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Abstract 



Intrtadarcticbnn 
I t  iiiis ioiig hceii ;issiiii-icd tiiat tlic iiroiiiictioii oi'li;~logciiiitcci iiictahoiites by 

Ir\iiig or-g;inrsi~is I S  oi~ly cxccptioiiai. 'i'iiiis hi- irist;iiice i l l  tile sixties. only 
\z\cral teiii of li:iiogci?;~tci! oi-giiiiic c(~iiip<iiiiltis were i<iiowi~ iinii tEicir nuniber 
rilct-c:iscii ijiiilc ' , !0~4 ' j )1 ,  I>ilrii~g tl?c I:jsi t lb1O d~c ; i~ jes ,  rllt i?Li113h~i~ Of 1i;iiiirili 
i~:iiogcii;iicii oi.g;iiiic zo~i~poiiritls ir~ci-cascci to iip to sevci.;ii tlioiis;iniis. 'This was 
iii;iiiiiy iiiic to ti?c ilcvciopinei~t of piiysico-ci~ci~~ic;il iiicrliotls ( N M I I ,  '\/IS). 
\ep;u-:~i~)ii tcci111ii~iic\ ( I  IPi.(') ; ~ i i i i  tii;tiiks to liic cxploitalion oi'iicu rcsoiirccs 
\tic11 ,:s iii;ii-inc ol-g;liiiiii?s, IICCI) sc:i ~i.g;~tiisi~is 2nd ot!icr c.ir.gainisi-iis living in 
cxtrc111c cllvirorlilici1t~. t llii~l:)?t~llliiti~ly, \~'1lcl-c;ls tile 11~i1ilt3ci- !If iic\v1y <lescri13cd 
corii~?o~~niis p c ~ ~ ~ ~ ~ ; i ~ ~ c i i t l y  I I ~ C I . ~ ; L S C S ,  t1i;lt of I I I C  coiilpoilnds ;ippiieci i r i  practice 
iiici-c:isc\ oiily siowiy. ~viiii:i~ koicis t ( i .1~ pal-ticiilariy k,r aiitihiotics [ I  1. 

i ' i ~ i s  review is iii\/iiicti iiito several cliiipters. 
('ii!o!-ii~c ticr-iv;itii~es ;ire iiiost ii.ciliient !i;ilogcn inciiibolilci in nittrri-c [-?I. I t  

i \  cliiitc logiciil LV~ICII  c~iisii!criiig the iiistribution cri'inclividi~al lialogciis on tlic 
!:;!I-tli. ( , ' ! ~ l o ~ ; i m ~ ~ l ~ c ~ ~ i c o l ,  tIic first 1i;ilogeiiaicd inetabolitc iso1:itcd froin t l ~ e  soil 
(?act ci-i 11113 .Tfi-c;riioii!i;c~c.s \ . c ~ t i c ~ ~ i ~ l ~ i c > ,  aiso co~itair~s two chlori~ic atoiils in its 
iiioicciile (see chapter 10). hdclitiorial ~n-icr:iboiitcs, some of thcrii prod~iccd o n  ;in 
ii~tii~itriai \talc. wcrc s i lbs~~j~iei i t iy  dcsc~-ibcti jchiort~triicyclil~~, see cii:iptcr 1 I ). 
Sornc of t1hc11-1 cxi1i1)if the ;ii~tibiotic ~ictivity. 

i?-ron?iii;rtcii ilcrivatives i-~iivc 1101 yet bccri iicscrihct! in strcptori?ycctcs, wirii 
tile cxccption ofc~ilriires to ni~ici?  /xo i~~i i i e  W;IS ititei~tioli:iliy ;iddecl. i~~-od~ictil:>i~ 
oi'l?i-o~:~tcii;icycliric c;iri sci-vc as e i ; ; ~ r ~ ~ j ~ I c .  

i s  i-r!- ;is iliioi-iiie i5 C O I I C ~ ~ I - I C C ~ .  oiily two ~ ~ ~ n p ~ i i t l t i ~ .  ~*ir. fliioi.o;icct;itc ;inti 
4-iiiioi-oil-11-coi?iiic. V,CI.C isol;itctI ;iftci. fliioridc has i?ccii adcicii to ilic ciiltiii-e 
ii~ctiiiiiii. 'I'i~c tiiirii iici.iv:itivc ( ~ i i ~ c l e ~ c i i l i i ~ )  coiild not he isoiatcci i i i  t.cpc;ilcii 
c~pesi i i ic i i t~.  

It)(iiii;itcd ii1ct;1boiiics li;~ve 11ot yet hccrl iiesci-ibcd in strcptoinycctcs. 
V;irt~ihiiity oi' dii'i'ci-crit coii~po~iiitis isoI;itcci fi-0111 strepioii~ycclcs is 

iiiiinci-~\i~. I'r.o:ii tlic s i i~ ip le~ i  rnet;lboiiics to coiiii?ou~ieis coiitaiiriiig several tens 
o f  ~.;ii-boir ;itoiiis. ilo\\cici-. i t  sir!)iiici 1~ stressed iici-1; tiiiit vcr-y sii~iplc 
corii!,oiiiitis siicli ;is o11e- or two- c;irboi~ Cjc~~iv;itivcs I1;ive 1101 yet bccii idciitif7c(i. 
\ \  i i  11i:iircr of' liict. tlicy \vcre pi.t>b;lhiy 1101 e ~ e i i  iot)i<cil for, 21s tile 111aii1 

iittc~itioii \k7iis c o ~ ~ e e ~ ~ t r ; i t e d  oil tile isoli~tioii 01' C O I ~ I ~ ? O L I ~ ~ I ~ S  cxiiibitirig iintibiotic 
. ic t i~i ty .  i.c.. rioii-voliitile co~inpciiii~ils. 111 accortiaiicc wit11 ciiir hitherto 
lk~io\\lcilg~~ 01. the role of' C ~ I L ~ I I I C S  ~ I I  cliioriii:itio~i a i~d  bro11iiixitioi3 the 11:iic)gcii 
,itoiii i i i i i ; i i I ~  l?!iiiii to ;in :i~-ot~i;itie (he~cr~cyc l ic )  \ ~ S ~ C I I I  w I I ~ c I ?  c;iir i?c I I I G S ~  

r-c:icIily c111-cctiy clccti-o~iliiiic;illy s~ibstit~iteti, 
i1- i  ~ I I C  !~1-c5eiit I-c\ icii. i \c wili iicscr-ibc i~i i I i \~ i i i : i ; i I  ~ ~ i ? i j ) ~ ~ ~ i i d b  . ! c G o I . L ! ~ ~ ~ ~  to 

~irl?ri;irii~i~s 0 1 '  t l~cir cl~ciiiic~ii \trtictiii-es. bcgi~iiiirlg with iilililiatic ; i i i i i r ~ c ?  ~icitis 



2ii1tI :ii-ornatic compoi~i?tls tip to Eictei-~cyclic C O I I ? P C ) L ~ ~ ~ ~ S .  I:iiio~.il~iilcci coiiij)oiiii(i\ 
arc the only cxccplio~i due to the fact that l l ~ c  prcscncc of iitioi.ii.ic i n  iIicir. 

i~-ioIccit?es is riot coiTirnon. r i le  size of inciiviciiiai cli;ip~cr.s also viirics. i ' i~c ri-i:iiii 

attention wiis dcvotcd to stic11 R i i l ~ ~ ~ i l i i t ~ ~ i  C O I I I P O L I I I ~ S  O ~ S ~ I - C ~ ~ ~ O I ? ? Y C C I C ~ ~ I I I I ~ ~ ~ ~ ~ S  t11i1i ;ire 
of i ~ s t r i  significance, siich ;is the ;ir~iit?iotic\ cl~loricir;icyciiiic. 
cEiio~-ai~~pl~cnicol a id  v;incor-iiycin. 

1 .  Amino acids and peptides 
iZ wide v:!ricty of' arnir~o ;icici analogs has bccn discovcrcti finin plai~ts i i i i t i  

inicroorga~~isilrs. i i ~  par-ticnlar i l i  tile culture broiiis ~ i ' ~ Y t r - c ~ j ~ t i ) i ~ i ~ ~ i ~ ~ ~ . ~  y / i .  in i l i t  

coLirse of screening prograin ihr ncLv antibiotics, a S i l - [~ ! ) ro~~ i~~ .~ . i .  strain ~viill a 
code iiiin~bcr Ri,-719 was foiinti to protiilcc a n  ;inti~nicroiial agent tilat wiis 
i t c t i~c  against I'.cc~ltdoit~onci.s trei.iiyiizow on ;1 syr-itl~ctic ii~cdiiim, ;inii wilicil wits 
r-cverscci by L-lciicinc. Chcn?ic:~i stiitly of this agent kcreinafter 6csigi~;iteii as 
stil?stancc A1 .-7 19 ( I )  i-evc:ileii ilia[ i t  \\;is a chiorii~c-coni:ijning iti-itiii~ei;ibol i t i '  
of i.-iciicii~e, with one of the two-incihyl grciiips rcp1;icctI hy chloriiic. 

y-C'I~?oroiiorv;ilil~c (AI,-7 10) arid :/-hyiiroxyiioi-~iiiiii~1:ict~?r1~ O*\i '-7 1 01.) 
were isolatcii j3j fi-or11 t ? ~ c  c~r1iiir.c i~1-otl7 oi ' ,C.  jii-i.crocj~oi~c~ric :", -710. i'l?y\ico- 
ci~cr-i~ical stiidic.; led to the ,itriictnTc cl~iciiintioi? of ; i i , -719 2.1'. 1.5 
conf'igt~rirtioi~s. 

A new unsatur.;ttcd gliltamic acid analog, 4-;i1ni~1o-3-ci11oro-2-pci1tc1ic~3ioic 
acid (2) (AC'PA) w;rs isolatcii j4j fro111 a ki-rneniittioii I?roiii prodticcci by  ;I stmi!? 
of Strcp"n[;~c'c'c. ACPA hiis a very narrow :ii~iil?iictcri;~l spectr-~i~~i. w iiici-i i \  
viriiiaily iimitcii to l\,fic.i,oi.oc,c~us IIIIPII.Y. t i 7  tlie COIII.SC of" S C I - C C I I ~ ~ ? ~  hi. iiew' hl.o;ici 
s p c c ~ r . ~ ! ~ ~ ~  a~~tibiotics. it was fotii~cl tlxit a i ~ c w  stmi11 o f  LS. ~ , i r i ~ i o g ~ u i , ~  .sI io~~~c(l  
witlc ~ p c c t r ~ t i ~ i  ;tiitibiotic ;ictii/ity. IPilper disc ;ig;ii. difi'i~sioti ;issiiy'i \ k i t h  

Mic,i-o;,oc~c~iic 1riirii.c aniE Bai,iilii.s srihriiis wei-c iised to folio\\ the iscii;r~ioi? o!' thc 
>iiitihioiic activity i-ro~m fcrn~ci~t:ition fil~i-ate. I t   soot^ l~cc; i~nc ;ipp;ii.crif I!I;)I  ;)I 

lcart two antil?ioiics xcrc  pi.csc~?t, i . r .  /\( 'I\\ \+iil-i ;ti?lil~~ictcr.i;li :tc?it'i( OIII? 
;ig;rii?sl the ll.1ic.i-oi,oc.c,ii.c iti~d ;I cccoiiii cc?i?\\?ciiii?ii tl?nl ir;\ i i  actihiiy agiirrisi hot\? 
o~-g:ii?isi~is. ?lficr- piir-i1ii;;ition. t11c scconii co~r-ipoiti~d i\#;i.; foii~iii i?y NVl? ro I>c 
itiei?tic;li i o  antibiotic I:R-'iOOl 48. ;i v;ilit~c dipcptiilc. ice I?cio\i'. 



.I \ti-;iiri oi ' ,C i i . (~~~io i i , . i~ (~~~.c .  isoi;itetl 151 fi-on1 a soil sai-ilplc and iiici-iiiirctl as .S. 
~ciiir/io~.it/ii .ric. \\;is fhiiiiti to procliicc 1:11-"100148 (3),  n iicw ;iiitibioiic coiit~iitiiiig 

I~:ictct-~it. !!oii,c\ci-, l t  i s  11ot effective ;ig;~iilsf iviltl type of' ~ ~ . S ~ ~ ~ I L ~ O ~ I ~ O ~ I ( ~ . S  

cic~i.iigiiiovci. l i i  ;intih;~ctcrial iiciioii is coilsidereti to resiili horn ccll wall 
;yiiiiic\is iitiiihiiioti siiice i t  c;iiises splicroplusi ihrri?atioi~ horn s~isccptihle cells. 

'I'iii. sti-iiciiir.~ oi'i~~K-9OOllX h;is ixcn cstiihlisi-icil ;IS I -!~1-valyl-O-c1iii~i-ii-2,S- 

L I ~ e ~ ~ ~ i ~ c ~ l  i-i?etliod\ [Oj. ho\vevci, tire \ t ~ i l ~ l i r t c  w, i i  riot Lorlccl 
i i i  iiie ~ ' I ~ C I  of 'iV..\~id,i ,ii?iI S,~k;lnc (71, tlic ievi\eti \ t ~ u c i i ~ i c  ,inti CI?LIIIIC~II  

i i  ,iii;foi I I - I ~ ~ ~ I O I I ~  of 1 12-90013H wcrc cic\crihctl 

.I irictat7oiirc ol'S/i~c~~iotiii-c~c~.s s p .  01 1-5001 I'rori? soil sar-nplc. wl~icli iniiibits 
ilic g~'oiz~!i ai' i.acii\!i ; i r~c i  soi~gliii i~~, was isoiatcil I%/.  l'ilc striiciiii-c was 
~~si;il7/i\iicti to 1~ 4-chior-otlii~eoiiiiic (4). I t  w;is ;ilso iio~inci that 4-clilor-otiii-coilinc 
i s  ;ill ;iiiiiiio ircitl ;ii~tii~ietal>oI itc wit11 ;int i-('~ljididci ~ictivity. 



'The i?iosynti~csis of armcr-iton~ycin j l O j ,  a nctnprotcii? ;iiiliiio ;iciti i v i t i i  

antibiotic prope~-tics is o f j ) i~r t i c~~l ; i~ .  i~i/ci.cst. ~ ~ C C ; I L I S C  110 I I I C C ~ ~ ; I I I ~ S I I - I  i'r I<i~on 11 k)i. 
tile chloropcroxiciasc-ciit;iIyzcci ii?sc~-tion of elllor-inc suI?stittrerits rciliotc fi-oin 
other fiinctionnl groups. 'The rcsiiits o!' irivcsiigsticti~ of ;irinciitoinycii~ 
bicrsyntkesls i r i  .l; iiriilc.i~to.rzi.c vitr. I X I . I ~ I P I I ~ O . C I I . Y  W C ~ C  (icscrihcd. 

Scvel-ai cii- arrti tripcptidcs wit11 ;ii-Itime;ahi,iitc ;~ciivity I~;ivc I-ecci~tly irccii 
isol;itcti froni fern-ici~tation brotiis. (S)-Alanyl-3-[n-(S)-cf71o1.0-3(,C)-l?y~!r0~y-7- 
cixo-3-a7etiilinylmcti~ylj-(,SJ-al~itrii1c (6) was i:,olateij j I l l  koni a fcri-i.reii~ntioii 
hrotlr of ;In uniclei~tificci S t i . c y t o n i .  species 372 A. *Ti'iic silhstai?cc iiiiiihiis [lie 
gro~vth oi' several str;~ins oi' Cjrani-positive and (ii;ii-i1-1icgativc 1-j;icicriii in ii 

cl~en~ically defined r~~cdiiirn hilt growti? i~~hil>itio~r! is I - C ~ ~ C V C ( /  by ac1ditioi.i of I .- 
gititiirninc to t i ~  ~r?ciiiani. ' 1 ' 1 1 ~  strnct~ti-c was cicicrr?ii~icd hy X-ray tiiffi-;iciioii 
analysis. 

C'l~loiociri-dieirr (7) is a i.iccv ir~oirocyclic p-l;ictari~ proiiiiccil 1 i ? ]  by ;i 

~ T t ~ . ~ ~ ~ ~ f o i ~ i , \ ~ ( ~ c ~ . v  s19. 11 is st~-ttctt~ri~lly rcIatec! t o  ~~(>ci~rdici~-i  A 1 7 ~ i t  dif.fk~.s in li;ivi~ig ;I 
in-eliloro sul?stiti~ci~t on ihc !I-hytlroxyphcr~ylgiyciric tinil. '!'he bic.iiogic;li 
;icrivity o f  ci-iloi-oc;~rilicir? was siiiriiiii- to 110c;ti-dici11 A i7iit tlic hi-iiiei. s l - ~ o m i ~ l  
less :~nt;igoriisr~-i III coinp!ex i>iedi;i. i\/ioiici.;itc ii7 \,111*0 ;ic!ivity 1% ;is obscrvcc! 
;ig;iii~st l ; ; i ~ i t ~ i . o h i ~ ( . f i ~ i ^ i ( ~ ~ ~ t ~ ~ i ~ ~  iiiid I % C ( J I I I J I I I P I O I I ( I ~ .  (i(,i.ii,qiiiov(i. Ch/o1.0c;ii-(iiiiiii 
C I ~ O V ~ ~ C C I  low ;ict ivif y iigaii-isr .Src~jii:~./o;~oc.c.li.r ii/i,.i~ii~ .ii.Iicr-c;is i~ociir-tiiciii i VL ;]I 

ir-iacrive. ?iotl? coi??pouiiaia \lvcr.c > l ~ o u i ~  t o  bc \ti-origiy pote!?ti;iicii by ;~i i i i i~i i )~ici  



l i i  a ilri-(lrcr p;i!pci. 1 ! 31 ciiIoroc;rriiiciir was isoi;itcii by tlic iise of iloi?-ioi?ic 
ix ) rou \  !''".in 'u-ici ic\ci.sc ph;:sc c l~ i -onxi to~~iphy .  li";l7ysico-circn~ic;il 
~.li;rr-:ii:ici.i\iic\ ; i i i i i  ~Ict;lilccI \CZK ;iii~ilyiis u'i.rc cIcscr-ibctl. 
.I iio\cI iici.l?iciii:il ;tiitii7ioiic. scsoi-ii~ycii~ (81, tv;is isoi;itcii 1141 fio~r? tlic 

ciil~iii-c brotlr of .C. jiitrrc~ii.si.s VJ0.53-SE:S. I'irc structiii.c of' scsol-niyciir was 
c t c ~ i ~ c  to l?c (2Z)-?~V-[?,V-[(3~Y)-3.6-ciii:r~riiiio?1e!~f~~r1oyl]-(2S)-~3- 
i~ytlr-ouyvnlylj ar~1ii1i~-3-(4-cliloi-o-3,5-~iil1ycl1-oxy) pl1cirylpropci1oic iicici by 
s!xcti-oscopic ;in>hyscs. dcgi-adatiorl siiiciics aiicl X-ray ci-ysiiriIogi-iiphy. 

iiiological and  hioclr,en-iical activities of'r-csori~rycin wcl-c str~ciieci [ I  5j  iisii~g 
i~ i~ ice l  l iililr gl-cci~ ::lg;l S~/(~170.~?r!~i?7 ~ ~ ~ > / ~ i , i ~ ~ o r i ? ! ~ t i ~ ~ ~ ~  its ;i test crgiji~isn~. 
I I C S I ~ ~ I I I ~ C I I I  i~~liihiied iiic giowtl~ of alga iii i9iti.o, IIIOI-c sti-origly in ihc diirlc than 
i i i  tl-ie ligiii. \ \\ciiitcr- biii I-i-iorc photo-.;t;iblc cicriv;itivc. ( t 1-)-2.3-cliliytlro- 
i-c\or-inycii?. slion.cil ;I i-iiorc !oiig-lasting activity. 111 t11c light resornryciir, stai-tcil 
ikllliiig oi' iilg;~. only atioi- exposirre kii- 1 days iliiii loirgcr, eve13 ;it high 
c i~~icc~r t r~~t io i l s .  1lesoi.myciii ;\I coiiccntr-atior-is ncar r-apiiily inliibiicd 
ii~col.lxrntioir of '11-leu, hut irot ' I I -~ .J I?  or ' i f - ' l ' d~ ,  iiito tlic 'l'('A insoluble 
J'rilciioii of iilgii. ilcl-i?icitlal activiry of rcsomiyciil was corii'irmcd using solno 
cr-opsiinii ~ijccds. 



Str~rcturc of five conil>o!lents of the nctii~oinyciii % coi~~l?lci. (%I-LF) 
isolnicii from S ,Ji.criJitrc. LI';IS cIesc~-ibcd j 161. The conlpoiieilrs were scp;tr;~ic~I 1?y 
silici~ gel ca)lurnii cliromatography and l'i,i' ;ln~f/ol- P1.C' ;in41 ;inalyi.eti by I:IR/IS. 
FAl3VIS. 1.C-.MS of' ticrivatizcd hytir-olysstes, ;rtiti 21) NMII  recl~i?iqucs. This 
permitted iic!ei-min;ttioi~ of the coinpicic striictiires of irctinoniyciris %I-Z5. lri 
23 (9) iii-~ci 25 (101, right s i l e  of thc P-dcpsipeptiiic is occiipied by tlie i.;jrc 4- 
ci11cli.o-l.-tkrconim an amino acid not  PI-cviously iixintl in :ir! actii~or~lyciii. i'iic 
structiir;iI v:iriants of tlie actinomyciii % complcx hiivc tfic 111oIec~1l;ir. ;ircIiifcctiir-e 
typicni of othcr actinori-iycins h i t  possess greater stsuctur;ll ilivcrsity rcsi~ltii~g 
ii-0111 il?c presciicc oi'sovcral Irighly iiiiiisiial ;ii~lino iiciiis. :2ctinoiiiyciris %3 ;inti 
%5. biit not Z!. were niorc potciit tItar? actinornycii~ 1) in cytotoxicity ass;iy\ 
;igaiiist tlir-cc tiimtrr cell lines. 'i'lic coinpleic str.iictiii.c of iil" 1.631 ( I  I ) .  ;i iicn 
cliloi-iiic coiltniniiig ariiibiotic r~c1;itcii to iiovohiocin, ltas lxcn iictcrii?iircti 1171 
irsii~g zi ccinlhiii;itior~ oi'dcgraii;itivc iti-iti N M R  tcclirriijiics. Oi'i~irstic~il;t~- ii?tcrc\i 
is tile lc?rig-r;irrgc coiipli~lgs ol-iscr-vctl in rlrc pyr-~.olc riiig pi'cserit i t 1  ilic t~iolcciili'. 

4-( 1- i!ii L ~ - ~ ~ . < . ~ ~ e ~ ~ r ~ ~  
I 

ll-v<ll 
I 

i I -Vc~l  
1 

(0)- i ill 
I 
13- (0) 

I i 

Pepiicinna~nins A - i:. a f;rr~?iIy of' far-nc$yi-pi-oici~~ ti-ai?si'cr.:isc ii~iiibitoi-i. 
wci-c iscllatcii 1 I i i j  from thc fcri-rxntation brotl~ ~ i ' . Y i i - c ~ / i i ~ i r i i ~ i , ~ ~ . ~  st?. 011-4052. 

't'l~csc ii~Iiiibiiors \\ere piirilieti i\-om uhoie \lr.oth hy cslr-aciiol.i i : i t i i  

clilorokii-ni. k)lIowcti by ciiic:t gcl coiiir~in ciiroin;itogi-;1~~I1y. Scpl~;iiicx i.! 1-20 
c ! I ~ ~ ( ~ I I I ~ ~ ~ ( I ~ , I - ; I ~ ~ ~ ~  ;311(f 1?.P-1iPi,C7. ~IIII(~)II~ ~ I I c \ c .  i ? ~ \ > t i ~ i ~ ~ i ~ : \ t ~ ~ i \ >  ( '  s\Io\:~c~! !\)c 

s t  t i i i i i t i  I , ,  100 i iM). 



L1oi.c i l i i i r ~  4.i iiii'1i.i-ciit \ti-;tills oi' ,i'ir.c~/~toiic.i-c.c~r 1i;ivc becii rcpoi-tcti to 
~ > i - o ( j ~ ~ c e  ~ ~ ' p t ~ d c  g~~itilbiotic\ 1111 tliesc ;iii~il?iotics co~it;iiil ii cci~triti core 
iicpt~"i?ci?t~dc. ' i ' l i i \  /icpt;ij?cptiiIc wr-ittcii in ilic c~iivcriiioiial pcpliiic S ~ I - L I C ~ L I I - ~  11;ts 
,I Iiigli iicgr-LY 01' 1:oii-iologq 1i1  rl-ie ;tl.oiii:iiic ;irriino ;icii/s 2 iiiiii 4 to 7 ibi- this 
ci:is\ oi' ;~ i i t i l ? i<)~ i~ \ .  111 \cvc:rii! gIyeojxpticlc ;tintiI~ioiics, tlic rc i i ia i~~i~ig ~tri~iiio 
:iciili I ;iiitI '3. ;ii-e :llso nl-oiiiatic ;ii~iiiio ;:citis. V;li~coniycin-type glycoi?epiitic 
;rritihiotics 1301 ;$I-c ~ti-~[~tiij.:\lly iiniqiic in t i ~ ; i t  ;imirro iicitls. I aiiti 3 arc iiiipIi;iiic 
:iiiliiio ;ici(ls. 

. I 5  is coi-iirncj~l iii nlici-oi?i:il .;ccoi~dar-y met;iboiite\, tlic ,glycopcptii!c- 
ipi-od~i~~iiig oi.g:iiii\iiis cl;il3irr;itc ii coinplex of oiitibiotics ~ i i t i i  ri~iiior clicinic;ii 



rnotiii.ic;:tions. Foi- cxan?plc, tlic iil'l.(' oSp;ir.ti;iliy piirif'icil var-~coiiiycii~s silo\\\ 
no \es\ tIi:rn five otiicr. struciur;illy ciosciy reliitccl fi~ctors. if ivc !:ikc siicl~ 
tlil~fcrcticcs in the glycopepticlcs into coiisicieriitioi~, wcil ovei- 200 glycoi?cptliics 
;ire kilown. 

'The giycopepricic ;intihiofics of t11c i!:ii?ctri~lyciii-tyi?c rir-c c1iiiic;iily rlic iiiost 
ii??port;ii~t. Scvcrirl ofilioic slr:rctiir;il ;iii;ilog\ o f  V ; I I I C O I I ~ ~ I C ~ I ~  11;ive I ~ C C I I  i-cj~oric(i 
rccenily. I'licy i~~ciritjic r-i~;rny iinlihioiicx, \,I:. ;\428h7. : Z i  156%. 182846. 
.i1XRXSII, cl~losooricnticin, tiecapl:ii?ii~. creiix)inycir~. MbT 35280. 'CIW 4776 i 1 . 
0/\-7653. oricr~ticiii ;11ii1 OK7105 I .  

Vaticomycin (13) !?;is i?cci, i-il;ir-kcieci iijr tile pitst 35 yc;ii.\. ;is tlic 
liyiirociiloridc, to treat ilecp-scatctl Grati-i-posltivc irikciioiis. ti is ilrc iiriig oi' 
ctroicc for irikctioi?~ caiiscd 17y St~ijilr~~loi~oc~i~ii.~ triii,cJii.c, cspeciiilly t h o ~ c  c;r~iscti 
hy mcthicilitl-rcsist;i~it :~i?d tr~orc iinilost~ritiy tire i~~iil~i-i-csjst:~z?i str;iii.i\. 
V ; ~ i i c o i ~ ~ y e i ~ ~  is ~b;icfcrici~liil to 113c)st C;~iii~-pt)siti\jc c~rg;i~iis!iis. I x i t  ( ;~:IIII-  

negative organisins ;ire rcsislailt. V'ai-ico1l3ycin is no1 ;il-isorbctl ii-oil? the 
g:rstroiritcstinai tr-act ;inti i l ~ c  ;rniibitrtic is iisctl to Irezit ei-Itcrocoiitis. cspcci:illy 
that ca~iscd by Clo.riridizirn. in reccni years. there is both ;r n?cdicai 2nd scicii?ii'ic 
rcsilrycnce in vancorilyciii in par-ticiiiar aiid giyccjpcptidc ;iriiihiotics in gci~cmi. 
Viincoinycim is proiiiiccd by ,/!~i[\.('o/i~tiyi~iC oi.i~17tii!i~ 1211 (pre.iioii\ly 
dcsign;ited ;is Nor-i~ii.dr'o or-r'ri7iuli.c ailtilor S riric~i~tiiii.~). 

