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A&r-. The blo%ynthcsls of rnttbrotr A231 87 (I) by S &~WCWU ~1s cxammed uvnp “c and “< 
labeM subtratti m conJunctIon wrth chem~ll dtgrdrtron and “C NMR It has been dcmonrtrrtdd 
that the three dlstnct structural untts of the rntlbbotlc arc dcnvcd from prolmc (the z-ketopynolc unit). 
provonate atate (dlolr.rJplro(~.~lundaunc ring).. gluex mctrbollwn vra I shlkrmrtetypc prthw*ry 
((‘-N, or dlrmmoknryl unit). and the Imethyl group of mcthlonmc (methyl ammo of tk C-N, unlt) 
lfnllkc antlblotlcs that contam a C,F;, umt. shlkrmlc rad [“Cl was mcorporatad cfiiaently onto the 
anttihlotlc and apparrntl~ rpmftully Into OK C+N, unit The mcorpontmn of D-glucosc(l -‘u), [&“Cj 
and [II-“CJ 1% l lu, umsrstcnt rnth a ~hrk~mrtc~typc pathway to this unit None of the l romatK 
compnundr tested were mcorporrtad Into the C,N, unit. ruwtlng that the mtrcbctlon of the mtrogcn 
futxtlonalltm rn the mouty au-un kfort or concommltcntl~ ulth rromvatlon ol the $11 rncmkrtrl 
c~rhx-)CIK nng Thou multr WC m accord ulth the m~ulvcmcnt of a unquc bosynthctlc pathway m 
the lonndtlon of A21117 

Anllhlotlc A23187 (I) 1s a dlvaltnr catton ronophorc 
produced In shake culture by Strrpromj.crs chur- 
IWWU (N R R L 3882)’ Thts antlbrotlc IS active against 
gram-posltlvc hactcna and fun& and has heen txltn- 
s~vcly used to stud) !hc blochcmlcal role that dlvalcnt 
cattons have m regulating allular physlologcal pro- 
cesses ’ A23187 apparentI> functions b) hrtakmg 
down cull membrane pcrmcablhty barncn to djvalcnt 
cations rcrultlng m a bartcty of cell responses.’ Being 
a small molecule and havmg only a smglc carboxyhc 
aad. two molcculti of the antlhtotlc arc apparently 
rcqulrcd to carr) out catton translocatlon processes * 
A22187 IS JIW the first polycther lonophort to USC 
N-hgandrng groups whrch IS undoubtedI> respnslblc 
for INS spcclficlty for divalent cililons ’ 

The struc~urc of A23187 (I) IndKates rhar It IS a 
member of a new class of lonophorous anrlblorlcs. 
the pbrrolc polycrhcn The only other mcmhr of rhls 
class IS rhc recently dlscovcrcd X-14547A ’ Antlblotlc 
A23187 IS a monocarhoxjhc and conslsrmg of thra 
drstmcl rfructural unll\. an z-kctopyrrolt, a dlox- 
asplro(S.>)undccanc nng and a CON2 untt which 
forms the aromatic nng of the larger hcnroxazolc 
moltty of the antrblotlc Recently. the total synthesis 
of A23187 has kn carncd out and the absolute 
configuratlon of A23187 was dctcrmmcd to by cor- 
rect ’ The unusual structure of this antlblorrc suggests 
an equalI) unique hlosynthcsls The z-ktlopyrrolc 
could be denbed from proltnc. d-am~nolevultntc aod 
or direct condcnsatlon of acetate and:or proplonatc 
umfs Rati on the known hlosynthcsls of macrolldc 
anrlblollcs which lack an aromatIc mmf and anti- 
hrot~cs conralnmg an aromatlc center.’ II would ap 
pear reasonable to assume that the splrokctal nng of 
A23 I87 IS dtnvcd from acetate and proptionatc units. 
Another posslblht> IS that the nng an= by condcns- 
;rtlon of acetate units with Ihe Me groups rnsrng 
through tranrmcthylatton from a C, donor, as has 
hccn Jcmonsrrated In the brorynthcsls of aurodox” 
and boromycln ” The C.N, unit havmg two nlrrogcns 
orrho 10 the cxocycl~c carbon 13 a structural unit 

