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DiTHOPUCTIOK

Ib eonn«otioii with studies on th« aieroblal dagxtidaiioit of 

tsrpenes initiated in this Laberatorjr, a soil pssudomnad vas isolated 

which eoald grow not only on hjdroar^iatie terpenoid sabstrates soeh as 

o6>pinene, ^-pinene, linonwie and ^  -pHsenthene bat also on the 

aronatie e<»poaBd, p-eymne. Sine* the eietabolim of these eooipottnds 

nay be eonsidered to be related to that of hydroearbona in general, it 

■ay be relevant to recapitulate briefly the data aTailable in the 

literature on the fementation of hydroearbona, the aroaatie ones in 

partieolar*

UetaboltsB of bordrecarbens

Although it has been known for nore than sixty years that 

miereorganinss eon utilise hydroearbmis for growth, systematie studies 

hare been carried out only in resent years on the aeticm of niere- 

organisms on a Tariety of types and elasses of hydrocarbons in the 

aliphatic, olefinic and aromatic series. Nearly, a hundred species 

of bacteria, yeasts and nolds representing soae thirty genera have 

been isolated which attack one or nore kinds of faydrocarbons (Zobell, 

1946). fhe assifidlatien of hydrocarbons is of considerable significance 

in xMture uid of potential interest in industry. The sicrobial oxidation



of liy<droottrbena i^eh bring About rapid dioappearaneo of poirolova 

that pollutoa vatorways (Buahnoll and Haas, 194i| Tanaami, 1929), tho 

dotorioratioa of aortain mbbor prodoeta and th« eorroaion of nndaiw 

groond plpa-llnoa (Zobell and Hrant, 1942} Diiiond and Borafall, 19413) 

aro so«t« of tho fov oxasaploa of tho dlvorao foei of iatoroat in tliia 

field. Boaidoa, ingenioua nao haa boon made of tlieao aderoorgttaiaaa 

for obtaining prodneta of oeonwodo Talno anah aa fait/ aaida or î ro- 

teina fro« hydroearbons, aaofttl organio aoida frma aotiiaao or higher 

hjrdrooarbona and for tho eliaiaation of induatrial vaatoa aronnd 

refinorioa (Stravinrici and Stone, 1940{ Taggart, 1948),

Although gderoorgattima hare been utilised eztenaiiroljr for 

the prodnetion of Tarioua eonpounda of oooneoie value, Tory little 

ia known about the biodegradation of Tarioua alaaMa of e«Bq»ounda hy 

ibm aioroox^aiilaH. Recent yeara have witaeaaed a wideapread intereat 

in the ■ierobiologiaal degradationa of varioaa eospounda, notably that 

of aroaatie faydrooarbona*

Metabolian of aromatie otmpoMda

Arooatie otMapounda in general aerve aa earbon and energy 

aoureea for aoil baeteria. The oxidative Mtaboliagi of theae ecua* 

pounda by aieroorgaaiaaa ia an eaaential bioohmieal atop in the

* earbon* oyele in Na1»re» Baeteria are veraatile ia thia reapeat, 

aa eoapared to aeveral yeaata and fungi irtiieh oan degrade only a limited



rang* of bens«noid eoaponnds. A moibvr of oxeolloiit revlows bar*

a]q>«»r«d eoToring TRrioa* Mpoeti of thli subjoct (Ftiluiy 1961̂  Swm, 

m S j  Zoboll, 104S( Zoboll, 19S0| Happold« 1960{ Hosoff, 1961| 8t«a«r, 

195&{ Oaglojr, 1995} Bftyaishi, S9S7).

Th* fMi tlmt up to 1945 progroM in th« field of aiorobial 

hjdroearbM dio«i«ilatlon ooiuildorabljr bohlnd as oomparod viih

the adTaneoiMiiita oado in rogard to othor olaaaoa of ooRpoondt ia dao 

mainly to (a) th« non-irilgrsiologieal oharactor of hjrdroearbrnta* (h) th* 

ozporiiMStal diffiealtiea involTod in wozking vitb inaolnblo aabatratoa, 

and (e) the diffioultioa oneountos^ in the iaolatioa and idontifiea- 

tion of prodneta* Hut advaaaoa mad* sine# tlion in Tariooa diroationa 

lukTO avoreoaw tho diffionltioa proaontod by thaao nnfavoorabla aapoata*

Stanior'a aethod baaod on soquoniial induetim (8tani*r,1947) 

is uaod vidolf aa a tool in tho oluoidation of adaptiva aatabolia 

pattoma* Th« pionooring woik of llaaon (ifaaon 1955) and Hayaiahi jt 

(1956) haro «ado it poaaiblo to stodjr the oxygonaaoa in baatoria irhiah 

play a dooiinating rolo in th* Mtabolim of arwaatia and ali]^ti* 

owapoonda*

Stndiaa on th* baatorial degradation of aronatia eoMpoanda 

haTo also b**n eoi^uetod in aaagr labomtoriaa with a Ti*w to *ln«idatiag 

eartain gonaral awtabolie pathroyi through «diieh thaao arooatia dagra- 

dationo ar* earriod oat.

Th* Bothodology omployod in thaao aetabolie atndiaa ia aainly



<m« of iaolation of rarioaa iatormodiatoa that aro fernod daring th« 

eourae of th« foxiBentation aad tb« oatablislaMiit of Indueed onzyno 

•ysioma. Thoat atodioa have yielded aoae genaral ideaa about tha vay 

in whieh aromatie compounda aro ■atabollsad by baetaria* Ifierobaa 

produea, noatly aa a reault of indiiotion, a iriiela aoquanea of onajmia 

vtaioh eomrort aromatie aubatratea into an ortho or para dihydrejgr phenol 

derivatives prior to the rii^ fiaaion. Next the bensene noalena of the 

diIqrdro:qr phenol ia oleaTed by an alaoat irrereraible dioxygenaae type 

reaotion iritieh ineorporatea both the atoiM of a aoleeule of oxygen into 

ita anbatrmte* Theao ring fiaaion produata are then funnelled into the 

Kreba* eyole through a variety of pathvaya, depeading on the organiaa 

and eultvral eonditiona, Thna, phenol ia hydroxylated to oateehol. 

Similarly, polynuolear aromatie eompounda are degraded by end-ring 

fiaaion, the ultimate prodnet of the ring cleavage being aalioylie aeid 

or an analogue. Salieylie acid, th«a uadergoea a aingle oxidative 

deearboxylation atep to eateehol. So from moat of the arwaatie eompounda, 

orthodibydroxy derivativea are fonaed trideh are then eleaved by different 

oxygenaae ayateaa.

Bi ode gradation ef polyBuclear aromatic hardrocarbony

Intereat in the biochemical degradation of polynoclear aromatie 

hydrocarbona at«aa from the faet that aome of theae are carcinogena uid 

their metaboliam in manoala haa been of conaiderable intereat to bioehe-' 

miata and biologiata* It ia to be noted that there exiata aimilaritiea



b«twe«n th« initial mode of attaek hy baetorial and by liTor «nssyM«^ 

at «xeBplifi«d by the formation of arenediol la both the instances* 

HoveTer, in animals these poljnnelear hjdroearbons are exereted in the 

form of various conjugated derivatires, irtiile the soil ps«tid<»enads 

can completely dissinilate then to carbm dioxide and water*

Rogoff and Wender (1907) initiated inrestigatiens towards 

understanding the biochwdstry of the oxidatiTe dissimilations ef 

idienanthrene and anthracene* They observed that soil psendomenads 

did not attaek phenanthrene at the 9, 10 bond (i*o*« the so~«alled 

K region) irtiich is the chief loci of attack in ■smmalian system but 

the primary microbial activity was directed at an end ring* Colla eĵ 

(1959) isolated 3,4-4ihydro-3,4~dihydroxy phenanthrene from enltnres ef

* Flavobacterinm metabolizing phenanthrene, and Bogoff and Wender (1957) 

obtained l-hydroxy>8~naphthoic acid fr<Mi caltares of a soil pseudomonad* 

Beth the groups shoved by sequential induction technique that salicylate 

and catechol were the later intermediates in the oxidative pathway of 

^enanthrene*

Femly and Evans (1958) reported that naphthalene-grown cells 

sequentially induced the oxidation of trans iy3>^hydro~if2^ihydre:qr 

naphthalene; i,2-4ihydroxy naphthalene and salicylic acid*

Evans et al. (1905) have shown that a Fs'*"̂ ion-dependeni 

oxygenase converts l,2<-dihydroxy naphthalene to o>hydroxybensalpymtte,



whioh is aabBaqucntlj eoimirted to salieylaldAhyd* and pjmtYai* hj a 

hydrelyiie olearag*. A NAD-depeudent deigrdregenaa* prodaeaa aalieylata 

fran iba aldabyda and a aalieylata hydroxylaaa givaa eataohol vbieh is 

finally raptnrad to jriald exC-lgrdraiî inHteonie sandaldaiqrda by tba 

eataehal 2,3>oxyg«nas«* It has baan proposed that an apoxida is forsad 

as a priaary intansedlata ai^ sabsaqnant Iqrdnition is inTslvad with tha 

fonaation of trans lt2-idilgrdro,l,2<>dihydro3cy napbthalana vhioh is fnrthar 

oxidisad to l»2^ibydroay naphtbalana in prasanaa of NAS. In general, 

Bost of the aieroorganisms utilizing naphthalene adopt the ]»th»ay 

represented sahewitieally (Fig. l).