!:inally. i-cccnt repor-is havc cicscrii~ccl giycopcptities wiili loiig cli;iiri 
acylnt~iitio side cl?kriirs oil ;I s u g ; ~ ~ -  i-csiiii~c. Oire of iliesc. icicopi;iiiii?. ii;r 17cci1 
cl;iiri-iecl to h;ivc inorc fi~vor;~l?lc ;iiitlb;icicri;il ; ~ i ~ i i  ~?Ii;irii?:icoi~iiictic propcrlic\ 
ilia11 i;11ico111ycin. Syi-~thcsis 01' \ C C C I - ; I ~  :V-iicyl ; i ~ ~ i i  .Y-;iil<yl \aiicoriiycii~i, ,!lit1 

jIXZX46 iintibiotics and their- cv:\lii:ition r.cvc:ilcti that ilic V-lilkyl tier-ii';itivc\ 
11;ivc s~tbst;iiiti;~i ativ;~ntngc over tlic !s;rr-crit ;~ritihioiics. 

i i i  ;~titlitioi>. ;ill tile corly;oiinds ii?ciiiiIcti in this j~:ii? \ici-c cv;ilii;iteti ;ig;iiii\t 
Stirpi7~.ioc~o(~ciis irzrrcri c ,  Sti-c~~itoi~oi~i,ii,s pj.ogc.ilc.c ('203 ;!iiti .Sti.c~jiioc.oc,iiti 
/iiicriirroiiiiir infections in I11c in v i i ~ o  nlicc t-i-~odcl. 

Avopxciti is a corni~icrciaily iri~portant ar~irnal fccd antibiotic tt-i;it coiisists 
priiriariiy of two closely similar giycopeptidcs a anci [3 avop;ir.cii?s, tiia? :ire 
structiiraiiy rclatccl to vancoi-iryciii. 'rlic ~~117lis11cd spee t~ ;~I  i~iid ilegr-;lii;itiv~ 
stiitiics I-cvcalctl ihc ovei-all sir~ictii~-c\ ol'tiiesc jiriiicipai co i~~poi ie i~ t i .  'i'l~c 270- 
Mliz  ' ! I  UMR siiiciies which h ; ~ c  rcsolvcd t l ~ c  site oi'ati;lchi~icrit o f t i ~ c  chic'iritic 
to the tripl?ciiyl dietlier p;irt i i r i i i  the orici~t;itinr~ oftiic b c n ~ y l i c  sitgar., in tci-111s oi' 
ilie coinpiete structures for cr- (14). p-avoiiarcin (15) aiitl agiyconc ;:-:i\loj~;i~-c~i~ 
(16). respectively. wci-c ~icscril?ccI. 

'I'ilc str.;li~.i t11;it PI-ociiiccs tile giycojicptitic ;iiitit?iotic ;r\'oparcilr ( l . 1 . -  \V?"i(li 
h;ls bccr-~ ticscl-ii-icii previorisiy :is ;I \ir.;iiii of  S. c.(ii?cr'itiiis. Z/iorpiic.iiogid iiii t!  

ciicii-ioi;~xaiioi?iic propcriics softhis strai~r ;~r-c typic~il oi ' t l~c geiius . ~ ' f f i l i ~ ( ' i ~ / t l t ~ j i v i \ .  

'I'iic rcs:ilts of ;i stiiiiy of tl?c pllysio1ogic;ii propci-ii~h oi'thi\ i.irg:ir~isii-i ; : i ~ i i  I!\ 

Icvcls of. I)'"PA r.clarctiricss to ~ii-c\io:~sly cicqci-rb?eii liiii.i.o/iiicij)ci~ ycciek 



N ( j * )  / O K ,  



Endur:icidin was oht;iir~cil / 2 2 !  froili tiic niyccli~rin o f  ,C fiii~gi.ri~iiiic~iic 13- 
5477 ;ir~ti ihiirlcl to I?c a izovcl b;isic pcpticic antii.iitrric contriiiiiiig ci?!oriiic in tlic 
inolccule. Endumcidins showctl sti-or~g I~actei-icidal ;ictivity I)oth in i2iti.o nil(/ iir 
i.ii.o agair-isr C;r;ii~?-positive h;rcicr-ia incIuiiir?g strains i-csisti~r~t to  kno\\i-, 
iitrtibiotics. 

i'roim tlic str~cciiii.;il invcstigaiioi; of ;icicIic proifiicts obiniiictl by i~ytlrolysr\ 
of cndur;lcidins ilt~ci ictr-nhytlroctrtiii~icitlins. w". lO-i1~ctl1~~ii111ilcci1-2(Z)-4(f)- 
ilicrioic acid anti (L)-10-ii-ictl~y!tii~cicc;i-2(~)-4(E)-~Icriic iicitl, i t  foliometi iliat 
ii-iese compounds arc constiticents of cndiir;iciiiins ;I (17) anti ii (18). 
!-cspcctivcly. 

('onscqiic~itiy, the str~iciur;il diffcrci~cc bctwccn cniiiir-xidins ;I iirnii 13 \\:is 

provati to be prcscrii i n  thcir iiiis;iiicr;~tcd fattv iicitl i~ioictics, ;irlii tlicii- fill/ 
sii-iictiircs WGI-c ;iss~ii?ied tCi be as shown bciow. 

\ I l l  

/ Oil 

'i'i~e sir-iicturc of vaiicoriiyciri-typ :intil>iotics. 6)/\-7053,,2 (19) i i i d  13 (20).  
isolatcci 123 1 iiuin .C /li~gr-ci.si.ojiii~~i,~ s~tl?.;p. hiic.uctrcr~ris. iras hccn c1ticid:ircd hy  
;I coiiibiri~itioi~ ofcI;~ss";i~;il c!ncr~~ic;il r~?cihotis. MS i l i i ( i  NM/jj?.. /'he ! I I ~ C I - ; I C I I O I I  0 1 '  

Oh-7653 with tl?c pcptiiic ccl! wiiil i~rialcjgi~cs ,V-a~cty!-ii-;ii;~iiyI-ii-i~l:ii?i~~~. ;lilt1 

t\i-N-;lcctj~i-i~-lysyi-i%-:~la~~j~l-D-~~~;i~~ii~c, i i i  soitition i r :  aqiicotis tiiinctiiy! 
siilpl~oxi":. h;is bccrl exaiiiiiicii hy NMR ;ii~d i;V \pccti-o~coi:y. I,;iiiciil;ttio~~ of. 
the sti-trciurc 1211 is biisccl pi-iinrcl-ily on 21) NMIS cx.pci-ir~ici~ts. ;\ir;iIcyiei u ~ t h  



otiicr glycopcptide iii~iil?iotics 01' tile viirico~~~yciii series, arid selective 
iicgi-;iii:itioii stiitlies. ,211tihiotic OA-7053 contains ;I l?cptapcpticic aglyconc core 
i t r  ~\iricl-~ tile arliirio ;icitis, N,V-clinictl?ylaI;~iiiric and gi~~tai-iiinc are encountercii 
;I\ tilo (; aiiii 1' coinpoirc~lts oi'tI?is i i r ~ i t .  

Milti ~iciil Irq~lrolysis oi' tlic ;iirtil?iotic ci'lkcis the ci>i~vcrsicrin of' tlic 8- 
c;ir.ljo~;ir>iitic of tile giiit:iii~iirc rcsici~~e to yiciti thc carhoxyiic acid iii ii rc:ictioii 
i l ~ ; i t  i \  \l-iown to proccccl willloiit real-i-~iingcrl~crli. -1'Iie ' f i  N M R  spectra of Oh- 
7053 ;111ti its tier-ivativcs i i i  i IVS0 at pi1 4.0 :ire s1iow1-1 to rcl~r-cscnt iiliijor airci 
i~iiiiot. coiiii,i.inci.s t l i i i i  ;ire c.;cli;lngiiig at rates coinp;ir;ihIc to tiic N M l i  tiiirc 
\',;llc. 

\4!0.30 is ;I coiiiplcx (ti' 11ovci glycopcpticic ailtihiotics (21-27) proiiiicccl 
1151 l?y ;i cirltiir-c isoiiitcti ii-oiii \oil. 'l'axorioiiric stiitlics idci~tij'iuii the 
ii~icroo~~ga~iisiti .  % i i R I .  15156, its u str-;rill of' S. vii-gitiiiic. 'I'l~c inajor- Lietor, 
\41030!"\2I). iii-iii t l~rcc (t3-I)) (22-24) oi'tllc six minor (R-G) (22-27) factors 

;ire i~iriil~ic :iilioiig glycopcptitlcs i l r  that they arc naturally occiirriilg ;tglycones, 
coiit;iiiiit~g 110 I I ~ L I I I - ; ~ ~  01. iiiniiro SLlgiiTS. In contrast to t11c vancomyciii ii13d N- 
i i c t ~ i c i I i y I ' ~ ~ ; ~ ~ i c ~ i ~ i y e i ~ ~  fci'~.~ilci~taiions, 1141030 hiosyntlicsis tvas stiini~iatcii I?y 
cl~ricliirig tI lc  ii~cifiii~~n \vit11 K 2 1 ~ l Y l ~  at ;I level of 1 1i~g111il. Eii~-ielii-~-~ciit wit11 
put;iti\c p rca~-sors  t~i'tile aglycoiic. inoucver. ciici not ii~cl-case tile l?iosyilt11csis 
0 1 '  ,I4 1030. 

i'lic i~i.ii~-c;pi-otccti~c ;ii.;ciits Of' niicr-olji~il oi-igin agaii~st cxcitiiicti-y 
i:~iii.otouii]\ ~vci-c i ~ l i ~ t c t i  120. 271 ;is tmo iic\v \.jicyclolicx;ipcptiilcs. 
iiciii-oprotwtini .I (28) ai~ii 13 (291, togcti~cr with ;I know11 coiiipoiiiiti 
coi~7~7lc\t;iti~l, \cc lXiO\i. fr<)lil tile f~rl1lclit:itic)ll l7l-otll of . Y t ~ ~ l , / ) ! O / l ? j . ( ~ ~ ~ ~  ip .  
(3.2'7107. Yc~ii~c~j)r-o!ectrr~s pr-otcctcd 131-ininry ciiltiircd ckick icicr~ccpliiilic 
~i~iii-oini I'i-oin g1iii;iiii;iic- i i i i i i  l<aiiialc-iiitliicccl cxcito:o\ticitic\ in ;i close- 
,iCpc"i?dii,i?t i:i\~iiorl. i'!lcy ;li'C ciosciy i-c\iitcd in "II-I?c~L~I-c io c ~ ~ i ~ p ~ c ~ t i i i l i ? ~ ,  IIicy 



;tiso posscss ;it] oxoinciolyl;~l;inir~c ii~oiety irr p1;icc of' rlrc trypiopii;~ii rcsiiiiic 
prcseni in co~npleslalin. 

A iicw potcrit i~ilribifor j2X; o f  cornpleinc!rt system, ~iaincti corripicsi:rtiii 
(30). wits i5oiiiteci kotn tlic rnycciiui~~ of ,C. /~ti~vidii l( l( '  S,ZNK OOJ77. i'l-ic 
sti-iicturc or  cor1ipicst;ltiri !29jj. wiiic1-t sti-oi-tgiy i i i l~ ib i i  the pi-oic;isc Licti: ity of' 

coinplcli-tents i i r  i l ~ c  iiun?;ii-i co~ripIcrr?ciii sy%tc!i?, i-i;is 1xcr1 ticiciinincii ~-i?;iiiily is! 

i l M R C  NNIII. Its struetiire is cioscly rclatcii t o  glycopcptiiic antibiotics. 
('on?picst;ttin with stirni;;;iry !b~-i~i~i la  ( f h l I i ~ ; l \ J - O i ~ ~ ' l ~ ,  is ;! pcpti(lc 

coi i~~~ounci  !laving two iirr~tsiial ;imir-ici acids. ~ ) - ( - ) - ~ - ~ ~ ~ ~ ~ O X ~ - ~ > I I C I I Y ~ ~ I ~ C ~ ~ I C  ;iii(i  

i~-(-)-?.S-ciiciiloro-4-hytlro~ypI1~1~yigiycirie. 
7'1iis cor-iipound iilliibitcct ilic iicii~olysis of sctlsitizcd sllecp crytiii-ocltc\ 

nicdiatcci by guiric:~ pig iirrd Iiuii-~an cornplcrnciii ;it coiiccniratioiis of'0.4 anti 0.7 
~rgiml, respectively, but did not inhibit trypsin and rr-cliyii~otrypsii? ;iciivitics ; i t  

200 pglrnl. Wl~eit  con1p1eslatir-r was adrninistered iiilravenciusly to the seiisiti~eci 
guiiica pigs, i t  strongly inhibited ihc systcrnic ai~aphylnctic shock ciicitcil 13y the 
antigen probably by blocking gcricrillioir oi'ar?aphyIatoxiris. 

Two gf120-CD4 binding irihibitors 1301, ciiloropcptins 1 (31) iir-iii 11. 
pr-oiiuccd by a soil actinornycctc, ,Ctr-c~ptciin!v+c'es sp. WK-341% sucre iicscr-il-icii. 
'Tiic ri~ajor cl~loropcl~t i t~ I is ;1 i ~ c w  conrjrorirrci. while the secoiid ci-iior-opcptiri i i  
was iciciitificil ;IS conipicse;iiir~ which has bccn I-cportetl t o  ir-ihii?ii t i ~ c  l-tctiioly\r\ 
oi'ci.ythrocytcs scrrsiti~eil by the coinplci~rcirt systcir~. 

('i~loropcptiir (31) w;rs isoiatcii j31 1 ;IS ii jxile ycllon-hi.o\cn p o ~ ~ t i ~ i -  1ritI-i 
i'orr11~11;1 C Y o f i  14jN701,C!~, f.ion~ tlic !~iyc:c~li;i of ;i so11 : ~ c t i ~ ~ t ~ r l - i > c c ~ c ~  ,Y I / . ! , / I /O / I I I  (,Q 
\p.  M'li-34 19. i ts  pi~yiico-cliciiiical proper-ties ilioncti tiiiit r t  I \  ;I cliloi-iiiiiii~il 



I - pcpti<ic. !'lie st!-iictiii-c wiis ciiiciii:itcci by ' i  I ~ i ~ i d  'C' W M R cxpcriincnts aiiiE 
c1iciiiic;il tlegr-;id:itioi?. I t  wiib siiowii to l?c :I pcpiiiie aiitibiotic coiisisiing of six 
aryi ainino ;iciil rcsitiiics ;iiid rnosc aryl acid r-csidiics sonic o f  wliicli llavc 
ciilor-iric iitoins. 'i'lic coiiiisoiinii i111iibitcci gp 120-C'D4 hiiiiiing jiCi,, 1 .3 pM), the 
eg/top:itliic cfkct  of HlV i i ?  MT-4 cells (ICio I .b pbl) and syncytii~m for~nntio~l 
ir-i  co-ciiltiiseci iliV-I-iiiikctcil iiiid iii~ini'ccicd MOi,'l'-4 ccils (l('i,, 0.5 pM). 
( ' l i lor~oi~cp~ir~ I w;is syiicr-gistic in ilic iiiIiil>itioii of tile ~ ~ i ~ p i l t h i ~  cl'kct wiicii 
coiiil~irie~i k v i t l i  otlicr ;inti-i IlV ili-ugs. 

E.1'26.$20 (32)  is a i?;it~iri.rlly-occur-ring glycopcpliile ~iiiiibioiic i.32). 
eiil'krii~g i'roiii ~8;iiicornyciii i i i  ii?c stcscociicniistr-y trf tlic ;iii~iiio-sugar 01' ilic 
iir\;~ccli;iridc iiiiiciioi~. iiiicl tile pi-csciicc of a tliii-d SLigiir i i t t i i ~ l ~ ~ i i  ; ~ t  the lxnzylic 
position of'sixili iiil-iii~o aciei resiiiiic. 

l)c\pitc tl~csc ;ipp;ri-ciit iiii'fcr-ciiccs, 12Y26~4826 is approxirliately 10 tiiiics 
iirorc :icti\'c tkiiii v;iiicoinyciii iigiiiiist t/?c ciltci-ococci. i l l  tile piirsi~it of. nccv 
,i~rtil>iotic\ ;icti\c ;ig;lin.;t ir~iiiiiresistni~t C;i.iim-jsositivc orgiinisrns, ;in cxtciisivc 
\idc chair1 chiiiigc~ nci-c iicvclopcd ibciisii~g oil tlic rciiiictivc aikylatioir of 
I,Y204X2(> at tile iii'iiilio iji~ictii)ii 01' ilic c~i~;tcchi~r-iiic t~~oicty.  h new series 01' 
iici.ii~;itivcs iiavlng vai-yirig dcgrce., of striicfurai diversity in tlic siilc ciiairi (c.g. 
viii-ying lc~igil~.; aiiii iicgrccs oi' rigidity) was  ibrirril to have n ptrtclit activity 
;ig;ii~ist st;:pliylococci a r~d  str-eptococci as gooti or better than var~comycil~. 

i3y it comhiniitic>ri of clicn-iicai ant1 spectroscopic ( ' 1  i :iiid I : ( '  NUK) stiitiics 
, - 7 .  

[ . i l l .  tlic sti-i~ctii~-c of ;i glycopcpticio ailtibiotic crcrr~oinycin (fi!ri-i-terly 1.Y 
26426) l?;ih heci-i cliicrc!;ifeti. I t  is closciy rclateii to viir~corr~yciir, b~rt iiii'i'cl-s i i l  

kilii:ii. ,,ric! c l o i  ci~iitcilt. 'I'lie ci.i"!iioii~yci!~ ; I~!YCOIIC coiitiiiiis 



~sioiiodcchloi~ov:incoi~~ycir~ic iicici; t l ~ c  only chlorine ;?torn is siriiatcti 111 tiic 
second amiiw acid aftci- tlie N-teri~rin;~i ainino ;icici r c s i ( i t ~ ~ ~  o f t l ~ c  j)cpti(lc. /'lie 
s i i g ; ~  1x1" is ctai-i~poscci (of glticose arrtl two rcsiditcs 01' ail amino ~iig;ir sho~i'ii to 
I?c 2.,3,1.-tridcoxy-.3-arriiuo-Cl3-1nctinyl-I.~-ari~l~ino-i~cxopyranosc (4-cpi- 
var~cosainiiie). 0r1c of' the amino sugar rcsitities is :i cc>ri~jtoiicnt of' t i ~ c  
iiis;icci~aritic 2-O-(a-l~.-/i-epi-v;incos:i1niriyl)-gl~~cc:py1-a:-roc. ;~~t ; tc i~ei i  to a 
ti-iphcnyl ether moiety; t l x  position of';iriotIicr oric ii ,  a! !i?e serine o.;ygei? rii t l ~ c  
C'-termiiial region of t11c agiyconc. 

Novel glycopcpiitics (33-41) ticrived fi-oin tcicop1ailir-i wci-c prcpareii 1431 
ariti cvaiiiatcd for activity against ;intil7iotic-r.csistit1it C>~i~~r-posi t ive p~iiiiogeiia. 
Rci-uovnl of t11c fatty ncitl sick ciiains of Icicopi;ii~ii~ wits ;iccotnplisIlctl hy 
cr-r~yriiatic dc;~cyliiti~ii. The r c s ~ ~ l f i l ~ g  ~ l ~ i i ~ ~ l i : t ~ ( i  tcicop1;iiiii-r \\/;IS s ~ i l j e c ~ e ( I  t o  

rciitictivc nlkylatioi-i rcsultiing in morio- and iii-alkylntcd cor-i-ipoiii?tis ;it t l ~ c  t~v.o 
pcxssihie ixinlnry anline.;. i)cacyi:i!cti tcicoplariii~ w;i.; less ;~ctivc !11;1ii icico!?la~iii-i 
against crricrococci ;:i~ti siapi~ylococci ( M i ( '  greater iiiail oi- cilunl to 32 pg/n~I) .  

All mono- ;\nil tli-;rlicyiatcti prodiicts rcg;riiicct sorllc ;ic!ivity. i int l  5oi1ic 11;iii 
potent ;rciivity ;ig;iir~si boih siapllylococci aintl glycoi?cptiiic-I-c~ist;iii! 
cnicrococci. Mi('s ofttic most potent di-alkylatcti con-~pciir~rds r.;ii~gcd i'r~r-ii 0.2.5 
to 2 ~rg/rni against giycopcptitic-rcsist;~iit ci-itcrcicocci 

A new npopio<is-indiicing iigci~t cliloptosirr (42) u;is isoi;i!eei j3.51 ii-0i1-i t l i ~  

ciiitiirc br-otii ofSti-c~jiioi~rj.c.c.c h4K498-9x1-14 sti.aiti. ' I ' l~c strticiiii-c cii'ilic tiir~ier-ic 
cyclohex;rpcptic1c coi-isisting of i>-valiilc. (3.Y)- iiiiti  (.lli)-pii~iii-ii/iL: ,rciti\. t i -  
i-iicti~yl-I .-wi-ine, ii-tl-~rec'iiiii~c. ;lii:i (3.C,O:iK.X;1fZ)-t~-ciiloi-o-?;i-Eiy~i~o'iy-~!..i .ii~.X:i- 



l1cx; i l~yi i ro~- iyi -sc~loj2~3-1~] ini i~~ic-2-c i~r l~xyl i  acid was cliicidated by 
spectroscopic arid ci~ermicai cicgratiatioir studies. 'The iiinino acid coinponents in 
i~ ic l i  cycli~iicu;ijicl~ticic dorri;rir~ were prcsciircd i n  alternating JZ nirci S 
co~ij ' igiiri i t i~~is.  C'lii~ptosiii wiis f'oiii~d 10 i~~cliicc ;ipopto?ic :icti\~ity il: iipoptosis- 
i.cii\t;iii~ 1riiiii;iii paiicrcatic ai1ciiociirciiio11i:i cell l i i~c  ;'\sl'C'-I a~iti  sl-~otvcci a 
\~r.oiig ;iiiiiiiiici-cibiiil activity iigiiilist (;~-iii~~-po\itivc lh i i~1~ ' i . i i i  iiiciiicli~~g 
i?.ictl?rci 1 1  i i~-r.csiit ;~~?i Siiijiiri~1oc.cir~~~ii.c (ci/i.i.ii\.. 

i ~ O i i  33 l< ( c l  i,,)2(7--cI i(ci+>)4(,l  O i l  
34 R (CIT2)t,(~i!(ck?;)> 

35 K - ti-Coll;, ,  

36 I t  (CIf?)(,Cl l ( (~I i ; ){~l  12('Li: 

37 it ~ ( ~ ~ ~ l ~ ~ ( : i J ( c i i ; ~  
38 R - (Ci 12),&1 KCIi;): 

39 I< -t?-C,,ii2; 

40 R - (G1-i2),4Cbi(Cl-l;)(~f1Z~ii; 
41 1< - ??-cRt$,7 

i'hc 'sl!-iiCiiii-L' oi' liic p i ~ i i i i ~ ; i g i y ~ O i i ~  o/' i l i ~  glj/copcpticic ~rl?tii?iolic 
??ssi 213 (43) j i O j  \\;is iicicr-il-~cti. i'ire sti-iicturc cliicidatioi~ w:is i ~ i s c ~ i  t>i i  ' 1 1  



NMR sti~dies of A3551 213 anti .4?5512B-~~glyconc; trcgativc i-titclcar 01~crIi;iirscr. 
effects and an;llogies between A3551 2B ;mil otllcr glycopcpticics l-iiivc letl to tiic 
slriictur;ll proposals. 

7'hc A3551213 aglyconc ciiffcrs ikon? r l~e  ;,giycoiic ofristocctilr 12 only i i r  i l ~ c  
strcctnrc of the tliphenyl cthcr- ;\mino acid. 'fhc atnrno sugar oftlrc [ji-;:gIycoirc i i  
lir-rkcd to the peptitic corc thro~~gli  311 iilipliiiti~ liytli-oxyi giwiip. a r i i  intact 
A355 1213 cotilains neiitml sugars attaci-ied lo the yi-;ig i yconc at tl-trcc ~~liciioiic 
sllcs. 

2, Polyetlilers 
X-14766A (44) is ;I ~iovel,  chloi.i!?c c o ~ ~ t a i n i i ~ g  polyciiici- ;intilioiic pr-oci~icctl 

by .i'. i~itriuc~hiiofiisms srlbsp. do\i'ncy'i (NRR1L '1 I335 anillor /il'('l' 3 i 547. 
rcspcciivcly) isointcd ii-otn a sand sample collected froin Pi;iy;i i3iaiic;i. Mexico 
in 1976. The psoductio~l in the sllake flasks was 64 pgltnl in 5'" day. i'ile 
antibiotic is active in vitro against Ciram-posiiivc bacteria and is capal~lc of' 
cornplexing (see Table I )  and tr;~nsporting rnonov;i!crit 21s well iis divalc~?i rncial 
cations ( K ' > N ~ ' > R I ? ' > C S ' ,  ~ a " > > ~ r " ' ,  c ' ~ " > M ~ " >  L i ' )  1371. i n  ii i-lrtllcr 
rcport [RX] the is01;ltioir ilild chcnica! chitr;ictcri7atioi1 of ;intibiotic X-I 47664 



ner-e ticsci-il?eii. I'iic .;it-r!ctit~-e oft1iis novel ;intibiotic w;is cletcrn1incd by X-ray 
;ii~;ilyies of ilie t i i i i i i i i i r r r  aiiii rui~i i i i i~i~l  siijts. 111 a d d i t i o ~ ~  to the chloi-~IIC iitoin, 
uliicii iz ;itt>ichcii to ii siilicyiic ;~cici cI~ronioplior.e, the i-i~olcculc coniairis a 
tricyclic tii-spil-oltctal ring system ;mil ikri ctl?yl ester group. 

1-r-air? iilc e~i l t i i i~i :~ 01' 3. r~ioliic.c~otli,qoi-, striii~i 'I'ii 96, two new lipolil~ilic 
,iiiiil>iotici. lysolipiii I (45) nriil lyioiipin X (46) wcrc isoiatcti 1391. 'i'lic Iiittc~. 
t,ric I \  i~liei~~icaily iinst:~i~ic ~ii-ici is easily ir-iii~sforrncd to lysolipii~ I .  'l'ile iiccply 
>c l !o~\  lysoIipi11 ! liiis ;i ~ I K > ! ~ ~ L I ~ ; I I -  forii1111;i (',,,I 12JC'!XOi 1 .  'l'lic lit. l;V, ' 1 ~ :  ~ T I C I  
I i 

( '  kblR ipcctr;~ irrtiic;itc thiit tiicy a1.c vcr-y iiI<ciy of qiiii~onc striictiii-c. x-r-iiy 

c1itcroJ7;ieter-iii arc oniy ii~hihitcti i i i  higli co~iccntl-uiioii, wiici1 tile incmhrai~c 
pc~-nic:iiioii is ii;iiiiageil. I.ysoiipir? I acts iylically ag;iiirst hactci-ial cells. Its 
;icii\ i t )  iscilecsc;~.;ctl l9y sc\'cr;rl lipitis. 'l'i~e site oi';ictioii is ihe hiosyi~tl~csis oi' 
i~i~ctei-i;~l cell nails, ,in !~itci.;~ciiori uitli thc ciiri.icr lipid i i ir  n?iir.cii~c 
i i i t i . i - i i ~ ~ ~ i i : i i i . . ,  I?eii~g likely. 

1 ' Fccilii-ig cxpei-ii-i-icnts [41 J with '(' ailti !SO-liibclcd precursors rcvcnicii tl~;il 
[lie inolcciii;ii. ji-;~iilc~~.~;i.l~ Oi ' i l l~ jrloiycyclic xanti~one iir-itihiotic.;. thc lysoiipins X 
; I I I L ~  1 .  1 5  iki-ivecl !j.oiii 1I1e polyl~cticic piii11w;iy ( 1 2  i.i~a!o?-i;itc units), tile ( ' - 1  pool 
(i~:etiiioii~iic). i~ioIcciil;r~- cixygcii, ; i i i t i  the ri~ti-ogcri pool. Siir-pi-isii~giy. nn inilici 
i:ii~Ioii;tte inoiety scr.vc.; i ts tile thr-cc-carbon siai-icr unit oi' rkc ~~olykeiiilc 
i>;i~~i\l~ciiic.~ ;inti h i / '  t 1 1 ~  I:! ouygci~ ntoins o f  lysolipirr originate from i~-iolccui;ir 



rn;iiona:c unit irlcorpot.;itcd irititci into ly\oiipir? rs iir~iqiic. o p p o s i t d l i . o n ~ l ~ o \ e  I!! 

icrr-acyciiiic arid cyclolrexir-i~itic, i .c., tllc activ:ilcii carhon of ii-iaionyi-i 'o/l I \  
lx)t111(1 to tlic 11itrogc17 of the iysolipit~ isoq~iir~olirie r-r~-ig. :incI t l ~ c  ~'O:-dci-i\~cc! 
c:ir\xiri wrvcs as tlrc starter of tiic poiylteiitic chairi. F"or11 tile brogci?ctic oi-ryii: 
of t l ie  oxygc~i  i1t0111"; scvcl.iiJ iirliis~iiil pr.c:iroii~;itic iico.iygcrl:itioi~ sic{)\ ciirlq i i i  

riic biosynihcsis h a v c  to hc pns?i.~l:~cd. 

