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Abstract “
Using ‘3C labeling and NMR s~ctro.scopy we have de[etmined biosyn[hct]c

precursors of pyrroloquinoline quinone (P(X)) in IWOclosely rtlatcd serinc-type
mc[hylm.mphs, hfe~hylohucmriurn Ahl 1 and Hyphmnicrobium X. Analysis of the ‘3(’-
I;lhling dula revealed thii[ PQQ is constructed from IWOumino ~cids: Ihc ptmi(m c~m[;iir]il]y
S-6,( ’-7,8,9 A the IWOcarboxylic acid groups, C-1”’and 9’, is derived-inmcl -frum
~Illll:llll;l[u, ‘~c rcrll[linin~ ~~ion is d~rived fr~rrl [yr~sine; the phcno! side ch:~in prfn”i~i~.s~.
:11(”si~ ~.uhms of the nn~ contair,ing [he onhoquirmne, whcrc;]s irmrmd cycliz.;l[i(m ()!’Itl(t
;Il]lim) w’id I>:]ukhone forms Ihe pyrrolc- 2-~iih)~ylk :icd mo!ety. I’his is ;m:d~~g(wstt) th(’
c-yeIiz.n[ion of dopaquinone to form dopxhrorne. Dopaquinotm is a produc[ t~fdw
~~sidil[ion of tyrosine (via dopa) in retic;ions cwalyzcd by nxmophcnol IIIc)I)LM)xygc II:IsL.

(l~C 1.14. !8.1). Sming with tju-osinc and glumm[e, wc will discuss p~ssitnlc
l~io~ynthctic routes[01’QQ .
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1~{-/Alhclin# scudics in ,#J@~ -- A simple but efficient approach [o
est:il-dish [hr il~li~~.[i[~c~~q~~~~l,~~nof prmI.u~rs ls tie mplaccmenl method. 71M dirccf
incc~TJL]r;llllll~{)1nmino acids Into prmein of Hyphomicrobium X was determined by

culturing ItIC q:lllism in a ~~um I@ con~ncd 113Cl~LkOl as a gmwt-h substrwe and
MW SUptIICmCIWf with UP.~~~led a~n~ acids. Amino acids wem isolawd from protein
h@.ml)sl!c~ III~J lh~ dl!llti~n of tie la~l from [130TRfimOl was determined by mass
spectromc[n. O} ndn~lnlsy~ll~n, Of Phwlalanw 98% of this amino acid was incorporated,
and no OIhCI UIIl:I~lCLl iinlln~~ aCIdSWem found (~SUhS no[ shown). ~~cating tha[
tiyph WIIO.I,+ium X is nor able [o synthesize L-ty-rosine from L-phen:llalanine by the action
~f L-phcll~’llll:ll~il~~~-m~n~xygen~se CC 1.14. 1~ 1). ~OS[ mbabbt ~ese ~ino acids
~rc ~l[h SIIIIIwsird fmm a common precursor, namely prephenic acid (Haslam, 1974 and
(;t)r~li.l)t 11):<7I ()!1 :dn]it~isu~[icm of L-tyr[)sine, his amino acid was inm-pora[ed for Wq .
wh~’rc:ls n,! (Mhcr ilnlin~ ~l~ids w’cm f~~un~“:dakled in the hydrolyzed protein.
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with *3C (9496) and was denvcd from tie labeled methanol. inspection of the 13C-NMR

spectrum (Fig. 3, bottom) shows that signals only at 6130.7 (C-8), 144.7 (C-9), 146.5

(C-7), 165,8 (C-7’), and 166.8 ppm (C-9’) are present. The C-9 resonance is collapsed to
a wiplet due to the absence of coupling with C-9a. The absence of signals from C-2, C-2’,
C-3, C.3a, C-4, C-5, C-5a, C-9a, and C-la indicates that these carbon atoms are derived
from t)-rosine. These results provide definitive proof thal the carbon skeleton of tyrosint is
incoqwa[ed intact into PQQ: the phenol side chain provides the six carbons of the ring
mmutining lhe orthoquinont, whereas internal cyclization of the amino w-id bw-kbonc f[ml]s
:he ;J\-mle-2-cmk}s v]ic acid ],micty. Unfortunately, the replacement technique could n(}l
be us;d to tesl the p(;temial of glutamale as a precursor fcr the remaining carbons (C-
7,7 ‘,8.’) aIKI9’) of PQQ in }i);)/Ionli~rl)biunl X because glutama[e added [o [he cult urc
medium of H)p)uvni~w)biwrl X did no! signifkim[ly dilute label from 113Clnlethtinol in
glut:lnl~te isol:~[ed from pro[ein hydrolysates.

P~j.wihlc roufcs OJPQQ biosynthesis -- As denwnsua[ed from the results obliiincd h?

experiments on Mc[hylobactcriwn Ahl 1 and Hyphom”crobium X, P(x) arises from [h~
condcnsa[icm of glutamate and tyrosine (Fig 1). A possible route for the biosynthesis of
PQQ is diagramrned in Figure 4. In this route, tyrosine or some derivative of ryrosine is
oxidized LOdopauhromc in a reaction catalyzed by a monophenol monooxygenase-like
cnzynw(EC 1,14.18.1, Iw(lsin;tse). Glut.amtite could form a Schiff base with
dtqxlq~]immc. Tlx cy~li:zarion of the tyrosinc backbone to fomn the pyrrok ring could
cxcur by a h!ichacl-[ype ~dditicm analogous 10 [he known non-enzymatic cyclization of
dtpqui none 10 form dopachromc (Cmovas, 1982). Alternatively, dopxhrome mtiy k m
in[mmditi[c in [hc biosvn[hcsis of PQQ. Efforts to assuy tyrosirmse in Mcthyl~)bu[-rt’ril/r)l
,\Nl I :ind h:ivc thus far ~:~ile~, In addition, no sequence homology exists between
[yr~~~i I Iasc genes from Srrt’plt)mycc.s glaucescens (Huber et al., 1985 ) or Ncurospiwu crusxu
(Lcruh, 19S2) and k PQQ biosynthesis genes of Acincfobucw calcoaccricus (Dr. N.
(l)swn, pcrson;d communic:llion).
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