mieB a naidithalenie oMipoand oadezvoing oxidation beara a 

substitvent group j(C9[̂ ,Cl,Br) on one ring, oxidation ie usually direated 

at the wumbstitatad ring. 7be aaliaylia aaid derivatiTe prodnaed will 

then bear the anbstituent group of the starting ao^ponnd. Thus 3-^hloro- 

salieylie aaid was Isolated as an intenaediate frm aultnre fluids of 

a gra»4iegatlTe baeterixBB utilising l<-ahlorona]^thalene aa the sourea 

of carbon (Walker and Wiltahire, 196S). Similarly, Rogoff and Wander 

(l05d) atttdiad the oxidation of 1, and 2,Bethyl naphthalene by soil 

psendonionada. They netieed that the cells grown either on naphthalene 

or on one of the nethyl naphthalenes, were induaed to oxidize aalieylie 

acid, catechol and their oethyl derivatiines* This suggested that the 

same enzystes which are responsible for the oxidation of salieylia acid



FIG-1. BIODEGRADATION OF NAPHTHALENE BY A SOIL PSEUDOMONAS
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and e«t«ehol, or* involTud in th« oxidation of the nothyl dorivatiToa*

So the preaoneo of tlio motlqrl group on the benzene one leas doe* not 

generally eonfer a apeeifielty requireownt for the ensByma invol'red.

Regeff (1902) haa pointed out that vhen linearly arraiq;ed 

aroaatie e«apoanda sueh aa naphthalene or onthraeene are aeted on by 

baeterial enzjnaea attaehaent to the ensyae and ring aplitting nay take 

place on the aame ring i.e«» at the C-C bends of high electron density 

(l,2»pesition), Angular arMsatie eoapinmds soeh as j^enanthrene afford 

attaehaent to the enzyne in the ring other than the one eeataining the 

ring splitting site.

Oridative ■etabeliea of benzenoid eoaponnds

Before the bensene nuelens is eleaved it aast first earry tfiro 

hydroxyl gronpSf and if these grenps are not already present, they osuit 

foe intredneed by the action ef a di oxygenase or a mixed iNaetien oxy^ 

genaae. Often, the hydroxyl gronpa are earried by adjaemi (1*2) carbon 

atema ao that eateehol or a substitated catechol is forasd (Evans et â « 

1940). SoBetisies l^droxjl groups are introduced across the nocleas in 

the l,4->pesitioB, aa in the caae ef honogentisie acid (Jones ft al.l982). 

But In all cases the presence of tvo hydroxyl groups is a prerequieite 

for ring fission.

l) Hydroxylation of benzene imeleus

Several workers (Mason, 1956 ( Ifayaiahi et 19ft6{Hayano et 

1955) ha've reported that oxygm plays a more direct role in a diverse



gr«ap« of rcMtiima ineluding hydroxyl at ions, oleavago of aroaatie 

rings and eyelisaiioM of ateroida, iha aeohaniaa inTolraa a diraai 

oxygenation of tha aabatrata. Tha anzysaa tidiieh ara raapoaaibla for 

ttia aatlTation of Bolaeular oxygaa and ita incorporation inta organia 

aubatrataa ara aallad "oxygasaaaa*. Thay inaluda iiw groupa of antyMa 

idiieh eatalysa tlia ineorporation of aithar ona or two atoMs of w>laanlar 

oxygan per aolaenla of organia aubatrata and thaaa tva grovpa ara

rafarrad to aai
(1) Ifonooxyganaaa (Sab+Ô -̂ Ĥ X — Sub-O-i^j^^X), and

(2) Diojgrganaaa (Sub 0^ ..> (Higraiahi,1964).

Hera ia an elaetron donor irbieh inalndaa redaea^ fonis of pyridina 

nneleotidaay flavin noolaotidaaf aytoehroaaai tatrahydroptaridinaa and 

aaeorbia aeid. Uaaan (1956) haa propoaad tha tama *nlxed fuaetion 

axidaae* and *'oxysen>traaaferaae'' for tha abore two alaaaaa of oxyganaaaa. 

In general, moat of tha hydroiqrlaaaa fall into the aatagory of aixad 

function oxidaaa oxaept for a fav iaolatad eaaaa aa aan be aaan in

the caae of the foraation of 6»hydroxyniootinic aeid froa niaotinia 

aeid which waa ahown to involTe hydration of a double b<md follovad by 

dehydrogenatioa (Hnnt 1957).

MaMwxyganaaa (Mixed fnaetion oxidaaa) 

Hydroxrlation of tanmranie aeid

Taniuehi and Hayaiahi (1963) have atndiad tha hydroxylatioa 
of kyaorenie acid by the aetion of kynorenie aeid 7,8~hydroxylaaa» Tha

8



r««otioB eatftlyasad by this enzym* probably proeatdn froa kynaranie aeid 

Tia kyimraiilo acid 7,8>apozide, a hypothetieal intamadiat* wfaiah ean 

•ubaaqtMiitly undargo hydration to yield 7,9-4il^ro>7»8-dlliydroxy 

kynnreoie aeid* The lattar eompound la farther eonTerted to 7,9-̂  

dihydrozy kynaraaia aeid by the aetion of a dahydroganaaa. It was 

further shown that kynnranie aeid ia attaaked by a KilDHHiapandent 

hydrozylaaa and the dihydrodiol vaa isolated aa a reaation intefMMliata* 

They proposed that an epoxide is formed first and the dilgrdrodiol ia 

aabaeqaently oxidiaed to 7,8-dihydroigr kynurenie acid with regeneration 

of NASfl so that there is no overall less of the reduced coofaetor. The 

aequenae of reaction ia deaeribed belev*

OH

NADH.O, j

KYNURENIC ACID 

OH

NAD

7,e-DlHVDR0Xy KYNUI^EWIC 
ACID

OH

OH
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Hydrejgrlatioa of aaltcylle acid

RMcntly Hayaisfai «t j^.(l963) hav* porifiad fnm/paaadeaonad 

an ensyne vhieh hydroxjrlataa aalieylie aeid in praaanaa of NADH to form 

•*taohol« Oiia m>la of fAD waa aaaoaiatad with a xolo of ansyM protala*

COOH
02.+(NADH+H'*’) +  NAD+H^+COa.

la ihia amaoozyganaaa raaaiion, tha aobairaia la oxycaiMitad and ia aianl- 

taaaooaljr raduaad by tha alaatroa donor, thna alaaving tha bond batvam 

tha tvo oxysan aiaaa and yialdii^ a Kenooayganatad prodnat and vatar* 

HovaTar, Tana and Aritaa (1058) hara raportad that aavaral atraina of 

Paandoaonna ahov an altarnata patlnray for aallaylia aoid dogradation ria

geatialo aaid*

Ifaay iaatanaaa ara knova whara tha aaayaatia IqrdrozylatiMi 

of arooatia aoapoiinda that raqoiraa oigrgaa and raduaad i^Tidina aualaotida* 

Tha taydroaylation of p-hydro3Qrphanylaaatla aaid alao dapanda on tha praaanaa 

of both oxygon and roditead pyridina melaotida (Adaahi s± 1M4) and 

tha hydroxylaaa haa baan olaaaifiad aa a mixed fnnation oxidaaa typa* la 

a similar Buomar, oHhydroxybaaaoie aeid ia oxidiaad Tia protoaateahan o 

aeid by a atraia of Paandoaanaa (Yano and Ariaa, 19S6).
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Rceeailŷ  fiosiricava ai^ Sitmier (1966) hav» isolaivdi a 

eryatalliiw p-hydro^ bansoate hTdroxylaaa trwa PfudwotiM mttda 

which eaialysM tha hydrox]rlatioii of p-liyidroxjr banaoate to proioaataetmata. 

Thia enzyaw alao eoataina oaa mola of FAD but la NADFS dapandant.

