
IJioclritnico et Il irtph.t,ricu Acîa. 10tÌ8 (1991) 245-250
(o l99l  i - isevicr  Sciencc Pu'o l ishers I l .V.  01 67-4761/91l$03.-50

A D O l , /  I  S 01 674781 91 00082F

BII;\i:XP 92216

1 A <
- + J

The cDF,lA sequence of a neutrel horseraclish peroKidase

Eva Bartonek-ftoxà, Hàkan Friksson al ld Bo Matt iasson

I)epartment of Biote<'hnolctp',  Chemicol Cen!er, Lurtd Llnirersit .y ' ,  Lund (Sv;elen)

(R. :ceivecl  27 June 1990)
( l ìev ised nranuscr ipt  received 23 October 1990)

l
\

1
{.--06(

Key words: I{orseradìsh peroxìdaseì cDNA: Nuci€ic acid sèqù.r,ce; (Anúracia rusticana\

A cDNA clone encoding a horseradish (Arntotacia n$ticana) peroxidase has been isolated Ìnd characterized- The

cf)NA contains 1378 nucleotides excluding the poly(A) tail and the deduced protein contains 327 amino acids which

includes a 28 amino acid leader sequence. The predicted amino acid sequence is nine amino acids shorter than the major

isoenzyme belonging to the horseradish pcroxidase C group (HRP-C) and the sequence shows 53.77o identity with this

isocnzyme. The described clone encodes nine cysteines of which eight correspond well with the cysteines found in

HRP-C. Five potential N-glycosylation sites with the general sequence Asn-X-Thr/Ser are present in the deduced

sequence. Comparetl to the earlier desdibed HRP-C this is thee glycosylation sites less. The shoÉer sequence and

ferver N-glycosylation sites give the native isoenzyme a molecular weight of several thousands less than the horseradish
peroxidase C isoenzymes. Comparison with the net charge value of HRP-C indicates that the described cDNA clone
encodes a peroxidase which has either the same or a slightty less basic p1 value, depending on whether the encoded
protein is N-tenninally blocked or not. This excludes the possibility that HRP-n could belong to either the HRP-4, -D

or -E groups. The low sequence identity (53.7%) with ÉIRP-C indicates that the described clone does not belong to th€
IIRP-C isoenzyme group and comparison of the total amino acid composition with the HRP-B group does not place the
described clonc within this isoenzyme group. Our conclusion is that the described cDNA clone encodes a neutral
horseradish peroxidase which belongs to a new, not earlier described, horseradish peroxidase group.

lntroduction

Peroxiciases catalyse the oxìdation of a variet'y of
reciuctants in the presence of hydrogerì peroxide and are
founcl  in plants,  animals and rnicrobes. Horseradish
(Armoracia rust icanrz) peroxidase (EC 1.11.1.7) is one of
thb most studied peroxid:ìses and is commonly used as a
t r ; . i cer  i r r  enzy 'me immunoassays .  h is to log ica l  chemis t ry
iuìd in Southern blots.  In terms of  i ts  physical  proper-
t ies,  the horseradish peroxidase (HRP) is div ided into at
least  f ive groups of  isoenzymes [1,2).The nrain isoen-
zyme groups are:  HRP-A, acidic perox;dases with a
high carbohydrate content and p/  i ì rourìd 4;  HRP-l l .
-C, neutral  and sl ight ly basic peroxidasrs wi th a lower
carbohydrate content and pl  5.15-9.63 [3] ;  f {RP-I) ,  -8,

highly basic peroxidases with a low carbohydrate con-
ten t  and p1  10 .6-  >  12  [ I ,4 ) .

Physiological functions of the different peroKi(iase
groups are not wei l  documented. Tobacco peroxidase

Abbreviat ion:  I - lRP, horseradish peroxìdase.
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rcal  Ccnte r ,  Lund Univcrs i ty ,  P.O.B. 124.  3-227 00 Lr lnd,  Sweden.

i soenzymes have been shown to  par t ic ipate  in  l ign i f ica-

t ion, wound healing and in the defense of the plant

against  pathogens [5 ] .  S imi lar i t ies  in  funct ions o f  the

ci i f ferent HRP peroKidases are expected.

