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Isolation of Two Facultatively Anaer()bi~ 
Collagenase 

Organisms ilrot/ucill(1 . s 

R. S"~t1L\ SIY,\ IUO, S. C. ?,.\'.;I)\, S: ~1. 5.\:-;T,\PI'.\ 

('~l1lr:" Ix:tIIICf Hc,c~r(h "",;111"'. ~1"dr;'~ 600 O~o 

Onc filld/luJ sp. ~lld nne r.\((I(/;",,,mflJ ~p. i<nl:,le<1 from plllrcfied skin "ere fOllnd 10 scrrrie c,lracdllllar 

coll~gcn~srs 1I1ld~r bulh ~er(lhic ",,,I ~n"r,,'l,ic rOlldilions of groll Ih. Collas.:cn,se ~rlil ify "ns delermincd hy ~llIdl in" 
the hydrolysis of RIT roll~gen libers, lysis (If coll:!!!cn gel ond reduction In \·iscosily of solllhie collngen. In 1111' tl,: 
tests roll3!!rnnlylic orlhity of thcse two i<~,lnlrs "Os cnmpartd with thot of ClostridiulII hiJtol,·riclllll. I'rnlea,<~ 
c1nhor=a'N.1 hy che fafUif:1lircly :lo:1rrClhic ofl!:ll1i~I11S also .hydrob"sro C!lst'in, C1!~ nlhumin ~,"d ~r13fil1. 

REV~EW on microbial collagena;;es. by N(;rd;"ig1 

pomted out that only a fcw bactena are capa"ble 
of hydrolysing natil'e collagen which includc 

ClostridiulII hi5t(l~rticlllII. C/. />e,jrillgflls., CI. lelalli 
and Bactcroides /1Icftlllil/lIgclliclIJ. CollagcnolYlic 
enzymes were found 10 be sccreted by ccrtain obligatc 
anaerobes (cr. ""sto~rticilm2 and cr. per/ril/gells3) 
and they could attack native collagen under physio· 
lo~ical conditi0ns. Tancous~ isolated another ob­
ligatc anaerobc C/. capilorale frolll sall·cured hidc 
samples which could hydrolyse skin collagen. 

Certain aerobic and anaerobic (facullati\'c) 
bacteria5.11 were also claimed to produce collagenases. 
But in most occasions aZl'coll, hidc powder and syn­
thetic peptidcs were used as the substratcs for colla­
I!enase estimation. But Wald\'ocel and Swartz12 

<b'eI0ped a screening test for collagenase producing 
bacteria ming a collagen gcl film and examined 
various bactcrial slr;lins for thcir lYlie cITed on 
collagen film. Thev ob~crvcd il lil1;ited number of 
anae~obic str:lins l;eloncinH to the gcnus clostridia 
and bacteroides and ();lC "strain o( Stapltylococclls 
aurcus (when. grown undcr anaerobic condition) 
could lyse collagcn gcl. Hanada ('( 111.13 however, 
isolated a marine bacterilllll pscudomollas lIIarillO­
glu:i/losa which was capable of hydrolysing native 
collagen in aerobic condition. Two nc:w facultativcly 
anaerobic strilins isolated in this laboratorv from skin, 
putrefied during soaking, wcrc fl)lInd 'to possess 
colla~ell('lytit' adi\'ity \I hCIl te~tcd "11 dilTcI'l'nt typcs 
of col been ;!lbstrates. The results obtained are 
reported-in the present communication. 

:'I blrrials and :'\ Irthods 
CI,)\(ri'/i;/I/I hi""ir';"1i'1I ',I:IS l.indly ',lIpplied hy 

I\,RI. 11;!tIlJ~:!r. OI1~ ,Iraill (,I' b;!l·ill\l·; ;Ind )llle 
p<eudOJllon:ls-,tr:lill, :'ct to be furthn iticllli!!nl up to 
species !c\ef. \'.nc is(,Ia!:d in this 1:!hor:II(';·:". Thcee 
0r!:ani,lll<: \\cr': rplIl~d :0 Err"" under h'lh ;Iul.,bie 
and anacf(,t-"il" t'~'nditil.·'ib. ('-I hi.\!r"!l'.'in,'nl ",\ ;1:' ~~i"('\\ n 
l'n sodium thi,'~lyc,'II'ilC· brPlll '''Ihl :!:.I::r i,I:II':" 
the b:"illlle :!nti 1".ClI,I""H)Jla, S[Llill' \·.cll,: \'1,",\11 

on nutrient broth ilnd agar platcs. 

ns 

.. \nacr<,bi.: c,'nJilillll wac nealed b:: u,inl! MclnIO\~/· 
~n~ Fildes anaer\lbic jar with lllctltylr~c blue 11.;:. 
JI1dlcator. .', .',. 