Di03anganaaa (oxnmk tranafaraaa)

Xehihara «t (1062) and Taaittahi ̂  (1964) paatolatad

tha hypothatieal ■aahaniaaa inTolving a poaaibla Intanwdiata for tha 

anasyaia fomalatioB of eataehol from anthraailia aeid* Aaaordliiff to

COOH
(NAPH-t-H*'),Qg

NH.
-C 0 2 ^  

- NH,

thia hypothaaia, aa apoxida ia foniad aa a primary intarwdiata aad 

anbaaqnaiKt hy^ratioa ia InvolTaA. Thia iMtehaaiaai haa baan dlaprovad 

by Hayaiahi and hia ao-woxkara (Hayaiahi 22̂ * 1957} Kobayaahi et 

1964) who have giraa experimanial atidanea to pro't* that bath tha atoaa 

of oxygon whieh ara inaorporatad into aataahol ara darivod exeluaiT«ly 

froai aolacoiar oxygm, and oona frm tha Mdioia. Tha raaation involvaa 

tha aoiunanptioa of ona aolaaala of oxygen and of NAKl with tha eonaoai~ 

tant oTolution of ona sole aaah of aarbon dioxida and mmmdm par a»la

of the aubatrata ntilisad.

AT&ilabla evidanaa indioataa that two oxygm atoaa add ta
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the doabl* bond botomb eaz^oa 1 and 2 to giTe a eyelie  peroxide IntenM- 

diate which Is then reduetiTely oleared with the releaee o f aanMnia and 

earbon dlojcide*

Sneh a eyelie peroxide Intenaediate haa been poetnlated in 

the pyreeateehase reaetion (llayaiahi, 1964).

2) Cleavage of the benzene naelem

The benzene nueleue of the dilqrdrio la eleaved by a

dloKygenaae whieh Ineorporatea both the atom of a B»le««le of oxyges 

into the enbetrate aa eleawage oeeum. fwo a»tiioda of elearage of the 

aromatie oneleita by ■ierobial encyma have been elearly deownatrated;

l) by oxidative fiaalon of the bond between aailiea mtomm 

bearing the hydroxyl grtmpa of on ortho-dihydrie ]^enol, for waotple 

in eateehol and proteeateelmie aoid. In both the eaaeat the baeterial 

oxjngenaaea eatalyxe the eleavage of the benaene ring of eateehol or 

protoeateehoie aeid between the two hydroxyl greapa to yield «ia» 

eiBHBttoonie aoid and -earboxy-eia, eia-onoonie aeid, reapeetiwely.

Thia enxysM haa been ncmed "pyroeateehaae* (Hayaiehi and ilaahiamto, 1069). 

( F i g . I I ) .



FIG■ I I . BACTERIAL DEGRADATION OF CATECHOL AND PRQTO- 
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(2) by oxidatiT* fission of the bond tibi« «arb«a Kim

bsariag th« bydrox/l groap sad th« earbon atm bsariag a •ubsiitvsnt (R) 

other than a bgrdroxjrl groap (BwH or CH^ or

fisalon ima dlaaovarsd by Daglay and Sto^r (l9S9). In this eaa«t aa 

aantlonad abo-ra, tha b«»ana naalaua la not elaavad batvaaa tk« aarbaa 

atoBs baaring Iqrdraay gi^pa, bat it apana in tha 2,3 paaltion, ao that 

inataad of aneonle aaid, ofC-hgrdrozTmoonla aMdaldahyda, vblah la a half 

aldafajrda, ia tha alasvaga prodaat.Protoaataahaie aaid ia aiailarly attacked 

ta glT» ̂~aarboig^> <{-4iydroxy nneonie aanlaldahyda. Bawavar, thia raaeti<m 

ia oataljraad by a diffarmt axygmaaa ti^eh daaa not attadk aataaholi[Fig. I l l )

Tha anxyoa whiah ia raapanaibla for ttw alaavaga of aataahol 

and protoaataabnle aaid at tha 2,3»poaitioa waa daaignatad *aataahol 2,3> 

Dzygenasa" by Oaglay jt al.{l960) and "Matapyroaataahaaa" by Hajraiahi and 

eo««ofkara (I9ftl).

Thara ara aavaral raporta on arooatia ring fiaaion raaatlana 

of tha aatapyroeataahaaa typa. Adaahi at al«(l964) hare ahovn that 

Paaudownaa amlia whan groan on p>lqrdroqr]^aqylaaatia aaid, alaavaa tha 

banaana naalaua af 3,4~dil7dro]qrphaa{yl aaatia aaid bat«a«n &>2 and C»3 

by a»ana af aa a:qrg«aaaa and thia anzyaa haa baaa aryatalliaad by Kita 

(t965). Siailarly, Daglay and Wood (1966) hava alaa iaalatad 

an anayaa of aatapyroeataahaaa typa froa Paandoaonaa vhiah alaavva 3,4> 

dihydroxyi^aa^laeatie aaid batwaan C->4 and C-'Ŝ  Fig. iv).

13
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FIG-IV TWO MODES OF CLEAVAGE OF 3,4-DIHYDROXYPHENYL ACETIC ACID

It haa li«en r«port«d that th« iiael«a« of 4-4wtlgrl eateohol 

la ruptured batman C»2 and C-3 bjr a ring flaaiaa o:qrfaaaaa ttom 

P«aud<Maonaa, vfaartaa, -̂aarbasjr eataahol la alaamid batvaan tha 

earben at<wa 4 and S (Oaglay at al, 1984),

Daglay at (l905a) atodying tha aataboliaM of p^i^cnyl- 

prapianie aaid by an Aahrwaobaatar hara ahawn tiMit axtraata of tha aalla 

eantain aaaymaa that eatalyaa tha oxidative fiaoion of the bemana aaaleoa 

of 2,3-^ihydroxy»^-phenylprop!onia acid batvaan tha adjaanat earbon atma 

that bear the eida<>ehain and one hydroxyl group* Tha alaared prodnat 

vat th<m aonvartad into ntoeinata and 4>hydrox9w2.oxoi^erata. Tha
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lattvr ctmftmaA wm also foivwd «h«a eat«ehol v»s Mtabolisai by a 

•paeiaa of Paaudaaoiuf.

P Y R W ffT E L CH,-CUCOH> -CHe.CO-COO'H

la ih« baatarial ozidatioa of 2,3»diligrdro]gr b«asoi« aeid 

(Ribbons, 1M6) tho proaoneo of a nov ozTsoaaao waa notiaod i^eii roaoa- 

bloa 2,3»oxjsoiiaa« or ■oiapgrroaatoahaao in ao far aa tho aodo of elosvago 

la ooneomod. Thia Paondciaonaa atiliaaa 2,3~dllgrdroag^onaoato aa tho 

aolo aooreo of oarboa* It haa boaa ahowa horo that 2,3-4ibi3rdroxjboaaoato 

ia aot doearboxylatod to eatoahol by oxtraata of thia atraia and eatoehol 

itaolf la aot oxidiaad. Tho oxtraeta of tho oolla aatalyaad tho oxidatioa 

of 2,3-»dihydrox3rboasoato vith ihn aoaamptioa of oao k oIo of oxyfoa and tho 

oTolution of oao aiolo of oarboa dioxido por a»)lo of tho aid>atrato« Tho 

foraatioa of aa oxo aeid idoatifiod aa ita 2,4-diaitroph«iqrl1^raBoaa 

whiah ia idoatioal with o(~hydroxy meoaio aomialdohydo «aa alao ahova 

ia tho aboYo oxporinont* So, it ia aaavnod horo that tho oxygoaaao 

oleavaa tho bonzono naeloua of 2,3>^ibydroxybonzoie aeid botvooa tho 

hydroxyl and oarboxyl faaetioaa aad after tho eloarago daaarboxylatioa



iak»t plae* to yl«ld ô -lqrdroxy ooeonle

80 tlM oi th* bMn«M flaolmui of orilMdit9 ^ «  phmol

!• ttsualljr brought about by «ith*r igrrooateehaae or SMtapyroofttoohaoo 

tjrp* roMtioiw. Th« aatoro and aed* of «tt«rii of ilioao two tamfm9,

pjrro«»to«bM* «ad ■oiapyroeaiothaM bcro bo«a ologaatlj swewrieed 

by Hoyaiahi (1964).

(3) BtiftbolijB 9t m  rivm fl»«f«go prodptt into

Ihm eowvraioA of oitlior ■mooIc Mid or -earboxy

elo-eis aneoalo aoid to ĵ <4coto«dipat« ia aarriod oat by a laatonlsliig 

• M y M  and a laatosia-apllttiBc mayM. Tbo roaont voik of Oraatan and 

Sianiar (1964| 1966) haa now aatabllabad that aataahal and proioaataabaia 

aoid are both aataboliaod to givo^-4coto adipato onol-laatone ililah ia 

thoa bydrolyaod to ^-kotoadipata* Tho final at«f boforo tbo aatry of 

the eoKpoanda into the Kraba* oyale vaa ahaim by Kilby (1951) to be a 

aplit of p>ketoadipate to aaeaiaate and aaetata.