The cornplete amino acid sequence of the Inajor

isoenzy ine be longing to  the HRP-CI  group t6 ]  and a

tr,rrnip peroxiclase isoenzyme, TP 1, 11) have been de-

termined.  Three cDNA c lones encoding HRP-C isoen-

zymes have been iso la ted [8 ]  and one of  these c lones

cncodes the same amino :rcid sequence that rvas de-

terminecl by Welincler [ó].  However, the cDNA clone

encodes 15 more amino ac ids a t  the C- termina l  er td

than the anino acid seqr-renccd F{RP-C. In this paper,

we descr ibe a  cDNA c lone.  iso la ted f rom horserad ish

roots at an early stage of growth, cl ìcoding a horsera-

dish peroxidase which is not identical to the earl ier

describccl HRP-C.

N{aterials and Methods

[! orserttdish

Horserad ish roots  were obta ined f rom 'Norra  Hal -

lands Pepparrots fÒrening ' .  F jàràs,  Srveden and cu l t i -

vated in  s tanc lard so i l  in  a  greenhouse.  Fresh s ideroots

were harvested af ter  1 .  2 .  3  and 4 Inonths.
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A crude preparat ion of  horseradish peroxidase was

obtained by the fol iou' ing method. Roots werc grouncl

in  N,  [1 ] ,  honroger i i zed  in  0 .1  M K.HPO4 (pH 9 .2 ;  anc i

precipi tated twice wi th ammonium sul fate at  3516 ar-rd

90% saturat ion,  respect ively.  The pel let  was resLls-

peni lcd in Tr is-HCl buffer (pH 1.0) and peroxi ' " lase

act iv i ty wr is determined i9]  and reiateci  to the total

arì lour l t  of  protein ( l l io-Rad Protein Assay, Bio-Rad,

Richmond, CA, U.S.A.) .  Roots wi th the lughest speci l ic

activity were selectecl for the RNA preparat.ion.

RNA e.:rtruclion
Total  RNA was extracted from 10 g of  f resh side

roots by the method of  Cathala [10] .  The poiy(A) r ich

rnRNA was selected on messenger affinity paper (f{y-

bond-mAP, Amersham lnternat ional ,  Amserham, U.K.) .

finzyntes
EcoRI, SacI and XbaI were provided from Interna-

t ional  Biotechnologies ( IBI) ,  New Haven, CT, U.S.A.
-f4 

DNA ligase was provided from Bethesda Research

Laborator ies (BRL),  Gai thersburg,  MD, U-S.A.

Construction of cDNA librory

cDNA was synthesized from the poly(A) rich mRNA

by the Amersham's cl)NA Synthesis system. l 'he cDNA

rvas then cloned into a À.gt11 vector [11] .

The oligonucleotide prohe
A 2I base oligonucleotide probe was chosen on basis

of the known amino acid sequence of HRP-C, described

by Wel inder [6] .
The oligonucleotide corresponds to His-40 to Val-46.

These amino acids constitute part of a well conserved

region around the aclive site which is similar in many
plant peroxiclases 15,1,12). The oligonucleotide was

synthesized as a mixture consisting of 64 oiigonucleo-

t ides c l i f fer ing in the th i rd base of  each codon, 3 ' -

GTA/G,  AAA/G,  GTA/G,  CT l \ /G,  ACA/G,

AAA/G, CAA-5' .  Label ing of  the ol igonucleot ide was

macle at  the 5 '  encl  wi th [y-rrPIATP (3000 Ci/mmol,

coc- le P8.10168, Amersham internat ional ,  Amersham,

LI.K.)  and a 5 ' -end-ai l  b iosystems ki t  ( lBI ,  New Fla ' ren.

cT, u.s.A.).

tlntihodies
' fhe 

cDNA l ibrary  was screened rv i th  rabbi t  ant i -HRP

inrnrunoglobulin, (code ts 144, DAKOPA'|TS, Copen-

hagen,  Denmark)  and pe rox idase conjugatec i  swlne

ant i - rabb i t  i rn tnunoglobul in  (coc le  P 27J,  Dr \KO-

PAT-|S, Copenhagen, Dcnmark) rvas used as the sec-

ondary  ant ibody.  To remove any ant ibod ies against

Escherichia col i  proteins, the antibodies were, prior to

use, exposed to a E. col i  lysate coupled to Sepharose r lB

(Pharrnac ia ,  Uppsaia ,  Sweclen)  accord ing to  Kohn i ind

Wi i chek  t i  31 .