Coffatellol~'I;c act;";ly -In order to study ti~'ij 
collagenasc aClivity of the b:lctcria the follo\li~," 
methods wcre cmployed. . .... ; 
Hydrolyis of RTT coffligclI- Albino rat tails fr~:,;, 
age group of 7 to 8 weeks were collected, ·.\J;hcd IItr' 
and the tendons were dissected (luI. The,e tcndo!U:·, 
were suspended in 1,1[ NaCl solulion for fcw hO~!l: 
and \\'ashed 3 times with distilled waler. NCkl dll/ 
the tendons were taken in a petridish in bundk{~; 
weighing 100 mg each and sterilized by fumigatin;$ 
them with ethylene oxideu . A fter exposing to clhrlent:l~ 
oxide for a period of 18-20 hr, the petridish \\,1(\ 
placed outside for I day to remove residual clh)'I~+:} 
oxide if any. Tend.o.ns (100 mg) \~cr.e ascpticall1-1{ 
transferred to a stcrlhzed tube contallllllg 10 mt u:!J; 
0.1 .If phosphaie buffcr (pH 7.4). If no gr?\\.th ,;,' 
occurrcd within a period of 5 days, the tubcsconlalOlDH 
buITer and tendons were takcn for inoculalion·\t~:r~ 

. i':'~I~ 
L \'.lis of collagell g""~'~~ 

. Prcpara!ion of c.ollagen : C?llagen .was. obtaiocd,~ 
by extractll1g rat tall tcndons With acc.lle a~ld foll:'$ 
ing the procedure of Berman el al.15 With shght m \'~' 
fications. Tendons· from thc tails of about 8 lIet i· 
old rats were dissected, sliced, washc.d in. l~~" 
\'olumes (If chilled I M NaCl anll thcn With dlsu.I 
water ;;nd allt)\\'cd to swell in 0.5 .If arcli,' ;Icid (,i' 

2-1 hr with stirrine, The undissC'IYcd l1I:1tcri:ll .w~; 
ftltered . and the -filtrate dialysed ag:Jinst 0 0'1' ... 
acetic acid for ovcrnight. It \\'as neutralized by d'\~ 
in!! 3!!ainst 0.02.V l;ho5phate bufTer (pH 7.~). d'l' _ _ r I\'c • 
rre:ipitatc formed durin!! dialysis \I':1S Ct."," h.'Y 
0.0) .II :!ceIiC aCid and then dl:th·,cd ;1.!1I1•1 r~ .. , 
i,hJIC bUlkr fN ncutralization. Tilcn the I'h(::'r::~:~ 
. I" I I ". I . . t '1,1. 1" le'ns "'.ere C 1I11l11;lt2( Jy ul:l Y';111.2 :t~all" "I·; l 
.. '.:,Ier ... \II!k ;tiJ'wc qCP", \'cre c!lIicd ,.1It;: II. 
The r"'lill!!~~: ,jcc":I> l1uid \'.as cClltrifl!cc:J f\.'~,h:': 
:d :lllllil 11'11' :llld Ih, L'(,lllrif\l~;I'" \'.:1' I:.'i .. ··· 
:~jhl q()il"! ;~t I!}(". 

['rcpar:lllun 0(' cl.Jlai'CIl gel : L:, ',II,J;ili .. :,! 
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1 . 
RAO CI al. : ISOLA no\" OF COLLAGEN PRODUCING OR(; .. \NIS~fS 

'lilii;lg!lOn 1111'11:1" di,.,i("VI"fI ill 00" M :IITlil·.:ltid .UII II~t' I>asis IIr th". :dl(IIT nl()lpl!"I"gi<::d and 
1- J aJjltsted w 1'11,7., II Ill! 1.\1 In, bacI' (I'nl:lIlllllg blochellllCal characlcristlCs the,e ~trallh c(.Iuld he 
~nl.lf N:ICi lIilh \iglln'u~ ~Il:l~ill¥ .. The ,,'ilJliPIl II:1S idclltifi,ed up to the genera Incl. lIith Ihe heir (Ii" 
!SCI1 di:,I\ .. ::..1 ag~"llq (.1![)) ,If. tns-IICI cl'lllallllng Bergey, i\lanu.al of Determlnallve. Haclem,lo!?, "'. 
(I ~ .If i\' ! "H /('1: ('I"a~"11 t::'llcenlr~':,'~ In the Olle of the SlralllS appe:u to be Batll/II.! sp. and the. 