It waa aoted by Qrotm gt jĴ .(1986) tbai altheofli Ifaaroaitera 

araaaa aeflnrarta r̂otooateetaaie aaid iato^*-oxoadipata, it dee* ao by a 

diffaraat pathway from that maed by Paendowonaa apaaiea (Fig. Va). Tltay 

have ahflwtt that the ensjme fron thia noald aatalyaed the aoitferaloa of 

^~oarbozy oia* oia-^moonie aoid into another laatona i.e., ^-oarboxy 

■noonolaotone vfaioh waa not aeti^olixed iriien azpoaed to aell axtraata 

of Paendowataa.
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FIG - Y  a. CONVERSION OF ^ -C A R B O X Y  C IS -C IS  MUSCONATE INTO 

/3-oxoadipate by  NEUROSPORA CRASSA
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F I G Y  b. METABOLISM OF -  HYDROXY MUCONIC SEMIALDEHYDE
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.0
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ZHjO >  CH3. CH(0 H) CH2 C0 -C0 0 H 
+
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Dacley and Gibaon (1965) haT« ahown that 2«4ty«lrozy aaeonia 

aaiaialdehTda la Mtabolized ta fornate, aeataldahyda and psnnnrate by 

tha follawlag raaetlon aaquanaa (Fig, Vb),

Othar aaaiiplf of tha_,a3a.d»tiT» natabollai of baaganoid eaaaoaada

Cataahol appaara to ba a eoHawn intanadiata la tha baatarlal 

■ataballaa of piiaaoli bansoia aeld, aa^ranllla aald and othar araaatie 

eoiqKMmda, Wlalaad jH^^.(l958) aoneludad that bansana vma azldlsad 

dlraatljr to aataehol by a Noaardla atrala. Slallftrly, Klalasallar and 

Fanal (1963) hava raportad on tha baala af tha raaolta of aaquantlal* 

IndaetioB axparimanta that phanol and aataehol ara tha IntanMMlataa In 

bansana dagradatlon.

Oaglay and Patal (1967) ahowad that p-eraaol waa axldlsad by 

P«and«aanaa apaaiaa througfa p-hydroxy bansaldabyda, p»hydroxybanBOie 

aeld and protoeataahala aald and that 2,4- and 3,4-xylaaol vara oxldlsad 

analogoualy by tha aana arganiaa. Claua and Walkar (1904) ware able to 

laolata two atralna of baetarla, a Paand<»wnna and an Aehrowobaeter. whieh 

ntllised toluene, beasene and eertaln a ^ r  related ar«aatie eeaq^ouda 

aa the aele aoorea of earbMi. 3-lfethyl eateehol, aeetle aeld and pyruvle 

aeld were detected In tolame-exidlBing enltnrea. However, Kitagawa 

(1966) propoaed a different p&ttaimy for the degradation of tolaeae by 

Paendonomta aaraainoaa. According te hia oxidation oecara Tin the 

interaediatea benaaldehyde, benzole aeld and eateehel.
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In ffviMral, it has beta notiead that dorinc MtakeliM of 

Mroawtl« iqrdroearbona by baetcria eai«ehol or mbatitatod eatoehols are 

foniod aa ilia laai iaionnadiatea poaaaaaing tha armaatia ahanutiar. Thia 

ia furthar elaavad alihar bjr a aatapyroaataahaaa or by a pyroaataaimaa 

typa of ajqrsaaaaaa.

Thara ara a fav iaataaaaa in tha Miaboliaai af aroaatla aom- 

povukla vith aida akaln, vberain, tha alda ahain ia raaoTad bafort tha 

elaavaga of tha bflanaoa analaaa by ̂  atainriaa dagradatiaa with tha 

fomation of aithar aataahol or aabatitntad aataahol aa oaa of tha kay 

intarmdiataa. Thia ia fallowad by tha fiaaioa of ^ a  banaaaa malaaa 

to yield aMtabolitaa af tha Kraba* ayela. Tha aoavaraioa af aMuidalie 

aaid to aataahol and p-hydroxy nandelia aaid to protaaataabnie aeid 

ara axaaplaa illoatratiTa of aida>chain dagradatiaa* Tha ■atabolian 

of atandalia aaid haa baaa doaaribad by Staniar (1948) aad tha pathway 

tor tha dagradatioa of p>hydra:qr BHudalia aeid vaa aatabliahad by 

Guatar (1953)* Tha oaâ fvatia oonreraioa of aumdolia aeid to bonzoie 

aeid waa atudiad hf Oonaalna aad hia oo-^vkara (1988) and tha follovias 

atapa vara aloarly da■0Batratad/Fî .̂ 'I).

^^rs^CHOHCOOH ^ t v ^COCOOH
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M A N D E L I C  B E N Z O Y L  B E N Z A L -  B E N Z O I C  CATECHOL

A C I D  FORMIC A C I D  D E H Y D E  ACID

FIG 'VI METABOLISM OF MANDELIC ACID



If
Cvriain ef cmvrt trgrptvipliMi into kjntnrMilwi

(ffayalaki moA 8iftai«r, lOftl) and tiM for tli* a«gmid«Uoa «t

ptophea to  ea tM h ol i »  os iMKnm b«l<wi

H

^CHg-CH-NHgCOOH COOH

^=!5>^NH-CH0
TR YPT OP H AN

^^:\.C0CH2CHNH2-C00H
+  H C O O H ------- + CHg-CH-NHg-COOH
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CONVERSION OF TRYPTOPHAN INTO CATECHOL 

1 »  t h is  pA fticolA T «M «»  «B osi'SMiaM la lt l f t t M  Um

by «lMVins ^  rorol* ring*

m m m s M & M J m m u i  m f m m m m

In  «bi» •ffiBBMtim i t  « it l Imi %• pt—mA ft lMrl*t r«vi«v

of ^  4iqpniiiA»ti4m of tMtptmt iAii«h «ui %w Tiiiw liM»d to bo

l̂ id^powraattiio oenpeendo* fbo firo t i«|̂ <Mrt im tlw i^pr«dkitl«i of » terpoee 

WM I>jr Mayor and Koiâ lwrc (tStS) o^iointd oi1»9ii«II«l Uk 80 por ooni 

yimU hf ndmtim of tltroa*lS{il ming rM » t. Holiaori (l9 2 i)

•ohiovod witb tlio holp o f Aootol)>aotor xrllmmm

TIkO firo t oyotoMtio studioo o« ttio aierobiolotiOAl tnmfoxwit&on 

of ooPKphor voro ooirloA out I7  Sau M lu  ntMl oo-orotrtmro {l̂ nAtikm ot



ao

Th«3T v«M abl* to l«olat« two •train* of PoottdoBMinaa (C^ and C|̂ ) and • 

PinhthToia strain (T̂ ) vliiah v«rt feond to vtiliM eanq^r aa tha aola 

aooro* of earbmi. Tha ooBplato pathway for the dogradatlon of aaaphor 

and tho dotailod atndioa of the Tarioaa onignMa which plajr deadLnatlnf 

rolo in bringing abont tho biodogradati<m of aam^or, voro atndlod by 

•rroral voffcora (Hodogaard 1991} Conrad o|̂  IMlaf IMlbf

1962} 1964} 1969a} Banai and Ganaaluat 1962} Onnoalaa ot al. 1964). 

Khanoliandani (1966) baa atadiad tha »otaboli«a of aanqpliona Iqr a 

Paondft««»̂ ff iaolatod by anriahMottt taehniqaa on aaaiphana aa tha aola 

•ourco of earboB and has poatolatod a eatabolia pathway inwolwing 

iaobomaol and aaaq^r aa tho diroat intomadiataa (̂ .g* VII ̂ .

Syatanatie inwoatigations on tho aierobial tranafofwtiona of 

torponoid hydroeart>ona woro atartad in this Laboratory a fow yaara aga 

by %attaoharyya and eo-workora who atndiod oxtonaivoly tho dogradatlon 

of eoiqMmnda of tha pinano aorioa* Thay iaolatod a soil yaandoiawma by 

onriohmont eolturo toohniiiaa with (/-pinono aa tho oarbon aavroa* Thia 

partiaular organiaa oxhibitod a oortain dograa of voraatility by growing 

oqually wall on liaonoao, ol!.»pinano» j^»pinona, /^i-p-«oathono wad 

p-oyiMno.

Pathway for tho dagradation of liaioMna

Tho fomentation of lioMnom (l) by thia atrain yioldod a isaii>or 

of notttral and aaidia aomponnda whioh woro aoparatod into thoir a«iq^nonta



F IG-V I I  PRO BABLE  PATHWAY FOR THE DEGRADATION OF CAMPHENE
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nod idcatifiwL. Tli* nmtna fraetioiw yivlded •mrrom (2), dil^dro- 

euTmM (3), ««rv»ol (4) p«(Kentii-8<-«iMol<>H»l-2»oii* (5), 

l,2mdiol (®) and p-«Mitb-8-«M->2,9-4i0l (7)* Jfrvm ih* midin frMtioM 

p«rllll« m U  (8), S6-hyaro«y-p-e6entfch*HMB»-7-ele ««id (9), iaoproprayl 

piMli* Mid (10) and • dihydxwsjr aeld (ll) hanrt b*«n ia«lat«d and 

idaatifiad (Fig, YXIl).

