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Abstract

The perpendicular orientation of the

chl oroperoxidase (CPO) maximizes the
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effects of a disruption of th-H3hydnd
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enzymes: peroxidases and cytochr omes Rt 4h5i o.1 af
(proximally bound Cys29) and a polar distal p
es but diffepeharfdomtahepaoket of the P450.

similar to that found in P450 but distinct fr
edThe CPO hybrid features?Havetl@éetmapoedt ynuof
occurs in the heme pocket. However, signific

dues (except Cys29), although pridf *ork has

The proxi mal heme thiolate paisdeelse catsr oan sdternosnigt
heme '#%foamcgi | itating Compot® ’deduc(iOpgd tlhe froerdmax
heme, and increasin®y %°Hd %dhistiglatlei g aord readixcip
Al a31l and Leu32 provide 2 strong amide fippudhorc
ef fok’%ctAd'di ti onal ly, Cyst2e9r niisnadp chaetleiger oAb u ¢ e &
further reduc¥®sthtihse hpeulsihx eifsf ecltmost perpeddic

maxi mi zing the influence of the helix dipole.
| i gaont aitneirnngi nGal hel i x f3 parallel to the hen
CPO catalysis is accomplished via a variety o
oxyferryl cat #%dm raadddiictalon Gpd clat al yzing pero
formati on, CPO Cpd | c atfeelrywz ecs Choarpooguenmda tXi o nC pw
the catalase pathway, and oxygen insertifbd* 7%

Onel ectron oxidations (Figure 2Aj%%hiel détewwa v e
oxidati onsia(tFiigtusr éd cBhwee odistee ved catalytic di
result of its unique structure and may be alt

We hypothesize that the proxi mal hydrogen b

Figure 1. Hydr ogen bonding net wor k (Al
Asn37 anAMsnAI3g27i n the {proxi mal site of
CPO.
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§Figure 2el eAc.t rOme oxi dati ons catalyzed by C
i—electron oxidations catalyzed by CPO (adapt
i mportand tatalCPODic function, thus signifi t%an
I n this work, we investigated the role of thi
spectroscopi c, and catalytic properties of C
replaced the R26 and N33 amino acids with Al
hydrogen bonds-NB&@t we-tlB ARHeni R@6acid pairs in
studies of the resulting mutants R26A, N3 3A,
network in the proxi mal helix of CPO not only
the catalytic profile of CPO.
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Materials and Met hods
Construction of the R26A, N33 A, and R26A/ N33A

The R26A and N33A mutations TAvmd® (a-bB9g6éHRES®.
pl as®™ivdpr, a polymerase chain reaction (PCR)

si-dierected mutagenesis kit. The PCR reaction
(Mastercycler gradient) wusing PfuUltra HF DNA
and N33A mutations are | isted bel ow:

Codi ngiRs2t6rAa ipnr BOETTACICCGAGICAICTCCTTGCCCAGCTEIGCAAC

Noomodi ngi Rt6rAa ipm i e GEAGCT GCGGCGGCAARGCGARCXAGT CGGTAGGAC
CTG36

Codi ngiNs3t3rAaipnmr i5AE@TTGCCCAGCGGIRAGI CTTGCCAACCAXGGT

Noosodi ng NSt3rAa ipm5-0GeltT GGCAA GCECAGAGCTGGGCAAGGAGC
GAG350

Codi ngi R2terAa/iNi33 A 5T EETACCGAACTBCITCCTTGCCCAGCTC
-30

Nowwodi ng TsR2@A/NN3 3 A pordi CreAGGRAGEGA GAGTCGGTAGGAC
CTGGGGC &AC

The plasmid encoding the double mutant was pr
mutation by introducing the second R26A mut a
restriction endonuclease to eliminate tk.e Qaalt]
(DH&s train) with the R26A and N33A mutations o