. ",ll1li"I:· . :1 Pl'rt'\lIll:l Idl· 1l.ls .... ;\b'\.'~1 ~.nd··"r olher a f'.H'IIc/{/II/{/I/(U SI'. 
·Itll' .".1,,1;' 'Il ".:h 1'(llIred 1"11 ,: 0, Ilia II I'ell; ;,1.1I1·~ :In<l. IIyil"(I/r.I;'1 "I JUI ml/".!!,·I/ ..... Slerili/ed luhe, 
U·"I1,kl l t'l1 I,' 1I1Cllhal<'l :1

1

1.1, l. 1I11l'le Ih,' !!1'1 lIa, conlaining liulrer alld IUT lIere in"I·"lalcd lIilh 
1,'rOlct! r:lpldly. .. '. . 4S hr old cultures oi" CI. "i.Holy/it'lI/lI, /],I(il/II.I sp. 

c"II:12enase actll·lly 01 bact.:rra : The mel hod 0' and Pscudolllol/as ~p. and incubated :11 :nc IInder 
frIO\\I·':lS 1II(l,!ificd hy \\1all "·ogl'l :~lId S'.\:IIII.I~ "::15 aerobic alld all:lc-rollic conditions. AI reglll:rr inkr.-
u,cJ for detcctll1)! cCl":I:.·~n(}IYIII· :1t'llv~ty I,r bacte,rra. val~, the tubes were examined \·isually fl.'f the eXlenl 
Cile,,"s of the thloglycollale agar nutrrenl a~ar (8 to of hydrolysis of RTT by these ~Irain~ and the lime 
10 111111) cnl·er~d by nCI1\~ly grtl'"ng cllhures lIere taken ror complete hydroly~is lias noted. 
punched ""t. ~nvcned an.dl.then placed al Ihe centre It is apparent rrom Table 2 that all Ihe 3 'st ra in, 

. . of the i : :f);ate .contnrnllllg c.?2 lagen ~~I. These sludied arc capablc or hydrolysing ral lail tend'.'11 
pI(parall':.·': lIere III~ubat~d al .• / C. CI'"agl'lI lYSIS collagen under bOlh the cOlldiliolls of gr(.\qh. HOII-

:':;: appeared as black clrcubi aren around Ihe cuilure ever, the time taken for RTT hydrolysis differed 
.. ,". on pia Ie. . ' . . ,. appreciablv and is maximum in the case of P.rt'ut/v-
:,.. I'i!camc/rlc OJ.W1· ()I co{lageJ1asc (~('tn:I/·\:o-: \ I~~~~ 1I/(lIIOJ sp. -and minimum ror CI.' his/nly/iCIIIII . 

. metrrc method. used b:. oillerenl 111\011"lIors Ll'si.l' of col/llfJel/ gcl- Screenin!! test for col/agello, 
. for the ~etcrrlllnalll'n (II Icol/agclI:lsc aclJ\lly lias IVlic acti"it\' IIs',nl! col/a!!clI gel as~the substrate was 
followed 111 th; p~I:'l'n~ wl'rk .. ~)'I\l:~ld. '1.'l'l'~lICler conducted ror CI.~"i!i/o/.I~/iCIIIII and the ne'''y isolateJ 
(now rail~ ~ ~- ,~( 'd'lIh ,d.ISld"d \1;1:<-, ... 11 ii ll C) Bacillus sp. and Pselldomol/as sp. The observations 
,.as ~SCI ~:'r 'I>Cl"I.'Y. elallllnatll~lI .. t. :c .. c~' agCII are recorded in Fi!!. I. 
in tm-Hl· :ontalnlllg 0.1 '" l\aC I and ) nL~f '. '. ~ . . .. 
CaCI. (I'li :.0) \las taken :lS subSlratl~ and to Ihls C/. "15/0/.1//(11111 an.d thc. BaCll/lls sp. s!lolled 1)5" 
crude bactelial en7~ IllC I~reparation· \I :!s added. of .col/a.gen gel. CI. /"s/oIY/(C//111 took 24-.,6 hr ~l'r liS 
Organisms gflm n (.J~ hr-old)l?n agar slanls in aerobic lytic cne:t but ~ac~/~u.l sp .. tool; 4S~~O hr ~or Similar 
as well as anacroblc condl\lons. were scraped out I) IIC eITcd. ll~c I) tIC eITect, of.. P.II urinllln !(lJ sp. SI 
into ~tcrile tris bun·cr. This \las celltrifu!!ed at only feeble. It IS dear thaI (I. h(.f/ol),I(CIIIII IS capablc 
10000 rpm for 30 min and the surcrnatanl I\a~s csli . 

