] £ coli HB9%4(pLM2)+= 97) 2] plaquevtg-
dAskalel olwat A RE] complementation
fests 2 4 2lgo] gl Holck(Table 1). &
mutation®]  &3ell gk positive  control 4
pEIGE AR89l Plasmid  pEIGY: DNA
polymerase genc-& 2+3 9l4= expression vectoro]t}
(Jung e al. 1990). PRDI DNA polymerase
conserved regionell mutationg- 2= pEJG2} of 4
9] DNA polymerases utti= pEIGES 7hzb
A dazled ofg8e) DNA polymerase
53z pEIGE zZ= E coli HB94(pLLM2) o] 41}
PRDI(sus2) Zeimio) A7} W& plaqued 343kl
3L pEIG4. pEIGS. pEJG6S 2= E. coli HRBY4
(PLM2)ell 1= plaque s & A 5H2] 23 ch(Table 1).

o] Aell4 hostiz ¥F plasmid pLM22 &3
dasolol: e Agdch 2 o)f= PRDIS
PLM2E- E3F8li= host cellRhg 7493 4]9]7] wji-o)
o} o7& PRDI12] receptor?} o plasmid 9]
T 2bel] oste] whgoin) 7] witel Qo g Az
(Mindich and Bamford. 198%).

k]

i

HA7F4] g DNA polymerases] T2-7)% o
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Table 1. Complementation of PRD | (sus2) Mutant
Infection

Strain (Plasmid)
Ecoli HB94 (pLM2) 9

Number of plaque

S. nphimurium DB7156 (pLM?2) 04X 10

E. coli HB94 (pEJG. pLM2) 76X 107

E. coli HB% (pEJG4. pLM2) 6

E. coli HBY4 (pEJGS, pLM?2) 4

E. coli HB94 (pEJG6. pLM2) 1

Teoll - fEtE. 53 polymerase  BHAJE-2] )

conserved region-2- family A9} family Bell4] z+zt
FAAeg HEse) ovkm ez $hoh(Bernad er
al. 1989). Family Aol tj&t o3& 2 E coli pol
Il 28] o) FJxc) Pol 13} ANTP analogue$}2)
A §Fd T 2HE] Lys7583) Tyr766°] ANTP2}ke] Zg)
AR ete 7o) wal A= (Steitz er al. 1987). o] &
ofu)X ke family  Aol4e] 5709 conserved
regions F NEDOZRE Al Aqyo] 3
A3 2k BEQ oln:ilEolch Family BellAm
dNTP Zglell #oishs 2 Lo] £l a}Alo)
drugel] el 7Hr4de] M&A= Herpes simplex virus
DNA polymerase EelwoldlEe] 43 Ao
olsfl 349 4 9lgleh = ANTP analogueol| o)
e wsH: deblE point mutation ol
conserved region 119} HIell AZExo] eplv )
TOENE o] XdFol ANTP Hie] Fojghps
RAE M- w 2zg < AsdtH Gibbs er al,
1988: Knopf. 1987; Larder er al., 1987).

Aol M= 3he Y158 ZHE family Acll42]
AHA conserved region¥} family B9 conserved
region I19] efullcak Hoig wlwg Az} o F
A o] 5= el conserved regionyS Ak
A(Fig. 1).

Zleell A4del Ree #da® gulgSygl
B3kell fgh A& 7FA obu) il Aodo] mEE )
e, AEE HEL zdelsE 7 ghulde] )
ol Aol BAFdT E S otk ol e
278ked,  family A®}  Family B DNA
polymerasegulell 4] 2% HE=o] el Lys(E
coli  pol Iel49)  Lys758)2 PRDI DNA
polymerased 1183407 site-directed mutationA] %
“H(Fig 2-4). Complementation test A3}, w3ais)
DNA polymerase 58 7)1 584 -4-2 o & 9lgir}
(Table 1).

shvle] ool Almbe wga 71 site-directed
mutagenesis<= P 7} 3ol A Afolef A} 3x19)
el Fxe] aelE 7o) dog)x] By} B QT
of 4] Lys& Lysi} 7+ (+)chargeE 7= Hiso.&
MEA%E el = DNA polymerase?} #H4le] 7]
& Wehl ] 23oks 718, DNA polymerase <]
7ls sl "HAlAQl 3atzo) Wi o)s)a)

e
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HetZRE ] Hijg)
= ‘Q%’fﬂ‘:}

Lys2 (+)chargeE wWol (—)charge® uli=
dNTP9] phosphate backbones} A7 gledow
248 4 9lrh o]#g o]%& Lys& ATP, GTP.
purine NTP binding motiflel] BExe] viepbiict
(Higgins er al. 1986; Fry, 1986; Dever. 1987;
Gorbalenya and Koonin. 1989). & Tyrosine
kinase9] Lyse| phosphate group-g Tyro &

&1

PRD1! DNA polymerases= th F5-9 DNA polymerascell Blsled z7]7} v $-
HER ojul it A& 7zt gt U}LH{ PRD1! DNA polymerasei= DNA

family B DNA polymerase5o] -£-§38h=
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phosphotransfersh=d] 23 Feigici= ¥z} glv}
(Weinmaster er al., 1986).

o] ZHE| Lys INTP el 2554l ofvi
ojuj E olFrof A udgh Consewgd rcpon—— DNA
polymerase 2} ANTP Z el sofsls 7|3%ale|q)S
F&% ook mgl of3z ofnlie Al M vl HE
% conserved regiono] & 49 &Ael| HApEr)
7

NIRRT S AR

S ofe] 71g b Ags,

polymerase®] Fx—7]% 47 °47"L°ﬂ °A§P model systemolt}. HEF ofulwal dede] )%k FaAQ) gk

Z4}817] $15le] PRD1 DNA polymeraseol] 4 & W&

o

o 3._'
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