F~irtlicr antiiiir'clor s~ibst;!i.icc, iicsign;ticd RE- 1041 2A (47). w:is isoliitcc! 1.421 
froin t l ~ c  c~ilturc hrotii of S/i.cptcitiy~i.c>.s sp. A10412. 'I'iic :icti\rc pi-iiiciple \\.;I\ 

cxtractcd from rlic ii~ycciiiim by inctiiai~ol ;illti pirrificti hy siiic~i gcl ; i i ~ t i  

Scpl~iiticx i,it-20 coiur~rii c111-orn~itogr;ipi.iy. 131:- 104 1211 \ \ a \  pi-~i,;ii-cil 
meihylntioi~ el' 13i;-lOril2A. iZli-19412:l and iiil-19412lii (48) c ~ l ~ ~ h i t c i !  
cytotoxic activity ;~g;iinst rniirinc ~ i r i t l  111i171;111 tiiir~oi. ccI/ liiics. [ 3 I : - i O i l l  l 
proioilgcti the siisviv;il of CRF, inice hcarli~g i.11 ir~?pl;iiitcii I: i~rlicl~ cril-crrxji1i;i 
ccIIs. 

Arig~rcyciinone-iyi7c ;intihioiic, sir~?ocyciiiiutic 1>8 (50). was tictcctcd 1'13 / 111 

tlic rriyccliiitn extract of S. cii~/il~iofic.iic l'ii 6040 b y  1 iiYl.('-lSAIP a~nd i [I" .C"-t-S- 
MS scrceiiing. i ' hc  col~~potini'i s l~ows  antiliiotic ;ictiviiics iigiiiirst (;r-;~iiz-positiv~. 
h;ictcri;j silt1 cytostaiic effccis oir i~iirioiis tirr-iior cell lincs. 

Sirnocycliiror~c DX 1441 consists ofa~-ig~~cy~: i inoi lc ,  dcouy;i~g;~r. ~c i , i t e t : ; i~ i l~  
(fic;~ir~x~xyl:~tc i~rid : t~~~i i?oco~~~ni i t . i~n  htrticiijriil c lc~t"~c~i t \ .  'The s t r t i c ~ ~ ~ ~ . ~  e l ~ ~ c i t ! i i t ~ c ~ i ~  



\ \ t i \  i!oilC by i 1) ;iriil 21) NU[?. ~ ~ j i c r - i i ~ ~ c i ~ b  ;inti otlier slpccir-oscopic r~ictiiotls in 
cc;iiil~iii;i:i~iir \i i t 1 1  iiicoi.por;iiioi~ cupcr-ir-r-ieiits iisiiig l i ( '  iiibcllcti pr-cciir-ors. 

iiiosyiirlie~i\ ~ I ' ~ i ? i l ~ c y ~ l i i i ~ i ~ ~  5oin .S. ciiriihioiic~ii.~ was ciiiciiialcii [45/ by 
ii.ctiii~g cupcr-iii-iciiis iisii~g '"(i riel? :iti-i~osplierc. The iiico~j)oi-:~tioii 01' " 0 2  inio 
i-i-iolcciile of' ;ii~tibiotic is I I C P ~ C ~ C C I  l?ciow. 'I'lic I-cstiits s~iggcst t11;it tlhe 
iti~~ii~oco~iilii~i-iii iiioicty hiis ;i tyrt>sii~e pi-eciirsoi- ~ii-id that ~ I ; ~ \ J o ~ ~ I - o ~ c ~ I I  
ir~oiioouygeiiase particip;itcs ii-i ilic biosyiithc\is of'tlii.; arrtibiotic. 

:I iicw ii;ipi-~tliocyciinoilc was isoialod [30] from tlic myccliui~i oi'S. cirer?cir. 
i\ocI-ii.or~iaiicjiiiic (51) cor-itains the inoleciilar skeletorl of P-napliil-iocycliiii~~ic. 
(lie ciiroi-i~opliore part i s  ciraiigcil by ihc ~:dciition of OII/('l to tllc do~ihlc bonci 
;rritl by ci~osici;iiron. r-c\pcctivcIy. i%ossiblc i-cgio- ;i~id stereo-s!?ccific isonici-s 
\vci-ib c/iscrii~iiiiatcii by sj>cctroscopic anti c!icrnrc;il riietlrocis. f h c  llalvcs of ilic 
inoicciile of y-i\o-i~aphtliocycliiro~ic ;Ire coni~cctcd ;isymn~eti-ically, ~vliich is 
r-i.iri;lrk;ibic ~z it11 i-cg;ircl to tl~cir biosyi-iil~esis. 'l'lic coi-rcspoi~ciing siorcocl~cn~istl-y 
<)I' tiie i i ; i~~I i t l~ocycl i i~c~irc~ ii;is hccn cui-rfii-rneii by cl~ciiiical ti-;rnsibi-iir;itioi~. The 
~~ilciiiic;tI \ci-cciiiiig tictectcil 1471 :i IICW riiipl~ilioiliiiiionc. i1nl7htl1oi-iicvaiii-r (52). 
in tiic ~ ' i i l t i i i . ~  i?i-otIi of' ii  . Y ~ i . ( ~ / i ~ i i i i i ~ . ( ~ ~ ~ s  sl j .  (sti-aiii biii 2Xj  bc\itics ;I iiii~i-ibci- of 
~ i i - i . ; i i i >  iciiouil i~ii.riil~olrtc~. i iic srrilir? :\;is isolateti ii-or~? ;! \;oil s;~i~rpic C O I I ~ C I C ~ ?  
1 1 1  Sti-:ttl?goriloi~. ,Iti\ti.:lii;i. 1 tier \t:i~~d:irci ptirifici~tio~i. pile ycllo\% 011 1% i t l i  y~ciii  



2.5 il~gll ofcuiturc bi.0111 ~ ; i s  ohtai;~cti. 'i'ilc sti.iri:tilrc mas cliiciii;iieti by pi~yiizo- 
c1lciilic:ll n?ct!rods nird sterccici~cn?isiry maitlly by <' I )  spectra. 

t i  tlcw spccicwoT S~i-c~piom~-c,i.c was dcscrii>cii j48j for whiclh tilo ii;iii-~c S. 
ai,iiicloicrtli.c was proposcil. The o-ip;ii~irrn pr-otiriccs new ;~i-iril?iolics SI:24 l5/2 i 
(531, A2. /I3 (541, 131 (551, R2 ;\i-iil B3 (56) itcrivc ;~g;iitist (;:-ai~~-pc.isiti\c 
1xictci-i:l. 

1:tii-tiler. tire striiciiire; of' tiicsc airtibiotics wcrc ilctiiiccti j40)i I'[-oil? 
i p w t r o s a q ~ i c  iri~;llyscs arrd dcgi-;iti;ltiori sriitIie\. 'i'l~c <triictiii-c of' SF2415 1.3. 
\x\~icli \I;K the  \~ighesi :l~itilx~ctcri;~\ i ic t i~i ty ,  psoposc~! to ~ . ~ ; : - c ! I c ~ I \ o ! ~ o - - ~ ~ ~ -  
tlia~o-?,-l:l;l. i Oa-ic~1~;~i~ydi.o-~i-!~yi~~~i~y-2~2~'i-triietliy!- I0;i- / (i:)-.3.7-tiiiiici11> I -?.  
O-oci;itiiei~yl]-(.?ii~ Oii~11;~~si~ti1o-[2.3!~~~~~~-;i~i-S,X,lO-ti-io1ii~. Ill tilc ; i i l i i i ? i i i i i i . i  

Sl..:?41 5 h ; ~ ~ ' c  ; I  S C ~ I ~ I - I I ; I ~ ~ I ~ \ ~ C ~ C ~ ~ I ~ I I ~ I I C  \tr~ictt~i-c. 1 ' 1 1 ~  :i1ltii31otit:\ Si 2-1 i 5 1 i .  \ 2 .  



1.;. 131. 132 2i i r i i  133 1-1;l.v~. 17ceii isolatcii fi-01x1 tllc cii1:iire fiiifiitc oSS. (rc~ri Ic~olc i t i i .c ,  

i\o!;iicti l'i.oiii soil siiii~pic collccicil in t11c 'fottoi-i IVcfcctiirc, Jnpan.  Tllc 
\ir-iictiirc\ ai'~ii11ihiotic.; Si,'?rli5 werc cliiciciateii by cheinical and Ii3 anci ?U 
22-111 \pccti-iil .;:iiiiics (iiicliitling ('OSV. ifMI3(' ,  c7t(..). 'i'hcsc ai~iil>iotics I~avc 
/ ~ ~ ~ ~ ~ i - I ~ y c l i ~ o ~ ~  \ e i ~ ~ i - q i i i ~ > o i ~ c  \tri~ct~ise :11>i1 SI:?415j\l. ) I?  L ~ I I L I  , I3  cc)ntiiit; iiii 
iiiitiitioilal irt;icj~ie cn-iii:i/oketo~~c striicti~rc. Oiie oi':I~esc aii:il?iotics, Si:2415B3. 
I \  ;i 111~t1iyl iicr.iv:iiivc of' i~~ipyr:itlio~~iycii (2. Fi-oiii 50 I jar kri~~critoi.  t l ~ c  
ii)llo\ iilg :iii1oiiiit\ ~ l ' t l i e  :~?itibiotics were is01;it~ii: 70 11ig yelio~v ~~ceciles of:\  I .  
50 I I I ~  of:I3, 2x0  irrg 13 I ~iiiii 250 nig of' 133. 



4, Macrcriides 
'Tile tern? macrolidc was origi11:iily applied to n groiip o f  iipopi-iiiic l~iisrc 

arltihiotics with a :??acrocycllc inctonc ring in their c11crnic;il S ~ I - L I C ~ L I ~ C .  1'iii"ic 
ai~tibiotics itrc Iligl-ily :ictivc apairist C;r;iii~-positive bactci-i;r iiriti ri~ycopiasi>i;is 
anti hcr~cc at-c cffccrivc. wlicn ;iilmii~istcrctl orally. ag;iiiist it~lcctioiis ili\cii\c\ 
caiised by ti-icsc rnici-oorg;irrisr~~s. Whci-i :idi~niriisicr-etl to mai-il~i?:iis, i i~csc tii-iigs 
;ire ciiar;~cicsistic:iil~/ distril~i~tccl i n  the liver. Iiirig. ;inti splccii ~ir-itl  ci'i'cctr\'cl> 
i-i;ilt inicr.obia1 scspir:itory 01- hiliary isact ii~icctioi?. 'fliey arc t11~~iip~ii:i~;iiiy 2iilii 

ccoi~ornic;tlly in~.portaiii cirrigs. 
Arnong the i~iiiiicr-c,iis rniicrolide ;iiitihioiics tlisci)vcrcti drir-inp tlic p;ist 50  

years. cr-ythi-orriyciti. oic;~iido~riycirl, Iciicor-r~ycir?, sjiir;imyciii, Jos:tii~ycrri. 
rnidcciir~iycii~. anti tylosin Ir:rve been prodrrced it-icirisirialiy. 'i'lic pr.c\cnt cliaprci- 
will ihciis i:l;iiniy on discovei-y. strain irnprovcrncrrt, firincntittioi-i, anci the i-r~oi-c 
rcccrit wor-k o n  tiicir l>iosyntI~esis and  rnoilc of iiction of li:rlogcii (cliloriiic) 
containing rnacrolidcs. 

4 IIGW 114-rncrnbercii m;icrolidc antibiotic, coliibsicitliri A (57), w:is i.;oi;itctl 
from the fcr-n-icntation brotli of a new Sti-cyion!vi.e.s species [SO!. I t  \\:is 
itlcntificd as a glycornacr-olidc with ;ti1 i~iipr-cccdcntccl irrorn;itic cIiroinoplil:ii-c. 
Aii ext~-;tct fi-0i-i-1 :ti1 i~iiidci~tificfi Sti-cjiton7~~.c.c c~iltul-c, designi~tctl Lid-C' 13 1 2 2 ~  
was ihiiiid to have ncinatocidni activity in viti-ii against i'cic1ror.i7tr/idiii,1' ~lc:qcii~.c. 
Suhscqueritiy, coluhsiciclin iiiso deinoilsfr;ited iir vii90 ;ictivity in gerbils i11ii.cici1 
with Tr-ic,i~o,ctior~gj~iii.c c,iillihii/i)i-ii7i.s. Tlic isolated iicinatocitl;~l iigcr~i. 
coltih~~icitliii A.  clcnioi-istmtctl potent ;ictivity ;ig;iii~st (ir;i!ri-positi\c 1~iicicri;r 17iit 

oiiiy \vciil( ;ictivity against Gram-ircgiitivc i~;ictcrii~. i t  wiri sligiitly iiwsc poiciii 
tliirn vai~coi~iyciii agiiii~si .;tn~~hyincocci l3rrt less po?crii ;~g;iinst \trcl?toccicci iiiid 
cilterococci. Tile fci-irictit:itioii 17i-oth M.;I ;~~i;ilyzc~I by iSI"llilVi('  ~ i i i t l  

colirbr-icitIiir !\ was isolafeii ;:s a ycllowisli powilcr. [is niolcciil;ir fori-i~iiI;i \ \ ; t i  

tlctcrrninctl by i l i i -MS.  VoIccul;~r wciglit o f  21511 D;I was iic~norists~itcci. 
api?ropriatc ihr a riiolcciiiai. fi,rmi~i;i ofCs6i-lii4Cl;PJ50~~. 'Tile compictc siriictiii-e 
was cliicidatcd l ~ y  I D and 2D NMR coiiplcd with ciiei~-iic;il degr-aclittion. 



ii~siiiiiiioi~iii 1x3 ((58). ;I ticriiativc cii ' r i~:iyi;i i i \ i i ioit i .  u a s  isolateti j5I ] froin 
t w o  ~ ? ~ c i i i l x r ~  ot. tlie ii~oss !.;;ri~ily T/~~[i(ii(~(,c,(rc>, C'l~~opodir/n~ (.rispijijliio~~ i ~ i i c i  

irioiiroc/oii ciiic~iiiii!iiii:  in very low yielti. 

1-1-oiii 13 kg 01' ('. (.. i;u.h~Ic air tir-icd i-i?oss \vas isolatcii I mg of' piire 
ctiiiii~o~iiid. i . ~ .  i x 'k, yicici, or ii-0111 .,i.ci. i.c.. 4 x 10." 'h, yiclil, rcspcctivcly. 
i ' ,  c~~.i.c~)i/;i/iicii~ w;is collcctcti f r o n ~  1-oclcs 017 ';iccp sIo1ic'i in a Uougi;is fir ihscsr 
iri 0i.eyoii. [!(+I i i i  i O X !  ;iiiCi ' 4 .  criiciiiiici!ii.s c~llccteci fro111 socl<s and ti-ccs of 
\ 21-4 \ti'cp sliyw\ i i i  !lit li,i-est of West Virginia i i i  1985. I'iiis con~poiir~ti is 
~ ~ i i > ; i b i y  rlii, i?r-(xliict of' ~ii~itlci~til~ieii :ictinoiriyectc ; isoci ;~ted with tile ~thovc- 
iiiciilioiicci i i io~\cs .  .\iis;iiiiitoeii~ 1)-3 \lioneci ;i j ? ~ > ! ~ i i t  c y i ~ t o ~ i ~ i i y  ;1g;lii?st the 
! i i i i i i ; r i i  \oIiii iiiiiioi. ccll liiics : 2 -5 l9  ;iilii li'E'-2'). 'l'lic con~jioiind cxi~ihitcti a 
\ i~iiiI ' i i~ai~t ac t i~ i iv  ;ig;riii\t 1'-388 iyilijjliocytic ielikcilii;i i i i  iliicc i i i ~ i i  boll1 (IPS 
(iiiiiri~ic Iyiiij?liocytic lc~iL.cilii;i) 1111~1 OI<B (11~i i i i ; i i i  ii;isoj?Iii~i.yi~gciil citi-ciiioii~ii) i n  
ccll ciiltiir-c systcins. 

i 'hc \tri!ctiir.c of':) i ~ c n  ;iiitil-iiotic. rosco~~i1iiiil (59). was c1iiciii:itcii 1521 by 
h'\/11< \pwtr":d !iii';diy'ii\ !ncIiiciiiig ;I \#;ir.icty o f  tlvo-diinciisioi~i;l tccliniijiics. 
lic)scoplrilii~ wis  ihiiiiii to possess a 110vcl sitclcton cont;iiiiing pyr-role arid fi~i-iii? 
ii~oictics. I t  \$;IS is~I;ttciI fro111 the cult~ir-c brotli of'an ;ictinornycelc iciciltificii ;is 
.S. grivc,c~\'ii'idi,s. I'hc co~npounci sllo~vcd cytotcixicity against K562 I ~ i i i i i ; i i ~  

ci-ythi-oiil !ciiitcii?i;i cciis ( l i ' ,O 0.34 1tM) and K13 human epidcrmoici carcinoma 
cells 0.88 pM). 



Roscopllilin was ci'ficicnily syt~iiiesizcd [53j star-ring wit11 tlic lcncnvi-r 3-  
ibrn~ylpyr-role; tile r-ncihotl i'catiircs intr;?i~~oleci~lar a1kyi;lricin to fol-13 tlic iicsii-cti 
thirteen-ii~cmbcred cnrhocycic ;~nd  Isasc-ii~diiceti iritrai-rtoicc~iiar acy1;itioii t o  
coiisti-iici tllc ieqtiisite pyi-1-olc-fiiscil cyciopciitani~iic r-irig systeili ;IS tile key 
stcps. 

'The ;i~ts;rri~yciiis i-cl?~-i*sciit soii~c of ilzc itlost C O I ~ I ~ I I C U  ;iiliihio!ic\. 'l'lic!, ; i i i ( l  

i l~cir ticr.ivativcs li:t\.c ;iroiiscil coi-rsiiici-;ihlc iritcrcsi ;is :iiit?\rr;il :,inti 

;intii~iicrobi;il ;igcirts. and ;is iiihihitors of iZNA ttii-iioi- viriis i-c\cr-hc - 
tr-iiiiscripl;~scs. l icrlcc, llic !wtcnri;il sigriific;tiicc oi'vai-ioiih s t r~ict i i~i i  jL.;ltiii-c\ 01' 
iiicsc ;iiitihiotics iirrii their cicr-i\:iti\>cs in r-c!>itioi-isl~ijt to tlicii- bioiogic;il activity 
i s  ixirrg iiivestigatcii. 'i'ljc coiistituriorral striletiire oi' ~ ~ ; i ~ ~ l i i l i o i n y c i i ~ ~  n;i\  
iicscril~cd arid i t  was tier-nor.istraicti t1i;ii tircy hcioi~g to iiie cl;lss of n;iphtii;ilciric 
~insiin~yciris. 'i'l~csc ;iiitil~iotics u ci-c isoliitcci j 541 fsoiii tire ierinciit;iiion hi-0th of' 
;in iiniilcritificd species of Str.c.jitoriti,c,(~,s ;iiid ic>u~-ici to csljil-iit ;ttitiii~icrohi;ii 
;tctivity against N(cc.ii1zi.c .rithtiiis. Tiic gi-owill iilhihition \&';IS rcIic\cd ky ~iiiciirioii 
of cystcine to ;i ciicrnic;illy iicfii~cti ii~ii~iiilal illctiiiini. 'The I>iol~gic>ii aiici 
chcririciii propmtics (striictur-cs were cIctc~.mirictI by '1~1  NMR spcctr.;i ;!,?ti iisiiig 
latitlianidc slrift reagent) sl~owcil ;I inar-itcd i;irnil;ti.ity with na[?i?t!iiri??yci~is. 

r .  

Ihc iri?tih;ictcr-i;il and antikingal nns;ii?iyci~-r type ;liitihiotic i i ; i p l ~ t l i o i ~ ~ ~ ~ c i ~ i  ;\ 
(60) was first isolatcci frorr~ S. cr"ici,ctirioc,i1ro111ogc~i7i~.c (synoriyiii: S c.oi/iiiiic) 'l'ii 
105. Its strt~ciiirc was tlctcrii~incil by ' 1  i NMR investigaiioi-r ;iiiti \ligiitly I-c.~iseil 
iipori a clicmical tlcgmdation study. I t  Iias bccn cl1;ir;icicrizcti by ;iii:iiytic;ii. 
spectroscopic, anti niicrohiological data. Naphtlroiiiycin :I hi15 bccrl ii)iiijil io 
aiitagorii/-e vitamin K. 

I:rnim the i'crrncntation proilucts oi' a Str.c'j?torii~vt.c's cilltiirc nuinher Y-  
8340369 (fi-on? a soil s;~n?ple c01lectccI near Dllarchiiin, fI,ji~l:icl~;ii I%;.alcslt. 
iritlia) w a s  ;~ l so  isolated j55j naphtlromycin A as ;i miiror constitijci~t ;ind ;I 

iirr-thcr coinpound dcsigiratcci as napilthoniycin H, a liglit yellow cryst;illiiie 
suhstai?cc having formui:i C3,)1 I-IICINO~), as thc ii~ajcrr- coi~stitucnt. 
Naphthomyciii i l  (61) was shown to be a gco~r~etrical isonicr ofri;i~~i~tlioniyclr~ 13 
(62) by cxtcnsivc 'ti NMR cionblc-i.csonai~ce stiidies. 

Naplitlm~~~yckins 13 ailti C were isol:itcti 1561 frc01~1 two ~lil'lk~-c~i! st~iii-rs of' 
, i ; ' t ~ c ~ / ~ i o f i ~ i ~ ( ~ ~ ~ , c .  l'hc striictili-cc were clctcrtiiiiicci isy coii~parisoi-r oi'1l-r~. si?cctr;i I\ i t 1 1  

t l~osc oi'tltc known r-iiipl~thoinycin 11. by spin iiccuiipiii~g cupcrii?~ei~ts ;\nd 114 211 
UMR ; I I I ; I I ~ S C S .  N;ipl1:liori1ycin I!, is 3O-cl~loi~on;iplitIio1iiycir~ ('. Sirikingl! 
i~;ipi-itho~nyciii i2 tlii?i.rs fror-i~ I3 nnii (' iioi only by tile pi.cscncc ofiiir ;iiiiIi!ioii:il 
nictliyi group. biit also i i ~  the coi~figiir;iiioii o l ' s o i i ~  of iiic tioi11,ic l>oilcls. 

11 dif'i'creiit striii~i o f . S t i ~ ( ~ ~ ) t o t i i ~ ; ~ ( ~ o , s ,  str-iii~l 'rii 353, l ~ c l o i ~ g i ~ i g  tlic specic\ S. 
xtr/hii,c subsp. gr.isro~j~oic~ric, isol;itcii koii-r ;1 soil coilcctcii 1i-i E<otii.oii~;i 
(biiiiric;i), protliiccti an ;ii~tibiotic closcly rcl;?tcii TO iiapi~tlioinyciri ,!. \i!~ich \!:I\ 
C ; L / I C L I  n;iphtI~omyciii 13. t l ~ i r - c ?  cori~poiii~d oi'lhc \;:nit fknily, ii;ijii-iti-iciii?ycii? ( ' .  

!,$#;is o1,iaincii tliii-iii~ iiic isolaiion oi' iinsati-ienii?\ i'r-orii 5. iiicirtcitoc~iii~ori7o>:(~ii(~~ 



\ <ir. ( / i ~ ~ s / ~ i ; o ( ~ / 1 r o 1 1 i o g ~ ~ ~ l [ ~ . ~ .  sti-;lii~ '].ti 1892. 
"\iotIicr- Sri.c.jiroii?i~i~c..v s p .  Ei7X4 proiliiccci low lcveis of itrc stihstiturcti 

iirisiiilryciit ~riiiihiotics. incliiding ('-30 cl?lorir?atcci :rnaiogucs naplltliomycins A 
iiiiii 1 1  1571. 'file ;iciditio!i oi' N-:icctyl-LA-cystei~ic t o  tlie ii'rmciit:ttioii rncdiiiiii 
\iibstiiiiiiaily iiict-c:iscs tile proiiiictioii of the thioii;iphtiio~?~yci~is i trrid J at tlic 
c ' \puiscot '  tllcir- cliloro a:i;~logiics :I ~ i r i c i  i i .  'i'hc fbi-rii;ltion of rl-iioansar-iiyci~~s 
C .  iii,::~ c l ~ l o r o ~ i ~ i \ ; i i i i y c i ~ ~ ~  ailti tliiols in i , i~ ,o  i i  j>i-ohiil3ly non-cii~yr~iic s i i~cc sir~iil;ii- 

coii\ criroris ciiii l?c ci'i'cctctl it1 i,itr-o. 

I I I  tile p ; q ~ c r  01' li3riiiilili [58], tire sir-uctiirc of' naphtliornycln was ~rcviscd. 
ii:iscii (111 air cuiciisivc stiiiiy inciuiiing i?ai-amagiieticdly iritiuccd chcmic:il sliitis 
i t  \ \as 1~roposc~i1l1:it tllc cIiei~iic;iI sl~ifl ~ i ' ~ i i i e  j?he~iolic prOt(iii (9.63 ppiil) is i>Oi 

i t r  ngi.ccilici~t uitli the Of~i gr-oiip in  prri-positioii of a ii;~~-illi!~oijui~~i)iie systcr~i. 
i'lic sti.iictiii-c wiis i-cvisccl to iiaphtlloinycin wit11 the phcriolic hydroxyl groiip in 
posiiion 6. C'iicinic;rl ciegr;iti;itio~i of n;ipIitiioi~iyciri was also cari-icci oil!. l'lic 
o/oiir/;iiioi~ oi'tlic ;~i~?ibioi ic  i r i  acetic ;leiti :it roon-i tciiipei-ittiire, oxidiitiorl oi'tlic 
ci/oiiitics with liytir-ogcn peroxide i n  acetic acid atid subseclucnt 11-eatmcilt of tile 
n-iistiire oi'prociiicts \viii? diazorncthane yielded different ciegraci;itioi-~ prociiicts. 

I'he I-el;rtivc ;irrti ;lhsolirtc coni'igiiraiioi~s of i~apliiliomycin A were 
cli~ciiiiitcel 15") by X-ray sti-i~ctii~-ai analysis of a nictiiylarioii prociiict. 25-0- 
i i icrl iylnapi-i t l io~~~yci~~ :I it~iiiror-cictliyl ctlrcr. 'l'11c ;ihsoliitc co~ii'igiii-iitioii was 
coiii'iriiicii by iicgr-atlii~ion (0;. NaBi i 4 )  ro (,S)-biitai~c-l .2,4-triol. 

"0: \\;is i~icoi-pofiitccl i i~ to  the i-i-i(>icci~Ic oftl-ie :intibioiic itiid i t  nliis s l i ~ w i ~  
/OOj tlxii ;!ct;i:iiycii~ (coi~ipoiii~d with iiie s~iiiic \kclctcrii biit wiiho~ii ch10ril-t~ 111 

C' ; , ,  pokition) I \  1;il~clccI ;it ("2s aiid <'lo. 

C'iliosotliricirr (63) i s  ;in iiiiusiial rii~icr-oliiic aiitii3icitic prodiiccd [hi] by S. 
rirlii11io;ic~iiu. its siriicf~irc con5isis of ilii-cc typci oi' coinponcnis. ;i invdificil 6- 
i~ic'tIiql~;iii~yiic ;iciii. t \ \o  rei(:irtic;~I 2 , 0 - ~ c l i ~ ~ ~ 0 x y l i e x o s ~  ( ~ - I I C O X ~ - I . I ~ ; I I I ~ I ~ O ~ C )  
iiior;tic\ i i i ~ t i  tlic ;iglycor~c. c l ~ l o i ~ o t l i ~ i c o i i ~ i ~ ~  l.:ai-licr- bii~syiitiietic \tntiics have 
c~t;i?)Iislieti f i r c  bioiy~iiiiutic 01-igiii ii.ir niost oi't?rc c:ii-bon ii.;ri~~catol-ki oi'tilcsc 
C O I I I ~ O I ~ C I I I ~ .  i l l( ;  i~~oclific(l O-~~-tctliyl~i~l~cyiic iicid coi11e\ I'scinl 4 ;~cci:rtc- 



iualo!iatc iiliits vio tlic polykcticie p;itl~w:iy, wit12 coi-iti.i!?iitioii oft11c ;iiitiitio~i;il 
0-iiietiiyl grcri~p by r-i?ciliinniilc. 2nd  tiic two 2,(>-diticiixylicxosc inoreties ;ire 
Jcrivcii ciii-cctly fiom glucose. 'l'lie aglycor~e is prciioii~ii~antiy of poly ltct itic 
origin, being ri?;iiic oi' LIP to ten ;acct;rte and two propionate iriiits \vliicIl ;iccoiiii~ 
for all \>!it three c:ir-i~oi~ atonis of cl~lorothricoliiic. Miii~il e carbon ~ ~ O I ~ I S  35 iiriii 20 
of tlic tetronic acid ntoiety arc tfcrivcii from ari ii7t;ict ;icet;itc iinit, C'-24. C'-23 
a1141 thc iiiijacent C-22 arc not 1:ibclcd by either acet;itc or p~.opioii;ltc. 'i'lic 
nrct;ibolic roiitc by which the propion;ite iriiits arc gciicr;itcd froin pr-iiii~try 
rnctaholitcs and stercoclicmical aspects of tllc conversion oi'gliictrsc to the 2.0- 
tlideoxyhcxosc moieties liavc been dcscrihcd. 