. malecl for protein CIlIII(,1I1 ill 11"lil, f"I/()\vin,' Lllwry"''" 
method. EII/vllles fr(ll11 dilklclIl tlrr:lI;i'lIl' were 
t\lraclcd in h:~ saine \\~\' (ln~t Ihen Na("1 \,], :l!ldcd 

.. I·) il to 111," .. final cI'"~enlbllil\l1 of 0..1 .If. \\'hilc 

TABU: I ._, M(II~I'1I0UJ(;If"AL (""'\/~A( 'IIII,I~'II(S 1,\0 

("Hr\1If"Af, Pnol'ut"ru"s ()I" lIn IsOIAll1l Sll"\/o" 
III'" 

::' . C()mraril~E ,;.-·Ib!:en:lse al:!il'ilv ('n7.'-'11\· prcp:cr:l-
, Ij\)n~\';cfl:·;IlI;II'h.:d II~ the ':lIl1t~ unil I.lrpr·,.lkiil ...... llllL'llt. 

Shape lhe now 1;1lI~ \\:1" 1ll1':rSIl~cd al ':rril'lh illl(·n·als 
::r to J hr or iIlClihati('Il, li1 C:"~ clf cOlllr,,1 tlllly 
~;fTl'r W;C, added I,. c,)l/agcll s,)llIti,'n. Spet'ific 
\:I..('f\..;itv PI' tht' rt~\H:,it'll1 mi\lr',,\, \\:1": •. :ah .. ·lILq~d ;tr·( ... 'r 
~:lrcI"II'1 "cr;nlh ,,1' !llkr;!I)i"11 :: •. ,c,'roli",: I;) til<: l'i~'lI\enl 
(. . I" :\t'l"ol,j,: ~ualJolI (. >i'" ::: >;,,, -. I ). . .. \I""'lol>ic 

Gram strain 
Spore, 
1\10Iil;l, 
Ilrolh . 

/'rOII'IIIy(;,· (I,·firin· ·I'rnlqphli,· :.,,'1;\·;,: .. (,,' III!.' 
!~lYm.:~ sr· .. ·· ''''':~ ";" tht~"t' j~,,'hlL'd Qr;!i:1'; IInder 
~!~uhicaI11~ .t';:""r;.!it:tll). \'.;1_, dd':i':';i!'! q, 
:~'1 {;'It .j ,.. . I' 1 .. I ! },. '.I rll ,( .. '::'!,". t ... ',: 'tUIII,'II, :qlt T'" ;Iltll :\': '.11·" 'Ll!.. '.I:tlr".,~: 

.. ,,(:'1) (.hC"IIII~.l!l: ;!,:It'.!!:· .. \\';",; (k!t:rllllll"d !,.~!, .. .' Iii" ',,! \11" 

. : .. -.. ~ mClh'ld "' KlIl1ill:" :h Icf'I'rr·,,1 ,:arlil'1 '. ("'.'.:' 1 "'.1".'· 
. , i:'~lr i, . . . . h 'I' I I' I ,\I"""il,,1 ' .. I C·~rre"ed III UIlIIS. I,.e Ulllt 'Clll;e l': IIlC': llulcilCll 
,'. ~ rng Or tyrt'sine libcr;~:"d I'~r llIill I'fr III I 1'1' Ihe .< ~,/~\C SOlul.ion .. (b) U,ill)! cg* a!t>\lI~lill a, ".;I'''I'~le. 
... ;::~:~,,{)lc".I~ Ill' :IL·II\·II~ II :!, dl'ICrnlllh'" I'y Ih,' '.!l(',jll,,'d 

. ,:':', ~ .d5l l, nt";: <'I td.'!"!. "\l,:tl\ ny ,,, f.'\r\n .. ~,,~c\! III lIill!:', 
. .( unll I '.' I . , . 1'1 I t' 

ttl) or ,',c ·'::ll'\. ;!~ rn~ pI l(yr.\':"ll~' I "c:,qi..'\, .. 1\1' 

Rh;lll1ll('.S~ 
Salicin 
I rh~~jlpl 
.·\r;rbinl.';;(" 

.... ~" d. lhl '.' "'11111;\1'",'. (c·l) ("·l.lIl!.,,,,::: .• ,'II\II' 
. l:C1' (\Iernll;. .:u.lli!:II'\I'I\ .. Ii I'· ':\!',c'.",·,! '" I'lc' ,~::~;;~\I red 
.1"!.l·tin' .IY'J '" ',11 ,.,,; IIc: ll'llcpkl,· lil/ud .•. Iil'n or ACe!':'lJIelll\.!' 