unique to A23187 Thrs untt could ansc from four 
acetaft unIta as dtscnbcd for sal~cyl~c acid or actty- 
Iphloroglucmol.” or from anthranrhc aad. 
3-hydrox)anthranlhc acid via tryprophan” or glucose 
metabohcm \la a shlklmarc-iypc pathway A number 
of Interesting antlblotlcs contain a C,N, unit havmg 
one mtrogen rnclo to the exoqchc carbm ” The 
blosynthcttc ongn of thex units has hccn demon- 
strated to he via a dlvtrgtncc of rhc shlklmate 
parhwab pnor lo rhe fonnatlon of shlklmlc aad. In 
thlr paper. we report rcsultr on the btosynthcsls of 
A23187 uhlch demonstrate that rht blosynthctlc prc- 
cursors for the antIbIotIc arc prolmc. proplonatc. 
acetate. mcthlonrnc and glucox VU shlklmlc acrd ” 

The hlosynthcrlc ongn of the carbon skeleton of 
A23187 was examined using “C-labeled substrates to 
ftnr dlstmgulsh between the xvcral posslblc path- 
ways already mcnlloncd Based on time course stud- 
ICS wlrh the producing organism In shake culture, the 
labclcd subsrratt$ were added to antIbIotIc producmg 
cultures at 72 hr of crcll growth Culfures (50 ml of 
producrng me&a) were hrrxsttd 24 hr later and 
A2.3187 was Isolated as I(< calcium megneslum melt. 
convcricd 10 its acrd form ulfh HCI, methylattd wrth 
dlaromcthant and punficd WCC by chro- 
matography ” The anllhlotlc producrng culture con- 
slstcntly yleldcd between 5 and 8 mg per 50 ml cul- 
ture The results. summan7rd In Table I. Indicate 
that proplonatc. acetate. prolmc. mtrhlonmc. glucose 
and shlklmlc acid are cfVicmt1~ rncorporatcd Into the 
antlblotlc 

In order to ohtam some mformatbon on Ihe 
lahclmg pattern of thcx substrates. dcgradatlon of 
the speckally lahclcd A23187 methyl titers was 
carncd out Kuhn-Roth oxldatlon” of the anirblotrc 
allows C- 19’ and - 19.. 17’ and - 17.. 15’ and - 15.. I I * 
and -I I 10 be removed from the mokculc In the form 
of sodbum acztaic Schmidt dcgradatlon” of this 
sodlum acetate ylclds monomcthylammc and CO: 
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from C-2 and C-l of the acetate, mpectrvcly The 
results (Table 2) dcmonstratc that the second and 
third carbons of proplonatc arc the m~rcx of the Me 
and adjacent mcthykncs of the splrokttal nng of 
A23187 The spcc~fic actlvlty of the &lurn aatatc 

dcnvcd from proplonatc [3-“c] and [2-“q labeled 
AZ.I11(7 IS one quarter that of the labeled antlbrotlc 
Thus mdlatcs that all four of the Me groups and 
adjacent mcth)lencs of the dlox-asplro(5.5)undcne 
nng are dcnvcd from C-3 and C-2 of proplonatc, 
mpectlvcly The rcsultc of the Schmidt dcgradrtlon 
of the [3-“C] proplonate labeled aatatcs arc also 
conslstcnt with thus proposal The hndmg that IW’, 
of the label that I?-“cl and [2-“Cl proplonatc con- 
trlbutc to the antlhlotlc mokcuk IS found at thcsc 
carbons mdtcotcs that proplonatc 1s a dlrcct prccur- 
wr nnd not mctaboltcally transformed pnor to mcor- 
poratlon The sodbum acetate dcrlved from the K-R 
oxrdatlon of [2-Y] and [I-“C) acetate Irkkd 
A 23 187 methylester was also found to be labeled but 
the results are In accord with the metaWlc con- 
bcrslon of acetate to proplonatt pnor to its mcorpo 
ration The lack of mcorporatlon of mcthlonmc. 
prolmc and shrklmatc and the low incorporatlon of 
gluccKc Into this part of the molecule ~ggcsts that 
they arc mcorporatcd spac~fically Into -me other 
part of the mokculc 