Screening oJ cDN,'1 [ibrary
105 recoiubinant phages were screeneci  both wi th

:rnt ibodics and the ol igonuclcot ic ic probe. Phagcs v/ere

inducccl  for  expression and repl ic l ls  ior  i tnmunoscreen-

ing were niade on ni t rocel lLr lose fr l tcrs [1 11. The pirage

plates were placecl  i r - r  +4"C t l r . 'ernigir t  and pi i icues

\,\ 'ere then transferrecl to Coìony / Plarrye Screen menì-

branes (cat .  No. NEF-978) by the n-rethod cles;cr ibec' l  by

Nerv Engianci lJr-rclear i{esearch Products, Du Pont,

Bos ton ,  N4A,  U.S.A.
The immunoscreening ttos perJornrcd us foliows. Filters

were incubiitecl r"ith primary antibodies Îor 2 h ancl

then rv i th secondary ant ibodies for  another 2 h,  both at

20"C. Ant ibody binding was cletectecl  r 'v i th FI 'O'  and

diaminobenzidine (DAB).
The ohgonucleotitle screening Y)os proceeded by the

follox,ing nte thod. Frilters v!/ere preirybridized at -15 " C for

5 h in 5 X Denhardt 's soiut ion (1 x Denhardt 's solu-

t ion:  0.1 g Ficol l  400, 0.1 g poly(v inylpyrrol idone) M,

40000 and 0.1 g bovine serull l  albr-rrnin (BSA) in 500 ml

H.O),  5 x SSPE, (20 x SSPE,:  174 g NaCl,  21.6 g

NaFI ,POo 'F I ,O and 7 .4  g  EDTA in  1000 ml  H,O (pH

7.0)) ,  17o sodiurn dodecyl  sul fate (SDS),  10% dextrane-

sulfate and 100 pg/t"nl heat denatured sali-non DNA.

The hybridization was then per-formed in a solution

similar to the one described above except that the

concentrat ion of  Denhardt 's solut ion was 10 x .  The
t tP- lub . l l cc l  p robe rvas  addec l  to  a  co t tcen t ra t ion  o f  106

cpm/ml arrd the fi l ters were incubated overnight at

35 " C. The fi l ters were washed for 5 min and four times

with 6 x SSC (20 x SSC: 175.3 g NaCl and 88.2 g

sodium ci t rate in 1000 ml HrO (pH 7.0))  and 0.57o SDS

at 20 " C and the stringency wash rvas carried or-rt in

6 x SSC and 0.5% SDS at 40 " C for 2 min' 
' fhe 

fi l ters

were then rinsecl in 6 x SSC at 20 " C and autoradio-

graphecl overnight (K-odak T-Mat Eastman Kodak

Clornpzrny,  Rochester.  NY, U.S.A.) '
DNA was extracted from the posi t ive c lones [11] '

5g:paratecl on agarosc gels and translerred to CeneScreen

membratres (code NEFr-983, New lrngland Nuclear Re-

search proclucts,  Du l ront ,  l lostou, MA, U.S-A.) .  Du

Pont's recomnìendations for transfer were follorved. H,v-

briciizations were carriecl out as described :rbove except

t h a t  t h e  s t r i g n e n c y  w a s h e s  \ \ ' e r e  d o n e  a t  4 0 " , 5 0 o , 5 5 o ,

6 0 "  a n d  6 5 " C .

DhrA sequencirtg
Posi t ive c iones were transferrecl  to the pBluescr ipt l i

KS + vector (code 2L2201, Stratagen, La Jol la,  CA,

U.S.A.) .  Both cDNA strands were sequenced from single

strancied DNA (ssDNA; wi th the Sequenase 2.0 anci
' faquence 

systems (Uni ted States I l iochemical  Corpora-

t ion,  USB, Cleveland. Ohio,  t j .S.A.) '  The cornpietc

cDNA sequertce rvas obtained by sr-rbcloning in Xhcl

ancl  Sccl  s i tes * 'h ich were fourtd at  posi t ions *  278 anci

+ 857 from the 5 '  end, respect iveiY.