, . I hc biosyrtihcsis [62, 631 of clilorotiriricln, ;I n~ticr-olitic :iriti!?ioiic isoliitctl 
frori-i S. ur7tr'hiciticili.i. Ti1 99, iius been stntiicti liy fcctling expel-ilncnts with I-"(' 

ii11d 'I-i-lahcletl precursors. Ten acetate and two propioiiatc iinits, biit i~ot  
ii~cti~ioninc ai~ci r-iicvalonate. were ir~cor-por;~ted iiito tire inircr-ocyciic ;igiycoilc of' 
the ;intii?iotie. G!iicose and the vario~rs carboil atoms of tyrosii~c. except l'?>r rile 
carboxyl carbon, also coiitrihutcti l;il?cl to tiic ;iglycoi~c. (;Iiico\e ;~istr hccllli to 
be a sj?cci/'ic precursor of the 2-cicoxyrl~ar-irnosc rnoicty. prob;i!?ly i,irr ;I process 
ir~volving ;i hydr-ogcn sl~ift  fiol-i? ('-4 to ('-6 of the i~cxosc. i'lic s~rl?stitiitetl 6- 
i~~ethylsalicyiic acid inoiety seci-i~s to hc derivcd ii.om four ;icctatcs iiriti oitc 0- 
mctl~yi groiip pl-ovicied by n?ctt.iioilinc, ~vl~ci-c;~s shikii-iiic ;iciii is iiot 
iricoi-por;ifcci. 

J-'irrtlier i'cciiing cxperir-nenis / O I  1 with [f/-''('?] i i i i i i  (211)-1 I - ~ I ~ ~ ; ]  glycci.ol 
slic.iweti tli;it glycerol is iiicorporatcil i i i t w t  inti) c;iil>oii ~iic?riis 22, 23 ;iiiti  31 of' 
tllc ;lgIyuxie of ci1101-ot'irricin. ('-1 of glycerol gives rise to ('-22 \villi rctcr~tioii 
of one ittoin ot 'dc~~tcriiii~i,  vvhich occiipics rlie 11-22!? jtositio~i. ;\ i~iccllaiiisi-il h i -  

t l ~ e  asscrnhiy e f t h e  t\glyconc is proposed wlhich it~vokcs ~?hos~?i-i~)ci?o!~>y1'ii'v;ilc 
;is t11c (lirect ~ ~ C C L I I - S O I .  o f  tlic 3-carbon rt?oiery ; l i~c i  a 1t;icyer-Villigcr oxitlatiol-. ;is 
the rnocic of formation of the ~li;lcrocyclic l:icti>rle ji!iictioii;iiity, /1. li'ctiiiig 
cxpcrimeilt with [i  , 2 - i 7 ~ . j  succinatc suggests that t11c propioii;itc iiilits of tlic 
agi ycoirc pol ykctidc arc forriled entirely viii the mctl~ylmaloiiyi-C'on riiiit~ic 
rcactiorl. 'Tlic formittion o f  tiic two 2-(ic0xy.-D-rii;1rnr1osc inoictics 01' 
chIorot!iricin koln gliicosc was silown ro iilvolvc I-cp1;iccincnt oi ' t l~c 2-l1ytlro*yl 
group of t l ~ c  sugar by liydrogcil wirli invcrsiotr of coniig~ii.ation ;it ('-2. '1 '11~ 
;intibiotic tnixturc was active /64] ag;iii~st (;rain-positive bacteri;i o n  syniiietic. 
but not on complex media. 

I - O L I ~  IICW C O I I I ~ O L ~ ~ ~ ~ S  frorn t l ~ c  ciilttirc broth of .Yti'i,-c;jifoiiii.c.c's sp. /I7361 
were isoinicil 1651 kori-i ;i soil s:i~npic colicctcd il l  Ohiliiyii city, i;iiit;iii?;i 

PI-cfcctiii-c it? J;ipii~-i, -i'i~c fc r~~?e~i l i i t i~ ) t~ ,  iso1;itioil" striiclLirc (~ctciil-ii11~1tio11 iii7ci 

bio!ogicai ;ictiviiics wci-c descrii?cd. 'l'llc isol;ition of' f o i i ~  iic\\ c o i i ~ p o ~ r ~ i ~ i i  
iicsignnted M('-03 1 (64). 032 (65), 033 (66) aiici 034 (07). i-i .oi~~ ;i ~ i i I t t i i - ( :  l,r.otl~ 
of ~Yrr~,/lto/l/~\~(,f~,s sp. A7301 \v:is clcsc~-i~?ct~ fI1:iI arc \ir~icttlr~lily i-c~l2ited to. I X l l  

ilisiiiici koiii chior-oiliricii~. 
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LSiuphylncoccu~~ aureus 25 100 
9repfococcus pyogenes 
8ucsiiu.c- suhlr/is 
H. cereu.r 
Micrococcus kureus 
?;lophylococcus aureus 
i:~~cherrchrn coir 
Klehsiclla pneurnoniue 
Serrnt~a murcescens 
I"seudomonu.~ aeru@nosa 
R.spergzltus,i/irmig~tu~~ 
i'ei?icillium chry,cogeraunr 
'iiichophydon rnenlagrohyles 
I ,~ Ix~cJ~U%I uibzcans - - . - ~ - 



charactel-izcci by the pwwci~cc. ir?  their- striicturc. of orie or ii-iorc 01-tiiocstcr 
1irrk;igcs that are associated wit11 carbohydr-ate rcsiiltles. Tile ~~atiir-;il occiii-i-ci?ce 
of oi~liocsters is rare. btit within rcccnt ycai-s, scverai cx:irnplcs of' airtibiotics 
possessing this coi~~n-it-~n structural fc;iti~re ii;lvc i?ccri tlcscrii?cti IhHj. ! t  il(i\v 

sccr?~s ticsirabic to groiip ihci-i? toge~licr ili~dcr tlic gc~icric rr;~iiic of' 

orthosoin-iycii-i ;~l?tihiotics wl?ich pnsscss a tci.iniii:ri csrcr rciitiiie iicr-ivcti fro111 
3.5-tliclrloroisocvcrniiiic ncitl (3.5-tiicliioi-o-4-l1y~iroxy-h-1~i~tiioxy-~-1iic~liyl- 
i-icnzoic acid). 

Fl;~r~~bai-nycii~ exhibits ;i vei-y Ion toxicity ai-iii sl?t-rws i i i i  interesting ;icti\ ity 
irgaiiist Cii-am-positive I?;~ct~ri;\. nj (~ i~.w>i . i ' ( l ,  C ; I . ; I I - I ~ - I I C ~ ~ ~ ~ V C  I?;IcIcT~:\ ;tiit? s o i ~ ~ c  
Gri~rn-positive bacilli, see 7';rbie 4. I t  is j>~rctic;rily inactive ;tg;iiiist (;r;ii~?- 
i?cg;riive bacilli, yeasts ;ind fiiarncr-iioiis iiiiigi. 'i'liis sclcciivity coiiplcti nit11 
excellcni therapeutic in vivo activity in mice inii.ctcti cxpci-iiiicnt;iIly ~ z i t i ~  



in iiic coiirw ot 'st~~ilics [hi)-71 1 oil tlic prociitctioin of;intiiiiicrobial ;igcirts by 
ii~~cro~i-g:iiiisiiis, ii i i c ~ ~  ;;Iiitil?iotic ilariihannycin (69) (iiiso l<r~own as 2 1 190 M3), 
\ \ a \  iii\cii\ercd i i i  tlic ciiitiirc hi-oilis 01's. i7~>gi-o,sc,o/1ic.ii.c DS 23230. Tlic strain 
iiiis isoiaictl fi-0171 ;I sainpie of soii collcctcil i i i  Circat Britain alicl its antibiotic 
projscrtic\ V ~ ~ I . C  iici~ioti~iriitcd 17y c1;isbic;il ii-~ctiiods. ii cxliibiis all the inaiii 
i~ti)i~pliologic;ii ailti biocl-ici-i~ical ci~ai-actcristics ofi11c spccics S. i~~~~qr-os~c.oji i~~ri .s ,  
i'\pcci;iliy t i i ~  tigiii spi!-;ii spor-opl:oi-cs ;rtiil their ciitstcrcil iiiscriion tipon Ihc 
iiiaiii lilaii~ci-~t. the i1;ii-k gi-cy color of rl-Ic iiorinaily spoi-iiiatcii rnyceii~it~i. a~ici 
;il$ii i ~ i  ;igciiig ciiiiiii-cs ilic proiiiiction of ti;irk patchcs ktnii of;iii cxiiciatc oil tile 
siiri-ice oi'tlic coloiiics oil agili- nncdiiin-I. 

'1-i~c iln;!joi- iiegr;iil;ition procii~ct oi'flatiiba~inycin, i.i7. dcsciichloi-oisocv~.r-iiiiiiyl- 
ticsisol~iiiyi.oyi il;i~iibariiyciii w;is bunti to he iicvoid of ;ititibactcrial activity. 
i'liis rc\iilt suggests tEiat tile aritil?;ictcriaI activity of il;iii~hamyciri is co~icel-ncd 
~iii1-1 ilic ;ii~tilsiotic iirolccirle ;is ;I wi~ole aiiii riot with iiny p;irticular- secjiicticc of 
1-csiil~ies p ~ c s c ~ i t  in tlic iii?iil>iotic. 

I:roii~ ciilturc of' iiic ;ivili:~nycii~ A (40) j ~ r o i l ~ ~ c i i ~ g  ~rgiliiisrii, S. 
i~ i i . i l /oc, / i t -oi i iogc~i~i~\,  s i~r i i i  i:)T'IH 33575 (~-NRIZL. 2800)  obiaincii fro111 n 
Vciicziici;iii soil sairipic. ii sccoiiti aritihiotic, ;rvii;trn-Iycit~ (', C'(,II-lsoC'i2(3;2, cvas 

i\ol;iictl 1731 i i i  ~rystiiil i~ic k)i-ill. 'i'hiri! avii;ir~~ycil~, i.c.. ;iviIamycii-I B was also 
ol>t;iii~cil. biit its iiiolcci~le tiocs iiot cont;iiil any l i~i i~gci i  ;itoni(s). h t l ?  
:I \  iI;iiiiyciris belong to tlic group of' iiic ortliosoinycius. 13y I!?. ' 1  i ant1 ' 'C N M R  
\ I J C ~ I ~ ~ O ~ C Y ) I I ? Y  iiiiti hy tr;iiisfbrni;ition to a coilinion iicriv~itivc i t  coiilci bc i?r.ovcii 
tli;lt ;i\~il;iiinycii-~ :I i i  ;I iinctiiyl kctoile ittiti avii;t~nyciii C' tiic corrcspoi~iiing 
inctliyl cai.biiioi. 

1-iytlr-olysis and ~i-iciiranoiysis of ;rvil;irnycii? (' (71) yieidcii j73j a scl-ics of' 
rnoiio- ni-iil oligosncch;u-itic-iikc i?rociiicts, ivilicli wcr-o. with 01-11: cxccptioil. 
iilciitical wirii dcgi-adation prociiicis of ilamlsaniycin. 11istc:id of ca~alo4e (6- 
iiooxy-3-ii1ctliyi-D-iii;i1i1-1osc) a bi~iidiiig stone of ilambaniycin and 
eve!-ninoiiiiciii L3, CVCI-niicosc (2.O-c!idco~y-3-~11e(hyl-D-1~i~iiii1osc~ was idciltificd 
;is ;I coi-Istitircnt of the aviiainyciins. l'his sugar was kilown ;is a d ~ g ~ t i i n t i o n  
i>i.oiiitct ctf'thc evci-iiiiioinicir-~s C and 11. Froin the dcgr-atlation rcs~ilis. ;i stl-ucturc 
oi';i\ilaii~ycii-~ ;I wirs postiiliitctl wiiici? clii'fcrs fro111 tiiat oi'flambamycin oriiy by 
:he 1;ick of' ii Irytiroxyl group i t i  positioii 2 of rlic cv;iiosc rcsiiiiic. 'i'liis 
iiyl>otlicsis b a s  coi-~i'ir!ncd by ' I i ;iiiti 'c' N M R  sriidics. 

i'1.0111 ciiiitil-cs of' S. c,iii.trcwi. a i-icw Srrcytong.c,c..r spccics obtaiiicil ii-otn ii 

\oil \;ri~ipic f'i-oil? ('iir;icoa, ,\i-gciiti~~;i ;r ci~ioi-iric containing giycositiic aiifilsioiic, 
ii;ii~icii ciii-;iriiyciii (72). iiiiis hccn isoiiitcd 1741. ('iirilinycin oil acid hycimiysis 
y ~ c \ l i l \  :I c i .yt ; t i I i~~c p~-odiict. c ~ i ~ i c i r i .  ;iiiii  21 ~~iix,tiire of ~i-~c>i~os;~cc!i;~riiics. 
c ' ,  ~~i;iciii. hliich coiit;iiil\; ;ill i t / '  the ci-~ioriiic of' citr;iinycin, is the cstcr of' 

iiiciiIoroisoe\ci-ili~iic x i t i  ~vitii ;i ~ i i - d c ~ ~ x y ; ~ l ( i ~ s c .  '/'111-ec oil~cr i i l o ~ ~ o s ; ~ ~ e h ~ i i - i i i ~ ~  
ii r - i '  ;iIsrl pi.cizr~t. t. i l , t j  0fc~~1iici-i ~ c r c  iticiitifieii ;is l.-Iyxo\c and 4-0-iiieiliyl-1)- 
fiicoic. 
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12 novel cl~romoprotcin ;ir?titiiinor ;tntihiotic kcti;~rcitiii~ (73) w a s  iso1;iictl 

/751 hoim t l ~ c  ciiltiirc siiperriiitant o r  ;ill actiiroitrycctc st!-niii I3XS-6 (:I i'('( 
53650). Straiii 1,585-6 wits isolatccl i i o m  ;i soil < ; i i - t ~ i , ! ~  coiicetcti i i i  ?/iii!i;i~-;itr:r 
State. India. A taxoi-toinic sttidy sliowcci that strain 1,585-0 is ;111 iinitlcntil'ictl ;iiiti 

~inltnowi~ ;~ctinornycctc. Prociiictiorr titers oi' l<cdarcidirr i n  sliakc flask iii~ti 
fermented cr~ltrircs werc 1300 pgiil?i and 1050 jrgii111, respectively. '1-frc 
antibiotic was recovered froin tire c~iltul-c i'iltr;iic by aiisoi-ptiori to QAi- ioii 
exchangcl- and purified by sirccessive application of gci iiltmiioi~ and ion 
cxcl~;inge chromatography with Sephadcx G-50 anti DEAE-Scphacicx. 
i-cspcctivcly. Kcdarcidin is air acidic complcx (pl  - -  3.65) wit11 2111 apparent 
inolcc~il~tr wciglit of' 12,400. '1'11~ complex consists ol';i highly unstahtc, soivciit 
cxtrwctahlc ci~mrnoplrorc arid a watcr soluble peptitic. I'hc ;tpoprotcin is ir singlc 
cixiin poiypcptidc of 1 14 r-csidues I7111. 'Tile 9-i1~c1?2hercti encdiyi~e ciirotnopi-ioi-c 
is a new rncrnbcr of' rile cnctiiyilc class of iintitninor ;igcnts. f>ciaii\ of tlic 
utriicturc c1iicid;ltion of keii;u.cidi~i chro~~~opl io re  by iHR1-Ai3MU 
(C531H(,oN301(,CI), iisiilg ~i coi-irl?iniriior~ of' Y M R  tcchrriil~ics. i~inss speci~-i>ii~cti-y. 
clrclnici~l c?cgr;itiation, tier-iviitiziitiirrr, ; i i~ t i  iodiiirr~ b~i.cii~ytii-iiic i-ccliicrioir 
cxpcrimcnts. wcr-c reported j77j. rlcidic ii~ctl~;i~~olys! oi' ltcciiii-ciilii~ ;if'ii)r~ii.il 
iiiree products: ~nethy!  cr-1.-n~jc;~rosicie, tile rllctiiyi a-giycosiilc oi' tile ~ i o \ c l  
iir11i1-10 siigar l~ctl;ri.osaii~ir~c ( C Y u l  i l , ,NO; j .  ;:i-iti ;i 2 ' - c l ~ i ~ i - ~ ; ~ ~ : ~ t y i - ~ ~ ~ y l  i i ; i ~ l i t i ~ ~ ~ i ~ ~ i i t i e  
I?iigi?-ici;t. 'i'lic pi-c.;ciicc tii':r rciiclive 8,9-cpoxyl?icyciii/ 7..~.O/ii~iiiec;i- tiicliciiiyi-ic 



'oi-i3 nab cst;il~iislicii I;-oiii i~ctci~oiiuclc;ir N M R  ;inti sodiuin boroliytii-ide 
i.etiitctioii cuiscrii~icnis 1781. '1'11c niric-ii~ciiibereil ciicdiyiic core iii-~cicl-went rapid 
,~i-oi~~;iii/;itioli iipoii t-cdiietioi~ wit11 sodiiiin 11orohycii-i~le to ii cycIol)ei?tyl-iiidCiie 
I-irig \y\tcii~. ' I  l ~ i \  rctliictioii w;is sliowil to be stci.eosl~ccific wl~eti iisii~g ' i ~ i i i i i i i i  

horciticiitci-idc. '/'lie ;il>\ol~itc \tci-cocl~i)ii~istry of' thc ; I ~ I Y C O I I C  W ; I ~  ii~fCi.re(I 
i l~ro~igl i  :i co i i i I~ i~ i ;~ t io i~  of'Y01; NViR ii~ici 1~~oIcci11~i1- ci;~t:i iiiodclir~t;. 

I t  is ;icri\e ;igaiiisi iiiipIiii~!eci PRX8 Icrilte~i-ria ;inti Bl 0 incIanoii~;i in n?icc at a 
d t i s a ~ c  oi' 3.3 and  ? jrglkg. respectively. I'he potency of  kedarcidin against 
i~iirririe tiiiiioi i i ,  siiniliii. to ;I class oi';intibioiics cvitii tile ui~irfue 1,5-ciiyi1-3-cnc 
\!rtictiirc. /ic~l;ircii/iii ;ilso sliows potent activity ;igairrst 0r;rm-positive bactcriu 
Ihiii  I IU  ;~et i \  ity ;yiii~lst  ~;~t i? i - i icgi i t i \~c lx~ctcl-i;i [79]. 

('ytorouieity ;~i,s;iys iiti iiic l i("i'1 16 coloii ciii-ciiioiiia cell iirrc result i i i  ;in 
i ( ' ; , :  \,:iliie 01' I riV. /,I ~.it i.o ctpcrirnents with &X174, pM? I?NA, nt~d "1)-enci- 
lai~clcii restriction ii-;~gii~cnts iicmonstraic that illis cirroinophorc binds and 
clc ;~ves  cii~picx DNA wit11 3 i-cinar-kahlc scqiicnce sclcctivity producing siriglc- 
\tr-;iiiii hi-c;ilts. Tlic cIciiv;~gc rcijiiircs retli~ciiig agents and oxygel? siuiilar to the 
c,tliei- i1;itiis;i1Iy o~ci~~-i- i i ig  c i~~ ' t i iy i~cs .  ('crtain catioiis (('a2' anti ~ g " )  prevent 
sir-ailti c1cav;igc. t-iig11-rcsoliition ' i t  N M K  stiiciics on the chro~nopkor-e in ihe 
p i - c ~ u i c w ) f  ec;ilciiiin cliloi-itlc irripiiciiie the 2-hytiroxyiiaplitl~oyl lnoicty in  I)N/'\ 
17iiiiliiig. !~itcrestii~gly. tilt i<cci;irciiiiii chi-oinophorc ~ i ~ p ~ i r s  t i h c  s i r t~~"r~~-a l Iy  
rci2itcti to i~cocar/riioct~iiii~ yet recogni~cs  spccii'ic I?NA scil~iciiccs in a rniiillicr- 
iililil;ir 10 caiiclici~n~icii^i y i i ,  2 \ 1 1  cr~cdiyi-ic with ;i significnlitly cliffcrciit striiciiire. 
\~loi-co\i~r.  licdar-ciclii~ ;inti calici-icilr~~icit: si?iirc a DNA prckrrcci site. tire 
1 ( ( ' 1  h - :~ ie r .  i'iicsc obci.v;itiviis iridic;ltc that tile iiiiii\~idiia! striictiiral fciitrrrcs 
of' tIlc\c :igciits ;li.c ilot soicly responsilslc hi- tlicir DNA selectivity. Rather, a 
~:otill?iciiici~t;ir~ty l - ~ t \ t c c i ~  ilicii- OVCI.;III tcr-iiary sti-uciurc a i d  t l ~ c  local 
coiili)i-ir?:ttioii o!'tlic E)i\,il ;it rhc h i i~d i t~g  hires IiIijst pi;iy ;i sigl~ificirirt role in the 
1 ~ ~ ~ 0 g l i ~ l ~ O i l  I?I.OC~"I 1 X/X(l\. 



Str-aiil C'-1027, iiri nctirioi~~ycctc isolatcii [ X I  ii-iiin a soil s;iinpic coilcctcil iri 

C'llina, wiii fotlrn(i to p~.o(I~iee tl-ie r1ew antibio?ic ( ' - 1  027 (74). 1-r-nil2 t;ixoiioii-iiciii 
stiiJies or1 its i-norpiioiogic;ii.lgicl. cuIt~ir.al ;inti !?liysrologic;il ciiiii-iiciei-i\t ic\. t i l l ,  

;intifiiotic-pr-odiicing straiii was identified as S. g!ohis/iiiriir ( '-1 027. 
l 'hc  ;~ntibioiic ('-1027 w:ls obt;liiictl 1821 by pi-ccipit:irioii \ \ i i l i  ;rr~iri~oriiiiii~ 

siilkiic. IlEAll-ccll~~iosc co!ur?in cirroii~iiiograpliy ;inti gel i'iIti-;~iioii 
ci~r-oil?:itogr;ipliy on ;i Scpllaticx C;-75 coluinri. This ;iil!il?ioiic. pi-ep;ir-eii , i \  ,I 

wliitc powiici-. is an acidic polypeptide !laving ;in isoclcctr-ic poiiit 01 '  p /  I 3.5 - 
3.7 anti ;i molccuiar wciglit of 15,000 :is ilcicrniiiicil hy SDS-i7olya~i-yl;iii>icii, gel 
cicctropliorcsi.: arid gel filtration chroinatcigrapi~y. 'l'hc acid Iiydrolysnrc oi'ilic 
pui-ificci ;intibiotic 4'-I027 corit:iincti rio i~rcthioi?iiic or- ti-ypiopl~an. !-'I-oiii tl-ie 
l7iiysicocliemic;il data, it inay be corisicicrcd to possess ;I i1er-y labilc rioii-pi-otcii-i 
chromoplioi.~ and acitiic protein. 

r 7 I 'ilc str~ictiir-c ;iiici cycloarornatiziiiim n?ecliai.iisrin of ;i iiovel cr~ctliyne. ('- 
1027 chi-oniopliorc, were c!iicitl;ited 183 1. i 'hc ('- 1027 cl~r-o~iloi,iiorc liiis ti 9- 
iiiemhcrcti 1,5-diyrr-..?-cnc core str~ict~irc in  tilt i 0-~~icrni~crcti  iii;ici-ocyciic rii-ig. 
7 7 

I iic protein-free C'-i027-C'hr is too I;thile k,r tlie cdctcr-n~ination of its striicitii-c 
oi~ly by spcctr-oscopic ~iictl~ocis, and, tlicrcforc, tlic strtrctti~-c wiis cliiciti;itcii l?y 
tising its riiorc stable re;ictiori pl-odtlct. its bctizotiil~ytiropciii~iici~c core striictiii.~ 
siiggestcti Ilic presence of ;in ci-ietiiync i i i  the nntivc c-1027-('iii-. 
Stcscoconirolied synthesis ailii iibsolutc stei~cocheri-iistry / 841 of t11c ;ii~~inosiig:ii- 
i~ioiciy of ('-1027 chro~nophorc has hccri tiiscloscti. 'l 'l~c striict~irci oftlic labilc 
C-1027 cl~orornopl~ol-c and its cyclo;iroin;itizeci pi-otliici i-i;ivc hccn iictci.ii?iricii 
by iicliriicci 21) NMK sttidies [ X S ] .  Wliilc tile iiovcl ;ii~lirios~rgiii. ri~oicty is 
siipposcii to play ail irnportmt role in D N A  st~iiiti  scission. its :ibsoIiiie 
stcrcocl~cniistry h;is not been clucitl;itcd. iiy the ilpptication (.if tiie ('1) cxciioi~ 
chiraiity inerhod ciircctiy to ilrc 1~is-p-~~i-oir1obc1izo;i1~ tile strircttirc iii~';crilicti 
bciow was cletcrriiincii. 

C'-1027 slio\vcci an cxtrci~icly potent cyiotoxicity :igaiiist cultiircd caiicci- 
cells /X21. Comparcci in tcrrirs oi' iC' v;il~ies, itlc ;~ritibic?tic C-1027 slio\vcii ;I 

rn~icli inorc potent cytoiouiciiy tli;in tioxoi-iibiciii, iniioi~iyciil ( ' i ~ i i t l  

i-icocasziiiostatii~. Spcrriiatogoirid ;issay. ;I prescrccn h i -  iiiiticaircer tiriigi. %;is 
iiiglily scrisirivc hi- dctcctioii oi'('-I 027. ;It tci1cr;ibIc closes. ('- 1027 i'ul?il?itcti 
rnarkcd in11ibiiior-i on n pai~cl oi'il-;ii~spla11tah1c tiinror., i i i  i-iiicc. nI?icl~ 11ie1iiilc~l 
iciikcti?i;i 1.1210, PBXX. :iscitcs 1icpaioi11;i 1122. s;it-con-~;i i X O  in ~iiicc ;iiit1 

n~cI;inorn;i i~fariiiirg-P:isscy [ X O ] .  
Antibiotic C-1027 Il;iti a moderate ;iniiriiici-obiai ~ictivily ilg;iin\i ( ;~1117-  

posiiii vc l?actcr-in i l t ~ t  wtls uliow ii to bc irri~cii vc ;igiiiiist ~ ? d ~ ~ ( ~ o h i i c ~ t i ~ i ~ i ~ i i ~ ~  sp. tiriti  

d;i-;i111-iicgarivc hncteri;~ cxccpr ihr soli~c siriliirs o r  i:'cc~h(~ric.hiii c,oli slid tcsii~ti 
firiipi. 

F~rrtf~cr? the p i -c ic r~~c  of an~tliei- protciri [87/ .  ~icsig~-i;~tcd i l k ;  ~ ' - 1 0 2 7 - . 1 ~ ~ .  
ci~cinic;illy \ i i ~ i i i i i i .  to ('-1017.. cv;is i~oticcd in  ciii!ure i'ilti-;ii<:i. i h r h  pr.otcrii\ 



\\ci-c ~ i r i - I i i ; i r -  in iiioicciilar wciglit. isoelccii-ic point ;iriil ai-iiitio acid composition 
l-iiit ciii'ii.reiii 111 absorj)iiori specti-a, wit11 one sltowiiig the absor-ptioii sl~i>~slcler at 
3-10-300 iii1-1. ( ' -  1027-;1(; hiid 1-10 ;i~itiriiici.ohiai effect on C;i-an~-poitivc b~icrcria. 
;i!iii aiit;igoi~isric~iiiy siipprcsscd tiic in!-Iibitory :iciivity of('-1027 agaiinsr C;i-a111- 

po\it?vc I?;ictcri;!. 

7 ,  Fiuorinated compounds 
N~~c1cociifii-i (75) is ;in ir~trig~tiiig orgarlo-fii~orii-rc ilatural product with ii 

broac! spectriim 01' ;iiitibiotic activity, alil-rougii it has provcci too toxic for 
clii1ic;ii use. 'fhc ii~~clcociiliii was first isoiatcii i n  1957 fi-oil1 S. cn/i,ii.c wiiicli was 
obtaiticil ii-on1 an iriclian soil c;~n:pic [ X X J .  I~lowcvcr, it was not until I069 that i t  
\v;is ;~j~j~i.cci;itcd tl~at tile coinpouiid coiiiiiincd ;i fluorinc ;itom ;inti the cor-sect 
\triictiii-~. 4i-ll~~~~-~-5'-O-~~ilj~l~iii~~~iyl~iii~ii~>~i~~~C W ~ S  cied~~ecd 1891. ' r ' h ~  totill 
\yiiti-icsis was pisi?iislicii / % ) I .  I t  is Il~crcliii-c particul;~rly fii:str;iti~ig tiiat rccei-it 
;itte111~ts i t i  SCVCI-;I/ Ii!l>oritto~ics [ X X ,  91 j have ihilcii to reisolate tliis mciaholitc 
Ii-oi~i ctiitiii-cs of' .S. c,irl:,ii.c. gx-ow11 ii-oiii f'rcc~e cli-ieci org;inis111s obtaiiicd ii-oil? 
\c \  cia1 i.~iIi\irc collci:tioi~s ; i i i i i  to itlciiti!jj ! ~ I C  i~~eehili-~i~iii  h y  whicl: f I i ior i~~;i t io~~ 
O C C I I ~ S  111 i l ~ c  h;i~te~-~iiiii .  I'hc gi:iie C I I C O I I ~ I I ~  ~ ~ ~ ~ c i e o c l ~ i i ~ ~  iiiiosy~iti~csis ;ippei11.~ to 
l i , i i i .  !>ci>;-i i c i i t .  i'iii: I~io\yi?tiiciis, of' iliioi-oinci;tholi!c.; by 5, c,ciitic.i,ci iisirig "1: 
\ i'l it \L , I \  i.\;ii!iiirctl 192 I i i i i i i  dcii-it)i~st i.:itcd i;ri)iiii~:tior~ of' hot11 4- 



fl~it~rot21rcniri17c (76) i ~ ~ ~ i i  ~ ' J L I I ) I . o ; I c c ~ ~ ~ ~ c  (7.9) i r i  miliirnol;ir. cciirccritr-~itir,it\ \i. iicii 
the organism W;IS grown (xi it cl~ciiiically ticfineti inetiiilm with giyccrol i i r r t i  

g1~1t:iiii;itc ;IS the ('-corirccs. 