DI~W cvldcncc for the precursor lakhng pattern 

of thts antlhlotlc was obtamcd from fedmg expcn- 
mcnls *lth “C-labeled precursors In con)unction wth 
“C-NSIR In order to do this, II was naccuary to 
assign the “C-NMR spectrum of A23187. 7%~ free 
acrd of the antbbrotrc was used for these studI_ The 
“C-h’MR spectrum of A23187 Includes 29 clearly 
resolved rtronances (Table 3-5) Of these. those due 
to the ketone and carboxyl groups have already 
-IVY assrgnment b To extend and complete these 
aulgnmentq. we have us4 a combmatlon of routme 
methods For example, the sFtra of A23 I87 include 
I3 monanccs below 95 ppm. from IWIC knowledge 
of “C chcmlcal shifts. thcx resonances arc aurgncd 
to the I2 up’ c.&ons plus the kttal (carbon 19) From 
the relaratlon tlmtc (T,) of these resonances and their 
appcaranccr In the off-resonance decoupling (ORD) 
spectra. the five rnethtnc resonances arc easily 
ldcntlficd These rcwnances wcrc spcclfically assIgned 
through the USC of sclccttlve dccouplmg pro&urn 

The singlet monanccs (1 c those due to non- 
protonatcd carbons) of the aromatK: rcnon arc more 
dlficult to assign The a.sslgnmcnt of C(2l) can be 
made through compansons to the spectrum of 
2-acctylpyrrok ” hppropnatc models for the subru- 
tuted bcnzoxarolc arc not avulablc, but from the 
puhhshcd spectrum of bcnzoxUok” Itself and the use 
of substltuent parameters drawn from extensive rc- 
grcsvonal analysts of bcnrenold systems,” II IS posse- 



llw bmsyntharr of rmbouc A23187 

Tabk 2 Dcgradwon of Sps16cally Irbded A.23187 Methyl ums 

I237 

Pro! In* (9. ‘5) 4.14 0.003 1.0. M.D. 0 

Pro@ionrtr.3-1’C 3.0 0.n 95.3 4.t 100 

Proplanrtr-l- “C 2.4 0.54 5.8 94.I 100 

ProQlofl4tt-l- “C 1.6 0 h.0. 1.0. 0 

4~trtr.t.1% I.9 0.064 56 44 10 

kctrtc-d’c 1.2 0.060 22 88 10 

o.L.*thlonlnt (S."C~~) 1.1 0 R,D. 1.0. 0 

3-61ucow (J-l'0 0.61 0.01 I.D. M.D. 10 

Jhtklytt (“.l’C) 3.1 O.ooO4 R.0. M*D. 0.29 

D,L-Shlkfrrtt (1.6-“Cl 0.4 0.0002 m.0. I.D. 0.3 

1 . D * . not &terrTntd 

Tahk 3 Incmponuon of I’r] proponatc mo the Dvor-uprd~.5)w&cu-x nn& of A23187 ’ 
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1, 28.3’ 

18 72.8 
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11’ Il.ld 

15’ 16.7 

I?’ 10.8’ 

19’ 13.2 

Rtlottvo l’ C cnrlcmt By ~r~lowte 

[I.l~C]B [2-13Clb [I -+p 

0.1 0.7 I. 1 

0.9 0.8 1.0 

0.8 0.5 14.9 

0.5 10.3 0.9 

0.5 0.8 0.9 

0.4 I.0 0.9 

0.8 0.4 8.4 - 

1.0 10.6 0.8 

1.1 0.7 18.0 

0.5 IO 4 A 0.8 

0.1 0.5 14.2 

0.6 11.6 0.8 

10.8 0. I 1.0 

11.1 0.7 1.0 

Il.? 0.1 1.1 

12.1 0.6 1.0 
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Ptlrt I vt Inrlchmat” 
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D,L.Proltnt- 
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: +thtonint. 

ObQ 

(0.8 rp/.l) 

I’ 30.0 1.0 16.0 

II' 11.1' 1.0 I.4 

IS' lb.? 1.0 1.2 

I?' 10.8' 0.9 1.0 

19' Il.2 0.8 0.9 

20 193.t 7.0 0.1 

b c4lcul4twl #8 In trblt Ill tactpt C-14 ~48 1~8td 48 the rtftrtnct ptck. 
c fin41 conctatr4tlofi of substr4tt rdded to prodrctfon CultuW*. 

hlc to prrdrcl a spectrum for this molcty. Such a 
predictIon. which was m reasonable agreement 
( c 2 ppm) with the prct~ourly assigned resonances of 
C-4 and -5. was & to provldc an mltlal asrqnmcnt 
of the smglet rtsonanccl of the bcnzoxazolc prtlon 
of A23187 