' I rarbillul . 
,'.. ~':\'Ih\ • (·ilralo:, \ I r-; ilr;IIt:·~ \.::. ... ·~ri().lI; ... .. '":I"li,, 
,:.: . ·,f II, . 1I11lll'h"I"'.'I':" I :J lid "I< ,,·ilI'IIII(.:<I ,'1."1",·,1 ;" .. 
1: .... " ,e l'l]hl I ' - I I· I ,. I' . ~~:,~:.:-~~:'ldard '. ',~'l {)rgtll~i,...;rll~ \\'l\C ~,~!tll Il't 1: (1\.'. Hl~~ 
1(:Jl';\~ 1able [1 ro l Ctlllrc,. Ilcl' '''''\IT,'all')II\ :nc p:crJl,krl 
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'1'.\1111" ~ -llnll~lll\q,\ 'II H'IT Cllll.\(a~ ,FlIlHE "" C. 
";\/1'/1 (if /1111, HI/f"il/IIJ "',', ,\'11 1'.\('luh,mclIlIlJ ~I'. 

rl. /I/\/ u h t;t 11/1' 

/J,w;/ftn : \'. 
r,\('/I,I/I'lIt'IIf1 1 'I~· 

" 
/ 

II 
~,I 

\. 
c. 

\. '1 
\ I 

i,!.J~f;\r-~ -~OC7~;1 
:;: 

1": i I 
t" 
~ 

Fig, I ._ Ly,is "r collagen gel film ((al 0'. ,hi.'!"!.lIi("""; 
(/.) n,willlls 'I'. and Ie) 1',I("lId"lIIo"Cls sp.] 

7,10 

(II' ,,·,jnl! ctlllaccn more 
a nd ·1'.1{';;d"'''/(II/~J ~p. 

(,,,l/og('lIl/.\(' oc/irit)' ".1' 
1111 "rill<' 0 I!('" cnll:w'.'n ~I 
I he' i'Cl)'Ill,:lcr k~'pt at '.lite. 
lion attaincd the water·bal 
I he CII1~ me prepa ralilH) "a \ 
;111.1 Ihe ('.'lIleIlIS ,,'cre mixcd 
.. I' Ihe mi\\lIrc \\'a< rC((lrdcd 
li(ln mi\IUfe \\a~ illl'llh:lled 
reruiar inlersals Ihe nlll\' Ii 
~1,~~t'i1i( \ i:'\..'t,:-ity was (;licuL 
\\~r(' ~rl)\\ n lIlhkr l"Inth : 
nClldil;"nS ;Intl Ihe CII/YIlIC P 
described carlin. Fi~. 2 (A 
rcdurtit'" ill :O-I'ccilic -, i~l"u 
ill(lIh:lIi,'1l pI'rind,. 

11111.1\ /c.: 1,,1/,'cI/ri·.'. 'I II '",tiltll ~,'d 
1)'l'udt'Ill"!l~" 'lr;,in~ ;If'l' l .' • .I;;rin!= t\;~ 
.,j'l".:..it\· , .. ·r ... ,.)l\lblr cnI1:l~(,1l -: :11l' !:r(",;n 
alrl'hit'-:~lI~ nr ;\1l;lcr(lhil;"I~ ... In \-11.111 :!i:.: l"ndili(~·,· 
.,1 c·I,"'.lh Ih,' I,ll': 1'1' ,i"" :,il> ... :cil:,li'·Il. \,', ;:.', 
/''.,'I/,!.'iii ... ! .... ,'l'I'l':lI';-.ll\ l""cn'l 1':lr:thk\\ilh lh:!t'r:.1u,.~i 
h\ (, /. J /.;,·h :,:,.·/,!n hut Ill'...' \ 'd:l"it:; fl.-dltt.l;,,:) "'0 t~·; 
/r~'t';:d'!.'.':"::d·\ ... p. j~ f'''.llld ; ) ;""l' l·I.'P1J':!:·;!!~\c:~ k 
tl!;tll (hi.' t"ht'!" \·'r~;!lli"'111";. 

/l/",'{t lilt l;( liCu:"ir\, "f 
'f ... 

';" .,' 
\l!"d;';\ ·Thl· .... \,.· 2 f;1~,lIltali\r ,~:',' 
,'I.lilllr,',f i'1 III 1\\1 Ill' 'Iulli ,I 

,':, I' : .. 

~ ..... Ill' \,11..1 llJ1turl~" ;!, illl -~,:'.!>".! 
,~'i C (\'r;1 rrri\'d(~f -lS hI' til h:1" ;1,:1'1 .. :· .. l,::..:c:( .. 
hie \l l ll,.!!1i,.Il .... lilt: Itd'l ..... \\1'1',' 1~1r:1l \1: :1,!:.:':·,1 ,'."'.1 
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ItAI) c( ar : ISOLA'IION 01 COLLAGEN PRODUCING ORGA~ISMS 

I " 
---;_ rRorW"lIC '\~C1W11" ',lr h')!..I1fll liadl//{ .• • 1\1l 
TlglE ' /'I!'I/(I"(""",,S SI'ICIIS 

colla!!enasC' estimation inlo consideration the (olla­
g~noiytic activity of thc 3 organisms growfl under 
aerobic and anaerobic' conditions may be arran!!cd 

Ceil lin' 'h 
!;,; ~1~U111 m 
(J'i~i;r~ 

flarillflJ Sf'. , r5t'lIdl 1fllOllllJ ~r. 