Results

-fire sicle root.s of horseradish were harvestecl after 1,

2,  3 and 4 months.  Peroxidase a-ct iVi ty was assùycd ar ld

the highest peroxicìase act iv i ty per total  amount oI

proteins was obtained in the 2 ntonth old s ide roots.

Poil '(A) n RNA was ist, l l ttc,J from the sicieroots at t l i is

s iage of  growth and r  cDNA l ibrary consist ing of

700 000 recombinant phages was then constructed in

Àgt l  i .  The cDNA l ibrary was screened with a 2l-rner

niixecl trl igonucleotide probe based on the amino acid

sequence aror:nc1 the clistal histidine at tf le active site of

horseradìsh peroxic iase C [6,12,14] and with a poly-

clonal antiserun-r against horseraclish peroxidase. One

oligonucleotide probe positive and two antibod,v posi-

tive clones were isolated after screening 100 000 recom-

binant phases. The oligonucleotide probe positive cione

contained an insert  of  1350 bp, whi le both the two

antibody positive ciones contained a 1500 bp insert'

F iybr id izat ion between the 1350 bp insert  a4d the 
32P-

li ibelled 27-mer oligor-rucleotide probe cOlta be ob-

tainecJ at high stringency conditions (60 " C washing

temperature) and the prohe could be washed away by

increasing the washing temperature to 
95 

" C. This

B o s e  p o  i  r s

4 0  " c  5 5  " c

P 1  4 1  A 2  P 1  A 1  A 2
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accords u 'e l l  wi th t f ie theoret ic-ai iy caicul3ted { . ' ,  value

of 62" C for a perfect  match [15].  t {owever,  even under

conclit ions u,here hybridiz-ation with the I 'ector could be

seen (40 " C), none or very weak hybridization could be

obtainecl  wi th the t \e,o apt ibociy posi t ive insets.  This

trnspecif ically hybridized probe rvas easily washecl away

at zr  str ingenclr  temperature of  5-5" C (Fig- 1).

T 'he nucleot ic le sequence of  the ol igonucleot ide probe

positive clone shor.r'ecl a long open readi.ng frame' Fig' 2

shows the complete r-rucleotide sequence and the de-

duced amino acid sequence of  th is c lone.

Comparison of the dedr-rced amino acid sequence

with other sequenced peroxiciases [16] shor,r'ed a 53.17o

identity u,ith a rieutral hgrseradish peroxiclase C isoen-

zyme 16l, 53.8Vo iclentity rvith a basic turnip peroxidase

isoenzyme, TP 7 [7] ancl 52.loa identity with an acidic

tobacco peroxidase isoenzyme [5]-
The predicted size of  the c loned peroxidase pept ide is

327 amino acids wi th an lv l ,  of  35 086. From the cDNA

sequence it can be predicted that the protein is synthe-

sized as a preprotein with a 28 amino acid signal

sequence (Fig. 2) resulting in a mature protein of 299

amino acids and with an M, of 32069 before posttrans-

lational modification.
The decluced amino acicl sequence shows five poten-

t ia l  N-glycosylat ion s i tes,  Asn-X-Thr/Ser (Fig '  3)  and

the nrature protcin contzrins nine cysteines rvhich makes

it possible to form four disulfide bonds. 
-fhe predicted

sequence of the mature protein moiety has a net nega-

tive charge of - 2 at PÍl 1-

I)iscussion

The trvo antibocly positive clones did not trybridize

with the oligonucleotide probe against t lre active site of

peroxi<lase ancl their sizes were larger than expected

from a full length clone of peroxidase. we concluded

that the clones must be encoding for other proteins than

peroKidase, to which antibodies in the polyclonal anti-

serun'ì hacl also been raised. The double screening of the

l ibrary,  using both ant ibodies a1d an ol igolucleot ide

probe, mlde i t  possible for  us to sort  out  fa lse posi t ive

clones at an early stage. Insteld of sequencing three

clones, only the oligonucleotide positive clone was se-

qtrenced.
The decluced amino acid sequence of the oligonucleo-

ticle positive clol1e could easily be aligned with the

sequcnce oi  HRP-C and 
' fP 7 (Fig.  3) '  The sequences

arouncl  the proximal (FI is-170) anci  d istal  h ist id ine (His-

42) are u,ell conserveci among plant peroxidases [5'7,12]
and could also be ident i f iecl  in our c lone. From the