Transformation of Aspergillus niger with mut a

The mutanAmpEPOAslhcef or medl WiFtigup AB#LYNut ano
(ur irdeignuei ri ng) protease defi aojpgrtT MGAGOIR I UsiON
procedures destrilhed tmpmreeviioolusdwi ng modi ficat i

inoculated in 50 mL mini mal medium ( MM) cont a
mal t os e, 1% gl ugoge mMmM7 KCinfJA QN at@RNKHK 2 mMy, M DO
mM uridine, 25 OL of carbenicillin (100 mg/ mL
The -muhture was incubated at 250 rpm a4yal 8dMN

mycelium was$ daysnvedft2r disruption of the 1
was transferred to 1 L MM and -20hchobated BYyCE

collected by filtration through sterile Myra
centrifugation at 3000 r pm, 10 min) and DNA |
previ®élisdgessf ul transformants were selected
suppl ementation and used to express the mutan
and nitrogen for growth. Each clone from the
uridine and yeast extract and incubated at 2°
peroxidation act i2v-2 Nybni ees(t Idyelt beer meGastehtli fabzyoil ci naec i ¢
assay, Wwas ussecdalteo psredat euipn leaxrpgree ssi on.

Expression and purification of mutant CPO

Tha. nsipgoerres were i nocmLatettiunes dpdagsbwuabhOR
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25AC. After mycelium homogeni zat-li ofnl,askmsaldorctu

l acking uridine and yeast extract in the pres
tkami nol evulinic acid (72 L total). Cultures w
22AC for 4 more days. Then, the medium was f
concentrated down to 50 mL in the Amicon sti

di alyzed against buffer A (25 mM phosphate bu
Mut ant CPO was purified wusing an AKTA pri me

purification were filter ed -gtahsrsoeudg hf oar 01.54 5mi G
sample in buffer Amwasobhpmhi pdchedowiatlH0B0 m
( DEAE) sepharose resin equilibrated with buff

Na Cl concentration. The R26 A and R26 A/ N33 A C
NaCl while N33A CPO eluted at 30% 0.5 MJ/oMCl
above 0.5 were combined and concentrated down

filter unit. The sample was filtered through
umn containing 500 mL of Sephadex G75 resin
bet weéh.wler® used in the subsequent studies.
Structural characterization of mutant CPO
Structur al characterization of R26A, N33 A, an

spectrometer and YHARICANoPYot ometer (Cary 300
tant and WT CPO in buffer A6wernem cadal Ireocotne e eimm

mm quartz cuvettes. Three spectra were aver a/
were estimated using the CDSISol Re vneeltuhaotde atnhde rte
information of the mutant protein, CD spectra
corresponding concentrations of WT CPO in phc

25850 nm at room {cenmpmeuraattwr ec uwitnge sl Three s
protein sampl e.

The -WUVs absorption spectra of the mutant and
25D00 nm at room {fcenmmeuraatter ec uwseitnge sl Three s
protein. To study the effect of pH, tch & rsap eec tk
or 100 mM phosphdtOeudshiunAfgnelpuédé pHz 2cdvettes at r
exchange was pefbDocmedmonsfngmaGEDHeal thcare L

Ligddmading study

Cyani de gmdN carbon monoxide (CO)-camé¢éaknbwg pr
cludi nPg T&ROWIVs absorption spectra of ferric a
phosphate buffer, pH 6.0 in the absencen amndr
cuvettes at room temperature. For CO binding,
nite and purged with CO for 1 minute.

I n t hbei NGINNg study, the final concentration o
were collected upon initial a d ehiotuiro n nacfu btah @ oa
the sample at room temBeM)atwirtéhkOO8EMt f @atr i WMID am f
mM for mut ant s) were performed in a phosphat

(Kd), which is an inverse of a bindiwhgafedrssttd
maxi mum absor baaAa®ce Hhetfehange, i-ON absmop lbatne ef ®
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is a binding affinity constamnt, and [S] is th

1dA = (1/[BP))IT@APLAL( KEqg. 1
The HilFfwagquastsiednto det er mi hbei ntdhien gs ttooi cthh eo nmeu
the number of the binding sites:

| oqA(cADTcA) =hT 1 og[ S] + 1 By ( R)
Enzymatic activity assays

Al | reactions werwr guaatezi edvettesncdbntaining a
composed of the appropriate concentrations of
activity assay. All assays were initiated by
assay) and monitored for 180 seconds with a
initial rates of reactions were calcul ated fr

The peroxidase activity of CPO was measured ¢k
the peroxidation activity of heme peroxi-faBes
eM) or mut amt.eRMP O n( 01.0003 woMi tprhaotsep hbau fef er at di f
4. 0, 4.5, 5.0, 5eM5 AB@.SO0 ) &d Bretéa iHM, n of i h&.18 conc
the progress of the reaction was moni‘tored fo