Growth and adaptiv* mvymm atodiaa ii^iaatad that aona af tha 

iMmtral eoaqioiiiida lia on tha diraat patfavajr for tha dagradatioa of 

llKBiiMia. Oa tlw othar hand, perillie aaid, b^droiy aaid and tha diaai«- 

boxjrlie aaid wara fonad ta ba axidioad bgr liaoaaaa groaa aalla. Baaad 

OB tha aboip» obaarratioa a pa-Unrajr for tha dagradatioa of liaMtaraa haa 

baaa aoggaatad (Fig. IX). Tha mtajamn raapaaaibla for tiiaaa aonTarsiana 

hava alaa baaa daaumatrated ({ftiattaaharyya jgt 1M4).

Tha organiam 'riiiah dagradaa lisoaaaa w m  alao foaad ta atiliaa 

dC- aad^opiaaaa a« tha aarboa aoorea. Shidcla aad Bhattashaxyya (1964) 

hara atadiad tha dagradatioa of thaaa tiro tarpaaoid hydroaarboaa aad 

hava aharaatariaad aoma of tha witabolitaa obtaiaad t̂euriag tha eaoraa 

of tha fanMBtatioa* Froa tha famaatatioa of -piaaaa (•*>) boraaol (18) 

aad ayrtaaol (13) vara idmtified ia tha aaatral fraatioa exA fr<m tha 

acidic fraatioa a diaarboaylie aaid (14) waa iaolatad. Baaidea thoaa 

tha praaanaa of agrrtonia (16), phallaadria (16) aad parillia acida (17) 

wara alaa daaaaatratad (Fig. X).
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FIG. Yin. PRODUCTS OF B A C T E R IA L  DEGRADAT ION  OF L IM O N E N E
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Th» fcnMntation ofoGplncm gav* (-) honmol, th» •atnrat«d 

diearboxjrlio aeid (18) aad appraeiablc aHouats of ol«itrop«l« aeld (19)

(Fiff. X).

Adaptiv* •nayme studiM reveal «d that mithar bon»ol, ĵnrt«awl 

nor ol«uroi>ai« aoid were ozldisad bjr pinetta-grom ealla, «iwrea«t th« 

■onoearitoxjrlie aeid fraatioa «aa oxidiaad rmry rapidly* fh« dieafboi^lit 

aeid vaa exidisad at a -rarjr alov rate. Grovth and adaptlTt aiugnm ftiidiM 

indieatad that - or opiaena-grovB eella ara alao aapiJila of axidiaiiig 

liaaaaiM and -p-sMnthana «lth or without added ehlaraiqriheiiiaol iadioatlii« 

the eonatitati-va nature of liBoaene and /^p-neiithena dagradiag enajnaea in 

theaa eella. It waa alao obaenretl that pinane-from eella npidly oxidised 

the probable iateroHHliatea in the oxidation of linoaene aad ^opHaeathene. 

Baaed on the above obaerrationa a hypothetieal eehenMi for the degradation 

of piaeaea has b«ea poatalatedtShukla, 1965).

Although eoBiplete easymatie eridenBe in euiq^ri of toe above 

pathway is not availâ tle, Shidcla (1065) haa ahova the preeeaee of aa 

NA2>-aloohol dehydrogeaaee (for dehydrogenatioa of perillie aleobol, 

^ellendrol and oleuropeie aleohol) and aldehyde dehydrogeaaee (for 

perillie aldehyde, ^ellandral^/oleuropeie aldehyde) in the eell-free 

extraete* Ballal et al.(l98C) have purified perillie aleohol dehydro-> 

genaae 10-20 folds and have worked out the eofaetor aad eubatrate 

requireaente of this de^rogenaee.
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FI G-X.  METABOLITES ISOLATED F R 0 M C 6 - A N D  /3-PINENE FERMENTATION
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The organin vhieh niilizas oi and IImimm aad

A-p-wmthMM as th« •«!« aaurec of earbon, i« rery Tvraatila is 

aatora. Also it baa been aotiead that tha oî aBlaMi la aapabla of 

adapiinf aora rabidly to an aroa»ti« fagrdroaarbMi, p^ywumm, this 

offared an unique opportimity of tasting a largo arabor of sasiljr 

seoossibls SMdsl soapotmds as aubstratos ai^ dsriTing aora infovsatioa 

regarding tha atnwtufal foatnraa ossontisl in a sosqpovad bafora it tan 

serro as a growth substrata for tliis bastariioi. Slndcla (1965) has 

raportad that tiiis oî ;snisa grovs frool/ on 4»safr-bntxltoliiaiis (20) and 

4-4k-propyl toluana (21). Bat it toA auffiaiontly langor tina ts adapt 

itaelf to i-Hnathyl<>4<->athylobensana ( 22) and i-isopropMgrl toluans (28), 

«horaas,4*isobutyl toluana (24) and 4-tart butyl toluans (2S) vara Tsry 

poor growth supportara. It ao«os probabls that the aoMpound i-«Mthyl-4- 

othyl bonzona (22) may |>oaaasa tho basis minimmi raqnirwBeat before it 

son be aeeeptable as a growth substrate for the organisau Nona of ths 

eoaponads (Fig. XI) tested was sapabls of ottpporting growtti of iim 

organ!«• It was soneluded from these studies that the iatroduetiea 

of aa sztra aethyl group in poaitiona 2 or 3 in the aolesale

renders the ooapound unaeeeptable as a growth substrate to the orgaaisa* 

The preaenee of aa oxygm funstion at poaition 8 resulted ia  a total 

loss of growtb-proBoting astiv ity  (Shukla, 1985, Shukla 1965).
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PKB8ENT STUDIES

Tit* ability of th« Pseiklomonad, *FL-«traiB*» iaolat«d in thia 

LaŜ oratory to grow on p̂ eyawtto poaaa an intaraatio( problwa in xlng 

dagradatlon* It haa bean eatabliahad that tha awaa organian finally 

dagradas tha alleyelia hydroaroaatie rlnga in eoapoands anah aa liiMmena 

and ^p-ownthana through hydration of a donbla bond. ObTianaly tha 

aaraa hydration proeasa la axpaatad to raquira mah higher anargiaa in 

artnntie aonpotinda aa aoaparod to the alleyelia hydroearbana. Regarding 

p-cyvene degradation no data la amiable in litaratore on tha aieroblal 

metaboliaa of thia hydraaarbon irium pro-elded aa the aole eonree of earbon. 

Hoverer, Davia and Raymond (l94i) hare reported on the oxidation of 

p-eynene by a Hocardia apeeiea vhen thia hydroeaxtion vaa add^ after the 

organiMi vaa initially grown on n~-olkanea and under theae eoaditiona, 

pHtynene vaa oxidiaed to gire aoaiie eeid. Randier and Perlzweig (1945) 

hare alaa reported the oxidation of pHBymena to atoila aeid vhen fed to 

aheep. It had alao bean reported earlier by Matheva (1924) that aertaln 

aail baateria aan obtain their enex^ and aarbon reqniresent fyw p-ayaene. 

He alaimed that the intredaation of a sethyl group inta the bensene ring 

rendered t)ie reaultlng aoaqponnd Kore auaaeptible to baaterial oxidation 

probably beeanaa of the greater potential eiwrgy of the nethylated 

eonpound. Purthemore, aa againat the enontoua data aaetianlated in



the field of baeterial degradation of seTeral polymielear ar<»natie 

and •ubstitated benaenoid etmpoiuids aueh aa, aaliejrlie aeid, eateehol, 

naphthalene, anthranilie aeid and proteeateehole aeid, relatiTely no 

informatioa i« availalile aa to the exaet aMehaaim hjr vhich p-«]nnette 

is degraded into mailer fragBeata. The preaent atadiea vere, 

therefore, undertaken to inveatigate the degradation of p-eynene by 

the *nr>atrain' aiuL to aaoertain the exaet poaition of the eleaTajĝ  

of the bensene nneleaa of idie dihydroiyphenel by the oxygenaae. The 

reaulta obtained during the eourae of theae inreatigationa are 

preaented in thia theaia*
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WamiALS AMP METHODS 

All eh«Bloals nod for ih« prttparation of aeiiis ««r* of eh«aieal 

gr«d« and ihos« iu*d for oiisyBatie pnrpoao wtr* of analytlaal rvagaat 

frado. p-Cynene vaa obtainod fr<m M/a, Madal d« Uara Ltd., Ganaany^and 

vaa farther porlfiad bjr fraeiional dlatillation at atsoapharie praaaura* 

Tha fraatiott diatilliag batvaan 16&-48*/710 wm «aa aollaatad and forthar 

parifiad by rafluxiag ovar aatallia aodin aad thm diatillad. Baaad 

on VPC analyaia p-ejnneM aaad in tliaaa atndiaa vaa fora, Hautral

alutina Qrada-I for aolva ahrtnatagraptaj and ailiaa gal for thin layer 

ehrmatagra^l^ vara abtainad froai tba Fina Choaiaala Frojaat, National 

Chaniaal Laboratory.