Also useful In asslgnmg the aromatK C resonances 
were the “long-range” (I t two- and 3-bond) ‘H-“C 
couphng, observed In the ‘H-coupled “C-NMR rpcc- 
tra The resonances of C-8 and -1 could eastly b 
dlsltngulshcd usmg these data H(4) 1s the ncarcrt 
noncxchangcahlc proton to the c-arboxyl C-l. and 
Inasmuch as thex two nuclcl arc four bonds rrmovcd 
from each other, the) arc not expected to be 
slgnlficantl) coupled The C resonance near I65 ppm. 
which remains a sharp smplct m the ‘H-coupled 
“C-NMR spectrum. 1s therefore asslgncd IO C(l) In 
the free acid. the rcsonana of C-8 IS a tnplct by virtue 
of Its coupling to the adJaccnl methylenc Thor tnplct 
IS not r-l& In the spcttra of the complexes. 
presumably due to greater lmc widths resulting from 
the higher molecular wcrght of the ternary complexes 
( YJ& ~+a). but peak widths can still k used to 
dlsttngulrh the resonances of these two carbons 

Two- and three-bond ‘H -“C couphng can also be 
used to support the asslgnmcnt of C (3.6 and 7). The 
C(3) rcsonancc IS highly coupled. even after D ex- 
change of the ammc proton. Spmfic dccouphng 
expcnmcnts usmg low dccouplcr power)0 confirmed 
that this resonance was coupfd to the N-Me protons. 
The C(7) resonance appears as a doublet with lmc 
spacing of about 5 5 Hz. prmumably rcsultmg from 
couphng to H( 5) The resonance of C(6) IS apparently 
coupled to both H(4) and H(5). lint spacmgs arc 
about I2 and 3 Hr. rcspcctlvcly Overlap of the C(2) 
resonance wlrh those of other carbons prevents anal- 
ys~r of IIS appcarancc In the ‘Hcouplcd “C-NMR 
spectrum 

When a chloroform solution of A23187 1s shaken 
with water or D:O. changes In chcmlcal shift such as 
seen In the spectra of narasm were not observed ” 
The ‘H~ouplcd “C-NMR spectra. however, showed 
numerous changes due to exchange of the two N- 
prolore All of the pjrrolc c;rrbons were observed to 
k coupled to the pjrrolc N H. a fact that alds In 
idcnttfytng the resonances of thcx carbons Also. the 
CA resonance. which appears a\ a doublet of dou- 
blets In Ihc rptrum of A23187. collapses to a 

Trbk S 

I 168.7 0.9 0.9 

2 91.9 0.5 0.1 

I 150.8 1.5 2.3 

1 108.4 0.6 0.8 

5 116.9 0.6 0.6 

b 141.8 0.9 1.3 

? 141.6 l-8 1.1 



doublet after dcutetsum crchangc Throughout the 
sines. the ttfOnance of c’(5) 1s a nhrrp doubkt end 
15 not afkctcd by D cx&ngc 

Of the carb#ns of tfK ahphattc portton of th 
mskcuk, three arc attached to 0. one bemg a kctai 
uhgch must be repr-ntcd by ths rcmammg 
downfield vnglet at 98 4 ppm The two CO carbons 
lend to doublet rreonancti at 68 3 and 32 I4 ppm. 
iwgncd to f~l0 arnd i$), qxsw~fy, through s&c- 
WC d~ou~~n~ cxperjmtnts 

Once hd\lng asqned the “C-NMR spectrum of 
the antlblotlc. condltiuns for fccdmg the “‘C-lab&d 
pretlur.s0rs w;i$ first established by drlutaan rxpcrt- 
rr~ntls wrth the c~rr~~ndln~ “‘C-t&&d precurvx 
The st;iblc tsotqx lab&d compounds wcrc then 
added to productton culture\ in dtbtded doses at 72. 
96 and IZOhr of ccl1 grauth at the etincentratlons 
~n&urcd m Table 3 5 The ~ntvblotlc was lsolattd as 
before dnd the purrficd mcth>l ester ~3% hydrolyzed 
wth hxw tu gwwdtc A23187 free acld.‘& The 
‘“C-NHR spectra Of the cnrtcbcd antrb~oarcs was then 
examtncd 