Tliis ilcvcIopinent opci~cd ihc way t t r  cxpcrir-iici-its oi1 the ii~coi-poi-;itio~i of' 

isoropic;iliy labeled prcciirsors into tlic fl~ic~r-t?i~~ct;t l~i~litcs 1 0  tieliric:~tc tlic 
fiicta1x)lic p;itliwiiy prior to the f'i~ioriil;~tio?~ i-c;iciioii. I';jrtic~ili~~-iy lligli 
iiicorpor;iiior~ froi-ii g1ycii-i~ w;is ol9scrveii wit11 ( ' - 2  ofglyciiic coi~ii-ilxitii~g !x)tli 
car-boil atoins of iliioi-oacetatc ;iiid ( ' -3 aiiti ('-4 of 4-flticti.ot1~rcoiiiiic j(i.3, (I/$/. 
Scr-iiic is s~il?scq~iciitIy coi?vcrtctl to pyi-iivatc by sci-i11c ilcl~ytir;it~isc. l ;iiiiiii-;I c.1 

01. /05 j ticrr?onsti-atccl that i i th~l  froni 12.' ' ~ j - ~ ! y c c r ~ l  w;is i r i e ~ i - p ~ r ; ~ t c ~ I  into ( ' - 1  
of' i1iioro;icci;itc hy S. c.clttic>?ci. 'l'llc ci?t ry of glycci-oi irito ilic gl ycol yiic p ; i i l i ~  
is i?~ctliatcd l?y glyccrol kin;isc, a11 ctizyii~e wlricii ~~1iosplioryl;itcs the pro-(I?) 
liyiiroxyiiictl~yl groiip of glyccrol (but iiot tlic pi-o-(S) iiytiroxyiiiciliyl $1-oiip) io  
g a x m t c  ~ ~ - g l y c u ' o i - 3 - ~ ~ h o s ~ ~ i 1 ~ 1 t c ~  The ci~antiotopic;iliy liibcllcd ( R )  / i--lil]- ;inti 
("5') [l-'l-12]-glyccrois wi.rc prepared j'%hj. rlnd their- it~corpoi.atio~i into !ire 
i?iior-ometabolitcs of S c'cittiri?u was coinp:trctl. 130th iieiitcri~~i-ii ittoi-iis fr'roi-11 tlic 
jiro-R ;ii-in of glyccrol hilt ilcither- froi21 the pi-o-S ar-r11 wci-c incorposaieti i i~ io  thc 
fliioro~-i~cthyi groups of the fluoroinctahoiiks. The Ixst stridicti sysiciii h i -  

l^iios~~~itl~csis oi 'fl~~oroaccti~ic anti 4-f'iirorofhrconiiic is S. i,~ttic<iqii. 

,/\nothcr paii crf this chapter dci~ls wit11 l l ~ i ~ i . i i ~ i t t ~ i l  COI~I~OLI~>I!S ;  l i i ) \ \ ~ ' \ ~ i . ,  i t  

siiouid I?e kcpt in rniiici that tiicsc conipoui~cls were pr-od~iccci eiti~cr by a parti;il 
cl~cinicai syiithcsis or by iiicorporation of fli~orinatcci cicrivati\~cs iiito tlic 
molccuic of a bio1ogic;llly active coinpro~ind. In rnost cases, ;i sigi~ific;~i-ii 
iilcrcase of tllc hiologic;il activity was cxpcctcd I ~ L I ~  tile scstilts 01ri;riiicii wei.c. 
with n few cxccptioris, higllly ciis;ippointiiig. ;iliho~~gii tlic sigililicaiicc of' soiiic 
ofrkcsc coi-i~poiinds was descrilxxi i t r  scvcrol ii-rdiiiil-i;ri paterith. 

S. .sttriit-o.s/~oi-~~ii.c ( A M - 2 2 8 2 )  was ihiii-iii to jrrotii~cc t l ~ c  poter~t prorciii kirrasi, 
(' inliibitot- sta~rrosporii-ic. Some st:ii~rospi~rir?c deriv;iiivcs irrc of ;I liigi! 
ph;li-snacc~~tical s ig t~ i ica i~ce  ai-iii ~,rccitrsor-directc<i I~iijsy~~tl?esis is oi' \OI-IIC 

iritcrcst. 'Tryptop11:in. mctliioniile, ;inti gliicosc liave i~ccri icic~itificd ;is preciii-sol-\ 
of st;iiii.ospoi-ine. ('oi~scqiicritly. iiiet;thri,iic siiitiics of rriilolc ~ i i ~ t l  \iig:ir 
dei-ivativcs iimy pennit a ticcpcr iii~tic~-\i;.ii-iiling i.if st;iuro.;por.iric biocyritiie\i\ 01- 

inay tiircctiy jtr-odiicc iiovcl st;iiirospoi-inc tici.ivirtives i Y i i  j~ i -cc i i r \o i - - t i i i~cctc i l  
13io\yi1tI1esis. '1.11~ 5- ; i r ~ t i  O - f l i ~ o r o t r : ~ ~ l ~ t ; i i ~ ~ ~ f i c ; \  co~11d 1~ ~ I - ; I I I ~ ~ O ! - I I ~ C C ~  to 5 - ~ I ~ I O I - o -  
~ v ' i , - ; i c e i y l r r y p t ; i ~ ~ ~ i ~ ~ ~  ('98) ;iiiti ~i-!li~oi-~)-V~,-i~~i~tyiti-yi~t;~~~liii~ (79) ::inti the 1 1 o ~ c 1  



!iicr:ihol~tc~ 5-t1iioi.o- ; i i i i i  0-fliioro-s~tl~stitiitcii :iik;rioids (80) lii-id (8%). 
I-eipcciivciy 1971. Also tlie report ahoiit tiic isol;~tioii of aililirioiial ncjvcl 
i i~ci;i /?~iitcs,  5-flii~~i-o-~i-liy~i1-oxy-~Y~,-~icctyiti-ypii111~iic (82) and 6-fliioso-(3- 
l - i y i i i -ouy- .V1, - i~ i :c t~~I t i -y~~t~ i~~ i i i~c  (83)  froin tlic ctltyl ;icet;iii: extract 0/ '  S. 
, i ( ~ i i j . o ) / ~ o r ~ ~ i ~ . s  ci~ltt i~.c\ ; i f~cr  t s y p t i i i ~ ~ i ~ ~ c  IIC ' I .  5-il~torot1-y~~t~!1lii11c HCI. ;~iid 0- 
i!iior-oti.y~~:;:iiri~ic t;'ct!iiig. rcs~-~cctivcIy, wirs p~i13lisi1cii 1981. 

82 ill 1 KC: 011, Ni / I  

83 11, H, i t 2 -  OH, K3 I 

80 I<, - [ , E l 2  11 

X I  Ki M, It, 1. 

\ lieu p ;~c l t ;~~nyc i i~  :iil;ilogiie. i"-f~itoro{3;ictiii1iyci11 (84). w;lS p~opiirctf 1991 
by iiiscc~cd hiosy iitlic\is. Supplciiiciiiaiion of' tiic fcfcrincntatioii mcdii~in of S. 
,)(fi,fii/u. KK. pact~ini \ ~ . i t l i  i-;ir1ii11o-5-fli1orol>eiizoic acici, aii iidvauccci precul-sor 
t i ?  p ;~c t ;u~ iyan  !biosyiitl~csi';, I . C S L I ~ ~ U C ~  i ! ~  c~-l?roii~ictiot? of' p;~ctitii~yciii iiiiii 

I I C \ \  p;!ct:~i~iyci~~ : i i~i i log~~c.  11 si1iiiiii1- fkc(iii~g expcr i inc~i~ with 3-iiini~io-5- 
i ? ~ ~ t l ~ ~ ~ i l ~ e ~ i i o i c  ,~citl did riot rcsiilt in ii)i-ii~:itio~~ 01' tlic coi-s~porl(liilg ii~ethyIi~tc(i 
p;tct;ur~ycii-i ai?aiogtie, hiit only ii-i  ii1hii3ition of' paciainyciii proiiuctio~t. 
i'ori-ipiirisciii 01' iiiitiri~ici-obi;iE ;iiiil cytotoxic activities of p:lctainycin arid 5"- 
i i i i o r - o ~ ~ ; i ~ ? ; ~ ~ y c i ~ i  silo\\ cii ito sigr~iiicailt differ-ci~ccs. 

- , ,  :> - i ' i ~ to : -o~~ ; tc t ;~ i i~yc ;~ t~  (85), ; i i~ot l~or  fliior-iiirit~-if :11ct:ihoiite, u;is isoiated 
ti-oi-ii ;I ciiiliv;itioi~ iiiciiiriiii. 

'i'iic ni;icr-oiiifes I:i<-5ilh :~iiil i:K-520 uesc iil?l;iii~ctl [IOOj by !?iologicaI 
i2rii1ci1t;rtion of'two \ti-cp~oiiiyccics. 'i 'l~c p:lrcirt i:oii~pci~iirili wcrc obtained ikon> 
Y, iiiiX!i/iiicv~riv N<: 9903 ;l!tii ii.0111 .l'. i~i~grcicc.~i/iic,ii.s :sttbsp. trcc~titijl*(~t~tic~!c 



/-I1 CC 14%") Vie foliowrng cicri\ntlvei, (86) [I001 wctc i c rn~synt i~c t r~~t l iy  
piepared, where the vtrgar is f i l l010 vtih~titt~led fi-ll-gnlnciopyrnrrnie or tn-l'b- 
,~rahinoEiir,iiloic 

0 
Nil ,  

i I 

r ~ Ilicsc iicw cornponntis arc cxtrcniclp iiscfiil i i i  tiic trc;tti~-~ci~t of' g:-iifi 
rcjcction foliowing ski12 or organ t r ; ~ ~ ~ s p l ~ i i i t  5ilrgcl-y ai1i1 i i i  the prcvcntioi? or 
trcail?lcnt of ;~utoiil^ii~i~ii~c tiisc;ises S L I C ! ~  ;is i-lieiiinittoiti ;~r-thl-itis ;lilt! psot-ii>qi\. 
Additioi~aily. rhcsc z-i~acrolide dcrivatcs will finit  List in  pr-~cn'lirrg or treat iiig 
i~it'cctious ciiscascs C;LLISCCI by hngi .  



i'iic iiei\ ;tgiyconc\ (Ha%)-iiiioi-o crytiiroiictliiic !I. (8s)-Ilrioi-ocrythi-oiioiitie 13 
:inti rlic ir-ioiioglycosiiie 3-~i-i11yc~1rosyl-~8.C)-iliio1-t~cryilirlic H ohtaiiicti lsy 
\cini\yiitlictic pr-cp;rr-;~tioii were c~~i i~cr tcc I  10 / ~ L I o I - o - c o I ~ I ~ ~ ~ ~ I ~ ~ ( ~ ~  by intitational 
l~io\yiitlii~sis j I O I i, in .i'ici.c.i~cii-o/~ol\~,s/iorii c~:l~thr-cic,ii ;*\'r('(' 3 1772, i1 ii?iitatit 
irli)ckcc! i i ?  t i i t  I~ ic i~y i~r l~cs i s  of cryihi-oii~yciii. Fo~ir  iic\i< :aiitihiotics (87). (8,s)- 
iiiioroci-yiiiroiiiyciii :I. (8Sj-tliiorocrytl11-o1>~ycin 13, (8s)-fluoroci-ytl~i-it- i-nycin (' 
t i  (8.C)-Iliioi.oc~.ytiir-oi~iycii~ I >  wcr-e oht;iiilcd. 'file biosyiitkcsi of' 
tryrl~i-oinyciiis has ;)is(> hccii iiisci~ssccl in tcrins oi'thc siihstr:ite specificity of'tiic 
t i i /yi i ie~ iiiv~l\,c(i. ' ~ h c  i i e ~  ;i:itii)iotics cxlii/~itcCI jlroinisiiig biologicai 
pi-opertics. 

'l'lie ix)lycrie iii;ici-ciliiie ;rinpi~otcriciii B (88). protluccti by ,i'. iiott'o.~ii.s, is 
\vitlcly ii5cii hi- tlie trc;~trncilt of iiingal inkc!ioris. Amphotcricin 13 is rhc only 
co i~~picx  polyciic r~~;ici.oiiiic irntihiotic. ('oiripoui~ds wit13 siibstitiitiorr o n  ('-13. 
c > . g .  IIiioi.iiic, iiave bccii dcscrilicti i i l  tiic pittent 1itcrai~ir.c. l 'hc piitcrit [I021 
iiiciiiiicii practically all possibic arid inipossiblc ( t l~cse cspeci:tlly) substitiicnts 
(see ~ ~ ~ I o L L ) .  ' ~ ' I I c  IJSA iii\/c~itioii iiicludcs phai-iiiiicoic)giciij signific;it~cc of thcsc 
iroiel coi~lpctiiiiila. tlicir pt.cp;inttiorr, ariii tlicir ~ i s c  i11 tile trcatn~ent of iiiiigal 
iiijictioiis in ;ii~iiii:iis inciiiiiing h ~ i ~ ~ i a n s .  ij i~lcss otlierwisc specified, the term 
li;ilcigci~ iiiciiitics iiiioi-ine, cliloi-inc, hroniinc arid iodine, clt( . .  For cxanipie. the 

is ;I ciirboxyiic acid gr-oiip or- ;i iicrivntivc thcr-cof. a kctonc residiic, ari 
;iltieiiyeic iliiicrioii or optionnily s~:iistittitctl inctliyl. R? is iiytiroxyl. C ,  is ari 
;tIkoxy group or- :i fliioi-ine irtorn. ;ind R; is i i i ~  ;liiiiiio gi'oiils or a iicriv;itivc 
I lii*i.coi' 1% ti-c pi-c1p;ii-cil. 

l i i  the ~ i c ~ t  i i ivc~~t io i~  /I031 ~ ~ ~ i t i p ; ~ ~ ~ s i t i c  iigci~is (891, in piirticiil;ii- 
coii~po~iiicii I-cl;ited to :i\~ci-inccrilis ~ r i i i i  i i~iil~r-iiycir~s 171~1 liiivii~g a iiovci 
siil~xtitiicnt gi-c:up oil C'?,. iirid the procciliir-c of :heir prcparatioii havc bccn 
iii,\ci-ihcii. l;iil>siitiici~i oil ('-.i wiis tic\iglrii!cil li:. 'Ariy group (itllcyl. alkcnyl, 
c~il\iiiyi, cycloalityl), i~ot  iicccssiirily si~~~stitiiicci by a iralogei~, c;1r1 be iiitoivcii. 
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8. indoles 
'The siructiircs of ncw aiititn~i-ior ;iiitibiotics [I04] ,  iiuociiri-i~ycii~ ('I 