The monochlorodi medone (MCD) assay was used t
catalyzes the conversion of'TM@Driemtcd i dncml ot
eithei#. @G\BOWD oaM Onué ant CPO i n -cliOtOr antMe pbhuofsfpehra t
(2.75, 3.0, 3.5, 4.0, 4.5, 5.0) coxf{ai i mdi, 2

concentration) addition, the reaction was mon
The catalatic (dismutation) activity was meas
The reaction system consisted of Oci0Otratheg db o f
3.0, 3.5, 4. 0, 4 . 5, 5.0, 5.5). Af ter either
monitored‘?at 240 nm.

The styrene éiwaxsi patrifom masis a yac i 1t0r0a t neM bpuhf of sepr h a(t
6. 0, 7.0, 8.0, 9.0, 10. 0) containing 0.3 mM
addi ti on o®, 2t Re mMeadti on was monitored at 2
extinction coefficient of styrene atlc@Brommtl
slope of a plot of absorbance versus concent
phosphatreate buffer, pH 3. 25. Since styrene
solubility in aqueous solutions, al |l solution

Calculations of specific activities

Speci fic activities (SA) were calculated usin
or product over time was calcul at Bids ushageen
coefficient at a specific wavelength, b i s th
the substrate or product. The extinction coef

SA emof substrat esmod pmaedguwmet)/ seq) B (

o,

A Wbc Eq. 4
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Resul ts

Expression and purification

The
cul t

expression | Avelnsegeér RRIBGNAe CPOwW, nwhi ch nec
ure in order to obtain sufficient amount

(approximately 6 mg of ptlr ec ug rt autr eeisny . waAsd t @byt i

prot

ein conttandea@apbpthbhtdéiaho To i mprove incor |

mutant , hemi nlami ndalse wuleicnuircsoaci(d) was added

three days to a final concentration of either

precursor failed to i mprove heme incorporatio

prot

ein expressed with and without hemin or

T —WT CPO 5 . ——WT CPO
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Figure 3. A. Secondary structure spectroscopic signature

al phheal i c al-s hmendt

beedmt ent in the secondary structures. 1tB. T

CPO in phosphate Bbvufsf esrpecgH a5.09. WI. alhd mut ant CPO in ph
|l ocated at 398 and 418, 420, and 421 nm, respeandvedfy . WT
mut ant CPO.
"¢mgt %l ATA 3EAOOGEAOR AO Ai8 4EEO EO Al 1T pPAT AAAAOO AOOCEAI A
#OAAOEOA #i 1171710 1 OOOEAOOEIT , EAAT OAR xEEAE DPXOIEQS IGIVUBOOBE

Opi 1

Ui OOAkxT ODBOBRERI 1 U8


http://www.openaccesspub.org/

=%
Journal of Enzymes (jpen

stability than the WT or the other two mutant
the significant decrease i n t2hemoSwotrhest obfa npdr oitr
(not shown).

Secondary and tertiary structures of the WT a

Circul ar di chroism spectroscopy was wused to
bet ween Abea3Ar g2Ms nMl3a2prai rs individually and
effect on the secondary and tertiary structur

the |igand binding properties.

The CD spectral feature from 190 to 260 nm 1
proteins. The essentially identical CD spectr
3A suggests that disruptindf@snB& h ypAdsrnd8y3a 2 7nbdoi nvo
have negligible effect on the secondary struc

CPO is significantly different from that of

met hod 33 and refehehcealt hepaetenttwasakphama
(Figure 280 diTher&nce between the secondary ¢
unli kely to significantly influence the tert.:
CPO. However, remobahdofr doulht e@ecdhiirs a&f noéteilciexa
(2% crease) .

The CD spectra between 250 and 600 nm were u
(Figure 3B and Tabl e-3SD) nmThegsiognalrs sien ftr loen

and disulfide bonds present in the protein.
26D70 nm, respectively. I n addition, the dis
maxi mum at around 330 nm and typically produc
t heSSC bond angl e, di hedr al angle of the di si
gr o t'p $°.