preclicted amino acicl sequence. the region around the

HrO, substrate channel  [12]  was also ic lent i f ied.  These

sequence agreements c lear ly ident i fy the ol igonucleot ide

pctsit ive clone as a clone encoding a horser:idish per-

oxidase.
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F ig .  1 .  Southern  b lo ts  o f  one probe pos i t i ve  (P1)  and two an t iboJy

pos i t i ve  c lones  (A l )  an< l  A2)  p robed w i th  the  21-mer  o l igo luc leo t ide .

Inser ts  wcre  exc ised f ron- r  the  pos i t i vc  c lones  by  EcoRl  d iges t ion ,

separatcci by agarosc gel electrophoresis ancl transferrecl tc 'r  GeneScree n

nreml  :anes .  Hybr id iza t ion  was per fo rmed u ' i th  th . ' l lP - lab . l le t l  21-n le r

o l igonuc leo t ic le  p robe anc l  the  s t r ignency  u 'ashes  were  per fo rmed f ro rn

,10  "  C to  65  "  C.  Autorad iograrns  o f  the  40  "  and 55  "  C u 'ashes  are

shr t rvn  above-  Bars  to  the  lc f t  ind ica tc  the  pos i t ions  o f  the  rno lec t r la r

we igh t  s tanc la rds .
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3 1 5  T T  T T T  T T T  A C C  T T G  A A A  1 ' l , T  A T C  A i ' A  G À h  A A h

252 CCA TAT ACT\ Al iA CAT T TA GAA GAT A, \A AAT GGA GA.A ATC TGT . 'AT CAA CAA AAA GCC A.TC AAC

IB9 I iA-A AGC }-ÀA ÀGA TGA TCA TTC AAC ACT TA-4,  A.ÈJ\  AAC AAA GCA AAT TTT CCC ACA TCA TAT T,AT

i 2 6  T C A  T A T  C T ' i  A A T . q À T  C A T  C T T  T A T  C T T  C T T  A A T  T A - A  C C A  G A T  T C T  T ' I T  T C C  T T C  T T C  T C C  T C T

63 TCT GTA GCG GTC TTA GGG TlG TAT CCT GGA A.JC 1 'TC TCC TTG ATT A,ATT C. . \A GCT ÀTC TAG ITAA

1 À.TG è- . lA ÀCÀ CÀ.À ÀCC AÌ* i  GTG ATG GCÀ GGÀ CAT GTC ] 'TG CTT A( lT GT' :  TTC ACT CTG TCT A' fCl

ue-r__!_ys Thr G1n ]iìir Lr.s Val lle_Llly_iriJ li is vrL Leu Lll r__-I-_:ire__I!\r- LelÌ-els Fl' '= 3

5t '  C ' lT TGT TCA GCG GTT i rGG Gcrr i  . -1 . , ì  CTA è.a ic  CCT Gt iC l t l 'T  TAT CCT .AÀA TCG TGC CCG ÀAT CTT

T  : , r  r -  : r t  q a r  ; \  l : r  ' , / G l - n  L e r r  S e r  P r o  A s p  r , I e  T y r :  A l a  L y s  S e r  C y s  P r o  A s n  L e u  I  l 4

+ I2'] TTA CÀA ATî GTC CGl GAC CÀÀ GTT AAG AlC GCC CTC ,\AG GCC GAG ATA CGG ATC GCT GCT TCT

Leu Gì .  I ie  va l  a rq  asP GLn Va l  l ys  l le  A la  Leu Lvs  A la  GÌu  l le  Arg  Met  A l3  A1a ser  +15

+ 190 CTC ATT CGT Cîî CAT TT? CAC CAC TCÎ TTT G'IT A]\T GGG TGT CAT CCG TCT CT.A TÎG TTG CAT

Leu l le  A :g  r ,eu  H is  Ph- .  I i i s  Asp Cys  the  VaÌ  Asn Glv  C7s As ì r  A la  Ser  va Ì  Leu Leu asP +56

+ 253 CCA ACar a'!,C AGT GAG A-An ClC GCG ATC CCA A-AC GTC AÀC TCT GTG AGA CGA TTT GÀÀ CîA ATî

Gly  Th.  Asn ser  GÌu  Lys  l ,e !  A la  Ì le  P .o  Asn Vat  Asn Ser  va l  Arg  G1v Phc GLu Va l  l1e  +r?