(--pyrir~dainycir? 13) (90) aiiii ('? ( pyr-indiinrycirr ,+I) (Nil) isolateii fi-orn the 
~~~~~~~~c broil1 of Sft.cijiioi,ij.c.c..c .sp.. liavc lxcri iictcrrnincii h y  clieinicili ;ii-iti 
pl1ysicoc1icmic;il cviclciiccs. The pmditcing 01-gai~isn~ was isoliircii 1 1  051 fi-oin ;i 
soil coilectcd ;it tlic 1i10t 01'Mt. F~i.ji i n  Sliiziiokil. J a p i ~ i ~ ,  :inti wiis tiixoiioii~ically 
cl;~ssif>cii as , S t i . c y f o i ~ r t ~ c ~ > . s  .q~. DO-88 (FL'.IZIVI UI' 1002). 

< ~ I he MIC's against GI-am-positive bacteria were uiicler. 0.0 1 pgliiil, \vl~ilc 
valt~cs for Gram-neg~irive bacteria iiilii yeast were bctwcci~ I I0 jlglrnl. 
Duocarn~ycins C, arid Cz wcl-c produced by Str~y)tor>7yc,c~s .sp. as riovcl a~ i t i t i~ i~ ior  
antibiotics that are cffcctive against nlurinc lyniphocytic lcultcn~ia P388 and 
murilic sai-coina I80 in mice 11 06, 1071. 

Filrthcr, two IICW antitumor arjiil~iotics, i.c. diioc;rrmycins U l  (92) anti ii2 
(93) were prodiicccl in the incdiiini modiiicatioil (adiiitioii of broi~~it lc)  
fcr-mcni;ition br-0th of Sfrejiloir!i?cr.,.oP.s .s/I. DO-80. 7'he proci~iciion. isoliriioil, 
pliysico-chcinical ~~ropcrt ies  and  hiologicai properties 01' diiocaril~ycii~s 131 ant1 

uJci-c reported by Ogaw~i et 01. j l OX 1. 
The all seven cii~ocarmyciiis A,  ('I (YO), C'? (91). L), U, (92). 13: (03) anii S R  

(only B and i' ccriltaii~cci halogen), were isoiiitcci [ I  CICjJ horn ilii-ce iiidei~crtcle~iiIy 
coiicctcci ~Strcpi i i iyc'e.~ sp. The co i~~plc tc  str-iicturcs by I-IKMS. I N .  IR, 'ti iiiiti 
"C N M K  (2D N M R ,  i.c.. C'OLOC. NOE~is, cic.), iincliriiir~g ;thsoliitc 
stcrcoc11cmisti.y by MTPA cstcm-s nni i  CI) spcctr.;i ofbci-i~oatcs. were ilctcmmiiicii 
by spcctr-:ii and ciicniicai siiiiiics oi'tl-~osc i l ~ r ~ ~ ; i i - i > i y ~ i i ~ s  anii \cvcral iic~-iv;iti\cs. 



i'rirrhcr, tiiiocarri-iycin C i  (--pyrind;trnyci~i 13) (90) and  C2 (==pyr-intiarnycir~ 
I\) (91) Ii;i\,e bee11 fotii~ci in rhc CUI~LII-e  broth of Strej?ioily(.i'~ SP. SF2582. which 
was isolatctl i iam a soil snriiplc coiicctcd ;it S;ig;rrnihara, Kanagawa Prefecti~re, 
.i:ipail. 'l'lic antil?ioticc arc active against (;sari?-positive nnil Gr;rm-r~cgativc 
i?;rctcr-ia. 111 a paper of 0l1ba tri. / 1 101, ilic fir-mcirtiiiion, isolation, pllysico- 
chci~iic;rl properties a i d  striict~~r-;ii cli~cidation. irrcl~rdii~g X-ray ;in;ilysis of 
pyri~~d;irnyciii A, wcr-c r-cpor-tcd. 

1)iroc;ir-r~iycin C i  ( =~pyi.intlaniy ci n B) (90) ;ind Cz (-py rir~clamyciii A)  (9 I )  
es i~i l~i tet i  stronger cyiotoxic i~ctivitics t11il1-1 (ioxor~il~icin towards murinc ;iiid 
i~ilin;in tilrncir cell lirrcs iii-id cspcci;lliy towards doxoriibicin-resistant ceiis [I 1 I ] .  
Pyrintlaniycins A ar~ii B wcrc also i~ctivc in L.~L,(I against P388/hDR, a 
iniiitidrug-rcsistm tumor cell line. intraccllular accurmnlation oi'pyrind;lrnycins 
.A ;tnii 13 in P3881ADR was the same as in P3XX. Thcsc antibiotics stro~lgiy 
iiiiiibitcd DNA s y ~ ~ t i ~ c s i s  comp~tscd \with RNA or- protciri syntl~esis. They 
siiowcti signific;rnt thcr-aixutic effects towards i-nurinc lcukcinia, birt not to solid 
1iin-ioi.s. 

Pyri.oi~iilor.nyciins 11 (withoiii C'l) and 13 (with C'E) (94) arc tlic "Ic> principal 
cornporicntc oftlic 311tit?iotic cornplcx isol:ttcci fr-orn fcr-mentations ofciiltiire LL.- 
421)OOS. ;I strain of 5. i-rigospol-iir j1 121 during the coiissc of a screcrtiiig 
progr;ii-ii for- agents active ;~g;iii~st inct!~icillir?-rcsist:ii?t P;iirjii?j~icic~oi~iiii.s ictircBtis 
xni? v3!icor1iycin-rcsist:int cr~tci-ococci. iiotEl sti-iicttircs wci-c dctci-rnirlcci on :he 
h;:\ii of  i l l  ;inti 21) YWIIP, MS and  I j V  aniilyscs of ilic riitaci rriolcctijcs ailti 
c11cmic;ii iicgr:ici;ltioris. 'l'kcy ;)re coinposcci oi'ii r~ovcl pyrr-oiindole cirtity liriked 
isici  iiii  cs-icr i?onii to ;in iiiii?i-;i!icd~e$ iieoxyti-is;~cclr:triilc. 11 polykeiidc n~acro-ring 
system coiliaiiiiiig :i icir-an~ic acid (iiriciion;iiity is cor~i-iccicii to the other crrd oi' 



Compound- Dew (rnx/k& TIC- -- 

A 0 0075 O 26 
c, h 0 28 
CL 3 0.19 
B, 0 5 O 22 

0 25 - -  0 28 

Siilglc dose gaven ilJ on day-I ,liter turnor 
tncrculation 

TIC repre\ent\ t h ~  ~ n t l o  median tumor 
volume ol the irented group dlvrded by r l ~ a t  
ot tire conlrol group 

i l ~ c  ti-isaccl~aridc tliro~igli a glycosiiiic liiii<agc. i'yrroititlomyci~is are tile lirst 
natur;il i~rociucts that corltaiil t l ~ c  higllly iin~aiuratcti pyrrolii~dolc inoicty. 

Tlic pyrroiirdoi~~ycins cieinonsiratccl an exccllci?t i~7 v i t i o  activity agiiiiist 
Gram-positive bacteria [113]. Tlic scmisyntl~ctic diacctyl derivative of' 
pyrroinclomycitr B (17~1-I-oincioiiiycin B-Ac-2) liad l~lctericiilal ci'i'cci on 
cxpoi~cntial-phirsc cclls, h ~ i i  not oil st~itioiiary-pilase cclls. Tliis coinpoiinti also 
exhibited i~iargii-~al 1?rotcctiot1 irgainst a lethal Siir/iig~/oc'cic~c.iii. cizci.cJli.c cliallcrige 
in i~iicc. 'i'hc poor ii7 i9ii.o activity oi'tiiis ~ii~tihiatic coinplcx il-i;iy he i-ciatctl to 

binclirig io blood compoi~cnts, as sriggcstetl by elevated MlC's ohscrvcti i r r  blooti- 
coiitaiiiing inetiia. incorpor;lriorl of'r;iiiioiahclctl prccrii-sors illto i)NA, RNA. i i i~ t i  

prcctciin was iinhihitcti in ;in exponciiiiiil-pi~iisc c~iliiisc oi'JIc~c~ii/ii.c .ithti/i.s within 
tcii minutes o f  cxposiirc to pyrroii~domycin t3-Ac-2. Microscopic exai-iiiiiations 
of' drug-tr~i tcd cells rcvcaleci lysis witl~iii the slime icu iiiiiiute pcriocl. 'l.licsc 
c h i l i  arc consistciil wifli ;in cfii'ct of pyrroiiitio~nyciii U-i\c-2 (95) or1 lltc 
iritcgrity of tlic bacterial iiici~~hranc. 

I'i.oiiiiction of j7yrroiniloim~yci1i i4 was cl~arnctcr-ircti i i i  a scnri-iieiiiicii 
fermcntatio~l inciiiiiin contniiliiig glucosc, casciii. pl~osphaic. vit;iiiiiiis anti 
i-r~i~ier;ils j l  141. !lccii~~~iii;i i io~i trf i~yr-roiiltioiiiycir~ 13 irici-c;iscti v~itli iricrciisi~ig 
conceiiiratioiis oi' giricosc, rciicliiirg i?i;ixit~?iim titer> ;it ajipi-oxirn~itcly 5 g:l 
giiicosc. C;liicose coi~ccnt~itioi?s grciitci. tflail 7.5 g!i ciecrcascti yieitis of' 
p y ~ - ~ j i ~ ~ d o i n y c i n  B. ii~hibitii~ii of pyrl-oiiiiioi-iiycii~s ;icciiti~iiIatioii nt liigl~cr- 
giucow coiicciltratioris co~lid be rev~rseti by iinci-casing tlic casein corlccntsatioii. 
!Aniriroiriiim chloi-iilc. itsgiiiiiic or giiii;ii-iiiiic coiild I-cplacc c;~seiii ;ts the sole 
nitrogc~i soiiscc for growth ar-icl ~)yri-oi~~iioiiiyciiis j7roi~~ictioi1. J;ILICOSC. fi-L~CIOSC 
or ~??iii?ilii~I were irtiiizcd ;is tllc sole carbon sorir-ce. while siicrosc. ~~-iaitosc, 
giyccr-01. corn oil mil st~rrch tvcrc poorly inctal~olizcci. inciihatiori of this iso1;ite 



i r ~  ii vitiimiti-deficient r-ilccii~iin rcsilltcd in a delay in growtlr anci 
pysroiirtiomycins production; this cielay was clinrinatcd by the adtiition ofhiotin. 
~\cidiiion of I.-t~.yptophan to the rncdiiirn rcsulicii i r ~  tl;c p-od~~ction of 
pyrroiiiiiornyciil A as the major species. 

9. Different heterocycles 
'Tile ~liitibiotic virantmycirr (96) was isoliitccl fiorrl S. t7itr-o\i-ior-clis in I081 

/ 1 151. 'rlrc planai- str-uctut-c of virantir-iycin has been cstabiislied by chc~nical and 
spzctroscopic stuclics arrci the syrithesis o f  (2')-vi~ttrtmycin was r-cpor-tcci. Tlre 
tictcr11iii2;rtioii o f thc  ahsolutc configur;~tiolr cii'vit-anirmycin tliroirgh the sy~itiresis 
oi'iis ( 1 )-ibr-irn was ;rlso cicscrihed. 

f i re  ~ i r ~ i ~ s ~ ~ a i  rnetaholite j-j-virii~itrnyciii isolated / I  151 by J:ip:incsc 
wcirkcrs, i'roi1-r S. r~iii.ii.spoi-i>zir No. :2M-2722 1-ias been ih~iiici to possess 
jxrtciit a~?tivir;ll activity. i t  \iil:is is01;itcd fro111 the ptitrefic(i ~ I S S L I C  p o s t i o ~ ~  of ;i 
P L I I ~ I ~ ~ ~ I I  i t l i ~ !  ~ ~ t l t i i i ~ i ~ ~ i  iiii ;il?til?iotic ~ . )~sbess ing  il P O ~ C ? I ~  i ~ ~ h i b i t o r y  i i~ l iv i ty  
ag:~inst 130th R N A  :ri-rci D N A  viruscs / I  161. Tlie ai-iiii-tiotic ;ilstr sllows i i  weak 
;intifiii~g;ll i~ctivit y. 'Tlrc active siibst;tnce in ctiIt~ire l?rotli W;IS isolate(! j i 1 71 
;is coloriccs i-iccct!e\ by colvcni cxtr;rction ihliowcti by NP-HP1.C. 'Phc 
~r?olcciilar formiria is C191 l?,,NOICI fro111 t l ~ c  clclr~cntai arialysis ;ind mass 
\pccirtltii. its gross sir~icliirc was cluciciatcil i-iiaiiily by N M R  studies and the 
relative ;triti ;ibsolirtc stcrcochcmistry ;lt thc two cliiral cei-ttcrs (C-2 and C-3), 
11;ive hccr~  iietcr~nincti using N01: tiii'Cerence expcrimcnts. The 
\tcrcochc~nistry has bee11 wrongly dctcrinincti 11 151 by NO13 diffct-ence 
\pcctr-oscopy to be 2R.  3 R .  N O E  from a slowly cxci1angirig iryciroxy proton 
iri syr-ithciic intcrincciiatc provicicti the key stcreoclicrnic;lI ii~formiltior-i. A 
total syrrtlicsis of arrtipociirl vir;intmycin was accorilplishcd [ t  181 starting 
fl-oin p-;ii7riirobci1roic aciii. 'fhc ai?solutc stereochemistry of t l ~ c  naiural 
cornj70~11icd was e ~ r r e e t c ( i  to be 2S,  3 R .  



itarc i~ict;ibolites. hciiznst;itit~s (' iiiid 1) (97). liiivii~g tcti-ai.iyilroqilinoii11e 
skolctor~, woi-c isoiatcd [ I  191 fi-011-1 tlic culture brotli of 5. i?iiioy)oicii.s 30043. 
'L'hcy sliowcci inhibitory itctivity ag;linst lipid pel-oxiciatic?n in rat li\!ci- 
rnicrosomcs. 11-1 ?he cell assay, henzastatins C' and D i~rl~ibitcd gli:tiiin;itc toxicity 
i i i  XI 8-RE;-105 cells with i:C,,, v;ilucs 0 f2 .0  and 5.4 jiM. respectively. 

']-he sti-iictrircs of hci1rastatiils 12, 13, C .  ;tric! D. new f.r-oc i-ntiiciil N C ; I L ' C I ? ~ C I . \  

ai~ci ur-iiquc aikaioiils rclatcii to vir;ii~tiiiyciil wcr-e iieicmiirrcil [I201 hy 
spectroscopic stntiies. 

. . i Ilc st[-iiin iiesign;itcii ;is .Sfl-c~j~foii~~.c.cs ; j i .  546506 cvns ~ O L I I - I ~ ~  [ 12 1 ] 10 

p ~ ) d i r c c  i i  riew iiiitil>iotic I I ; I I ~ ~ C ~  p y i . ~ ~ ~ ; i r l ~ y ~ i ~ l  (98). The clicrnical \ii-~ict~1r-c \.\;ib 

ilctcrmiiicil to hc 4,5-iiicl11oi.o-2-(i,',X'-tiicliloro-4'11-1 ',3'-bcnzoiiioxoii-4'-yl)- 
3-i-iitropyi-1-o1c by its cilernic;ll cir;iractor and '1-1 ;iriii "(' N M I i  specti-;ii an;i!ysi\. 
I~rsoxar??yciii was active ;ig;iirist Grarii-positive h;ictcri;l arid ticr-iiiatopliytcs. 

New t l ; iva~~oi~es were isolatet! honz cu1ti11-c broth itrid iiiycciiuiir oi' .S. 
gi-cirilinc?juc,ic~?s HA 14348. 'Tlii.; LYii.~y)rot~~~,c,c~~s w;fi isi'"oli~tccl 1 122 J koim a soil 
sample anti was fo~iiid t o  ~ ~ O C ~ I I G C  IICW specific inhibitors oi'cstrogci~ hiridiiig to 
its receptor. Five rclatcci substances, BE-1434X/Z-E n1cr.c isolatcii ;ind their 
stsiictuscs were iletci-mined by ariitlyscs GI' specti-ill pi-ol?ci-tiex. Of' tiic\c 
stil?star-iccs, h ~ 1 3 s  itlci?ticai with the knowii flavar-ioiic, i?;iriirgciiii?. Oii tlic oil~ci- 
i~a i~ i i ,  13, (.', 13 ant! E wcrc kill new com;ooui~iis: t l ~ c  slructtii.c of13 was iicicrinineii 
to be 2(Sj,3(L\~-3-~~~cthyi-4-',5.7-ti-ihyiiri)~y-f1ii~~i~~i~~i~c, (' n1as ii i-;~cer?iic rllixtiire 
oi' 2(S).3(ii) and 2(iij,3(S~-3-1nci~~yl~-~1'.j,7-tril1yi!1'oxyi1ii~~;~1~~~i1c: I> (99) a i ~ t  E 
(100) wcrc 8-cl~ioro tici-iviitivcs of 13 ;iiiii ('. r ~ s ~ ~ c c t i ~ e I y .  



Fcrn~erltations cor-dircteti [I231 with aurcolic-acid proiiucing ai-icl nor- 
l?rociucing S. gi-i,r~ii.s straitis in soyhenn-n-ical-cont;1ining t-nediur~~ yielded 
pl1cnolic r?-ictaI?olitcs which wcrc choinatographically and spectrally unrc1;ltcd to 
citlicr aiircoiic ; ~ e i ~ t  or its aglyconc, clioinomycirronc. Thc yellow, plicnolic 
corr-q~our~cls were isolated aird cliafiictcrizcd by '13 N M R ,  ' 3 ~  NMR. and MS as 
tile isotlavo~?oids gcnistcin (5,7.4'-trihycii-oxyisoflavonc), 8-chlor-ogcnistcin 
(101); and 6.8-dicl~iorogcnisicin (102). 71'lic presence of gcnistcin i l l  the soyhcari 
meat iisecl in t i~csc fcrinciitations was confirmeci by extraction, isolation, and 
spcctral iiientification. S. gi-i,cc.lr,s grown in mcdiutn without soybean meal 
prociuccd IIO isoflavonoids. Biotra~!sformatio~-i of genistcii~ yicldcd both 
cirio~.inatcci n?ctaboliics, iicmonstratiilg that these isoflavoi~oicis are prodiicts of 
niicr-ohial lralogcnation. li;ibcllcd isoilavoi~oids wcrc rroi ohtairieci when S. 
,qi-i,vc~c.c was ii~cuhatcd v~itll radiolabellcii acetate or phcnyiaianinc. TI~csc results 
ticn~oi~st~.;iic that isofl;ivonoids isolateti from stre;)tornycctes ctiltivntcd in mcdi;~ 
coiitaiiriilg plant-ticr-ivod nutrients s~ic1-1 as soybcari r-iical or cotton sccci ii~cal 
likely or-iginatc 1i.oi-n t l ~ c  n?etiiii~n components iincl arc not of ir-iicrohial 
l?iosyr~iilctic origin. 

A strain of S. grisc.iis j?roii~iccd 11 241 ciilorinateti r~~cta'bolites in i.iiecii;i 
coi.itnining soybean i ~ ~ c a l .  Two o-l'ti-icse mctabolitcs wcrc isoiatcd togethcr wit11 21 

chlorine frcc cor~~pound.  which coulti he iiicntified as the isoflavorre gciiistein by 
its spectral properties ;u~ci by cornpar-ison wit11 an authentic sample. By N M R  
iiiiti MS tl-ie ciilorinareil co~i~poiinils wci-c si~own to he 6-cliioro-gcr~istci~~ (103) 
iiriii h.3'-iiicl1iorogeiiisicii1 (104). 'The 7-gii1co\idc ofgcnistein is a constitiicnt of  
soybciiii i-rical; it is i~yiiroiyzcd and chiorir~iitcil by 5. gr-i.ce2i.y. 

'Plrrcc xntioxitiant isoflavonoiiis cirar-;lcicrized j i 25 1 ;IS 7,X,4'- 
tr~il lydroxyisoil i~vc~i~c.  7,3',4'-tri12yclroxyisoiii1v011c arril 5.7,3',4'-teirahy~1rc)xy-8- 
chloro-isoilavonc (805) wcrc cli;inictcrizcd Sroi-i~ the e ~ i i t ~ ~ r e d  broth of" 
.Ctrc>pio~71v"'.c .yp. O F ! - I  049 wlrich 11;iti l~ccn isoiatcd froin 3 soil sample collccteci 
in 1Canag;lwa PrcScct~rrc, Jap;jr~. 14mong il-iciii, 5.7,3',4'-tctrahydroxy-X-c!?ioro- 
il;nilavonc is n riovcl isoi1:rvonoiil possessing ;i chlorii~c atom in the molccuic. In 
/17 i . j tro stuiiios. tlrcsc irirtibiotics \ ~ c r c  foiir~ii to pocscss antioxici;ii~t ;ictivity 
\ i i~c~-za \  siiowcii i~lmost IIO cytiiciii;il ;ictiviries agairlst I"lci,:i S:ccils. 



301R,  C I , R ,  I I ,R ,  I I  
102. I<, CI, it2 ( I,  11; ir 
103 KT ii, R2 ('I,  R3 Li 
I04 R, - !I, I<, Ci it3 Cl 
I05 R, ('I, R, I t ,  ll, OI I 

S. svic~eus prodiiccs 11261 ail aiitiri~icrobial agent active in viti.0 agaiilst 
hacicria c~lltivated in syiitlietic n-icdia and fungi. 'Yhc isolation ailti piirifie;itioi~ 
of tile active agcnt. forrncd i n  ininutc ;mounts, was grc;rtly ii~ciiit;ttcd by 
bioassay aiid bioiiutography techniqiies. Appiuxin~;ticly 250 i of ciarificii 
fcrn~ciit;ltion broth containing, after furtiicr piiriiicution steps, 244 g of antibiotic 
U-42,126 (106). The ;ii~timciaholitc ;intibiotic 11-42,326, wliicl~ significiintly 
increaseii the life spar? oftiiinor-L3cari1ig 1.1 21 0 lctikei~iia rnicc at l o t i r  iii-~ig lcvcls 
with no dci~ionstrablc signs oftoxicity to the liosis. was dcscril~cd. 

liiipr-ovcci p~ii-ification pt-occdurcs / 1271 arid greatly iir~proveti Scrmcntatroii 
titers iiavc ullowcti prepamtior-, of relatively large qiiarititics of 11-43,795 (107) 
i-cq~~ircii fo r  cvai~iatioil in other- trimor systcins; t l ~ c  siicccssivc proccssirig of' 10 
000 !itcr-s ofikrti-~cnt:ition broth with Dowcs ~incl tlicii .-linhcrlitc ai lh~.t lc i i  aHcr 
purificatioii ovci- 150 g ofpiir-c ;riititiiit?or agcnt. 



il novel. cl~lorine cotrtair~ir~g sulfii~noyl niiclcosidc antibiotic, AT-265 (108). 
tvas i'oirrlci 112x1 from ,i'. rishit-icv7.vi.s siihspccics No. 265 and its ststictlire :incl 
biological activities were cictermincci. Tlrc antii7iotic is active it7 vitro agaiixt 
s o n ~ e  L3rjtcr-ohacteriaccac and some Gnmm-positive bacteria. 

'l'iic ill'-265 rcprcse~~ts  a highly cytotoxic 5'-O-suli;irnoyi n~icleosidc whose 
s~ilf:ilnoyl SI-OLIP is I?ciicveii to sii~iniatc a phosphate group. Becaiise of its 
~11-iior1i7cci i?iitiirC, tllc I ~ ~ O I C C L I J C  can cross ccll~ilar n~ci-iihi-ancs. 'The st]-uct~ire was 
proi,oseti as 5'-O-s~ili'~i11ioyl-2-cl~ioroaticnosinc l ~ ~ s e c i  oii spectral evicicnce. 
I-iowevci-. 170 clirect proof wiis giver1 rcgardiizg the configuration of this 
conipouii(i. E:~rrtlzci- the isolation of two i~~iclcoside antibiotics from a 
kr-inentatioi~ brotl-i was rcalizcii 11291. The orgariisni was isoiatcii ii-oni ii soil 
s;i1-1mplc collcctccl in lkiiaii~aniats~i-.;hi. Sl~iziioka-kcn, Japan and taxonomic stilclics 
iiit1ic:iictl ili;tt i t  I?clorigs in L9rc;ritoii~j~c~(~i~C One oftliciii W;IS htiiid 10 1712 icieiitical 
wit11 ;iniii?ioiic ,\'1'-265, however. tile otlier oric was tile structurally rcn~arkablc 
;il;iiiyI tier-iv;iiivc oi'A1--265 inid was (1esigrr;ttetl ascar7ryci11 / 109). 'Tire strilcturcs 
wci-e ileti~rccci fsuirr t i ~ c  spccrral d;ita iniiricing mass spcctronieti-y. ;in(? the 
;ibsoIiite coiiiig~rrniiiiii of ascamycir-1 21s well as aniihiotic A'1'-265 was 
~rr~;~inbigrio~isly cstai?lishcci by their cnnvcrsio~i to 2-cl~lorn;itienosinc. 

'l'wo cl~loriiic-coniair~it~g at?tihiotics, clazar~?ycins A ( 1  10) ;ir~ii B ( I  11) have 
1~ce1-1 lsolnicd [ I  301 liom the C L I I ~ L I ~ G  hrotl~ of Str-c~ptoml,c.c~.c No. MF990-DF4 that 
is closely related to S. 1~io1ac.eorcc~tii.c and S. cYncrc.oruhc~i.. From S. jiiit7ic.cii.s 
siibsp. doilc.c.iic V R R L  i I 160 was isolated / 13 11 also the antibiotic claza~iiycin 
13. 

'?'11c crystal str~ictiire o f  cliiraniycir~ ./i hyiii-ochloritic lias bcer~ tlctcrrnirled 
/ 1321 by the X-ray ciii'ii-actioi-i ii~ciirciis whici? restilted i n  rile cliiciii;~tion o r  the 
c11ernic;li siritctiii-c oi'cl~iz;irnycins A kind B. 

' l ' i~c isiiliiiioi~ i i t d  cIi;ir;i~teriz;itio~i of two IICW ;n~iiiizicr~bi:il (;lr-riifiingal) 
\ii??slar~cci, with /71-0;111 spcct~.;~. j?yrr~?Iori~ycii~ 11 (1 12) ;it?ii 13 (113) (S1' 20x0 11 
iti>d 13) fvor~i t l i ~  ~ii1t~11.c l>roi11~ 5i1~ti11 of' i i ~ t  ~ I I O I I I Y C C ~ C S  W;IS d ~ ~ ~ . i b ~ ( l .  ' ~ ? I c  



Mycobucierium smegmati.~ 
M. .cmegmutrs 
M. phlei 
iischerichia coli 
M brio mefLschn kkovii 

strain l~elongs to the gciiils Strc~pion!vc,~s (dcscribcci as SF-20XO):it was isolateti 
[I331 ti-or11 a soil s;~rnplc collectccl at tire Chikririna lii\lei- o f  N~~gat io  ('ity i i i  

Japan. A taxonoiiric study tv;~s iii~tieri~ikcn by a tlctailcii cxa l~~i~~; i r io i i  on a g x  
mici siihii~ci-gcci ciiitui-c. but the s~ihstrate myccliiitt~ o f  straiii SI:-2080 did irot 
yield :illy ri?orplrologically import;ri~t iicir~s so far. siicl~ ;is aerial ri~yccliiiiii. 
sposc, nocai-dioihrri-i, syi1nein;it;r, cJii.. I-lowcvcr, L,L-iiiari?inopiii~clic ~icici 
I ~ C ~ C G ~ C C I  fro111 the lrytlr-oiyzatc of wliole cclis siiggcstr tirat it is most pi.ol?ahly 
some gcnris Siuc~j~loii~j~c,c.i.. 

'I'wo aiitibiotics ilii~ncd pyrroloii~yciinc c2 iiird H (SF-20x0 :\ ~riid i3) wore 
iiiscovcreil 11341 iiz the krrncritaiior~ broth oi' a11 nctiilornycctc sti-ai1-1. 'i'lrc 
siriictiirc of pyrroioinycin i? wits ciiiciiiatcii by spectroscopic ic~iil hyi~ti~etic 
stiriiics. i"yr.rolomycii~ /I l-i~is u i1101cciii;ir iix-rriula ('41 i!S102('12. its st~.iictiii.c ~; i i  



~ . -- -. 
,Yfaphyiocrii.cus atrreus 
S. uureus Smith 
Mrirococcu.v/lavavus FDA 16 
Surcincr iriiea PC1 I O U  I 
/<uc~llli ( I ~ ~ ~ ~ ( I C I Y  

B. srrhii1i.s PC12 19 
13. .suirtlii.c NItRI, 13-558 
i 7orync~hac!rrir~m bovrs 1 8 i 0 
f<,cchrrrc.hia colr N1li.i 
1:' colt K-12 
ll. cciir ML 1629 
XI:. coil MI, 14 10 
A'. coil MI, 1410 R81 
1; cnlr W677 
I;. coEi JR6B/WS77 

KIt?h.sic?f/a pnetmronme PC1602 
K peunlonle 22#3038 
LSJ~~gcliir dysentenac .IS1 19 10 
,S. Jlexnerr 4b JS I I R I f 
S sonr~ei JSl 1746 
,SalmorzeIlcr Ijipi~i T-63 
S ententrdl,~ I891 
Iimicrd,c vzilgara OX i 9 
P.rc.udonzonuc ix~mgirio.cid A3 
i? .ierri~qno.su N o .  12 
1' crerujimciscx 'TI-1 3 
iJ. /it,nq/noi;a G N 3  1 5 
1'. ni~r7djirno.c.a K-1% 102 
1" niulto(?lrilm GN907 

ticrcr-~iiit~cti to 1 7 ~  3.3-~1ichlor-o-4-nitropyr1-i~lc by spcctr-oscopic analysis ailti 

syi~tliciic stiiciics. Siriictiii.c-tictivity 1-ci;itioiisliips tirnolrg llic ;i~-inlogs of 
pyrl-01oruycii-i ,.\ mere    SO ~ ~ S C L I S S C I ~ .  

T'lic sirtictiire ofpyi-rolomyci:~ 13 was cxai-i~i~rcd by spcctr-oscopic i-ucairs anti 
X-ray crys!:~Ilographic anaiysis r135 j .  

'I'Iic isolation cifa IICW ;iiitibiotic. I I C ~ I ~ ~ I - ~ O I O T I I ~ C ~ I ?  ( 8  14). wiiicI1 iiiilibits tile 



~ 
~ 

Test orgarlisrns pynoiornycin 

. -- 

. .-A . . . 

~uphylociccus aur6,u.c 3 1 3 0.20 
S epidermrdis 6.25 0 1 0  
L S t r ~ ~ ~ i o c o c c z i . ~ ~ ~ e c ~ l ~ i ~  6.25 0 39 
Kacr1hi.r unthracrs 1 56 0.10 
I:.~elzench~a toll 6.25 12.5 
('iirohuctrr.fi-e~rn~i~~ 6.25 12.5 
.Yalrnonellu t;pllr 3.13 12 5 
LS/?tgeilu sonnei 6.25 12.5 
K1ch.rrel1uj7neurrronzac 12.5 12.5 
i+ofeu.r vulgiins 6.25 12.5 

morganii 6.25 12.5 
i! nnlrruhilrs 6.25 12.5 
,Scrruti(z marcesceizs 6.25 25 
P.scudo!ornotzcis aen~gino.e(i 12.5 12.5 
('undida alhtcuns 100 100 
Ihci~ophyton 6.25 100 
meniagro]~hytes 

3.13 100 

A sc-rics o f  halogcriatcd pyrroio /2,1-171 j I ,.3] bes~zoxaxii~cs ( I  15 to 123) vdns 

isoiateii [ ! 3 7 ]  li-otn re]-mentatioi~s of an actirioi~iyccre strain Xl0/7X,/97X 
(NClMB4OXOX). idciitificd as S. i . i t i~o.slrs,  during a microbial extract sci~cciiing 
pi-ogr-an2111e to idciiiify inhibitor; of b;icterial histiiiir:c kiniisc. The sirixctiircs of 
tl~cse coii-~poi~ncis were elucid;itcci by 21) NM1t cupcrirtlcn~s. 'Tlic stsuctiir-c of' 
one sircptopyi-role (115) was coniil-~iieii by X-ray cr-ysr;illog~-;~phic st~iiiics. 
Compouniis ( 1  19) and  (120) were pi-oduccii in fiir-incniatioris in tY~c ipl-csciicc of' 
NaBr- anti Nai, respectively. 'rile t ~ ~ o s t  :~l?ui~dailt mcrilbcr- oi' rllc sci-ics, 
sti-cptopyrroic(6115), i~~hibi icd t l ~ c  iiitrogcil rcgiiiatoi- i !  histiciii~c kiil;ise fi-orn 



i:'~i-iiri~ii~iiiii iwii witir ar-i ICYio  of 20 1tM arrd exlzibited antimicrobial activity 
:ig:iiiist a niilgc of bactcri;~ ;ii-~iI fili~gi. 

815- 123 

I;?, R, li, R,: 
115 Cl 11 Pr Of1 
116 C1 C:t 011 
117 CI Cl Pr 011 
118 C1 ?I 1'1 OMe 
BB")r 14 I% 011 
120 C1 C'i Isi 011 
121 CI il" 13rr Oil 
122 Cli 11 13 OMc 
123 C1 C'I I'r OMe 

, . 
i he pyl-soir~itrin (124), al-r ;~ntifi~~-igni antibiotic isoiaicd froru ,C jvi.roc.ii7iii 

uac tcsicil 1 13x1 ;~g;iit-rst A/l~,i.ohirc'tci.ii~iii triiici.c~iiio.ci.c ancl hi. in.Yiir?7. Syntl-ietic 
siiiciics well ccrrcli~ie ;ii-iti~i~ycohacicr-iai poteircy with rhc PI-cscncc of 1iaIogci-r 
i~i^ic! nitro grollp in the pl?cnyI ring iiiit! cl~loro group iiz pywolc. 

10, Chloramphenicol 
i'ultiviition crf soil iion? Vciiczilcia i n  1947 rcsultci? in  ilrc isolation o i ' a  

strcptolnycetc strain that prodiiccti ar-r antibiotic with a broad ai?tirnicrohial 
spcclriim 1\39. 1401. 7-hc antibiotic was cl~loran?phcnicoi (1251, and tlic 
oi.gani:;rn that produced it was S. \ , c , i ~ c c i i p i n c ~  i 4 1 ,  1421. 

.Y. i ~ ~ i ( ~ z i i ( 4 0 c ~  rc;itiily cicvci~ps o i l  comi~?o:i nrltricrit media. Its coloriic5 itre 
iisiialiy coioi-lcss; son~ciir?~cs the iii~iicriyir~g sidc is yellowish hrow1-1 or brown 
(clcl'endiiiig on tire colt?posirion o f  tlic rnccli~in~). Rcst yicltis of the antibiotic arc 
ohiriiiiii:tl with iill-ii~?ci-g<;ii ciilti\>;iiioii of ,S. .*c~iic~oilcloc~ :I! 27-28 "6' or1 ~?rcdi>i 
corli;iir?ii~g pcptone. glycci-01. ;ri?tl soiiiiin-I cl?ioriitc. 7'i-i~ antibiotic carr :tiso 



torirlcd by ciiltiv~trng tlic strcpioiilycctc on \yntlrctr~ media ~ont~l ini i ig  sol iiic 'is 
the \ourcc of iritrogcn. glycerol, ,iiici iodi~iin Icicrate as the \ource oi carbon 1011.. 

of iron, 71116, iiri(i i~idgr~csiii!ii 'ire I I C C C ~ \ ~ I I ~  jot tlic bro\yiitlics~s oftlie ~i i i l ibiot i~ 
llic yicld of chloiainphciircol : i l~ ic ,~ \c \  i f  11-iirtroplicnylseir~lc oi 

phcnyl,iIariini. 11 431 arc addccl to tile iyniiictic mcdi~iiii I he \tirniii'itilig el t e ~ t  i i ,  

the I~igI~c\ t  i! pl~einyldl~inriic ihilckietf 1 0  the irlccliitrii l?cfoic the giob~tll 01 the 
streptornycctc ciiicr\ the ,~ctivc pli,ise Sorlie ,imino ,icitis \ i i~ i i  '15 ici~cri-rc 
i\olc~icrnc, mcthioninc. tryptopi1,iii g i ~ i t ~ i m ~ c  'icrd, norv,iliiic, 'iiiii tiiicoriiiic ,il\o 
hive a ceriairi \iirnrilating eifcci or1 the i?iosyntlic\i\ of tlic nrltiixotrc 

C'l~lor,irn~?irci~l~ol was proti~iccii / 1441 by c~iltciics 111 S i j  cyjfoiui ( c i  \peeie\ 
1022,r siipplcn~criteii wit11 \otiiuin jl ,2- '  'C] I t  w,ii l,il?cicd with ' 'C exclui ivcl~ 
i i r  the tircl~ioro~i~ctlirnc ( 2  6 f 0 I ( % )  1111(1 criihoriyl (0 59 1 0 05(%,) cLirboii <iioiiis 
Since 1 2 . 3 - 1 ' ~ ]  \ucc,rric ,ilcr(i criiiclicii oilly the c,iibo~iyl c,lil?oii ~ io i i r  of 
cl i Ior~ri~i~?hci~i~ol ,  ihe\c ie\ult\ siiggcst th<it iicrtlicr iieetiit~ ~i 'I Krch\ cycIC 
inieiincd~atc is a drrect p r x u ~ \ o i  ot the ~Irchlc~io~icctyI giotip i iiltiires 
supl~lernei?tcil wit11 IL- ' I I / -  or /'I 121-ciichioro~icctrc acitl irieorl?ol,ircii ricglrgrl?Ic 
,imount\ of iiotopc into tile ,~niil?iotic or1 tl?c h,i\is of t I i i \  c\lidcilcc i t  w,i\ 
conc l~ id~t i  th,tt tile free ,i~iii  is not an iiiteiii?cdi,itc in clilor,impi~ci1icol 
hiosyiithc\ii <ind that the ,icyl,ilroi? step rn,iy prccciic cIilo~iit,ri:oii 

Wlrci~ hror-iirdc ion w,i\ ~cideil to the icri~ici~t~ition to aint,igoiri/c 
chlorainpi~cnicol syinthcsis. bioactivity was depressed, btit clri.olli;itogr-api?y 
rcvealed the ;ippcaraiicc of three iinicicntificii antibiotic 2ictivities. 'i'hesc 
cotnpoclrids were cliaractcrireti as tlic 2-hiityrninitlo-, ?-hroi~ioci~loro;icct~iii~i(ii~-. 
aiiti 2-iiii?romoacct;unido- cicrivativcs of D-fhrco-/I-iiitrophcnyl-1 ,3-pr-opancdioi. 
The cfli:cts of limitirrg chloriiie ioil conccntratio!is anci v;irious lcvcls oi' 
bromide. iodide, and ilctoridc ions or1 tlic chloraiiipi~cr~icol fcr~ncril;ltioi? ~vcrc  

I hc biosynthcsi~ of clilor~niplicnicol and mctcil?olr\ni o i  tile sticptoriiyccic 
durirlg it\ dcvclopii~cni wcrc rtutiicd ,i~ici it w ~ i s  ihown tli'it i ~c~ric~zicc.lcrc, giocvs 
11-1 two \tiigc\ By the 72nd liour o! ciiltivat~on. the wclglit of tlic riiycclii~iii 
,~tt,iins i t \  rnaxiiliurn, their the ly\i\ 01 ilic mycclium pic\r,irli ovei its giowtli ,inti 
the totill weight of the iiiyccliurin slowly dccrc,t\c\ (to 60-70 per cent) in 73 
hours ofcultivatioii, giyccrol is iio ioilgcr- coiis~iiricti by i11c str-cptoinycctc. 

C'hioi.ar;~phc!iicoi is proii~iccti by S. avnc~L-iic.iiic. iYtr tlrc following piithuay: 
clior-isi-i~ic acid 4 /I-amiiiopi-ici~ylalaiiiiic 4 1)-ar~iinol~hcnylscriric 4 tx-U- 
diciiloriiacetyi- j~-arnirro~~l~ci iylsc~ ' i~~c 4 cl~loralrrphe~~icol. Chlorampilcnicoi 
hiosyiitilcsis genes iorni ii tight clitstci- or! t11c ciiroinosoiric of S. vc~iic~iii7icic~ 

.4'176'(' 1 07 ! 2 [ 1461. 
Dur-ing the growrlr of S. i~c~iirziic~ltrc~. tlic iniiiii qriai~tiiy ofcl i loi-ai i~~~lic~~ic~\i l  is 

1ihcr;iiciI irrio tlic rnet!iiirri irnii only its siiiall part i-cinaii~s in t/>c rnyceliiiiii. O n l y  