The mcorpratrc%n of “C-Eabekd proptonatc rc- 
~~lcd no surprises (Tahlc 3) Prapronatc-3-“C la- 
b&d only the Me carhms -I I ‘. - 15’. -I?’ and - 19’. af 
the &ox-asplro (S,5t undccanc nng Llkc*se. 
propranatc-, ?-‘%I lab&d only the adJaccnt methy- 
knes (1 I r 15, 17, 19) of thrs unit of the rmtwttc andi 

proptonatc- I -“‘C ennchti the C s1gn4s assIgned TV C 
(II). 14, 16 and 18). Thrs ieaves only four catbon~ 
unwxwttexl far rn the dlax- 
ring. As cspactcd from the 
xrudres. acetate f2-“‘Cl and [ I-“Cj were cxtmsi~ty 
metaboltrtd by the orgamsm pnor to mcorporotlan 
(data not shown) la order to dctcrmme where Intact 
ixxtate umts *we mcorpwatcd. ocelalc [l, 2-“CJj 
war fed lo the antlbtotlc producang s. dwtrt%#fb., 

This cnrxhed A23187 reve~kx! two parrs uf car&xx 
dertvcd from mtaet acct~t~ umts as &ttrmtnd by the 
presence of canly two sets of coupled carbons C-H slnd 
-9 wcrc coupled lo each other (‘I, = 59 4 I+) and 
C-12 and -13 (‘I, = 24 H/I wcrc 4s~ coupled Thcrc- 
fore. acetate was bcmg mcorporatcd sv~hcally mto 

The role of prolrne and mcthisnrnc In the bus- 
synthcsls was cstrblrshad m a rlm&ar rirshlon (Tabk 
4) Prohnc [I -“‘Cl was sptx~fically Incorporated mto 
the C-20 of A23187 and Ilkewse. L-msthlamnc 
(Me “C] was l~~r~r~t~ only rnt6 the amma MS: 
group of the C,N, unit Wo oatbet C resonances 
dcrlonstratcd cnwchmcnt rn the spectra of ctthcr 
cnrlchcd antIbIotIc 

The orrgm of the C.N: umt of A23187 still M- 
mamcd to )r dctcrmmsl The lack of mcorpsratton 
of ;inthranthc ac$d ~“YXX.IH). tryptophan [h-‘T9 
and Fhc other aromatx (T~bk I) c~nt~~n~n~ com- 
pounds suggested that thts aromatic untt might bc 
dtribcd more dlrccttj from glucorut metahohsm The 
findmg that mtact aatatc umts I;rh&d onlj the 
carhns of splroketal nng also ruled out the pi- 
tz~hty that r~xtatc unbts condcnbcd to form tha mor- 
ct) Another gavsrbrlttr for the cmgm of thrs untt 
from ~IWX wautd he w a ~htk~rn~t~-t~~ pathway, 
Fctdmg rnpcrlmcnt% wrth D-ghxax II-“‘C’J and 
[tS”Cl rcvcalcd that only two carbons of the C,N, 
unit lxcame lab&d from these substrates (Table $1~ 
Yhc carbons cnncbed were orrha to the cxocyclrc C 
rn agrccmcnt vrtth the Involvement of a shlkrmate 
type pathway sn the basynthcss “ 

Althc>ugh the results wtth D-@case f l-““q and 
fA”‘C1 suggs~ the tnvolvcmtnt ofa shlkrmate-type of 
pathway. the data cannot dtstmguish between thrw 
possible pathways for the formatIon of the C-rci> umt 
(Scheme 2) ” D-glucose [W-“Cd was used to dcrcr- 
mttw hw the Intact three C umt from phas- 
phscn4pprubatc and one rntaet four C untt from 
cr~~hr~~-~p~~~~h~~~ rundense to form the CIN, 
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Table 6 “C-“Cc~uplm~ ofurbns ofthe C,N, urut of A23187 methylester ldulcd from [U-“c J g~uanc 