Malatanaiiea and propagation of gnltMrtt

Tha organiaa vaa iaolatad froa aoll and vaa fooad to ba 6ra»> 

negativa aotila roda tunring aharaatariatiea of Paaodoaonaa apaaiaa. niia 

organiaa graving on p-«ymma aa tha aola aonrea of aartiaa vaa propagated 

0Q a nntrient agar alaat of the follaving eoapoaltion (Uaekie k lieCartney, 

1949).

Peptone (Amumr) ........... 1.0 g
Sodiw ahloride •••• g
Taaat extraet (Oxoid) (^.Bg
Beef extraet (Difeo) ••••••.• 0*5 g
Agar .......... . 2*0 g
Total ▼olvaa ............ 100 nl

The firat four aonatitaenta vere diaaolvad in vater and the {0



ira* adjttsitd to 7.0 with 4N sodium hydroxid*. Th« finftl rolxme ma» th«n 

mad9 to 100 ■!. Two p#r cent agar (Algad«n or Dif«o) vas added and th* 

■iztur* waa •taaaad tor one hoar. For preparation of alMita 6->7 wd 

aliqnoia worm diatrilmtad into 19 X 180 «i Pyrox tost tabos, mtoelavad 

at 15 p.a.1. (120*) for 20 nimitoa and wore alantad. Tha alanta woro 

reateamad for one hour to destroy any geminated aporaa and vara 

realanted again. Thaaa slants vara inoaulated either froai breth or 

ataak aultara and inmt^ated at 28* for 24 to 48 hr.

For porifiaation of aulture by atreaking aethod, natrient agar 

of the abore aosqposition vas ponred aaeptiaally elilla hoi in previously 

antoelavad (20 p.a*i. for 1 hr) petri diahaa. The anltnre aan faa propo^ 

gated erea on gl«eoae-4iineral aalt->agar alanta. The «oiqM>aiti<m of the 

nineral aalt ia described belov and to this were added glneasa and 8)( 

agar and the alanta were prepared in the ttaual vay.

Maintenance of the cttltare

It ia poaaible to Kaintain the organism and ta keep viable for 

rory long periods an the nrfaee of natrient agar aorered with a layer 

of aterile liquid paraffin. Theae paraffin eovei^ slants vere stored 

at ro<m temperatare (20*-28*). For routine vosfc the eulture was 

maintained by regolar tranafera in liquid eoltare.

Mineral aalt mediam for aroyth and faiwantatlon

Sinee the sderoDial oxidation of hydroaarbens ia asnally
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aeooBtpaaied b j  M id piH)dii«tioii( the pr«t»iie« o f eai^oiutt* or 

in th* Mdiua is  dM irabl« to 1mff«r i t  at »  faTottrab|« hjrdrogca^ioa 

eonsentratioB. So the organism was grown in  a eheniealljr-dafinad M dim  

M dvaeribcd by 8«ab«rt (t060) lurriiig fo llav ing  ewaipoiitioiii

1) MpotMsiia bydrogm j^oaj^at* ........ . 63*0 g
(Baai^a gradm, India)

2) P«ta«ai« dil^rogan ̂ o«phat« 18*2 g
3) Mmmdvm aitrata (S,IUnA) •••••• 10«0 g
4) IfagaaaiuB ■aljj^ia (B.B.H.) aidordroaa ..... 1.0 g
5) Caleiim «bl«vid« (CaCl^.SHgO - B.llar«k) ... 1.0 g
6) Farrofoa aulpbaia (FtSO^.TH^O -> 1.0 g
7) Hawgaatf aal^^ta (Biadcl d« Haaa) ••••••• 0.006 g
8) SoditBB iM»lybdat« (B.D.R.) •••••.. 0 .(H)d g

Kade up to 10 litres, pB T.O.

All tho aoiistitttoata woro diaaolTod Mparatoly oxooptlng ^  

phoai^atoa «hi«h ««rs dlMolvod togothor and diluted to 6 litroa. Soli»> 

tiosa of other adawral aalta were nixed together, added te piios]^te 

aolutioa and tlM total voltsae «aa Bade upto 10 litree. Aliqaota of 

100 lil aoditw vere takm in 500 «l IrleoMgrer fladte and vere antoelaved 

at 15 p.a.i. for 20 ainatea. Tbe flairica vere then inoealated onder 

aseptie eonditioa with 1-2JJ inoeulun and 1 ml of tho roapootivo oarbon 

aoareea were added to eaeh fl«ric. The flaika were iasabated at ^*1,1 

on a rotarj abaker at 220 r.p.a* for 24-72 br.

Erfcraetioa ai^ aop»rationrf coHipottndai

At tbe end of the inimbation period (24-72 hr), tbe flarica 

were pooled together and the broth vaa then aeidified with 6M hfdroeblerie
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Mid and •xtrMi«d tlurie« with «ih«r* fb* attuir lagnm wmrm po«l«d 

toff«iher ai^ shakwi vitli liyilo sujMn*! to rmmxw iSm aiwiwadad ••11s, 

Tb* clear yallev broth and tha anp«real eaka aontaialng iha aalla aara 

axtraatad aaporatalj with B~batanol.

Tha athar and o-butanol axtraata wara aaparatad into saatral 

(lf| and Mj) and Midia (Â  and Ag) fraationa by vaahing with aquaoua 5^ 

aodium aarbonata. Tha aeida wara raganaratad Iran aodlna aavNaiata 

layer by aaidifleation and ware axtraatad with athar. Tha oaatral 

fractioaa wara farthar aa>Jaatad to a foaff̂ traaafar aadlfiad Craig 

diatribution botwaaa n-haxana and 90JJ aqaaoua mthanol (Prtaa and 

Bliattaaharyya, 1962). Tha polar aoaipotuids froa tha «athanolia layars 

wara farthar pari f lad aithar by aoluan ahromatography or by praparatiTa 

ThC mthoda. Tha purity of tha fraationa wara aatdbliahad both by TUJ 

and VPC taahniqaaa.

Tha aaida wara aonwartad to thair aorraapondini wtthyl aatara 

by traatMttt with diazoaathana la athar. Tha »athyX aatara wara thm 

porifiad by ahroaatograflqr orar alnmina (naatral Grada l) and than by

preparatira TLC in haxanatathylaeatata, 90110 (Syatam I). The aapa**-
f

tion of diffaraat aeida in tha aixtnra waa alao triad uaing alliaa gal 

partition ealnon aa well aa by fraational eryatalliaation. Tha aapa> 

ration and identifieation of thaaa coapoanda wara awnitarad by rarioua 

phyaiao-ehenieal mathoda auoh aa TLC, VPC and opaatroaaapie aathoda.
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Th« •ztrMtlon proocdun and tb« methods of ••paration ar« KMUuriMdi in 

Fif. XII.

Thin lajvr ehroaatosra^ « m  ««iri*d out «ltii ailic* g»l 

(mi^lied by the FIm Ch«iieal« Projcet of this Laboratory) ttaing 1S)( 

plaatar af Paris as tba bindar.

Basolutlon of tha nautral fraetion and tha withyl aatara af 

aeida was aahivred by using hazanataifaylaaeiata, 95t8 (Syatan I),

90(10 (Syatcn II) or 8Sti5 (Syataa IV) as tha aolvant systaaui. For 

acidic aMiponads a mixtur* of b«iuecnc;aethanol:ac«tie acid 48] 8:4 (Sys

tem III) «aa gamrally usad. Tha aMipoaads wara dataatad aithar by 

apr^riag tha plata vith aMaantratad aulplraria aaid and daivalopiiig tba 

apots hjr haating far 10 ta 18 Mia at 110-180* or by kaapiaf tlia plata 

in an iodina ahaabar.

XdaBtifiaatiaa af 8.4«4iBltrai»haiarlhrdrasonaa of a»o-«aiift «iA

Tha oxa-aaids aa wall aa tha awutral aarbaoyl amnpoonda wara 

isalfttad by aanvarting tbaai into thair aorraspandtng 2,4-diiiitroplirayl- 

b^rasanaa and identifiad by TLC ai^ papar ahromatographia vathoda. Tha 

folloving aolvant ayatsas wara aaad for TLC«

Solvent ayataaMi for ogoHMiida

1) Bansanattairahydrofurantaaetia aaid (80i30t4) (Systs« V).
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aa

solyjat t y t m  for awitral eaarbowyl ewoqadt

Brasenvtiotrahydrofarui 60i40 (Systwi VI).