0.5 pg of the anlihiotic can be exlracled hoin a 36-lio~ir old ii-iyccliiii~t corii;iiricil 
111 i 00 1-111 of'thc cirltirre, while llte filtrate contaiiis 4000 iig of cI~lorair~i>l~ei~icd.  



i f r l ~ e  strcptornyccrc is cultivated in the mediuir~ free from the cirloride ions. 
;tnaiogiies of clrloranlpl~cnicol are proiiircccf rather than cl~lorarnphenicol. The 
clicl~ioroacctyI grocip is rcj~iaced with tile residues cif acetic, propionic, butyric or 
v;iier.ic acid. 

'Phc cl~lor-ai~lpl~ci~icoi prociiicing j 1471 streptomycctc rnodifies the prin?al-y 
('-3 hyiiroxyi o f thc  antibiotic by a novel chlorarr?plretiicol-inactiviiting enzyme, 
cli!oi-ai~~l?l~u~icol 3-0-pi~osphoiransfirasc. Tlrc qii;iternary str~ictiire lras ATP 
bii~iliiig pockets arrcl siiggcsts tlrat ail aspariatc acts ; is  ;i gcccral base tcr accept a 
proton ii-on1 the 3-hydroxyl of  chIor.;~n~pl~enicoi, conctrrrcrlt with nirclcophilic 
:ittack of llre scsiiili~lg oxyai-iion oil "ric gnn11l1a-;~Ilos1~11i1tc of A'TP. The gene 
tiisruption restilts siiggcst tiiiat S. vc~t~rzzi~lac. may l?ave a third set of gcncs 
cncodirig 11-:rinii~obcnzoic acid synthasc [I 481. 

'l'llc ~ i ? C l l ? i ~ i l l  S ~ S I I C ~ L I ~ C  of ~ ~ l l ~ t . ; i ! l l p ~ ~ ~ n i d  WilS stliiiieci ;uid its striicturili 
ii)i-ii?ula ;iriti tol:rl syrithcsis wcrc cstahiisiicci [ 149, E50j. Its st!-tlcturc is simple: 
i>-tiii-c~o- 1 -(~1-nitropi-icr1oi)-2-cjichior;1ccti11~1i~ii~-I .?-prop;~nctiicii. ' h i s  was the 
first cs;ii-i~pIc 01' c11cmic;il syr~tfiesis of ai-itibintics ori a11 iriilustri;~i scale. Now, 
r l~c  ;iritibioiic cliloraii~~?lics~icoI is procitrccii orlly by c11ernic:ii synti~csis. 
i-lowcvcl-, tile syntlrcsizeti proii~lct is riicci-iiic coi~tililiii~g (lie L~.-thi-oo and D-ti7vc.o 
ii)rt-ils 01' cl~iorampl~cnicol. 

The two forms can l-ic scpal-titcil to the i2-ilri-co uncl iI-ti7rco ison~crs ~ising 
~ipprcyxi;ttc tcciiiiiqiics. 7'11~ I-i-thr('o iso1-11~1. of c11ior;iiiipl~cniCOI wits giver? il-ie 
iiairic icvornycctin. 

C'l~ior-arnpl~cnicoi has ii bactcric>st;itic effect on marly Graln-positive and 
6;1-;rn1-11cgalive bacteria. I t  inlribits rhc gi-owth of' bacteria of t l ~ c  genera 
,ltc~i.oijiri~rc~r. St~r!~hvl,ii~oc*i~ii.v, ,Cli-cy,roc.oi.c.itc, Diploc~oc~c.ri.s, Pror~lis, Fqili'il/zi~, 
t'ihrio. (>ti.. it ;ilso iiihihiis rickettsia. those causing iotise-borne typhus inclrrciccl, 
m c i  some large virtiscs (causing isaclion-ia. veiicral lyri3pilogranuio11iii. atypical 
pnctimonia, and sonic other iiiscascs). The antibiotic is a :ipccific drug for the 
trc:iiincnt oi' typhoid anti paratyltlroid fevers, dysentery, brucellosis, toxic 
dyspepsia, tr;ichoma, and other- diseases. Ci~loran?phcnicoI is very eiTcetive 
:igaiilst baciiiar-y tiyscntery in e l ~ i l d r c ~ ~ .  When given /wi. ci.s, i t  is wcll al~sorl9ed 
;iiici is c;trricii by hiooii to tissiic ;ind tisstie i l ~ ~ i t l s .  

Sonic ii~icroorgatiisms iievciop resist;ir~cc to clilornmplrcr~icoi hut very 
s l ~ ~ v l y .  21ild i l ' i i i ~  (lie rcsistancc car? practically be iiisregarcicii. Cl~ior;i~~ipl-~crnico'l 
iililibits b;tcteri;l stiiblc to petliciilin ;inti strcp~onrycin. 

'i'i-ie easy av:iiiahiiiiy oi' clriorai-iiplrciiicoi (125) protiriced syrithctically / 15 1 1 
ci~ni?lcd tile stciciy of' sinicturc - firnetion relationships. i n  gcnci-al, none of tile 
obtaiilcd cliloi.i~i~~p1~cr1iec~l tler-ivatcs is ii-iorc active ;~gair~st hactcria than 
ciiloi-a~riphcrnicoi itscii' in [ k t ,  r-i~osf o i ' t l i c i~~  ;ire less iictivc or cor~rplctcly irlaciivc. 

I s - L ~ I  liir~ctioil iciatiotnshil? can he suii~tr?arizcd as ?olIo\vs: 

1 .  1 ire nitro grorip is riot c\\ei~iiiil kir. tiic !biologie;rl acti~lity. 



2.  Srihstitiitiori 01' phcnyi group by otilcr. aroinatic o r  licierocyclic rcsiiiucs 
always icaiis to a iiccrcased biological activity. 

3. i i l  tlic arnicie sicic cii;iii~, iiitrogcii with single liydrogcii is ossciitial. 
Siihstitutioi~ of'this hyiir-ogcri by rncthyl gro~ip results iri a coi~-ipletc loss of 
the bioiogicai activity. A n  acyi rcsidiic boiii~ci iil this posiiiori itffccis the 
biological activity cicperrding on its volurr~c aliii eioctrorlcg;iti\~ity. 'i'iic 
dihsoinacctyl analog cxllibiis about XO '!0 activity as cori~parcti wit11 
chlorari~phcrricol. 

4. Estcriiication of  tllc primary nlcohoi group yicids con~pouiids t l ~ ; r t  ;ire 
iriiictive or little active ir7 vitr-o. 

5. Stcric configiiration of the siiic cliaii~ is ai7solutcly cssci~tial lbr tlic 
bioiogicnl activity. Only iiic L)-tllr-ro isomer (125) cxhihits a liig11 
antibacteriai activity. Tlrc otiier three optically itctivc i'orii-ts (126 - 128) Lire 
orily littic active or [ully iriilctivc. I f '  tire ;ictivity oi'tlic D-tirr.co fc>rii~ is sci 
100, i l ~ c  I.-(4 )-ci;y!/?r-o thrm ttiiii tile D-!/it.ro isoruer cxi~ibit tlie activity 
index of; 0.4 anti that oi'thc I--( 1 )-et.i-iiri.o ii>rri? is 1-2. 7'lic iiict that t11c I) -  
thr-co ibrm arid tile L-ei:vtlrw isori-rci- liavc the saint coiif7gur;ition oil t l ~ c  
asymmetric earlmil with thc secoi?ilal.ily boiind alcol~ol groiip iiiciic;itcs that 
the si?iitiai a]-riingcincnt oi'silbstitucnts o:i this atom is 111oi-c important tiinn 
tliat on tlic sccoiici asyn~i-ilctric carbon atoiri. 'l'hc ch; i~~gcd conl'ig~iratiorr on 
tlic fornlcr atom icads to a coiiiplcte loss of tlic bioiogiciil activity, wlicrcns 
tl-ic changed spati;il coi~iigiiratiori oil tile sccoircl asyn~lrxiric carhoii atoi1-i 
ciccrcascs tlhc biologic;iI lictivity 60 iOO-tiilics biit i i ~ c s  1101 al-Jolisll i t  
co~riplctcl y. 

I I .  Tetracyclines 
-I-iic group of' ;iiitibiotici, 01' ~ c I I . ~ ~ c ~ c I ~ I ~ c  SCI-ics ii~ciiidcs i ~ i b c t i l i i ~ ~ ~  01' 

sin?iI;ir ci~erriicai s t~-i~cl~irc .  '!'lie tell-acyclincs lliivc i~itcrcsteci iiliiiiy i11vestig;itors 
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/ 152-1571 1~ec;iuse of' their great pr;ictic;ii importance. Owing to the bro;id 
;intil?iotic ;ictivity of the tet~.;~cycIiiics (tlicy i1i.c cffectivc against (;ran?-positive 
airti Q;r;iiii-ncg;iiivc l-iactci-i;i. I-icltcrtsi;!. ;iiltl sorr-ic large viriiscs) thcsc 
coiriporiirils ;ire vciiiely tisctl i i ?  i ~ ~ e d i c i ? ~ ~ .  Morcovci., some antibiotics arc ;ilso 
irscd in ;iini~i;nI i?iisbai~tiry ;IS growtli fiictors. 1.11~ tetracyclines arc also il;iliiabic 
h i .  their- rcl;~tivciy low toxicity. 

7Pctracyciines ;ire pi.ociuccti n~ainly by rnicroorganisins S. trli:.c.ofiri.icr~.r, .C. 
i.ir~io,rzi.c, and son?c otlicrs, scc 17elow/. TIICY i ~ i c l ~ ~ d e  not I C S S  than 100 
cori~poiirltls, only sonic i~nportant cotlipoirncis are quotccl (129 - 161). 
i:iirtl~crmorc, several tl~o~~s;iiit is tetrncyclir~cs were p r o d ~ r c ~ d  sc~nisyntlletically. 
Soinc of t11cin are iisccl i r i  l ~ i i t ~ ? ; i i ~  niril vetcriniiiy n~cdicir?c. 

'i'etl-acycliiic ;iirtibiotics constitnic a protip of highly similar cor-ilpoiintis wit11 
:I iiiwtiaily hydrogcnntcti naphtiicciic rriiig. Plley belong to tile most cor?~i?mci~~ly 
~iccii wide spcctr~rnr ar~tibiotics. 

'Tctr;rcycIiilc antibiotics descriheci so far ;ire str-uctrri-ally related. As a I-csiilt. 
they tiiso exhibit a lrigliiy sirililar ;intibacterial spcctr~lm, crosse(i resistance, 
siil~iiitr ~~;cchar~isi i~ ' i  of resistailcc ilevclopn~cnt (pic. 'Tlie tctracyclino ring consists 
oi' ii>iir 1irrc;ii-iy ;liine:ilcd six-nlcrr-ihcred ring.: k)l-ming 1 .4,4a.5,5a,h.i 1 , i  21- 
oc~;~liy~~roii;ij?Iiti~cc~~~ wit11 ;1 cl~;iractcri\tic arr-ac~gcinct~t of t i~ubic  borrds. The i) 
iring hits ;In ;ii-oil~aiic stl-iiciiii-c: ilic ro~n;~ i r~ ing  three cycles arc hydr-o:iroi~~irtic. 
i:iicli i-iiig ci~~~r; i i i is  ;it !cast oiic hydi-oxyl group. plicnolic E~ytiroxyi groups being 



responsible foi- tile acidic character of tiicsc coinpotirltls. :lniong ireitlie 
i~ydl.oxylic grorips in positions 3, 10, 12. and ncighborirlg c;irbo~iyi grotips ti1ci.c 
are strong i~itrait-ioiccuiar csc!taiigc c f i c t s  rcsrriting i i ~  ;i irigiiiy ticcrc;rsctl 
reactivity o f t l ~ e s c  groiips with typicai ciicn-iicai agents. Oti tile otiici. hiruii. ti-icrc 
is n basic tiiil?ethyinmirio group in po~it ion 4 of tlic A rirrg itr-iti ; i n  :ii-iiidc grt)iii? 
in positio~i 2 oi'thc sainc ring. 

, - 1 ctr;icyciinc antibiotics arc thus ainpllotcric coi-i-iporrniis forr~-iing s;iits ~vitli 
hot11 ;icids ;inti bases. Their salts wit11 illorganic ~tcitis (liydrocliloridcs. 
phosphates) arc most coii~moiiiy iiscd in pr-acticc. ioix of divalci?~ o r  trivnicnt 
inetais ( e . ~  iron, aluminum, copper., ilickel, rnngilcsiiii~?, rliangaliese, c;ilcium) 
iintagortirc tile effect ofieti-acyciiiic antibiotics by fc>rinil.ig biologically itiuctivc 
chclates. With a coi-rcspo~~tiing substiiution. carboi~ aiorns 4,4n,5,5;i.h aiici 112  

are asyn.irnetric. Tcti-ricyciines arc yellow, crystalii~~c, bitter. liglit seilsitivc 
comporinds. 

More than t l~ iny  years ago. i.c~. h e b r c  tile vigoroiis hooiii of genetics. oiii- 
colleagues publisheci a fundiimciitai p;ipcr [I 581 in the field of cl~lortctrncyciinc 
biosyniiiesis and hiosynihesis of other ;ii~tibiotics oi' t l ~ c  cycliiic groiip. 111 tllc 
al?ovc review. the e o ~ ~ ~ p i e t e  I?iosyrithesis of tctr;r~yciii~es W;IS ~lcsc~.ibcd in tilrcc 
chapters. 'l'ctr;icycliiic biosyi~thcsis bcgiiis wit13 giiicosc ;itid proccetls i f i i  acetyl- 
b'o.4. a tricyclic noiiitkcticic arid prctctr;iar?lidc (ii~cti-iyipretcti-aiin~iilc) ;ili the w;iy 
t o  ntany tctl-;\cyclincs, of which Inore tijail thirty cointail1 ciilcri-ii~e atom in thcii- 
rnolcculc. 

First iliscovcrcd was 7-ci~lorotctracyciiiic aiiil we sll;iii start oiir ciiscussioii 
of  the tcir-;icyciii~cs witii tliis suhst;lr~cc. 

A new actinomycctc S. iilirc.i?fiic,icws was isoiatcti fi-0111 t l ~ c  Missouri soil i i i  

1948. 'I'ilis st~.cptornycctc prodiiccs aiircorliycii-i. /iiircoi-iiyciii owes its i1a111e to 
tlic species n:ir?ic oi' the sircptornycctc prodiicirlg this iintihiotic, ciiirc~ofii~~ic~iii. 

;rnii lrlso to tile goiderr color of its crystals. Now to this ai~iil?ii>tic is give11 the 
name cill~rtctracyciiilc. TIic i-i;ii~lcs of the e ~ ~ i i i ~ ~ e r ~ i ; ~ i  pi-odlicts arc c.g. 
biomycin, ;itircomycin, and ciuorr~ycii~. S. iilii-c~cifiic.ic~i~s is ;in aerobic oi-gaiiisii? 
growing well in liyiiid irrcdia or on solici agar iri 26-18 '('. Tliis rnicroorga~~isii? 
also prodrices vit:iinin B i z  (up to  0.5-0.7 pglmi), tetracycline, and also son-re 
other ar~tibiotics. Sucrose, inaiiosc, giricosc, s t~rrcl~,  ;iiid 0t11~1- iviitcr-soliibie 
carbol~yclr-atcs miry be riscti as carison soiir-ccs i i i  t-cieiii;i hi- tile prodiictioi> 0 1 '  
chlortcir;icycline. 



i t  was recoiiinncnticil that ~joi:ito w;lstcs (starch pr-oductiou wastes) 
i~ycirolyzcd b r  311 Imur niay he used as ii-ie source of carbon in t i ~ c  n~aiiufi~ctiirc 
of hd i ic i  cfilortctracyciinc. Qiliicosc is the best s o ~ i r - e ~  of carbon for the 
ciritivation of ihc strcptornyccte and for the biosyntl~csis of chlortetracyclinc. I t  
is complctcly rtilizcc? hy the r-iricroorganisnr within 40-45 hours oi' its growth. 
Fats arid sonic organic acids (e.g. lactic acid) arc also used as tile source of 
carbon for c~i1tivatiol-i of ,S. uiii~ecijixi.irr7.c. Their iidditi~n to corn-stccp liquor 
intcr~sifics tire hiosyntilcsis of cl-ilor-tctracyciinc. Tile date-seed lipids from date 
palm (P/?o(wix d ~ ( . t j ' ! i f i ~ i - ~ )  were iiscd [ 1 591 ;IS c a r b ~ n  source in the fermentation 
inetiiriiit fbr  prodi~ctiori of ietracyciine arid chlofieir;~cycline. The high liters of' 
t?otii conipoiintlx were obtiiiiicd when date-seed iipid was at 30 mgin-11. Ilatc- 
sccii iipiiis were niore cff'icicr>i th;w ticxtr-in wlicri i~sed togctlier as a carboil 
.;our-cc. Stai-ch anti glyccrol arc also iiscci, wliilc lactose, sucrose, gaiactosc. anci 
;ti-;ii?iiioic ar"c iiot ijsairnilatcii by soiiie sti-;iins o f t l ~ c  srrcproinycctc. 

: I r~ni~ioir i~ir~~ salib. S O I ~ I C  it~iiirlo ;lcids. anti also varioiis riitrogcn cornpounds 
of plai~t ;lriil aiiiriial origin jcorii-stccp liquor, ineat extract. c ~ t c . . )  arc iiscci 
('T;ihlc 9) ins the soiir-cc ofnitrogcn to stiniuiatc the growth of the stl-epiomycetc 
airil to intcnsii)~ tlic biosyi-itlicsis o f  the antibiotic. 'The amount of nitrogcii is 4.0 
rng/inl anti higher in riiciiia coirt:iiriing 50 tnglinl gliicosc and exhibits a toxic 
cffcct oil the slrcptoi7lycctc. 

'I 'al~lc 9. 'i'lic nieiiiriiii i~or-r~i;~ily irscil for. fllc ~n:iiitii;ictiiic of cliloi-tell-ncycliile (in 
i?ct-cci~t;rgc, wafer it)? to I00 '?O). 

-- - -- 
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Corn-steep liquor 9 0 

flit best iriiti;il pI-I of ilic rl?etiiiini is 6.0-7.0. Tilc tirnc of cultivation of the 
strc[piotn'ycete. tiiiring wkich ihc niaximurti quantity of tire antibiotic is 
prodiiccti. is 30-40 l-ioui-s. lf S. urirc~ofii~iciis is cilitivated on ;t rnciiiun~ 
corit;iii~ing soy meal. corn-steep iicjiior, a i ~ d  cal-lmhydratcs. the synthesis of 
clnlortctr-acycliile is stit-i~ulatcd by aonlc ~iimir-io acids. Mainly valine. oxyproliiic, 
;nnii iyi-osinc i-i;~vc tlic higiicst stii~i~tl;itii?g cffcct oil h i~sy i~ thcs i s  of the antibiotic. 

71'hc yicicl o f  t i ~ c  ;Intibiotic ;ilso iicpcnds on t l ~ c  ;igc o f  tire inociil~in~. 
iiioxyiitl~csia (if cl~loi.~cti.acyclinc ticci-cascs significantly if the rnyceli~iln iiscci 
for inociii;~ticr? is older t/1;111 30 110iir-S. 'l'hc ~ p t i i i i ~ i ~ i ?  age of tile rilyceliirrn iisctl 
ii,r iiiociilntion \,;ti-ics ti-o~n 14 10 00 110iii.s. l 'hc ;i~i>oiint ~ f t l - ~ c  innculiiin cirstiriiig 
tile c!'fccti\~e biosyi~i!ic~is o f  c I ~ i ~ ~ . ~ e t ~ . ; i e y ~ i i i i c  is 5-0 (%, (v!v). 



i3ho\pfiorri\, which rr?i1,0rt6~iit ioi tiic g r o ~ t i i  'iiid iicvclop~i~ciit of t l x  
strcpton?ycetc. 15  ,ilio vcry iriipor~~i~it 101 t'iic biosyrithc\i\ of chlortct~acyclrnc I f  
pot.i\\"irn plio\pl~~itc K7ifi"04 i i  niiticii to tl-ic mcdluni. the rnct~ihol~siii of t1ic 

itinrno~iiurri. to dccrcasc pli of tiic sril9sirate, and to pror~iotc ;iccuniuliitiori of 
pyruvic acid in tlic ii~cdiuili. Tiic grow:li of tile mi~yccliuii~ is first accelcnitcti i?iit 
ziiicr rhe ainrnoiiirim i-ias all beer1 corrsuri-icii, its gi-owtli i \  sloiccd i1ou~ii. 'Tlic 
biosyi~thcsis oi' tlic antibiotic is inl~ibitcii, the iicgrcc of this inIiil?itioii ixii-ip 
rmrrch f?igticr tl-ian that oftiic myccliiii-i~ gi-owth. 

iicitl coritcnt of' tile inyccliurn ailit inliil7its or;iii;iti~ii~ of' pyi-uvie ticiii. \\!?icli 
acciiri~iilatcs in the criltiirc tluiti. 

A S. cilit.rc!firc.ictis sti-air? w a s  sclcctcti [ IhO] hascd 011 tlic ;ii?iliIy to proii~icc 
i:li!ortcts;icyciiric in lor-ig-term culiui-es tvitii pl-iosj>iiatc concciirr.;ttioi oi'70-1 10 
inglini. 'file strain cvas riiorpliologically 2nd bioclicrnic~ily chiiracreri~ccl. 'I'iic 
prodiictroii c~rit~v,it~on ii\eii ,I Icriiici~tor i;ro\idirig rncilrilni ,tcr,ltioii, pl~o\pti.itc 
lcvcl\ 100-110 inglrrii, anti ,irtirnoiir,i lcvc!\ dccic,r\cii hy 35-50'%, of cor-iii~ioi-i 
conceiitt,itions ~iicii  Ilic e~ i i t iv~ t t r~r i  wit\ irrri 'it plf 5 5-0 0  lid 18-29 ' 4  toi 
170-183 h 

Cloning oi the gcnc clu\tei oi the cliloiteiracyciinc biu\yritlictrc p,ttliv,ay\ of 
S. crici.eofiic,irrr.s a i d  its iiscs have zrlso hccn ticscrihcd / 16 I 

C'hloriric is vcry irnportar-it ii>r tiic psod~rctiorn of cI~1ortetr;icyciiiic. Miiicr-;il 
salts (NaC'I, MgCXIZ. ;irici others) ;ire r-iorii~aiiy riscd as sorii.ces of' ciiior-ine. hrii 
chloririe of' orgirriic compounds. can also bu riscd by tile riiici-oorg;inisins to 
syntl~csize chiortct~tcyciiinc. C'liaiigcs in tlic cillorit~c coiiicni of tiic r1iciiiuii-i 
have a sig~iific;trit c f i c t  on the lbiosyiithcsis of chiortctsiicyciinc. rile incr-caw oi' 
N:i('l coi-iccntr-iilion fi-oiii, e.g. 0 lo 0.4 '!L iritcnsif'ics iiic proii~ictiorr of' tlic 
antibiotic by tlic culture of S. uiirec?jiic~icirs 1.SB-220 1 from 2800 to 6000 pgl~ni .  

Aeration of the cult~irc is also very important ihr the biosyiitl?csis of 
chlortctracycli~-ic. Whcn tile culture is grown i r i  suhnicr-gcci conditiolis. 
coritirr~ious actation is requiruci to C I I S L I E . ~  tlic high yield ofchlorictracyclii~c (to 
5000 tglrnf). Discontinuation of acratiorl h r  short periotis decreases silarpiy the 
biosynthcsis of tllc aniibiotic. 2% ci~ltiire is i-nost scrisitive to i r i tc~-r~~pti~l- is  in 
;icratioii ii-oru the sixth to the twclfi1-i hour of cultivation. A ten-rniiiiitc 

ti-ie yield of tctr-acyclinc (as co~npai-ed with coiltrol). I"lwccvci., atiiiilig hciiiy! 
ti-iiocyanatc (2.5 x 10-' M) rcmovcs this liarrnfiii e fkc t  on the biosy~~tiicsis cii' 
ciilortclr;icycliric. lriijiaircii acriitioi? of the c~iltiir-i: ~i11t1 tire iiici-casc i n  tile 
concciitratioil of the i?iir~cl-a1 source o f  phosphorris pror-~?oic the pl-otiuctioi~ o f  
isocl~lortctriicyciiric (130) ;it ihc expci~su ofcl~lortcti.acyc!i~~c. 

C'l-iiurrciracycliiie is isolated i'roiin tllc c~i1tur.c ilirid (after it.; scp;ir;iiioii fiotli 
tlic i~ryci.!iui-ii) by extraction, pi-ccii?it;itior~. or arisoi1-1tio11. C'1iiortctrncycii:lc i s  



ipooriy soiui?ic in corninoil ~i .gi l l ' i i~  solvents, I x i f  is soltihlc i i l  (0.55 mg/inI 
at 25 "('j arid in~olriblc iil cti~cr. 'i'i-ic cl~cri-iical StriictLrre of cl-iioi-ietracyc!iilc \v;is 
cstal?iisl>cd in the fifiics [11)2]. 

('hemica1 atiti X-r;ry invc5tigations hird hiil~crto lcti to estahlishrncnt o f  the 
I-eiutive co~-~figuratior-~ of' naturally occurring tetracyclines [163]. it was found 
tl-i;it fhr-i-i~tiln [I641 iiiso expresses tile ;lbsol~rte config~ir:ition o f  all tlicsc 
aiitibiofics. Tire crysfiri st!-iicir~rc of chlortctrncyclinc irytirocilloritle has also 
heen achievcci with the aid of X-ray data [ I  641. 

'fl'ic alltibiotic activity of cl-ilorteti-acyclir~e is the higlicst in an acid rneciiun~ 
(pt i  3.5-4). 'fhc a~~til?iotic is rapidiy tlesfroycd i t i  an alkaline ~ncditxm and its 
atltimicrohial projserfics ;ire thus mai-kecily ciccrcascd. At pH 14.0, 
cl~ioi-tetr-acyclim is innctivatcii by 50 '%, i i i  40 secoiiiis. wliilc at pl-I 7.6, in 12 
lioiirs. 'Tlic stability of'chlortctracyciinc iicpci~tis or? tile salt in the forin o fwhic l~  
i t  is prodriccd ;is a incciicinal preparation. i'hlortc!racycline hyilrocliloriiic car? 
l x  storcti in scalccl vials ihr 36 il-ionths (at 20-24 "C'). if this salt is ~ ~ O C I L L C C C S  in 
the form oi'tnblcts, t17c stability increases to 48 rnoliihs. 

Chlor-tctn~cyclinc is cffcctivc iii rnost c;iscs as ;i h;ictcriostatic prcpar-ation. i t  
follous tiler-cforc that if the antibiotic i s  present i h r  a long tirnc in tile rnc~Iiur-ri 
togctlicr wit13 sensitive microbes the i~iain inass of thc bacteria begins to inci-case 
again after tile prcp:i;-ation has beet? ciccoi~iposcd or after thc inicrobial cells 
liavc bcc1-1 scpn~t tcd  fioln tile ;rntihiotic. 'i'hc ;intibiotic is bacteriostatic only at 
ccr-taiii coiiccnt~-i~tions. WIICII the concc~itratioii oi'chIortctracyclir?c ir?crcascs, it 
C;\II ~ I - O ~ L I C C  i i  h;ictcricidiil cI'SCC~. 

V!icroorg;~i?isi?is sc~isitivc t o  cl~lor-fctr;~cyclir~c iicvciop 1-csistancc to it, bill 
this rcs i s ia~~cc  dcvclops siowiy, rnucti slowcr- than, fbr cuar-iiplc. to sirepromycii?. 
-.. 

I hc cxcecsivc iisc o f  cl-ilortctracyclirrc i t1  r~~etiicine iilcrc;~scs the ihrination of 
rnicrolxs I-existant to it. C'l~iortetnicyclit~c shouid prcfcrably be iisctl to treat 
tiiic;tses ~vliocc ci1iis;itivc i~gcilts ;ire stiihlc ag;iirlsi pcr~icilliii 01- sti-epto~~?yci~r. 
i'l-ilo~?ctr.;icyclimrc is s~icccscliilly ~iscti to Irca? I?iicleri;il pi~ciii-i~oi~l;i, 'nritcclicisis, 
r~iIarctini;i, per-tiissic. scarlet fever. ;ii~thrax. ;in61 otilei- bacicri:ii t!iscascs. 
Morcovci-, ci?lortc?r;icyclii?e car7 lpc iifctl to it-cat viirious fiiri~is of louse-l?or??c 
iyi~hris, v;jrious i-ickcttsioscs, :rnii also scir-nc vir-ai tiiscasc\ (trachoma, 
l y ~ ~ ~ p l - i o g r a t ~ ~ i l o ~ ~ ~ : i ) .  



(~7iilortctracyciiuc is giver1 pi- or in cclual tioscs 3 or I times ;i clity. Eiicli 
tlose of tile antibiotic slionici not cxcccii 500 mg. i.11. tl-ic c1;iily dose sl-ioulii he 
1.5-2 g. N O serious con?plicatioris or sitic rcactioi~s ciiic to toxicity of' 
c!1lortcti-;icyc1inc occur. Soiiic paticiils. iio\vcvcr-. coiiip!::it-i 01' iiitcstii1:il pain. 
diarrl~cii, ii~ici \~c>~nitiiig. 

Severe affections of liver alicr reception ofiilr-gc doses of cl-iloi-tetracycli~ic 
or otiier iii-itibiotics of riiis group wcsc rcccntl y rcl?ortctl. C'l~ioi-tctmcycl iiic is 
soinctirilcs iiscd in agricultur-e. Snlali portioiis of t l~ i s  antibiotic added to ihciiici- 
for poultry, calves, lambs, pigs. (Jtc,. ii~tcilsiiji tlicii- growth. 'l'etr-acyclincs arc 
also the antibiotic of cl-ioice to prcvci-ii or ti) tr-cat bacterial infections in i:S!Z 
fish i r i r ~ ~ ~ s .  'l'hc cjunntiiics colis~irned ;ire st~!rir-iii-ig. - a "light user" oftcti-acycliiics 
will apply X kg ii-r a sii~gic ciosc, wherc~is a "heavy ~ ~ s c r "  will typic;illy appiy 1 hX 
kg of antibiotic in a sii~glc prophylactic dos;igc. i i i  Gcr!-i~aiiy. oxytctracyclii~c 
;inii chlol-tcir;icyclii~e are tl-ic only antibiotics licciiscil ihr iisc in aqiiirciilt~ir-c. 

The iliscovcry oi' a ilcw antibiotic of the tctr-acycli~ic ilatirrc. 
brornotctr;rcycline ( 1  31). was rcpor-tcd in 1955. i'hc bl-oi~~otctracycliilc was 
1"-odi~ced 11 651 by cul t i~r i~lg a l?rorl~otctracyclii-ie strain of S. uiii'c~(~firc,ic~ir.i RO 
1441. Tlic aqueous medium contairicd from 3 to 10 'X i  of a carbollyciratc. 0. I io 
1.5 '%, (NHJ):S04, 0.2 to 0 . 9 %  C7aC07. 0.02 to 0.5 ' X ,  of ari alkaline ir-ictal 01- 
alkaline cart11 nictal br-ornitic anit 1 to 1 '%I of a special iiialt c x t ~ i c t  as sole 
organic iritrogcn sonrcc. 'Tile pH was 6.5 initially: thc teiiipcr;it~irc 37-3 I "C; tlic 
cliirat ion of cultivation was ~ i p  to 1 00 i-io~~l-s iiiici was prcfcl-ably iiiiclcr s~il?nicrgeti 
aerobic conciitio~is. 

'l'l-ic S ~ L I C ~ ~  of tlic :iritib;ictc~-iiil propel-tics 01' l ) i - ~ ~ ~ ~ ~ o t ~ t r i ~ e y c I i i ~ c  shoi\c(J tii;it  

r ' r ~  v i t ro  the effect oi'ilic iicw antibiotic was very sirnil~ii- to tliat pi.i)ciiicc~i by tlic 
other ic t r- :~cycl i~~~s.  B ~ O I ~ ~ O ~ C ~ I . ; I ~ J ~ C ~ ~ I ~ C  diffi'~s fio~i-i ~hJ~~-te!riicycl~i-rc hy higlrci- 
activity against sor~ic microosgiinisins. r..g. agair-isl ,S('tri.c.itiii liit('u (t\vice 3s 

active), Protriis vii1grir.i.r (2.5 tirncs). and Bni~il1ii.c c,i.i-c.iis (0 tir-ncs 111ot-c iiciivi: 
than chlortcti-acyclinc). 

i)ornethylchli~rotcdr~icycii~ic (132) was isoi:lictl ; ~ l r t i  i~iciitificii 1 l Oh] in 1917. 
'I'liis aiitibioiic is proiiuccd by the miittint strain of 5. cilii-c~ofiic8irrr.i. wit12 upset 
incciini~isrrl ot' nieti~yi groiip tr;li~sfi.i-. 1-lowever. ilciiicthyl ticrivative\ oi' 
ci~lortetsacyclinc can :)]so hc pl-otltlcecl by tile coiumon strain 01'5. iiiiiec~fcic~ic~ii.~. 



'Po tlr;ii end ai~ti~iietabolitcs of riictl~ionit~c, rlic main donor of inethyl groups. 
shoiiltf be added to the r-i~ciiiurn for cii1tiv;ltion of tiic stl-cptorrrycctc. Ethioniile. 
1'-rzoricucii~c, and D-rncthicir~ii~c may I7c useti ihr the purpose. The cieinctllyl 
t1eriv;rtivcs diffe~- 1)-or21 clliortctracyciinc or hror-iiotcrracyc!ii?e by tire absence of 
the nicti~yl groiip in the sixth positioil of the rnain tct~.;icyclinc molecule. 
Dcn~ethyltctracyclii~es arc more stable to acids and alltali tlian tl~cir. rnctlryl 
I~oinciEogiici. Tlic anti???ici-ohid activity ir.i v i m  of the tetracycline ar~tibiotlcs 
~rscd i i l  r:ledicirrc car1 he show11 by s c l a i i ~ ~ g  the activity o f s o n ~ c  of ti-iern against 
Stci / ' i~~ioi~ci i , i ' i i ,c  a1ci~i71/?. 

i n  :i iiirihci- itiitiy i 1691 prodiiction of high levels ofteiracyclii?c derivatives 
w~is  ohscrvcd in gcncticaiiy nlici.cti S"fi.iyitoii~.r;i.rs strains. i n  particular, tlre 
pro'tliictioi~ of' dc~i~cihy!tets;icycli~~c ~liltilor c ie i i~c~hylc l~ ic~r tc t r~~cyc l i~~c  by strains 
o f  ,i'. iirii-i'ofiic,ic;r7.s i i ?  whit!. tile C'K' 03.  C'TC' 09, :ll-iil/or C'I'C I I genes ;Ire 
;iitcred was cicscrihcd. ('TC 03 ci-icoties an clrxyri?e rcspolisilAc for the 
cliiorirxition of tl-ie C'-7 position of tctr;icyciiric. I'TC 09 encodes ail cnzyr.iic 
I-csporliibic ibr tiic ii~cti~yl;itioi-r of the C-h positiui~, nrict CTC I I crrcodcs a 
piitalive trarisct.ipt ion ;ictivator. The rccoi-i~hili;urt S. aiii.cw,firi'icvr.c cclis cornprise 
iit ic:i-it oi'ic C'TJ' I I gcr~e, airti optioi-iiiliy a C'TC 09 ggce. n C'X'C' 03 gciie or a 
coi~~hinatioi: thci-coi: Vectors br iiilclic rcplaccn~ciit in ;I S. utircofii~ic~ils host 
ccii were also cicscribeci comprising: n f~ii-ictional Esclrcrici~ia coii origin of 
rc~ l ica t io~i ,  ;r f~inctional Sti-ri/itorn~x.c.r origin of replication, a furlctional gcnc 
tl-i;ii irnp;~r!s a positive sc1ect;tble phenotype or1 tlie host cell and ;i ribosomal S12 
gcnc 1~hicl-i is cxprcsscii in .Ctr-c./iroir~j.i~a.c silcli rh;lt it ir-riparts sensitivity to 
strcl?tomycin to tlic host cc/i. 

Srraiils illat prociiicc dcmctliylchio~tet~rcyciir~c also produce a n~clanin-like 
piginciit / 1701. 'I'he cnrrclation bciwcerr melanin-like pig~ncnt prodilciion and 
tic~i~ctl~ylcl-ilor~ctri~cycliiie hiosyntlrcsis was ir~vestigatcd by iising S. 
ciiii.c,ofiic.ic.i,.c NRiZI. 3203. 7'cii cl-ilo1~t~tri~cycli~ie-pr0~3~1ei11g reeoi~~binanis were 
iicr-ivcti fro111 ii~i~icthyicl~iortctriicycii~ic proiiiiciirg mi~iili~t NRR1. 3203 by gene 
I - ~ ~ ~ ~ C C I I I C I I I .  I~~ i r ther  cxari-tiriatior~ showcci tl?;ii rnc1anii1-iikc pigrncnr rnigi~t he 
\yrltEicsizcil i.ici the d c ~ ~ ~ e t h y i c l ~ l o r i c t r i ~ c ~ ~ c l i ~ l ~  biosyrrthciic pati~~vay: mirtants 
ilci'cctivc ii: ticii~cti~yicl~lorictri~cyclii~c i?iosyi-itlrcsis wcrc tlerivctl fior~i n 
i ic?~-ic?i~ylcl~Ioi-ici~~cyclinc pi-t.iilircci.. Productiiir~ of cieii~ctilyiciziortcti-;icycii~ic 



,ind prodtiction of r i ie l~~il i~~-i ike pigment wcrc ic\toied ~itnuli,ii?coti\Iy by 
in i~g i~ i t ivc  ti'in\io~!iiatror~ with the corie\1x)i1ciirig de~nctl~ylcliiortct~~icyclinc 
bro\y~~thctrc fietie\, iridicaitng tlliit ion-ic of cicil~ethylcliio~:cti,icyclii~c 
bio\ynthet~c ei?7yinc\ aic iiidi\pci~"ribIc to1 i~i~I~ini~1-1ike jiigincilt protitretion 

Oitc oi the ~ ~ ~ v e n t i o i i \  [I711 111 t I i i \  field rcI'itc\ to ttic pi<xii~ctioi? of 111gli 
icvci\ of tcii,rcycl~r~c ilcriv,itivc\ \ucii '15, hri C Y ~ ~ I I I ~ ~ I C ,  C ~ C I I I L ' T ~ I ~ I ~ C ~ I ~ I C ~ C I I I ~ L  l i i i ( /  

ileinethylchloitcit,icyci~i~c by geiicticaliy ,ilicicJ 5 t i c ' j i i o r i i \ ( c J s  \tiaiiis \ L I L I ~  ,i\ 
Y cirii i ~ O f ( l (  iPi7 c 

