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Towards antibody-mediated metallo-porphyrin
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Abatrael - An sitempt wan made to mimic tytochrome P-450-liks activity
wsing antibodies eclicived agains msisllo-porphyring. Monoclons! antibodies
reized againgt o water-soluble Sn(IV) porphiyria complex (1) exhidited
md&lwhavcﬁuyofmmﬂdw;duuwlluhm
p-oxo-Fe(lll) porphyrin dimer 3. Some satibodies were found to be more
seloctive for the momomer 1 than for the dmer 3, suggesting' an “edge-on®
recognition of the planar porphyrin moleculs. The analytic aciivicy of the
aarbody-metalioporphyrin complexes was taing the opoxidation
nfmbyimnhumouammmubim-dhm
studisd for (s reaction: roverst micelles, microemuisions, and wlid canl
ia orgmmic solvent, The mom promiging resuittx ware obisined with slid
catalyst (obtaized via lyophilization of oquimolsr smousts of Mo(TCPCl and
mpecifio aatibody) in dry OH,Cly 8 room tomporsiwie, M indicated by the high
lornover aumbers of (e caalyst. A differeace in the wolstive sctivity of the
various monoclonal aobodics (MABI) wae moted. The sati-1  antibodies
displayed su. 30-60% higher activity compared 0 & nonreisvaat MAB.

INTRODULCTION
Catslysts with tailored specificiies and high acilvities remain ong of the mos chsllenging gosls

m&c cheminiry. Muchk activity aad ingosuily has beem devoted to the devclopment of

strategies that might afford such catalysts, Batymes represcat e most mpomam family
of specific oatalysts that are being increasingly wsed In the labormory md o indusiry 10
achieve high reaction raiss amd incressed seloctivity. However, for mamy appiications, natural
BOIYmO! may be  wastable, difficult 4o isolste. or may never have besa identified, A
rovdistionary developmons in the biocatalysls arta has been ihe exploitation of ke cxqulsite
tpecificity and unlimlicd diversity of the lmmune tystem to creats kigh affinity molecules
having catalytic aciivity, !

Mdmunwnfcmdmmumuulmumuueruhpmi\minnof
bigh-solectivity catalysts Imclude the following. 1) The immume sysom is 1he wmost prolific
hnmammummmnuumnmammu
he immune systom cem prodmce 1012 differven molecules. 1) Using currenily availsble
ciniques, it is possible 10 use this wom o make high afficky audbodles sgainst virwally any
Bolecule wad sy chemical stracivre. ) Antibodies wiilize the mame kinds of interacilos 0 bind
their ligands (maptens or snligens) ms do encymes; these includo bydrophobic Imtorsctionas,
hrdiogea bomding, slectrostitic and dispersion forces. 4) The estimatod surface awron of the
comblning site of = amtlbody I mmn Antibody-hapten interactions may be very strong,
Wik typleal dissacistion constsata ranging from 104 to 10-14 M Such diasociation comstaany
mmmtmm;ummumwm.

Paxting postulated thar enzymes schisve catslysis by virtwe of their sctive aitn belag
Semplemcutary, In shape and charge to the high energy the tracsition stae, of (e

e Mactions they catalyze? Jfencks then propased  that nﬂhm:i'nd agning stable amlogs of

ﬁ!klndlunm-iﬂl'uiuazm&: catalysts.? This should occur if the antibody, lke
ﬁlmy-s.ummmmumumm:muh sate, thos lowerlag the vmergy
m“dmcmmmmutemﬂm the protein compered 4o that in froc
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Successiul fysems have sow bees demosstraisd for & relatively number
of different sosctions, Although, comparipn with easymes, the catslytic of these
anibodies sppear modest, those rosclioss geaersily show high reaction ulntivm high
product ste i sinos the hallmark of emtl recognition s molecular ity thiy
la oot surprising. In some camew emzymw-like catalytic efficieacy” has been obscrved.t

The succemful clicitiegy of catalytic astibodies followiag immunizstion with stable trssition
mm:h:hmhud:mwﬁmﬁnwmmuimnmhmh
avallability of the hybridoms technology; sed the maning technique by which the eatal
monoclonal astibody (catMAB) ix chossn. Earlier ettempts 1o decousicaic catalysis
polycloral antibodies ware wasuccessful dus, In l?o whﬁn' to the large amount of
Accompanying, nos-specific  aatibody molscules (some h mey bave boes mmti-catalysis,
slabiliziag subsirates).  Similardy, since (he hybridoma twchnique provides a
number of potestial biading swibodies, K it critical 1o be sbls to choose (he catal
secreting hybridomas from the larger maumber of noneatalytic COuRtoTparts.