+ 316 GAT ACT I'TC ÀÀÀ CCC CCT GTC GA.A AÀC CCA iGT CCT GGT CTT GTT TCT îGî GCT GAT ATI. C!'T

asP Thr  i le  Lys  A la  A la  va l  GID Asn A la  Cvs  Pto  CÌy  Va1 va1 Ser  Cys  A1a Asp l Ìe  Leu +98

+ 3?9 ÀCÎ CTA CCC GCT CCC G!.C ÎCG CTG TAC TTA AGC CGA CGC CCî C..rG TCG AGA GTA GCA ÎTA CGA

îh !  leu  a1a AIa  Ar9  Asp Se!  Và l  Tyr  Leu Se!  G ly  Gty  Pro  Gln  î rP  Atg  Va l  A la  Leu C ly  + l l9

+ 442 AGA .dA,A GAT GGA TîG GTG GCA AAT CAG AGT ACT CCA A.AC A.ÀT CîT CCA TCT CCG T'TT C;!A CC!'
Ar9  tys  Asp Gly  Leu va1 A la  Asn Gln  Ser  Ser  A Ìa  Asn Asn leu  Pro  Se.  Pro  Phe GIu  Fr .  +140

+ 505 TTA GAC GCT ATT ATT GCC AAA TîÎ GCA GCC GTA GGC CîT AAC GTC ACC GAT GTC GTA GCT TT,\
Leu Asp Ata  t le  I1e  Ata  Lys  Phe AIa  A la  va l  G ly  f -eu  Asn va l  Th !  asp  Va l  va l  A la  le l )  +16 l

+ 568 TCA GGA GCT CÀC ACC TÎÎ GGA CÀ4 GCA A.AG TGT GAT CTC TTC AGC À.AC CGG CÎG TTC A-AC T?T

Ser  c ly  A Ìa  H is  lh r  Phe Gly  G ln  A la  Lys  Cys  Asp Leu Phe Ser  Asn A lg  Leu Phe Asn Pre  +182

+ 631 IICC GGC GCG GGA ACT CCG GAC TCA ACA Cîî GAG ACA ACA CTT TTG ÎCÎ GAT TTG CAA AC,A GTT

Thr  c ly  A Ia  G.Ly  Thr  Pro  Asp Ser  Thr  Leu G1u îh r  Thr  Leu Leu Ser  Asp Leù Gln  Thr  va l  +203

+ 694 TGl CCC ATC GGA GGA AAî GG,q A-A.C AAA ACT CCG CCC CTT GAC AGG AAC TCC ACG GAC CCC TTC

cys  Pro  l Ìe  G ly  GÌy  asn  Gly  Asn Lys  Ìh r  A Ia  Pro  Leu AsP Arg  Asn Set  Thr  AsP A la  Phè +224

+.15'1 GAC A!,C A.\C T-AC TTC À-AG AAC CTC CTC G À GGG ÀAA GGT CTT TTG A.GT ÎCT CAT CAG ATT CTG

Asp Àsn Asn Tyr  Phe lys  asn  Leu leu  Glu  G1y Lys  Gly  leu  Leu Se!  ser  Asp Gln  I Ìe  Leu +245

} 820 TTC TCG AGT GAC TTG GCA GTG A-AC ACA ACA AAG AGA CÎA GTG C-AG GCÎ TAT AGT CGG AGC CA,\

Phe Ser  ser  Asp !èu  A la  va l  Asn Th!  Thr  Lys  A!9  Leu va Ì  G l ì r  À Ìa  Tyr  se !  Arg  Ser  C ln  +?66