~~~il~ycIiodcn~ctl~ylchloitctr~~cyclrnc (133) LVCI\ iiiccc\\fuliy i\ol,itcii j107/ 
irorn intitant S L I Z ~ / P O ~ L I (  I P I I ~  I I 1 .  ,I dciiv,iti\c oi , i  

iie~i~etl?yIelil~~t~tr~eyel~i~e-~~~~~i~~~~~~g j>~iiciitiii 'itritiil VItitlillt I I h l  I?  i ? ~ i i i ~ ~ i l l y  
proiiucc\ ,in  bout 10-25 jtg/rn 1 06 dc~riethylchlortet~~cycl~r~e 111 ih,il p'ir t of t i le  
I r i o ' ~ y ~ i t l ~ e : ~ ~  p'ithway to ilic tet1~1eyeli11~\, ~vi i te l~ I I I V O I \ C \  t e t ~ ~ i ~ y ~ l i c  
intcli?Iciir,iic\, olocltcd n~iit,iriis 11,ivc llccn icpoiicd ioi c,icl~ \tcp 

In the itiidy [ I h X ]  of the I)ioiyi\thcsi\ tetrilcyclii~e ~ i ~ i ~ i / r i ( ~ t i e \ ,  11 R L I \  

obscrvcd lii,rl tile i~yilrotelr~~;jclii~c\ ,iic b~olog~c ,~ i ly  tccoi?\crtctl to iirc 
tcir,icyclines iroim whlch tiicy u c i c  d c ~  ivccl The ccril\cr\ioili uc rc  
nccoinpiishcd by rl-ie 'iction of the tcti,lcycl~r~c-piuclucir~g ilpccic\ ot rhc gcriui 
r o e  Ti~r i  obicivnttorl w iritcrpict~ci to r c i  t h ~ t  tlic 
di~i~ydiolcttdcyci~nc\ were nol-[i~~tl bio\yiithct~c ~i-itcrn~cdi,itcs to the 
tct!ncycline\, and tht> concept iuccccifully po~iitccl the w'ly to the idcii~iiic~itioii 
of yet e,irlicr 4tdgei in the btosyii(hct!c piilhw,ty 

'Table 10. Activities ofcomrrion crniihiotics ot'tctl-acycliric groiil? 

'l'hc tcir;icycIirics 1i:ivc- iorig beer1 tiiccd iii ~)r;ictic;il nlciiicii~c. am~ii 
rnicroorgiii~isi~?~ i.csistai?l to Il-~cn? have tlicrchi-e iicvclopeci. 'l'l~is h:~s stii'nii!;i~cii 
tile iiivcstigiitoi-s to cvol-k oiit syrlrlletic dcria~:tlivcs of inattii-al tctr-acyclincs wit11 
irnprxovcti ;iriiirnicrobi:il proircriies. Wit11 the ai i~i  of' obtaining coinpoiind., u 1111 



new propa-tics n-imy t"~->icydindhiosynthetic or se~misyr-ithcric con?ponntls were 
prqi?arcci. which ;\]so provicjicti nurncroiis iiai;i 01-1 struct~iir-c firnetion 
rciatioi-~sliips af'tctracyclincs. 

'rhcsc relationships can be sili?-im;iri7cci as ii~llows: 

1 .  'I'hc ai-iiihacteri;ii activity is not ~iihstui~ti;illy infliicnccii by sul?stituiion in 
jiositions 5,6,7 iinci 9. 'firris for ii~st;ince hydr-ogctl i i i  position 5 can be 
siihstitriteii hy l-iydrosyl group (oxytctrncyclinc) witllo~it a n y  subst;intial 
effect on its ;inti~nicrobi;il activity. sit~rilariy, chlorine or bromine cat] he 
placcci in posilior~ 7 (clilortctl-acyciiilc, hromtcir;icycliire). Scinisyr-itl-ictic 9- 
l-i;\logcn iicriv;itivcs arc ;ilso highly efficient. 

2.  Srrbstitiitior~s in positions ?,I I a i i l i i l  12a yiclti hiologic;~lly ;ictive conlpoiintls 
otrly if'tiie i.esuiting psociiicts can hi: i-iyclroiy/cil to I E X  origir~;il cciinpotinds 
insitic tile or-ganisn-i. 

3 .  Stibstitu~ioii o f  tile iiimcihyi;lmiilo~yli~iri group i i ~  position 4 by hydrogen, its 
cj~iiirtu~ti?i~;itioii or- cpirncri~atiorr rcsuitcd i r i  a siihstanti;illy cfccrc;iscii or 
hilly supprcsscci bioiogicai activity. Epitciracyclii~cs arc i'orcncd ii? aqueous 
soliitions ;it clcv:iied tcmper-;itui-es and pi1 2-6. 

4. 5-FJ,piil-icri 521, I 1 a-cichydi.o- i~iici 5a.6-dchydroilnaiogs are also hiologic:liiy 
ii~activc. In rln acidic cnvironmcnt (pi3 2) tetracyciincs with hydroxyl 
group in position h arc iraiisformcii; water rnolcculc i s  clcavcd off and t l ~ c  C 
ring is aroi~ializcd resiiitii~g in ai-rhytirotctracyciii?~~. Hydroxyl group in 
positioii I ?a is csscntinl fiir this convcrsioli. 

It ibllon~s li-o1r-1 ilic ailovc-mclztioncd data th;it thc basic sltclcton of 
tctracyciirrc ii?olccrilcs atzti cln-ornophorc ketct-cnol systcrns in t!~c rings A and 
13('t) and  h;isic fiiilctioli it1 t?1c ring A ;ire r-cqnirctl Ihr ti-icir- l-iigk i?iological 
activity. Corii'igi!r;ition 011 asyii-irnctric centers C-4, C-4a and C-1221 is cssci~tial, 
wl?ereas that on ('-5, ('-52 anti C-6 can vary without a stibstantial effect on tlic 
l~ioiogical ;ictivity. Hyiirogcn of tile ainidc group can l?c rcp1:iccci with a i-i?cthyl 
groiils; loi-iger rcsiiiiics i-iavc 3 negative cf'fcct will? cxccistion of iliose ih;ii arc 
clciiveti o l i  i n  water. I l ic  iiimctl~yl;lri?ino groirp can i x  siihstit~tteti i ~ y  a priinary 
;iinii?o groiip. 

'['he tcti-acyciiiics can l?c iicc~~ri~~ii;itcii scieciivcly in tiii-ilor tissue. Wheil 
tumors cont;iirii~~g tctracyciiiies arc irradiated. ilicy llcgiri fluorcscc. 
i>c~1~ctliyicl~lori~tct~1cycli11c provcci to be n~os t  cffectivc wlic~i giver? /)ti. 0.7. 

~vhilc  tile iligl-iest ci'kci iri iiitt;ivcrrous ir?icciiorr is ;ittaiilcd \villi oxytcti-;icycline. 
71'etfiicycli~?cs ii?clotig to tl?c most coi-i-iinoizly iiscti aiitibiotics. l i i  addiflorr to 

tlrcii- cxtcnsivc ;ipplic;i~ioii iii h~rrnar! aritl vctcr-inary ~~?ctlicirrc. tiicy ;ire still ilscd.. 
;is inedicntcii food ;ititiitivcs iihr dot?ic~llic ;~i?irnirii .;incc the atitiiticii~ of sillall 
; i l i l t i i i i>t . i  ol' I C I I - ; I C Y C ~ ~ I ~ C S  to i/re ihciiicr i ~ i g i ~ l y  :icccle:-atcs growth anti iricr-eases 
tlic ~ ' c i g l ~ i  orfhc ; ~ I I ~ I - I I ; I / S .  



135 inetily lcIiloipri:letra!niti 
136 r-i~etiiylhydroxychiorpre~efriin~I~I 
137 ciiioraureovociciin 
138 methylchiorielr:tmic1-1?111e 
13"B>-den-cethyl-h-dcoxy-7- 

ciiloraureovocidin 
140 chiorprctetramici 
441 chloro-A-C-iiiqiiii1i'ir1~~ 
142 chlortetrnmid-bluc 
143 chiortctramid-green 
144 3-oxoanhycirotiernetiiyIchIorte1r~1cycIi1~~~ 
145 h-demethyl-6-dcoxy-7-chlortetrii~nici- 

Ereerr 

I hc l o i i ~ l ~ ~ i a e  dcpictctl hcllow ,ire orlly \oi-trc iitiportairt iiiic~mciliate\ tl?,tt 
,ire procii~~cci during hio\yntlic\is ot circi ~ ~ r o d u c t i  fro~rl tet~.icycIine f,iinily 

More rccct~tiy, iiactylocycliiics /I (B55), 13 (I%),  D (157) ai~il I- (1-58) li;i\~c 

been isolated fi.0111 2) Diii~fj~Io.sj)oi.~ii~giii~i~ strain ;\'i'B'C 536913 j 172-1 701; tl-iesc 
11;ivc tl-ic opj~osiil: sicrcocl~en~isti-y ~ l t  6 ' -0 .  i ~ ~ c i y l o c y ~ l i ~ ~ o ~ ~ c ~  i.v. X - I ? I ~ ~ ! - I O Y ~ -  
chior-rcti.aeycline (Scl-i 3696')) ( 1  591, 2'-1V-'-n/ietl?y l-X-i~~~tlio~ycIil~~~-tctr~i~cycli~~c 
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( 3 ~ h  11-256) (160) ,incl 4~r-liyciroxy-8-111etiic~xycl-ior rctr,~cycl~nc (Ccl~ 141 64)  
(161) arc the p'ircni i~icirrbcri of tiic i i t i~~i /y  iii'lt tllc 6-epiiiicr\ of X-  
i1?cthouychlorictr~icyc111?~ i~ oil? It lit?oi?icci!ici ii hi iir?tjclii 1 1  77 i 781 i iic 
i!clctyic~cyclitio~~c\ cont~iiii uil~~iu,il  sug'ii inoict~cs, with dcictylocyilr~~c ".>ciiig 
rhc biologrc,illy nloii nctivc nicilihcr 14 ~ I O L I ~  01 t e i ~ ~ i c y c I ~ ~ ~ e ~  i t i ~ l i i d i ~ ~ g  SI 
2575 (162) h,i\ bcc17 isolntuci fioi-il Sfip,vtorniir\ \pecici t11,ir I1,ivc ,i C -  
p I y e o \ ~ d r ~  lii~k<igc 'it ( -9 ,tiid <I \,tlicyioyi cite] 'it C-4 

12, Miscellaneorns ccsmpounds 
/i new crystalline ;intiti~:not. iigeiit. c~ t i~p t ) \ i i~c i  59311 (163), i ~ > i ~  hcc17 

diacovc.rcd [17") i11 ibrn1ciitatioi.i liroii~\ oi' S. gr.i.vroi'ilic,ii.\,. Thi: .;ii-;~iii \V;IS 

isolated fioil-i soil collcctcci iin the ;ti-c;i oi'i<ici?ri~orrd, " i o i i ! i ~  ,\h-ic;!. it. 191-csciicc 
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111 tile i'crrncntctl i31.oti1 was detected by tile I-iun~ari tumor-egg I-~ost system, 
n h i c l ~  \+;is iiscii also t o  11cip grridc kri-i~ci~tation zii~ii isoiittion sttitlics. I<i3 cell 
i i ~ i i i  bactcri;il test sysicilis provicicii s~ipplci?~cni:ii-y guiciancc for tl-icsc stiidics. 
. . 
Ihc C O ~ I ? ~ O \ I I I ( J  11;1s bee11 shown to inhibit gsowtl-i of' tile 1,1210 iynijrhocyfic 
Icrihcriiiii KI-ehs 2 il~iirir-ic iumol- systeiiis, the r;it Waikcs 256 c:~rcinosarcoin;t. 
:illti scvci-;ii i~cc>plastic cell iir;cs. Recci-it clinical (rials i~;ivi. i-cvcalcii ihai 593/\ 
is cl"i'ccti\e against cci-titiri soliti tiimctrs :ir-id lcukci-I~i;i. 01-1 a wciglit basis, 
:ii~titiiilior compoiiiiii 593A is very i?oict!i ;)gainst ihc liurii:in acici~i>c;ir-cirlcima 
i l l  tljc cmhryonntetl cgg. I t  also ir~iiibiti, i n )  ihc cgg. growti-i of the i~itrnai~ 
k;i?coiI?;l ;!17d ~~?e t ;~s l ; i s i s  hiit 110t pi'iin:iry gi'O\i~lh 0i' ihc h~1111al-1 cpiticrnloiti 
ciirci t10111;). 



A11 X-ray crystallogl-apizic,piic ;in;ilysis jiXO] of 593A cictcrinined the 
;~ppropri;itc sti-ucti~rc including its ai?soliitc coiifiguratioil. 'The conq,oiiiici is :I 

pipwazincciionc composed of  two iiic11tic;tI iiiid iliriicrto iiiiknowii ;ir?-riiio acids 
cliuractcrized by a ~iniijiic 3-chloropipcriiiinc ring. 

'I'iie isolation oi' ;I neb' ;~ntitiii-rior ni-itiljiotic 1)i'XO-!\i. which has tlic 
rnolccular ihri-i-iiila C'?(,t 12,N ;08('1 fro111 ;I C L I ~ ~ L I ~ C  (71-0th of a strc17toillycete. \ ~ ; i 5  

ticscril>cd ji 811. 'Tile protli~cing orgxnisi?? was iso1;itcti ii.oni ir soii collecteil kt: 

Mt. Rokko in Flyogo, .l;ipan, and was t:ixonoinically classificci as .Stri~c~/~toiy.c.c..c 
.sp. (FliiiM RP 988) h;iscti oil 130th whole cell will1 aii:iiysis anci inoipl-rology. 
'Pile ai-itihactcrial activity was iictcctcci in both iiiyccliuiii and cxtraccll~~lai- 
mcdiun?. t>C7X9-A1 siiowccl aiitin-ricrolbiai activity. iiiaiiily agiiinst Gran?-positive 
bacteria. Its struetiire is still iinitnown. 

hs ,r . i ~ s u i t  -,. of' screcniiig ciilturcs o f  ;ictinoinycctcs ibr iiictaholites Iiaving 
aiitihiictcrial propcrtics against Gsilr-ci-positive iincl C;i-;in-t-~icgative lxictcria. 
inciudiiig acici-fitst bactcriii. tlic acidic lipopiiiiic ;iiitiljiotics pciit;iIcnol;tctoiics 
(164, 165) ii-oin tlie icnncntation hrotl-i of Str.c~/i/oiill~c.c'v sp. s t ~ ~ i i i  A/\-57 wcrc 
isc)Iatcc! [ I  821. 

A i ~ c u  aritiliotic. krrarnitio chlorori-iyciir (i::\Q.Z/i). lxls 1 ~ c i - 1  itioiltiiicii j I ii? 1 
in tlrc rcrn~cirtation hrotl~ ofSii.c~jitoiig,c,c~s ,-IS 13 isoI:itcci l.rorii tlic soil oi'ilgypt. 
'I'Elc ;i~itil?iotic is ;i poiypcpritic coi~taii~iilg s~iliiii-. ciilorii~c, :lilt6 ii-oii. E::\I'M is 
ii~aii-ily ;iciivc ;igai nst ( ; r ;~~~i-posi t i \c  hucteriir iiiid iiiiigi. T i ~ c  i?roiiiicii-ig 



organisnl, ciilrirrc conditions, isolatiorl of the ;iiiiihiotic as well as its chcniicai, 
pl-iysic;ll a11i1 biological propertics 1i;ivc been descrii>ctl hiit its sirtictiire htlr not 
yet bccr-i ciuciii;ited. 

8 3, Halogcnatiing enzynnes 
f r ?  this \iibciiaptci-, tile cnt;~lysis of lialogciiatiori of' organic s~ibstratcs in 

\ircpioniycctcs will hc briciiy tiisciisscd. Two oiiisiaiiiiing cliaptcrs oir this topic 
ii;i\~c :iircady i7ci.n piiblislicd 12. 1841. , S f r . c ~ j i i o r ~ ~ ~ i ' ~ ~ . c  phac~oi~i7i.oi~~ogi~n(~.cC a 
cliiorain~~lici1icol jirodiicc~.. prociuccs :\ liiilogeiz pcroxiiiasc. an enzyme that was 
fii-st ciiscovcr-cii in ixictcria i i i  1985. This enzyli~c c;rtalyzcs I7rorr2ii1atioi-1 oi' 
org:liiic coi-i?poiirriis in the J ~ I - ~ S C I ~ C C  o r  hronnii-ie ions itnil hyiirogcn pcroxiilc. 
Sirbscqiicntly, a liigEr i~iii-ril~er- of broi?iopcroxici;lse.:criisc were iicscrihcci in diffcrcnt 
l o .  species. h brornc>pcroxidasc w;is isoliited froin S. 
~jiicrc~oc'i7i-oiirogi~n~~.~ ciit;ilyzi~~g 1>rori1in;ttio11 of pyrrol~iitrii~ in position 2 of the 
pyrrolc ring. S. oriirt?/irc~ic~ii.r, a rciracyciinc prodi~cer, iind S: gri,ccu,c. contain at 
lciist two ant1 foiir hroi~ioperoxiilascs, rcspectivcl y. S. ~~c.nc>ziieiirc. producing 
cliloramplrcriicol contains a hrolnoperoxid3sc, Ilo\vcvcr, this cnzylnc was ihunci  
to catalyze chlorinatioii of an acetic acid cferivative in chloramphcnicoi 
l~iosyiitlicsis. it li7llows from tile tthove data illat a cl11orirr;iiion cnzyrlzc lias ~ io t  
yet 1~ccr1 ticscribeti in 13acrcri;t but tI-i;lt it is si~bstitutcti fo r  I-iy hro~~-iopcroxidascs. 
I i;riopcrouiii:iscs c;ii~ he iiividcd into two basic groijj-ts accoi-ding to the prescncc 
or nhseilce o f  pi-osti~ctic groups coiitaining I-ilctal ions. iicn-ic (protopoi-pl-iyrin 
IX)  cont;iii?ing cirzyrncs react will? 11ydrogci-i pcroxidc giving rise to a 
liytii-opcroxictc of tile ctizyinc (E) whicl~ rcactc wit11 it hiiiogeii anion ( X j  yieldiiig 
rlic coinpoiinti EOX.  lJnfortui?atcly. tile imcch;iilisrn of this rcaction has not yet 
bccii c1;iriticd. 'rl-ie data oil s~ibstratc arrii stcr-cospccific aiid stcric specificity 
have so far hccir nr~sniisfiictor-y anil no tlifii.rcnces l?ctwccri tile clicn?icai ;tnci 
ciizyniatic halogciiation co~rld he dercctcci. Nnn-heme chloropcroxidascs have 
not yet been discovcrcd in bacteria. On tlic contrary. lion-l~cii~c llrilopcroxidases 
wci.c discovcretl i t i  .Y iir,idot?.c, a l?actcri~im that docs iiot prociirce any known 
clilorinatctl rnetaholitc. On the basis of thc ilitl-ierto data it can he concl~idcd that 
iio halogciri~tioi~ C I I ~ ~ I I I C S  co~ilii be ~I~tceteiI  and that tl-iiis the whole l>iosyntl~csis 
(iiitr-oci~ictioir of lralogeri to :i i~~olcciilc oi' an org2inic coi?-qm~inii) has i-ioi been 
corncl iisiveiy ci2irifieii. 

14, Concliusion 
i t  c;in bc coi~ciudcci t i i t i t  ilic rcscarch of l~alogcn;ltctl nictaboiitcs can 

iirocccci i n  two iiircctioi~s. 'I'i~c first inclildcs tE>c cxploitatioil ol' sites from 
ivhicl~ iiew str-cpto~~~ycctes  car: bc isolaicci. ~ . g .  nl;irinc cnvironi?~ci~i, or  
locations wit11 ill1 cxtrcrilcly high content of sii/ts (stir-roulrtlings of' indtistri;li 
pIiintq> salt liikcs). 



1 he \ecoiiii i i r r cc~ io i~  iltiIize\ iiicihoiii of rnolcciiiat biology 'liltl gcilcric., foi 
tlic prociuction of new Ii,rlogen,itccl ~~ ic tnbo i i t c i  lire c~c,l t lon of i~okc i  
polykctidc\ h,t\ becil ,iclrrcvcd thlo~ig1-1 gci~ct ic  rn'!nip~~I~itior~ of polykctrcie 
~yrr t l in i i i~  Pile niudiil'ir n'lturc of tiic l j p c  i pi,lyhciidc \ynih,l\e> , i i i o ~ i  for 
cioniaiii cxc11,inge hcrwccn di i ic~ci i t  polyi\etiiic i y n t l ~ , ~ s e  gciici ~ c s ~ i i t i i i g  in 
iiyhiid gene\,  wl~rcii  produce polyh.etidc iyntli,iicc with 'iitc~eci pIopciiie5 t11,li 
iciiilt. in turn in mocirircd m,iiroiidc \ t ruc i~i ic \  111~15, ~t i \  po\\ibIc tc) ~on i101  
cli'~in length, c l~o icc  of cli,iin cuicndci iinit, ciegice of 3-c,irhoil ou id~~ i io i i  ic\ci .  
,ind soi-i-ic cicgrce itci coclzcmr \ t i  y / I X i ]  
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