Chl oroperoxidase has 18 Phe, 5 Trp, and 11 Ty
in tHeOO027M5m region observed for WT CPO is 1Ilik
negative band at around 265 nm could be a com
bond between Cys79 and Cys87. Al l three mut a
which indicate changes in the rigidity or en
di sul fide bond region.

The regi on-60&t wenemprd4¥¥0 des information about
around 350 nm (delta band)6004 1n0m n(nQ (bSaorrdest))., la
of WT CPO, the heme group has strong absorp
Additi onal weak negative signals are | ocated
mar kedly different from that of the WT (Figur
aromatic region and two strong heme group si

absorptions disappear in the spectrum of t he
50600 nm region with two maxima at 561 nm and
the heme environment in R26A is quite differe
Soret signal may reflect poor incorporation o
by the | ower Rz wvalue. FurtherMose,spelcer Smor
significa@tmpgnwhshiboh protein storage, indicat
"¢mgt %l ATA 3EAOOEAOR AO Ai8 4EEO EO Al 1 DPAT AAAAOO AOOQEAI A
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Tabl e Mi.s WbL\Wectr al properties of fierric WT anc
cyanide complexes at pH 6.0
, tband bband Uband
Protein ( nm) Sor(mtm)(nm) ( nm) CT( nm)
WTCPO -- 398 515 550 650
WT-C N 364 439 - 564 -
R26A 354 418 540 568 644
R2 6@N 364 436VY432 560 -
N33 A 356 420 540 575 -
N3 3@N 364 437Y427% 557 -
R26 A/ N33/A56 421 540 575 644
R26 A/ NCG3N3 B 64 439VY437 555 -
at arodnd Bwm4d4(delta band) is present in the s

el ectronegative environmenkomnd decleethieome nhuatsa nct
N33A and R26A/ N33A, the Soret bands are obse
broader than that of the WT with a shoulder a
N33A mutants, there are no signals at 370 nn
present, respectivel y. These observations sug
similar to each other but different from that

Heme coordination and |igand binding to WT an
To further investigate t¥Weshmemascreament fwé he
and mut ant CPO (Figure 3C). At pH 6.0, t he WIT

nm as wedl,labdads GThebands (Figure-s®PCnamharkablse al
650 nm indicate that-sphe pemeactoondisaiadtéea
ture epi higbntacoordinated WT CPO remains sta
ing tepanl ewate at pH 8. 0 and above (Figure
data showing that tspmneitihenacooridée nal leal b en

The Swaredb,ands of theshmhutaaetds(aabl ¢ ed) . These
sistent with tiseipréeaeemecaevioh a Isowth | igand

chain of an amino acid residue in the distal

N33A spectra suggests that a sansapliln fsrtaacttei.o nF uor
U/band intensity ratio in the WT spectrum i s
and R26A/N33A mutant spectra. These ratios st
and R26A may be closer in energy than those i
mut ant s polsbsaensds, awvhdlcehari s al-spianhemdication o

The stability of the heme environment at diff
in WT CPO with the double mutant being the mc
(Figubp. 4Bo further examine the effect of th
UMVis spectra of the mutant CPO proteins and
CN(Figure 6 and Table 1) were compared with t
spectra of the ferrous mutant CPO proteins ar
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A %47 WT CPO C N33A CPO
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B D
0.5 - 7\ — -pH35 ] ——pH 2.4-8.0
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§FigureVi4s dbvsor ption spectraDdf aWTvaA) oaedphut ant C%PO

WT CPO with t-©@8 Som-lea nd$ babtll 7 5n5mD. Further mor e,
of the ferr e&€WOs counpdretx eGP@®s al so essenti-@0I vy
adduct with the Soret bands at 444N1 nm. Thes
Hbonding network does not af fect the binding
Interesting@Dyantth®26ABBHNEBAlI exes show the delt

nm, respectivel vy, with the first mutant havin
delta band indicates differences in the elect
which can influence the catalytic properties