c1 evn Cllclcrl sh(lC, ppn J CC’ nr 

7 76. 74 

I 150.8 67 
4 108.4 62.63 

5 116.9 61.66 

6 II?.5 66 

14l.l II 

umt Pathways A and B (Scheme 2) dlfler rn the 
oncntatron of the two units. Pathway C would occur 
rf a free symmetrical mtcrrncdlate such as 
2.6diammobcnz.o~c aad were mvolval In the blur 
synthcslr This pathway could g~vc nsc to a more 
complxatcd coupling pattern SI~KX C-2 would be 
coupled to C-7 and C-3 D-glucose [U-“Q wu 
diluted mth unlabeled glucose (0.2Sgm labeled to 
0.75 gm unlabeled) and fed to IO production cultures 
of S. churrrcwu. Tk couplings found m the C-13 
N?4R spatrum (Table 6) of the cnnched methylester 
of A23187 (II) arc straight forward and consistent 
wrth the Involvement of pathway A tn the blo- 
synthesis The monance for C-2 IS span& by a 
multlplct (I, = 74 and 76 Hz) and IS coupled to C- 1 
(doublet, I, = 76 Hz) and C-7 (J, = 74 Hz) The rcs- 
onancc at C-3 IS spanned by a doublet (J, = 62 Hz) 
and IS coupled to C-4 (multlplct. J, = 62 and 63 Hz) 
which IS also coupled to C-S (multlplet. J, = 63 and 
46 HI) Fmally. C-S IS coupled to C-6 (doublet, 

J, = 66 Hz) Thw results arc only In accord mth the 
Involvement of Pathway A In the hlosynthcsls of this 
unit 

Shlkvmlc acid [“CJ IS sqmficantly mcorporatcd 
Into A23187 (Table I) Thus precursor IS apparently 
spcc~fically Incorporated Into the C,N, unrt srnce 
K R oxldatron of shlklmate-[U-“C] labeled A23187 
mdlcated that less than 0 6;; of the label that 
shlklmate contnbutcs to the anttblotlc ends up In the 
dlox-asplro (5.5) undccanc nng (Table 2) ” The addl- 
tlon of unlakltd prohnc along mth shlklmate 
[U-“cl did not decrease the IncorporatIon of 
shlklmatc Into the antlblotrc suggestmg that none of 
the lakl that shlklmatc was contnbutmg to the 
antIbIotIc was due to mctabollsm and subsqucnt 
mcorporatlon Into the z-kttopyrrolc unit The results 
with spcc~fically C-l 3 lakltd glucose and shlklmate 
[“Cj taken together Indlcatc that the C-N, unit of 
A23187 1s formed by a dlvcrgena of the shlklmatc 
pathway at a point beyond the formatlon of shlklmlc 
acid ltsclf 

DIWU.~lON 

The results presented abvc cstabllsh the blo- 
qnthttlc ongrn of antlblolrc A23187 and arc sum- 
man& In I The precursors for this antIbIotIc arc 
prolint. proptonatc. acetate and glucox vra a 
shlkrmate-type pathway Prolme forms the 
z-ketopyrrolc molcty while acetate and proplonott 
arc u~hmd to construct the dlox-uptro (5.5) un- 
decant nng Thrs parallels the brosynthcsls of 

macrohdc& and ansamycm antlblotlu where Me 
groups extending from the cham anse from methyl 
malonatc (proplonatc). Instead of rcqulring a one C 
unit donated from mcthronrnc as IS found In 
aurodox” and boromycm ” As with the ansamycms. 
the chain of the dlox-asplro (S.5) undccant tlng is 
elongated In an “amldc-head” dlractlon In whxh the 
chain IS rmtlatcd starting with the N of the rramatlc 
unit In the case of A23t87. this would be an 
“oxuolc-head” pathway Instead of ending mth tht 
condcnsatlon of an aatatc unit or propionatc umt. 
tht chain cxttntlon uould termmate wth the addl- 
tlon of prolmc or pyrrolc-lcarboxylate Since the 
addition of unlabeled pyrrolc-2carboxylatt along 
with D,L-prolmdl “C] did not rcducc the mcorpo- 
ration of prollnc Into the antlhlotlc (data not shown). 
I( IS hkcly that the last mtthylmalonatc (proplonate) 
unrt condenses dlrcctl) with prollnc which then IS 
reduced to the z -kctopyrrole moiety 