+ 883 1}.C TTG TîÎ TTC AGC GAC TTC ACÎ TCT TCG ATG ATC AGA AîG CGA AGT CTî GfG A-Aî GGÀ GCÎ

Tyr  Leu Phe Phe A!9  Asp Phe Th!  cys  se !  uec  l le  a rg  Met  Gtv  Ser  Leu va Ì  Asn GIy  A Ia  +28-7

+ 946 AGî GGG GAG GTî AGG ACA A-è-C TGC AGG GTÎ ATT AAT AÀÀ. TA-A ATT AAT AGT CîG TTl TCG Aîî

ser  G ly  GÌu  va l  A Ìg  Th!  asn  Cys  arg  va l  lLe  Asn Enc l

+1009 TTC TGC A,\T cTT TGG GAG TTG ATC A-ÀT CîC ÎcT GTA ÍcA AA-A TGT lc-\ cGT GTG î4,\ TAA T'44

+TO12 GGA TCT AîG GGA TTA TGC GCT ÎA,A A,q,{ AÀÀ AA-A A-A-A A-AA AAA

Fig. 2- The compl€te nucleotid€ sequence for rhe neutral p€roxidase CDNA and the deduced amino acid sequence. The amino acid sequence of the

predicred rransiat;on product is shown below the nucleotide sequ€nce- The HRP coding region is flanked by a 285-bp 5' noncoding region and a

t09-bp (exclusjve of lhe poly(A) lail) 3' noncoding region. The initiation and stop codons are marked by bold ictters and the apparenl signal

peptide is underlined. The start of the malure protein begìns at posirion +1. The nucleotide sequence is nurnbered on the left and th€ predicted

amino acid sequence on the right.

The described clone encodes nine cysteines and one
of them is flound exclusiveiy in our clone. The position

of eight cysteines correspond well with the cysteines
found in HRP-C (Fig.  3)  and also wi th cysteines in
turnip [7] and tobacco [5] peroxidases. Nine cysteines
st i l l  grve r ise to four disulphide bonds and since eight of
them are in the same posi t ions as in I IRP-C, we can
assume a similar three-dimensional structure.

Frorn the deduced anrino acid sequence it is predic-
ted that the protein contair ìs a s ignal  sequence of  28
iÌmino acids starting with a few polar residues iìnd
continuing u,ith a high content of hyclrophobic amino
acids.  Removal of  th is s ignal  sequence gives the mature

protein a glutamine as N-terminal amino acid, r ' l i r ich

can be modif ied into N-terminal pyrrol idone carboxyl ic

acid. obsen'ed in both HRP-C and TP 1 [6. ' l ) .  A C-

termina l  post t rans la t iona l  modi f icat ion o f  HRP-Cl  is

aiso expected erfter conìparing the cleduced am-ino acid

sequence f rom a cDNA c lone encoding HRP-C [8 ]  w i th

the determined amino ac id  seqLrence [6 ]  o f  HRP-C (F ig .

3). 
' I 'he 

amino acid sequence predicted from the cDNA

clone described in this paper shows a C-terminal very

close to the last cysteine rvhich is conserved alr long

perox idases,  inc i icat ing that  no post t rans la t iona i  C-

terminal modif icat i i , 'n occurs rvith this peroxidase.

The prec l ic ted Í1 .  o f  the mature prote in  is  32068
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I iP .P  n

iJRi, C

t r  t

ilRP n

iJR.P C

T F ]

I  L l l . \ L : . r ì  .  I i l F

_sr/yl,seGp*r;,uF.vl,lesKpGLVÀNQSSA!! NLPS?FE?I,DAiI.MFAAVGIùI"'T D\'llalsGAiIIie-QA

SVTLÀGGP SWIìVP LGF.R.D SLQAF LD LAN.ANLPAPF FTLPQLT(DSFRI'IVGLNRS SDLVÀL SGGiÌTI 'CKI' ]