ytio
In order to ex tha dwwummmhmmwuuuwnm«
i s Bl o e R S TR B
taxymic sclivity. res i " s L ; :
3. Prozimliy; 4. Desolvation; 8. Metal iou or cofaciors. The mperied catMABg
beca based om trgosition muts stabilization; the use of cofsciors or mewsl loms ham
Hitle eaplored.$«&

mmnrnm-muummmmummmmwumamw
noted abave. In sddition. since the ox maction of nastare which has been sly
studied and modelled, namely the cytochrome P-450  catalyzed oxldatioms. isvolves
matalloporphiyrin, this sppemwd to be sn idesl cofactor for sa sotibody-bused system: Ihe
astibody may ozens ita ‘mawral. oxquisitely selective molecalar differcatistion snd the
melalloporphyrin sots & a cofactor, providing the chemical sctivatioa site. .
Cywchrome P-450 suzymes roprossol e catracrdinarily versaiile class of biologioal oxidation
catalysts.? Ay monooxy ea they arc rosgomsibie for the hydroxylation of sereids and
opaxidation of ity scids, the firm step In the motabolism of thess compounds.
Biochemical studies sad meent Xeray ceystal strecture salynie? have provided sigaificamt
wndorstanding of the structurs usd wode of sction ef P-450 cytochromes. Charscteristic
sirsctural fomtwres for ibese wovymes isclude: 1) One gide of s Uren parpbyria mofeculs binds
bﬂho:ymﬁhm.mammhhplybwuhmm. 2) No additivanl
cunlytically sciive groups have besn fousd a1 ke active site® For monogrygenase activity,
molecular oxygen is bound by the Meme iroa(ll). la a of redox processes, the hound
oxygen in slasved with formation of waer and a high-valest lrom-aus complex believed 10 be
Forphycin{.+)Fe(1V}=Q, This fron-oxo complox subsequently teansfsrs lte oxygem o 1he
complexed submrato, lesding two tho oxidized product.

In recomt years, the mochanism and (he symthetlc potential of olefln epoxidetion aad slkanc
hydroxylstions catalyzed by timpie cywchmme P-450 model systoms have beem oxpliomsd 't Iy
the majority of thess studies, the natural proccas of oxygen activation has beem c veatod,
aid the caulyucally sctive Iron-oxo lntermediste kas booa genersed by direct moaction of
IroMIT) porphyrinsies with oxygen-transfer agemts, such as lodosobenzens.! |

RESEARCH PLAN

In sa inilisl approuch to obiain Cyt P430ike ictivity we sought for satibodies tam wil

upecifically blad metalloporpbyrins. The genenal ides in shows In Scheme 1. The hapien la m

octsbedral Sn(lY) por?hydn compiex 1 whick contaiss four clooamic acid substitvents. Tin

mpm'phyﬂnl e w;’hmhw, “::icu:ni do not relesss the metel .
Mructure Froups was designed ia order 0 achleve waser

high immunogenicity. B RNty ed

Cogylin:ofofd'l wlmnmqm?ﬂmmmdh
yariety ifferont tations of 1 to recoguized astibody, including W0 sxtreme
cages of “odge-on” recogaltion and “side-on" recognition (Schome 1), By suilnbiw
procedures (sse below) It might be posgible 0 select the more intcresting "edgs-on™ sutihodi

o
these, for oxample, should bind wn iron-porphyria | and prevent its d dimerization
the catalysically imaotive p-oxo-dimer, 3. Lad pred e “

Such parphyrins sre cxpected to show eazyma-cosnzymae-tike behevior, where the
motalloporphyrin cofactor s sterically protected by 1he protein  agsingt ondesired degradmion

for ofefin epexidation amd hydroxylstios of satoraied hydrocarbons. Morsover, asymmetric
induction ia czpecied if he substrate spprosches the ozo-metsl remctive center I 2 puthway
which isvotvea lawraction with the sirface of the proteia,
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PRODUCTION OF ANTIBODIES

meio Tuirskis (4-carboryviaylpheayl) porphisstio tin(TV)dihydroxide (1) war syntbesised by
souveniiosal methocts & owtlined In Scheme 2. Methyl 4- was prepered from 4-
bromobenzaldehyde and methyl acrylstel3 Reaciiom with pymole sfforded mere tewskis (4-
mothoxycarbonyivinylphomyl) porphyrin.l? Sianastion was cartied am by heating the
porphyrin with the stanmous chlotde oader basic conditions.!$ [ameriion of sm ircm stom 10 give
mmmzmmmwmmumhmmmumm

of sll metslloparphyring confirmed NMR, microsaalysis, sad, in the of 1, by
cryetal Xoray mminﬁ:-.d' the tm::,-ﬁyl sster (Fig. 1) e 1 single