The C-N, umt differs from the C,N, units found In 
a numkr of mtcrcstmg and clmtcally useful 
antlhlotlcs” in that shlklmlc acid serve as a prccur- 
for for this portion of the antrbrotlc The dlvcrgencc 
of the pathwa) for this unrt must occur prior to the 
formation of anthranlhc acid or 3-hydroxy anthra- 
nlllc acid smcc anthramllc [COOH] acid and tryp 
tophan (7a-“C). rmpectlvcly. were not Incorporated 
Into the antIbIotIc Phenylalanlne IL- “CJ and ty- 
rosme [U-Y] wcrc found to lakl the antlblotlc 
(about I”, of the added lakl). but chcmlcal dc- 
gradation of the s~~fically laklcd A22187 revealed 
that MI”, of this lakl was krng randomly mcorpo- 
rated Into the splrokctal nng (data not shown) These 
results suggest that the nitrogen functlonahtles of the 
nng arc added to this unit ktwcen shlklmlc acid and 
the aromatlzatlon of the nng The C,N, func- 
tlonalrtlcs of the anumyclns. mttomyclns” and pact- 
am)ctn. arc thought to habc 3-dchydroqumatc 
(IIHQ) or 3-dchydroshlklmate (DHS) as the Immcdl- 
ate pr=ursor for this portion of the moloculc 
(Schcmc 3) This IS mdlcated by rhc lack of spoc~fic 
mcorpratlon of shlklmart (III) Into these units a*)0 
An attractive pocslbllltj for the Introductmn of an 
amino grwp Inlo rhw C,N, unit would k trans- 
amlnatlon of the kcto group of W-IS or DHQ. Sma 
the mtrogcn< of the C?N: umts of A23187 are orrho 
(0 the cxocycl~c C. a slmllar type of mcchamsm would 
Ktm unhkely In this particular blosynthuls Tbt 
gcncratlon of the C.N, unit of A23187 may req~rt 
that shlklmatc k converted to knol- 

pyruvyl-shlklmatt-3-phosphate (IV) or some other 



1 

Scheme 2 

mtcmtcdtatc and then to 2.6d~ammohcnzo~c acrd or 
3-h~droxy-2,~lamln~~n~lc aad (VII) via a drv- 
crgcncc of the pathway to anthramlatc (X) A similar 
but scparatc pathway ma) be ~nvolvd In gcneratmg 
the C‘,N: unlf of strcptonrgnn (IX) R Recently, 
3-amino-~-hydroly~nrolc rctd (V) has been dcmon- 
stratcd to be a true mtcrmcdlatc tn the formatIon of 
the anwmjclns-” and mltomycmr.” and 
Sammohcnzolc acid [VI) was found to dficrrntly 
label pxtomycin ” Our results with D-glucose 
IV “C,] dnd the finding that the Pddltlon of un- 
lalxlcd 2.6dtiammobcntoatr along ulnth shlklmlc l crd 
(I; “C] drd not spcctfKally rcducc the rncorporation 
of this labeled prccurxx” would suggest that 
26dlammobcwolc acid IS not a free Intcrmcdiatc In 
the hlosynthels of the C,N: untt. Currently, studttr 
arc underway to dctcrmme more directly the role of 
a shlklmatt pathway In the blosynthcsls of the umt 
and the ~nlermcd~acy of J-hydroxy-2.6 
dtammobcnwc acid (VI!). 

Citntrd mtrhndr ‘C-NMR speara wrc tdcordad on I 
JFOI FX-270 mulunuclcar mrgnctlc FCU)ILIIWX sw- 
trclmctcr opcr&np rt 67 I MHI Auqp ncnt of spectra was 
carnal out at The Irlly Rcuarch L-aborrtono ‘H-NMR 
yvcrra wcrc rticrrdcrl on a Vanrn HA-100 spxtromctcr 
while “(- YM(R rwtra wcrc rccordcd on 8 JEOL Pn.100 
qxeromcrcr mterfrcld with an CC- 100 drtr syuem 
Chcm~l \hlftr MC grbcn relatrve to mtcrnrl Mc,S1 