AMtndlng unidiflMMioBAl paper «liroaatogr«ptijr wwm ««fri«A oat 

on miatwoi No. 1 •ho«t«, a-Ikit«tiol<>othaiiol*-vaior (Ttltt) (Baglojr aad 

Gibson, 19ft4) W M  nsoA m  tho aolTont sysioa,

Pn>»r»tl»a of a.4^4inlir»i>iw lliy4m lnt flu tiom

2,4-Dinitroph«aQrlh3rdnuBino (100 m )  «m  dlMolTod in 100 ■! of 

2N hjdroefalorie a«id (approx.). Tho oolntioa was filtarod and kapi in 

rafrigarator i^aa not in naa.

ftr.wrth,8^.faa

Im tha axparimaata vhara grawth pattam of iha orfaaian vma 

atiidiad an dlffarani caHp<randa, tha aalla adaptad to p-ayMma wara naad. 

p-Cy»ana grown oalla wara fraad frmi adharing aubatratas by amtrlfngatiotty 

vaahad with O.OB If pheaphata bnffar and raanapandad in atarila aadioa. 

Cantrifogationa and vaahiaga wara dana nndar aaaptia aanditiona. 8nitiU>la 

aliqvota of 2 al aall anapanaion with a torbidity raading af 2BO»aOO 

(Klatt raadinga) at 000 (Bad filtar) wara inoanlatad in flarica aaa- 

taining tha raapaativa mbatrataa (lOO ta SOO «g) and inanbatad in ih* 

usual ■ammr.

Torbiditjr aaaauraaanta for growth atndiaa wara raaordad aithar 

Tisaally or aolorimatriaally at 080 m  with a natt-SoaMraon aolarimatar 

uaing a fladic raportad by Shukla (Shnkla, 1906).



lfcMar«Mats of •xjrcmi uptake by e«ll prsparfttioss w f  •anri«d 

oat Banemtrieallj (0«br«it 1959) usiag Warborg flades (25 b1

eapaeity) idtli a aingU aid* afM. Eaeh flaaie in a total voIvbm of 9 ■! 

eoataiaoA 1.6 al coll auaponaion eorreapooding to 1-2 (dry wt,) eolla,

1 al of 0.05 If phoafdiato Imffor, pH 7.0, 0.2 al of potaaaiiM hydMxido 

in tho oontral voll and vator to aako tho total toIww 3 al. TIm oal» 

atratoa woro takon in the aido a m  and addod by gradual tipping. T«ixpor»> 

turo of tho bath «aa ■aintainod at 28*£p.2 and tho flaidca woro ahdcoa at 

110 otn^oo por adn. Colla for aanoaotrio atudioa vor# hanroatod by 

oontrifuging at 15,000 X g for 90 nin at 0-^*, tnuihod tvioo with 0.05 M 

l^oaphato buffer, pli 7.0 and roanapondod la the aaao buffer for tho 

respiration oxporiMcnts.

Freshly grown sells (24 hr) were harvested and vashed tvioo vitii 

0.05 M î ospiiate baffer. The harvested sells were resosp«Bdod ia j^osf^te 

buffer, 0.05 M, pH 7,0 aad 10 al of baffsr was ased for eaeh 1 g of eell 

pMte. It vas thea sabjostod to seaioatioa (Bagrthemi Ifagaete atriotioa 

aoais osolllator, Model SF 101, KC-10, 250 W) for 10-12 aln aad the 

aoaieato eas eentrifagod at 15,000 X g for 45 aia. The mpofvataat vas 

used for aleohol dehgrdrogeaaao aad aldehyde dehydrogeaase assaya. The 

aaae supemataat «as eaployod to shoe tile presease of hTdroxylatiag and 

oloaTogo easyao systaaw. These extraeta usu^ly oeataia 10-15 ag ef

39



protvia p«r

Prot«lB eeaemitratloiui w«r« ••tiaaUd a««ordiiiig U  Wartmrg and

Christian equation (1941) for th« ••tinatim of protoia, baaod oa ilio
1

oxtimtion oooffiaioata at 880 and 2ttO

^ 2.S X (optieal dmaitj at ^  «p)»(opti«al ioaaity at 280 lyi) 
« at protoin par al of aolatioa

mskrrnUn Mtd in iho iirfont ■twiioa

Boasoia aoid, bonsaldohydo, p-«roaol, aaliajlaldolqnlt, aalieylie

asid, M-tolnie a«id, p-tolai« aaid, oreinol and eataahol voro prodaeta of

B.8.H. and S* Iforek. Ail thoao owaptnuida voro fortiwr parifiod oithor

diatillatioa or by eiyatalliaatioa. 2,4*, 2,5-, 3,5*,

Dibydrojgrbonsoio aaida war* kindly aapiaiod by J>r, X« GaaapaUgr, Portland,

Orofoa, U.S.A. Boaidoa thoao aovoral othor eoapoaada aaro aaod and lAioir

aynthoaoa aro giroa bolov.

a.a-PibrdroMT boaaoio aold oad 2>3-dilgdyoiiy tf.goB^thqig_a^^^

Thoao two aaida woro proparod by oMbonation of a aixtaro of

anbydroaa potaaaiaa earboaato and aatoohol (Saino tW4)» Aafaydroaa

potaaaim oai4)onato and dry eatoohol woro aixod in tho ratio 3tl ai^ tho

■iztaro was hoatod to 175* for 4 hr andor a aarbon dioxido proaaoro of

1200 to S^O p.a.i. Tho roaotioa aixtnro aftor aaidifiaation g«vo aoatly

2,3>dihydroxy boasoia aeid (70J( yiold) and littlo aaoaat of 2,3-dihydro^

torophthalie neid. Tho aono- and di<-oarboxylie aeida woro aoparatod by

fraetional oryatallicatioa fron wator. Tho aon»-earboxylie aaid boing
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nmeh ntor* ■oluble than the diearbpxylie a«id. 2,3-Dihydro^ benxaie mIA 

V M  reeryatalllBvd froa «at«r to a «.p. 202-^8* (lit«ratar« SW3-206*, 

Cuen and Djfk*, lOSO). fht ab«f« r«Miioii «h*a eorri«d eat 4t 2as« far 

8 hr moatly 2,3-dlhydreiy t«r*phthall« aeid {B0% jUld) wtt* obtained. The 

prodaet warn ery*tallised fv m  aqueous aloohol. It aieltcd with deeoaposl- 

tiea at about 270* (literature 270*, Gaaoik and I^e* 1080).

All atteaipte to prepare 2-l^droxy eusie aeid by the eelenitm 

dioxide oxidation of earraerol were net eueeeeeful. Finally it wae pre

pared by the alkali ftaalon of earvaerel. Hoverer, the yield vaa Terr 

poor thia ae^od. O m  part of earvaarol vaa aixed irltli 9 parta of 

potaaainm hydroxide and the Mixture was heated to 400* for 3 hr. The 

fuaed prodaet vaa diaaolwd in water and on aaidifieatioa yielded

2-hydroxy eoale aeid (SOJt yield). It wae crystallized freai hot water, 

m.p, 98*36* (literature, a.p« !)6»8T*, Heyaaaa aiê  Ktoifa, 1888).

six graaa of letteine vert auapeodad in 78 a! of water «<m»- 

tainins 18 aA of eoaeentrated aulpfattrie aeid* Tlie aixtare vaa eooled 

to 0* and then it vaa diasotised with a eolntion of sodiua nitrite 

(3.12 g) la 10 id of water. TUe diazotiaad aolntloa vaa tkea refloxed 

for an hour after adding 8 al of concentrated sulpharie aeid. The 

reaetiott aixttire vaa then saturated vith aflnoî ini and extraated
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with fh» r««ida« (4g; obiaiMd fr<M th* «th«r •xtTMt »m

taken in dyy «e«t«n« (SO ■!) and •abj«eti4 to Jo m s * ozidaUoa M«*vdiac

to tho proooAur* of Djonml (1966). Aftor 4 lur, tlM rM«tioa
\

■Ixtnro «»• dlltttod wltb vntor, flltorod, of Motoao prMoitt

was r«MV«d vador auetloa and th«n oxtraatcd wittai othor. Tho othar 

layar on araporation yialdad 2 g of laopropgrl pynaTle aald, b.p. 84-5*/lS m u

Tha flrat atap waa tha proparatlon of bariim ejnaana-a-aalidkoaata 

preparad Maardlng ta fanra (1934).

Tha aaaead atap Involwad tha alkali fnalon of baxiw ajsana^a- 

aulphonata, Thraa parta of potaaalm hydroxlda waa alxad with on* part 

of barlta eyaena*2»aal^onata and tha nixt«r« waa haatad ta 320* In a 

bath aonalatlng of an autaatla slztora of aodiua and petaaalos nltrataa 

with a faalon parlod of ona hoitr* After tha fualon the alkaline alxtara 

waa dlaaolwed la water, aaidlflad and eztraated with ether. The eth«r 

layer jrielded earraarol, b.p, 234-2M* (literatnre b,p, 237*>238*i 

Wagner, 192S).