I, 

OOI5~ 

2 
0.2050 
O.OII~ 

I 
0.2550 
0.021S 

C.2J~5 
0.01(,8 

in the following decreasing order. ~ 
C/, hislO/yliculII > Bacillus sr, > Psclldnlll(1I1(/-, sp, 

.comrlctc liqllcracti'-'11 in days . 
-Unit i,s espr,esse(: i'S mg lor tymsll1c lil'cralcci ror 5 ntl of 

~ digestton ml.xturc ", . 
'Uiiit is expressed as mg or tyrosine Itl'craled mm, ml or 

These organisms possc;s considerable prole"lytic 
Jctilitv lI'hen tested on difrercnt substrales like casein, 
cgg albumin 'and gelatin, it may, hO\\'e\'Cr, be pointed 
our that these two organisms show more prote01ytic 
activity in aerobic condition where as it was found 'to 
be rev'crsc in case of C/, hislnhliC/I/Ii',...., 

The present observations thus point out that stich 
facultativcfy anaerobic organisms possessing colla­
genase aCli\'ity can do considerable damage to ra\\' 
hides and skins, 

cr"~1l1C solution I 

,:.: surcn'~at:Jnt media I were II.scd for pwtc,'lytic 
a,til'ityeslll11atl0l1" Re-slI-'" nht:'llled 011 the- 11\ dr,)"­

. lis of ca,;cil1, C,~1! :11"11111111 ;1.11.1 !":"HIIl arL' pr<''''l1le'd 
in Tabk 3, ,I ' .. . 

... When tested 0~1 elSl'Hl l.'!'clldl)Illl'Il:lS stra!11 n.lllbtted 
more pr0tl','I~·tlc actm,ty hoth neroblc:,III.I'. Jlld 
t~,lcn)biralf~·. I he ~,;!'1l(, Ii; trlle ":1:': e:}~,!, :dnlliOJlil a'; I lubstralc. 1 ( ,cll;1 I II;! h 1'1" ;11' It':: 1;1 I t "<,,, "',I . I. ,\ ,,, ',I.". 1110,: 
'tr~jn$ UIH t~r 'Ill 1 :!('/"I) 'I'..:' ~!Ill :llll:. .. 'lll 'jl,: (nIL !i" ,:~ .... 

hmal be ru,th~r 11"1,',1 1\11:'1 the",~,'t",'I:,!I" ,",II'il:, 
tf bo'th the ory:tni;llI; i' ('nrnpdiiJ!I',d k" ",I,.il I· (!Ol\n under al1:I~r<+il l,'n"ili('11 

[)i\cUS3!OIl I' 

" 

' .. During earlier stt'lk.' i\ I\·a.' n"t' .. .1 th;~1 h:Il"ert;oI 
: f')ra offf<:sh o~ plllrdkd s~in rarely inc'lucled ()bli~;ilt~ 
. It.1erobc~·1 \l'11Ii:~ are ~IHw;n t() 1'0,,1';'; c.)li:l~'I'I1""·lIc 
: b.1ili.ly, It II'~, "fe'lnll,:d I til;lt I',,,,il,'" lill' r.!I'~t1I:!' 
: ~',c1y allal'f'l~hc I:acki'l:t !,II;IY 1I11'le 1!1!!".'rtl!!l1 r":: III 
~~t degradatl()n o~ r:!11 s!-:tn <jU:l!ily. Itl.!: i:ll'l!II;!!I\ ell, 
l::.ler~obic.orgl!ni'lm FIlCj'raflY ;",.,-r.'Ci:lICd ,,;ith <lin 
~(r( found to shQw~1 limited h\'(iro'lI;i; nr ,;;;11 (,,:::,' 
rn. The prc<cllt II ')Il I·,'!''';·I; ,'I:,: i,",I;11 i"ll "I' .: 
!.J':U!t.1Ii vdy ltn;lCrllhi\.: ,,:!!I'h~1 i;l, (Iil,' ;! Nt;!'i//i(,:-p 
'-,J the olher 'I 1"'I'lIdll!!!"("" '1' 111"111 'Ilill, IIlplPr 
l~(n a skin CIa, sut,j"lh',f In 1'1111"" li'lIl • 
I D~ta prc'C'nbl iii 'I :ddci2 Illtill ,II' 11,,11, I,I, (I 
/!/oi;liCII/il these hIP PI",llli'JI1' ilk ai,,, l':!j' ,I" ,>I 
""'rol ' , I 