Figurs 1: ORTEP drawing of l-istranethyl ester

Antibodies of selected clonas wern perified from sscies fluld by prowia A (FPhamucia) affinity
chromatography3® and dlalysed against mM TBS, i

» concentrtion
R e A RN
acyls yac ] - . yielded om “
light chaina under r?;luchg condidess, wsing Coomassic blue staining. 7 ey

Qut of the 1880 isdependent hybdoma wells taken for tho flrm screening, 136 hybridomnas

sodium

(7.2%) produced antibodies with apprecisble binding to the Wapten 1 (dissocistion  constsats
smaller than 10-4M). Funher screening sgainst both 1 aad 2 Tesuited In the bemt five clones
dehmldumﬁ&mulﬁlmﬁthﬁbl. ]

Table 1: Bind bitlon Censtants of different MARg,

Metalloporphyr
8a(TCP)(OH); (1) 1089 72 1™ w0 1078

F(TCP)-dimer (2) 11 a1 w4 K 1074

Different concenirstions of bapiem wers Iscubsted with tho varlous MABs and the
mmmﬂrymmwmmmmn.wwqemmm
predelermined I provide maximsl sonsitivity ia the competitive iahibidon swdiecs.
The binding/inhibition constasta glven, ClSD, are the concentration of fres haptien
mﬂudumwsdmmmmmmmmm.

As is cleady acea from the Table, all five clozes bind (he tin porphyris 1 well {C150m10-6.9.1¢-
7.6y, However, there e significamn variations with respect 10 the irom dimer 3, Wik MABs 130,
262 and 104.1 there ary differonces of 100-1000 kold is biading the (wo species. These five MAR,
Mo display size selectivity. For exsmple, MAB 76, showed no sigmificant recoguition for either
the amaller or larger anslogs 3 sad 4 (Scheme 3). The symihesiz of the fatter two Su(IV)
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porphyrin  complexes was corrled out amalogously te 1. Selective MAB: w0 wotalloporphyring
hupmlwllymm:mwmmtbmumm:mmhunm‘

Table 1
R Ci50 with BEH-76
$oo 10"
R HW 1074
“C"W »107

Beherra 3

5

CHEMICAL REACTIVITY

The lsrge differemces s binding constamts displsyed by the varlous MABs suggested that
difforeacos in chemical resctlvity of the antibody-metalloparphyrin complex might be
ommewxﬂalmarmmmmenlhemduymmchmu
. the model reaction (Scheaie 4). Obviowsly, this choice of water insoluble resctants tequired the
employment of as sppropriais biphmsic modism. Throe such wchnigues wern studied: 1) reverse
micelles,2! 2) microcouisions,33 3) soild (tyophilized) MAB In orgaslc soivemt.2?

Of\ mn\!ﬁ ] Oﬂ?
Reactions in reverse micelles woro cacricd out In CH;Cly containlng  bis(2-cihyibexyl) sodism
mlfosccinats (AT, 50 mM), syrone (0.43M) and indoschenzene (0.0IM). As aqueous solution of
W}Gwﬂh«wﬂhmwnholuquuﬂdesofthmﬂhﬂymmmedmmounie
mhww:immotvmmwwknnmwmlﬂunmmdn-u.
" miedhlhmalnadyhcnlhwmmheuefullllhhmnof‘ravﬂmhrmulmlr-
catalyzed of esters.i4 Although thiz approach was proved useful in our case s wall,
displaying a mage of 100 tursoverns per hour, mo mate cahamcemsent was caused by the presence
of the antibodios. Approzimatcly the same reasction Talos were cbserved usimg the Ma parphyrin
with or without aniibodies. Moreovor, in boh cases racemic myrens oxlde was formed (as
- veeified by 1H NMR spectroacopy wsing curopium chirsl shift reagent; dets mot sbown).

Using the above demribed conditions with lscreased Wg values (150) we attalned esscogoncous
modis that required vigorous smimg. Alibough this microcmulsion approach provided Ligher
yickds than with reversed micelics, lhe styreme oxide product was accompemied by sigaificamt
Mnousts of side products. Agein, In terms of reaction ratea amd optical yield, mo difference could
be ohstrved betwoen rasctions with or without entibodies.

mnmwmmm“M%mﬂﬁmmhmmmhAﬁmg:
coutaining equimolar smounis Ma({TCP} and | c astibody wm an

tesulting solid was added 10 a stired CHpClg loluhnoluyuuudlodominmtum
tsmperature. Reactions were monitored by both GC and NMR usisg istemal stendards, Resclions
mwmmﬁﬁﬂldhhﬂﬂ.uwﬂuuiﬁaanulﬂmmm—lll(I‘d:la
3). This spprosch works weil, as indlcmed by the bigh tummover numbers of the catalyst, In
wﬂn,nudmmnulcmwuwmmmmmmcmmywdﬁ

products boing formed. Mo cata) observed i a coniral saperiment wherw solid Mn 1
without lnyh:mdn was used. yolt waa * * ree