S\J- ' /QLGGPI{'T]Ì 'n/KVGRRDAKI' ' \SQÀA,NJSNIPÀPSI4SLSQLISSFSAVGLSTF' 
DI 'T/ALSGAHTICQS

r 5 0

KeDLFSNRLFNI-TGAGTPDSTLETTLI,SDLQT Ve?IGGNGN KTAPLDRNSTDA!.DNNYFKNLLECKG

QCR F IT.1DRLYN| SNTG LP D PTLMITY LQTLRG LC P LNG'ILS ALVDFDLRTPT I FDNKYY'Vî"ILE !]QKG

RC\NFRÀ-I(VYNET NINAAT'ATLRQRSCPR,\,\GSGANLAPLDINSATSFDI'ISYF.KNL}1.\QRC
2 0 0

rvhich is lower than the M, calculated from the de-

termined amino acid sequence of HRP-C, molecular

weight 33 890. I l in<ling of one mol hemin and 2 mol

Ca}* t17l raises the molecular weight to 32169 and

assuming an average carbohydrate composition of two

//-acetylglucosamine, three mannose, olle fucose and

one xylose for each of the N-glycosylation sites [14], the

molecular weight of the native protein is 38 622. This is

signiticíntly lower than the M, of HRP-C which is

44000 [14], but is in better agreement rvith the L{RP-E'

isoenzymes which have lower molecuiar weiglits in the

range of 34000-39000. However, the net charge oi the

preclicteci amino acicl sequence does not indicate that

the isolatecl cDNA clone encodes a peroxidase of the

HRP-E group.
A blocked N-terminal is found in HRP-C, giving the

protein a net charge ol  -  2 at  pH 7.  The calculated net

c:harge iìt pH 1 of the predicted mature protein of

HRP-n is also -2.  However,  assuming N-terminal

blocking, HRP-n wil l  obtain ont: negative charge more

tha.n HRP-C. These veriues indicate that the peroxidase

described in this paper has either the same or a sl ightly

less bas ic  p I  va lue than FIRP-C descr ibed by wel inder

f c-TerÍì inar

HRP N IISSDQTI,ISSDLA'V'I{ITKBIVEAISRSQYLEERDETCSM'IIUG SLVIIGTISqEVRTNIBVIN

HRp c LfQSDoEl,Fss pNerorr ,lqsreNiTQT[ FNAFVEA'DRMGNTTPI-TGToGQTRL.ICRVvNSNSf-tgDMJu vlDFVssl'f

TP 7 LLHSDOVLFNC GSTDSIIRGYSNSPSSFNSDFAAAMIXMGDISPLTGSSGE1RK'/CGKTN
300254

Fi8.3'Al ignmentoflhededuce(lamrnoacidsequenceo|th€nelufalpefoxidase_HRP-nwithHRP-candTPT.Aminoacidsafeidenti l iedbytheir
single letrer code. predicred anrirro acio" lo..""ponding to amino acids in HRP-C and/or ÎP ? are underlined Above the aligned scquence'

common plant peroxrctase sequence around rhe proxinial and disral hisridine is shown anal dots indicaie the substrale channel [12] Polential

N-Elycosylation siles afe mafked with bold letlers- The siSnal squence and the c-tErminal deduced from a cDNA clone 'ncoding FIRP-C are shown

in italic Amino acid seqoen"" aaopled: HRP-C' welinder 16l and TP 7' Mazza and welind€r Ul'

there is not more than 53.77o ident i ty between our c lone

and HRP-C, and similar identit ies were found when our

protein was compareci with turnip and tobacco per-

àxiciases. Thereiore, the clescribed cDNA clone encodes

a horseradish peroxidase which does not belong to the

HRP-C isoenzYme group.

The p/  value of  HRP-n has not been exper imentai ly

confirmed and isoenzymes of the HRP-B group have

not been cloned or sequenced. Hoivever, cornparison of

the total amino acid composition with the HRP-B group

[ 3 ] d o e s n o t i n d i c a t e t h a t t i l e d e s c r i b e d c D N A c l o n e
encodes a horseradish peroxidase that belongs to this

group. our conclusion is instead that the described

cDNA clone encodes a new, nOt ear l ier  descr ibed,

horseradish peroxiclase grouP.

The clescribed clorre \À'as isolated fron a cDNA

library prepared from horseradish roots in an eally

phase oi gro*th. Further stuclies wii l be made on the

distribution of this isoenzyme during growth oi the

p l a n t a s w e l l a S e x p r e s s i o r r o f t h e c D N A c l o n e i n t o a n
enzymaticallY active Protein'
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