. " :·:.l'~ anaero~lc COnchtlOll, and, \lltllZII1!! till'lIl ii, I>.'~: )slng ~TT coll.',~L'I1' fil"L'; ul1dL" Iwtll i!''''I''oI: 

;":" ,1(tS of flitrogcl1 and cilll h"11 I 

;: ... ,n the same \1 a\', all Ih,' ,; ('IP,lIli'I:)' 1t,lIe till. ,'" 
I . 'JIll of II' I' , 
V~';l:h ~o,:lgCI1.!'d :dtl\(\U;fil Ih,' 1;11\' ,I"'LI 1":,, 
!. I'A' r~'itflctcd 111 l',I';;'; t11 ll'.! (,(,"II,')' "I' 1:,1 '11'\ 
I · , II \ e ' I' ' 
. . \. r) c 05e to (/,I,"'''/II''(';.-r' lI'I'h 1':'1':,'1 t(' II': 

~ . ' f of colla~en . 
('~l!ag·lw - ~ '" r ' I I I ' , :.' \iit~e('" ')~ nC.ll\tty (I tly,e _ h t ., ,ttl. (Ij~',til:'··' 

": ~:'I re,/ dCI~rfl'lfl"d qll~l1tltalild, 1"11",, In:! \:,.", 
t. r{~. UCIH}f1 melhod :1 III I !cLlIl1 I' '1,'-1 1'lIlt tll!1 , I 
, ,,'J(Q!\,(,CI II " , I I 

'.'It.2) h '. fill CIt: a~';t!Jl It J~l,h P .. ' ill}!tl 1,\':1 
!I~a orr.;~ lIn~lcr b{'\!h 2lru.hic anti ;l'1:(,lt)iJh;-l'!':1 :,_ 

r,~~iilic £ro\\ tn tll.:-.;,.:' ~ /:(,hk . .; rrl_\(!uCc Ct.-.':!:'.-
. en1)IIIC, T:rl:i!l~: :'111"('''' Iii'.,:,: n".~lh,."I, r'i' 

'\ 
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.\cknolllcdgcmcnt· 
One ()f thL'lIlIth"I' (RSR) (,XPIT,Sl'S his Fr;llillldc 

III Ihl' CSI(" I\CII' Delhi fl'l' awarding I ilL' 1'1"l',II"h 
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were f"rllll'd in Ihc s;omples. Then·I"",.
Ihc resllll:~ were n':prodlldhk 
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Synthesis of poly (2,2 bis[4(p-aminophenoxy)phenyl]' 
propane-terephthalic acid) 
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INTRODlICTION 

Olle of Ihe grealesl lilllilal ions of P'("
selll cOllllnerci:11 polYlllers is Iheir ill,
ahilily III "pl',al': al t'kvaft'" IClllpt''''
fIIlt'S, tl'h' t" Ihdl It'bli''t:l\, I"",
IIll'1lilllllll;illIS. IlIl'l','l'lIl );":11" th,~It" 
,,,,,,, illl(:tI~iVl' II'St,':ll'd, 1""I',tall"II'.", 
:Iilll.:d al SYlllh.'s;'ill;! IIl'W 11'1'11II:IIIy
slahl., p"'YIIIl'I~ ha\'I' h""11 illili:rt",,,
alit/III:"'t.V III:\\' org:lllk p"IYIII'" S hav" 
I,ccn r"I"'rlerl " ", This lepol'! clc~.
crl/lcs Ih" synthesis of a new Ihcrm:,"y
~Iahlc :11'"mali.: polY:lmide conl:,initlg
ph,'nyk' ... , ,'xide ll'tllll'S in Ih,' m:lill
chain. Sl'wr:tl :,mm:llic rings al'l' PH"
St'lil ill Ihe I'cpealing lInil, all or whkh 
lIr" "am'iJtlm linked. Tlti~ is (ksirahlc,
hc,·:It"S'" "nly Ihen w""It/lh(' 111:11'
1''''~':lIlIit/I' lit' hil!hl}' WIIIIII"I, k alld
11t'lIn' II,n'II"II\, III",,· \1,,"'" 11,,," ;0 

IJIHI-sYlllnwiric-' "ioi I Ill"' lire" IfI_ f "\v 

CIllldemali(lll polymer (IV) is oblailled. 
lltl' rcaelions (all he rqHl'SClllctl ;IS 

follows by "'<llIal ion ( I). 