The -WUlVs spectra of the ferric WT and mutant c)
in the prexarcs.ofl nCGMrestingly, tGN gorpaedualally
with a slightsh$dret(-Bb apundde bTiGéubBe e 1) . No furth
observed beyoaddilt hooy bhdiCNating an equilibr
changes were obs@MveHoder SMTetCPWand remai ned
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Figure H%isAabb®b¥W¥rption spectra of—CG)ecompllseXNTirCPp)hoammhajfteerrl
UMVi s absorption spectra of f@&0 rcoounsp |meuxteasn ti nC PpCh oasnpdh afteerﬁrbowfs
agreement with the obsérvations reported prev
The slow binding equil i Boroiunnnd breuttvaeneen CfPrCe es uagng
coordination site in the miOtamtl eCROei Droanu ei
Therefore, cyanide has to compete with the e
binding and may also result in a | ower bindin
cyanide dissociation constant, both the WT
cyanide at pi)6. 0 Thki puresehAhe of the isosbest
with the equilibrium betweeQN tshpe curecsampTilee eld
calcul ated using equation 1 (Figure 7E) and a
the mutant CPO. The Kd result for the R26A mu
was performed because of the | ow yi el d bainnddisntc
to the mut anstpi nhalvedmeg ias |looomnm si safefnitniwiyt ht oa tdhee
mM) havi-sgia heme dfHoakekalrinée heHWEpamd f muman
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Tabl e 2. Cyanide dissociation constant
CP@&N complexes at pH 6. 0.

Protein CN Kd

WTCPO 130. ®OW6 . 5
R26A 3 .n6M
N33A 10. 5MNM. O

R26 A/ N33 A|3. 8 M 4

A 04 - ——ferric WT (pH 6.0) C , —ferric N33A (pH 6.0)
-==-ferric WIT-CN (0 min) ===-ferric N33A-CN (0 min)
------- ferric WT-CN (60 min) 0.3 - seeeee ferric N33A-CN (60 min)

0.3

=
[
1
=
(28]
1

&
[
1

=)
=
Absorbance

Absorbance

300 350 400 450 500 550 600 650 700 300 350 400 450 500 550 600 650 700
Wavelength (nm) Wavelength (nm)

——ferric R26A (pH 6.0) 03 - ——ferric R26A-N33A (pH 6.0)
B 05 —-=-ferric RZ6A-CN (0 min) D¢ --=-ferric R26A-N33A-CN (0 min)
....... ferric R26A-CN (60 min) -«---- ferric R26A-N33A-CN (60 min)
0.4
0.2
8 0.3 4 8
= =
5 ]
e 0.2 T
2 201
o -
< <
0.1
0 T T T T T T T T T T T T T T T 1 0 T T L] L] T T T 1
300 350 400 450 500 550 600 650 700 300 350 400 450 500 S50 600 650 700
Wavelength (nm) Wavelength (nm)
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§(C) , ferric R26A/-RB3Atampd -R2OASPMYSArGa wer e ta-laejrdiitmlmilendi ot
ispectra we r-heo ura kiemc wmf & teiron wi t h CN |
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Figure 7. Titration of WT CPO (A), R26A (B), N33A (C),§ a

-Kd determination for the mutant CPO (Only 1 trial for§ R2
protein). F. The Hill p {CiNt b(i chelti exrgmisnt aoti i cohni ocnfetrrnLyt)antTh@P@

-N33A plots are 1.0048, 0.9943, and 1.0249, respective!y.

di fferent -sspinnc eWT hies leonwzy mati cal |l y i nfeheet iHvid,l
(Figure 7F) bsihnodwisn gt htaot tChNe R26 A, N33 A, and R2
stoichiometry as in binding to the WT: one mo

Activities of mutant CPO as a function of pH

To examine the effect of hydso@édn amAdnrdB8l3d &d7re t
catalytic properties of CPO, 4 enzymatic as
di smutation, epoxidation, and peroxidation. W
a very acidic pH with the opti mal pH at 2.75
devoid of the chlorinati on-5adt i wiutgyg eisnn i tnlge t the
be responsible for the differences in the enz

Hydrogen peroxi de -edeeccampos idiisoppr,opaortw@nati on
CPO most efficiently at aci dibc OpH Fwguhet B8)
di splayed catalatic acti Oi2tat ooft hed % taetstpld 4.H
CPO. No catalatic activitys.wads inbdeireved3 3aAt aarr

mut ant s. Essentially absent catalatic activit
redox potenti al an@/borndamgoh ©t rCupcdt ilono foft hHe

di sproportionation pathway eliminates the ine
CPO, overriding the adverse effect of a red:i

conferring significantly enhanced epoxidatio
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