Thmblehnucut‘l‘nbhiIllkdlffemulnmhﬂuluivityul’m\rmmllua,u
oxpressed by differemt turnover swmbers. All amii-1 satibodies caused approximately 30-60%
bigher comversions when compered 10 the moarsiovant MAB (CNJ-111). One explamaiion for the
small difference in relstive activity is that there we many wonspecific interaciions of the
posphyrin molecules with the surface of the prctoing, allowing porpbyrin-catalyzed rescuons
mufﬂc-dhlymududa. Again, a0 im the cams of reverse micclies, mo wymmeuic
thnmohmﬁhmefmwu(uiummmtmmmwch
wonld only deoct wp 1w 10%e.e.). Interaction of the with the prowin during
—— hmhnﬂnumhumudmhutnmmi

-+

Scheme 4
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Table 3: Siyrene epoxidation catalyzed by selid antlbody-porphyrin complex
In  oergamic selveat.

Amibody Tumovers Relative reactivily
BEH-T6 424 127

BEB- 104 457 137
BER-138 417 146
BEH-130 L) 154

BEH-26 537 161

CNE-111 34 1o

All reactions wora cerried ont &t 239C for 17 h in simd CH,0);
suspeasions contsinlng, Ma(TCPICL (1.5x10r6M), BEH-MAB (1.5x10-6M),
siyremo (0.43M) and lodosobenxore (0.0(M). The (vmover
presentod are nsi values oblained after subiracting the
level of noncatalyzed ozidulon, which wer cstimatsd by comtrol
expefiments porformed In the abscnce of proweia.

Theso remmlts led us to mspect that omr inltial selection of MABs: was .

of the diffsreace in binding of compownds 1 and 1. We sssumed thM the mais
difference arises from the difference in the skape of thess melecules (momomer vs. dimer),
ncglecting the fanctions] growp differeace (the fact that 1 bears two axisl Bydrxyl while
Aot have any avisl group in additiom to the p-Oxo-bridge). In order o
msumption we mesured ibe dissocision convmxts of our five clones with N{TCP). The latier is 3
#usre plansr Ni(i) complox without any axial ligands (Table 4). Indeed, i is cleasly soon
the dimocintion conmnmnts ebtalned tha the MABs which do mot bind 2 toa Well have eves
affinity for the Ni analog 5. Apparcetly, the functicnal group scleciivity Is much more
importuat than what we initially expected.

Table 4: llldl_n!lluhlbllin Conslnnty.

[

Aniibody clae 1 %2 1.1 182 %1
Matalloparphyr
SaCPCPHOHY (1) 08 ™ 7 s 1076
F(TCP)-dkmsr (2) 10" 10 1034 w7 1074
NKTCP) (8) »107 5109 »>tg ! w2
For dewlls, scc TAble 1.

One might heve expecied that tight biadiag of the metalloporphyrin catalyst would have
prevested any catalyzed reaction from occurrisg becsuse noullmrpzyrin woskd be
insccesnible to the jodossbenzese osidant sndfor styrcme swbstrate, Antbody-biadiag hax been
observed 1o exert this effect in some cases. For sxample, mtibodics which bind tightly 0 2 p-
Rltrophenyl-substituted  Xaptex  aabilized p-nitrophenyl aceiste 1lowards bydrolysis. 26
Similazly, amii-2.4-dinliropheny] amilbodies Hgrificanily protect  2,4-dinitrophenyl Tigand
from chomical reduction.?7 The sbove resulis show that the monoclonsl antibody-bounnd
porphyrin is approzimately 30% more roactive than is the non-relevant atibody. Wog mscribe
the enbanced reactivity to the improved sccomsibility of the metalloporphydn In the prescnce

of the antibody. Perhaps this is also due 10 prevemtesd aggrogation asd precipitadon of ihe
matalloporphyrin during the lyphollzation.

CONCLUSIONS

ln this work we have shown st specific MABs can be obtsimed for vatiows metalloporphiyrins.
Wo bave also demonsiraied that imcioased catlytic activity is achieved by porphicato Mn(1l1)
complex wpon Imseracting with specific MAB. Wo demossurmted for the first time that organic
resclions atv medisted by solid MABs ia dry organic solveats. Relatvely miner modificstions
the porphyrin molecule cae lead to major differsnoca in binding of various amtibodies, Thus, by
approp scresning procedurss with & library of motalloporphyring It s possible to select &

marwlamwndbhﬁugpmprﬁuWIWMdMowmmndeeﬁmh
ield,
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