(hromrrrlgraphy for punficrtton of A23187 ~1s cld 
out on prcparrt~bc TLC’ @ater (Merck. 60F-254. 0 5 nm 
thlchnesc) or nn columns of ~11~ ~1 (bhcr, 8Gm mcrh) 
Radlorso,trqx IrhcM comywunds wee purchuad from 
New Engtrnd tiuclrrr. Amcrrhrm-Surlc. Rocrrch Rod- 
uct< and KS /Ww~ct~wlty was dctmnmal by bqwd 
wrntillrlton counrmg on a Ekcirmrn LS9ooo or IS7800 
LX’ r~tromctcr uung IO ml of ~qua~l (NEK). Countq 
dfiocnclcr were dctermmcd by the cxtcmrl rtrndardlutlon 
<‘-II Iabctcd prccurvrn wcrc purchrKd from Merck and all 
procurujh were at lea>r 90”. cnnchcd wlrh ‘% Kuhn-Roth 
oxadmllon rnd Qhrnldt dqrrdrtlon wcrc umad out I% 
dcxnbad ctwhrrc ‘* 

M2) YIJ marntrmcJ on stcnlc sotI culture A lonpfu! of 
thlr stcnlc sotI culture was rnocul~tcsl rnto flasks f25Oml. 
Erlcnmcycr) contrrnrng X)ml of a ued mcdlum con515lmg 
of 1 5’. dc*trosc. 1 5’. nutnscq flour (Slalcy). 0 5”. corn 
syrup wlldr (Staky). 0 Y, C&O, and 0 5”. Na<‘l adJustal 
to pH 7 0 The sded culture was iluwved (0 grow for 2 days 
on a rotary shaker (250 rpm) at 25 From this Iced culture. 
2 ml samples were trrnrferrrd to ?%I ml Erlcnmcycr rhrkr 
flasks contumrq Xlml of the productton m&urn The 
pfoductlon mallurn oonustcd of 0 4’, soybn mea! 
(BrmkfKldl. 0 I*, asem. Y. dcErros.c rnd 0 !“, s&urn 

nllrrtc adJustad to a ftnrl pH of 7 5 
/~olu~rnsr a/ A23187 Aficr the rppropnrlc growlh INme 

tn productton mahum. cultures utre hawetad by filtcnng 
ofl the myocllum The mytxllr wcrt washed with water and 
then crlrrclcd wnth her M&H The broth also pj~rct 
rornc uf the rnlrbrol~ rnd It was l dJuxtcd to pH IO 0 and 
cxlraclcd with FtOAc The tllracts wcrc ct~mbtne! and 
craporarad to near dryness The mrduc YU dluulrcd In 
0 I N HCI and shaken W?lh rn aqua1 bolurnt of FIOAc 
(Iwa) The EtOAc crtrrctc m comhmed rnd ealrrcled 
with rn ddlttonrl amount of 0 I N Hc? Thts was found 

IO cflsllvciy cxsnvcrt rll of the A2IlB7 Ca Mg mlacd ult 
to the fru aod of the rnttbtottc fhc organtic Irycr uu rhcn 

dncd wrth Na$O, rncl cvrponrad The crude dncd calract 
was IruM wrth dluomcthrnc m ether T’hc A?\ I P7 methyl 

ether (II) was punhad arhrr on pnparrrrvc TLC plrrm m 
benzene ElOAc (SO SO) or by column chromatography m 
hm7mc EtOAc (w) IO) Hydroly\rr of the A23lll7 methyl 
tiler In the free Acid was umcd out wnlh cthsnolrc KOlt 
The reactton was rtrncd by rddm# 3 ml of Iw, KOH qlln 
to )o ml of ErOH conrunmg 50 mg of A?!IRf methyl ester 
The mlalure was hated at 60’ for 1 hr and then cooled to 
room temp Water (I20 ml) wu rddcd and the FtOH 
rcmov4 under vacuum The pH was rdjustaJ to 7 0 and 
t)K hydrolyvs pralucc crlrxtod *vh ErOAc The C’r salt 
wm prrprral hy shhrtq the or@nlc Iqtr over I 0 m Trtr 
contunq 0 Sm C’r(‘l: The orynK layer was dncrl wllh 
N&O, md then cvvrpontad (A23 187): Ca:* ~8% punt% 
by wlumn chromrrogrqthy rnd the puntied rnllhlolK 
convcrtsd lo 01s free rcld Thus proedurc was narrsary Lo 
move contunmrlrng maunrl which was not rcmovcd by 
direct puntiuon of A23llt7 fra l crd or Its ml&cd ults 

AF4no*l~~*y~l¶ -Th,s work was ruppond by grants 
from the Nu8onrl Ins4ltuto of Hcrlt h (AI-1677 I) and the 
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