1 .. \;I'I':lm1l·:NIM AN/) I<I':'<;III.'IS 

Ilry ,,,<lillll' "'l'II,,,xide pmvdl'r WI'S
Irll"ivl'd 10 n:I,,:1 lI'illi llisplicnul·A ill 
1>1'111.('11<: I11l'di'JIr' and IIilwgcn atl11m·
phcrc for I h. The melhanul forrned
allll hl'nwm: werr di~lillcd off amI 111l'
plli'l' dry sodilll11 saIl So ohlaillcd was
Ihl'n rc:tl'led willl/l·hwl11onilro.
hcn7,ellc in pyridine medililn and 
lIilltlgclI al'ltosphcrc, Arter allllill <) h, 
Ihl' Pl'Ildltcls oblaillcd were exlraclr.d
willi ('lllI'r, lI'a',I"," willi albli, I'lld
11:14-'"III:IIt-" 1I:',lIlg r-ldlllllli dllllllllJl{, 

f,'I'pl,\" Tit" lil',r r"",'illn '"spccl"d III 

• I!, 

-f-.-' 

\\'iIIiillllS, M_ t .• LII1,I,·,. I( I_ .lIul I ',-rr:,_ 

J. h. J. Alii. 0"'111 Sf',', I'/S.". n, ,:'/11 I
X Pillai, I' 1\:_ (". J;lin 1\:lIlIk ... 1I :Ifltllain k. 

/"di"" .I. /'"" ,1,,,,/. I'''", I 'J'/ I. I I. \ 'J 1.- , 

he Ihc dinilro c( mpountl (11,1, lin .:on·
cClllralitlll gave clio\\' crystals. It wa~ 
ctlnt:lll1illalcd wilh p·hrollltlnil" ,.
h"III,'ne and Ihi. was rCIl .. ".:,ll,,;ng
sublillialion techfliljuc. The dinitw
compound so ob1lained h:rd .. melting
point or 117° - 118°C. The analylical 
dal:l. Lr. ~lIId n.mj"r. speclra conrirmcd 
Ihe Slruclure(II" The i.r. speclra of 
the dinilr" comp{lund (II, showed 
p,'aks:ll IOIR :ln~ 1255 elll-leorres·
1'''lIIlill/.! Itll'lher' (' Oslrcld,in/.! 
freqllellcy, in mldil illn 10 all of her
l~xper;lcd j!l'OIlP f C(IIIClldcs. The run.r,
sped ra of II shov cd :I ;illl!lcl ;11 1.7511
.:mrcsptll1llillg 10 ':llipl"'l ic prolons, 
:I If":lrlcl :II (1.1/.. .S~ corr"sl'''ndinJ; 10 
I ~ :I flJln:l I ic prolt ns allli ;1 dtlllhlt'l :II
IU -·X.45~ showit II Ihal Ihe 4·arnmal il:
prolons,orl/IO It) jlhe two nilro gmups,
:Ire shilk" 10 a IO~'cr field. TIIl,tlillil,..,

comptlund (II, Wl"S Ihcn I'cdlln!d 1" 
givc Ihe diamine ( II) wilh hydrogen
in presence of Ra ey Nickel in lelra­
hydmfur'lII medil~m. The ,,:lll' yellow
t:r)'slals tlhlained Ip:ul ;, 1IIl'ilillg p"illl 
or 1.'1" 1..' .. '''(' 'It'll: i.'.s!' .... ,,;, "rlhe 
.Ii:llnine (III) "lImied Ihl' illll'",lalll 

Il'II'pcr"III' c iIIil'l racial !,"'yn ,".1,'''''''
lioll I~dllliqtt.: was adoplcd ill !,,,'k, 
rCIit'l' to hit-d, l':IIII','r:rtllll' 1IIt'1t ,"'11 

dellsatifJlI llIellwd h"GnlS" or its
\\·I'II.kll'J\\·1I adv:1I1 t:l/!,'s ". 

2 .. ~·BisI4(JI·"it rophclI"x~' lph"lId I
prop'lIIe <.111 .:"nlainillg th .. plwllylcnl'
oxide linkagt' W:lS firsl prepared 1''''111 

Bisphenol.A (I) and JI·bnmlOnit ",.
bellzene. II was then reduced to the 
di;lIlIine (" II which was polyetlndellsed
wilh Icrephlhaloylehloride 10 I(>nll 

PV' idint:, CII;!CL!, ,~,;ux J f-~I 

lI,e polymer, poly {2,1.bisI4(1":lInino.
phenoxy)phenyl} propane -Iereph I halic
acid} (IV). As Ihe complimenlary
(ompotrnds I'e:,cting :Ul' hilum;lit;lIa/' a 
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