2.8>01hydro«y vmi9 alaohol

2,3->Dlhydroxgr evaiie aeld awthgrl ester (3(M) ag) waa redMed with 

llthiofli alwalnloa Iqrdrlde (000 ag) aa daaarlbed bjr Ityatroa aad ftrowa (IMT), 

At the eikl of the reaction period (about 2 hr refluxlag) the aizture waa 

proeeaaed aa naaal, Thia eoapound waa freed of alnor iiq^rltlea bgr ̂ aing
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v t

or%t «a aluKina eolon (Orade 1, 20 tim**). fh« «olii«a « u  vMlt«« vitb 

eth*r. Th* eMq^osad (40 «g) wat «lnt«d vith Mtlumol.

fills vas |Ttpajr«d hy r«Kla«iag enaie a«ld (900 wg) '•iih 

•Ivmktdvm hydrld# (600 mg) as described earlier. The eoapomid (27) die- 

tilled at 870* (bath imp.). 7h« NME •pMimoi (ng.XUlI) indieaUd the 

pr«««cie* «f iaoproKrl greap (donblti at 1.23</), pmtaa ef tertiasy earbmi 

(2.85̂ ), protoBs of hjrdroxjnnethylene group (doublet at 4,4^) and fear 

aroaatio protona (aii^let at 7.12<().

LW l

Caaie aldehyda vaa prepared by oxidation of emde aleohol in 

preaeaae of ehr«dliui trioxide-pgrridine eonplox aa deaeribed by Pooa a|« 

(1958).

The preparation of propanol (O-bgrdroxy-p-ayotena) and

3-iaopropyl eataehol hava baan dlaauaaed in Chapter III.

All BwltliHi and boiling points reported are uneorraated.

The infrared speatra were reeorded on a PailciD-Elfflar InfraaMrd modal
a

137B and B er on a Pe«ki»-iaaer nodel 221 in liquid fils or in nsjol.

All laCR spaatra vera taken on a Variaa Associates A-00 spectroraeter 

using carbon tetrachloride as aolrant and tetrsaethyl silane aa the 

internal refarazwe ataadacd.
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Th« pswidMutnad, *Hr>«traia'' iaelated 1)]r enriftluMiit eoltur* 

t«efajiiqa« onoC-plneae as the earbon soure* was aMd in  ih« eoara* of 

th« preMiit s^diM* Thia has b««]i fooad to grow freely on glneos*, 

oitrat*, sueeiiiaU and oihar mn3>«r« of th« irittarboxjrlia 

aeld vith or vl^ont lag ]Aaaa. fioaidM th«a« •mqwnads it alaa

niillsaa a walMr of tarponoid Igrdroaarbona, aueh aao6»pin«M, A^pimm** 

limosana and i^-pHaantliana (Slndela, 1965), It la Intaraating ta aota 

that tha aaaa atrain c n m  rtnaxk Hbly wall on tha armaatla hydroearbon» 

p-«7nana, In a adaaral aalt «adii» at ntaa eaapari^la to tboaa on 

glueoaa. la ordar to elueidata tha eatabolie pathway of -Uiia Iqrdroearboa, 

largo aaala fanBantations wara earriad out to idantify tha warioaa Mta*- 

bolitaa fanMd dnriag tha eouraa of tha feraantation. Optioua eonditiona 

wara aatî litlMMl frwa diffarant sata of famantationa naiag tha paaado- 

oonad "np-atrain”. Tha rata of growth of tha baatariwi was praotiaally 

ataady batvwan 27*»37** ilowaror, a traparatora of 28* wm  ahoaan 

arbitrarily with a wiaw to adnimiKiag tha laaaaa dna to araporation.

Tha orgMiini azhibitad a pH optinaa of 0*8 to 7*2 and for tha famanta- 

tiona a nautral pH (7.0) was ahoaan. It waa found that p-ayaana appaarad 

to ba ao»-tozia up to a laval of 1.5^ in tha aadioa (l^la i), Aa thara 

waa praetiaally no diffaranaa in tha growth rata of tha orgaaiaa at
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eoM«iiir*tioiis of 1.0 asd l.S^, an initial Irrtl of l.(^ p-«7»60« « m  

•hotoA for th« fsnwBtatioiiB* It is appropriate to Mation in this 

eowMotion tbat lAwn tho initial eonsontratioa of tho mibatvat* «a« 

botwoen 0«8»1.8^ th« «altiiro Mditv d«vtlop«d a pal« plak «oloar» 

poaaibljr an indieation of the aaeamlation of ĵ tiMielie ttoaipoaada* 

Hoveror, on rodoeing th« •oneontmtion bolov tliit l«wl th« ]^ak 

eolottr vaa not •boorvod*

Tho qoaatity of aratral prodaota fomod at aagr tiso waa quit* 

inaignifieant as OMparod to tho aeidio produata vhieh ineroaaod «ob- 

aidorabljr v i ^  tha inombation poriod, although th« aooont of noutral 

produata fomod vaa eoMparatiToly m r o  in the initial atagoa (Tabla ii)< 

Howovwr, tho a«e«aalati<m of difforont aaida in tho •nlturo aaditiMi 

dopondod aainlf on the period of inanbation. In a 34-4ir fenMntation, 

•uaie aaid waa ^  aajor produat of aeemnlatiea while in a 73-hr 

fenMntation, StS-dihgrdroxy enaie aeid wm the najor eo^penmt. With 

prol<H«ed inanbation i.e., bejrond 72 hr, aonaiderable lyaee of the 

aella eere ebaerved. Oifforent aeta of fen«itatioaa were earried 

at different time interrala of 24 and 72 hr in order to aocuoulate 

the twe aajor aeida in fairly large quantitiet, the aamiat of aaidia 

neutral products fomed daring the eeurse of femontations with 

different tine interYals is listed in Table ii.
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Isolation and Identification of

Tho •xtnwtlon pro«odnr« and th« ■•pu«tion of ootabolitos into 

polar and non>polar noutral and aeidio prodaeta haTo boon Mhoantieally 

outlinod oarlior in tho ehaptor on "Ibtoriala and lloilioda*'(Fig.XXl).

Briofly, tho fomontod broth along vith tho oolla m w  aoidifiod and 

oxtraatod vith otiior and n-bntanol* Tho aquoona logror vaa not oabjootod 

to oontiimoaa oxtmatlon wi^ othor (Shtikla, 1965) ainoo tho roaidoo 

obtainod by thia proeodaro vaa too «ba1 1 to earrjr oat aagr ohoMlaal 

woxk. nio othor and tho a-lmt«nol fraotiona iroro thon aoparatod into 

thoir aaidie and noutral oonatitaonta to obtain tho folloving aajor 

fractional

a) Ethor oxtraoti loaa polar noutral (M̂ ) and aoidic fraotiona i\)t

b) »>Butanol oxtraeti noro polar noutral (N^) aad acidic fraotiona (Â ).

Bscaination of oaah of thoao fraotiona b y  TldC roroalod tho prcaanao

of at loaat four to aix coapononta. Thoao four fraotiona wore aubjoctad 

to aolTont-aolvont partition, chrooatographic sothoda aad fractional 

czyatalliaation (in tho caao of acida) for the isolation of indiTidual 

aotabolitoa.

(loaa oolar neutral) fraction

Chronatograi^ of ^  fraction oror noiitral aloaina (Grade I) c;ave 

four fraotions.nflnely,M^-b, N^-c and K^-d which wore olutcd by 

aolTonta of incrcaaing polarity.

Fraction (M̂ -a) olutod with potroloua othor (40-60*) vac foun4
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to eoataia uwr*aet«4 p-eymen* and fatty natariala. gxaaiiiatioii of thi« 

fraatloa la Syatw I ladleatad iht praaaoaa of two aaapoaoda of varylaf 

polaritjf iho ralatiTaly bob polar oanpotuid aorr«ap«BAod to p-Htyamam 1b 

anbllltj patiom. fho polar aoapooiid vaa aoparatad frw ikm mLxtian liy 

earaftil roahrmutogra}^ ovor aauiral alndaa (Grado I), fha IB apaatfwa 

of thia oMqpoaad ahowad tiia praaoneo of a atroag abaorptloB daa to all- 

phatla CH atratalilBg (y ^^^8980 aa oator band 17«0 «a*^),

aa athar llofcaf* (y 1100 mT^) , a aharaatarlatla aliaorptloa for tha 

praaoaaa of a loag aliphatio chain with sore than four aathyloM groapa 

(y 730 aaT^) and tha abaaaaa of aagr )qrdro:qrl group* Thia aaggaatad

41

that the aMpooad may probably ba an aatar of a fatty aald.
c

fraation (Mĵ -b) eluted with benseno vaa alao found to be a aixtnre 

of t«a a<MBpoaanta of vary eloaa aobilitiaa la TiJO (SyatoM I) and aoald 

aot ba roaolvad fnrthar by ahronatogra^a aathoda* O m  of tho aoaî anaBta, 

hoiraTar» aarraapondad la atobllity pattam with that of tho fatty aald 

aatar abtalaad la tha potrolaua athar fraatloa (N|̂ *a).

Tha (N^-a) fraatloa alutad with athar waa foand to caapriaa aoat 

of the wtjor neutral aetabalitea. Prallaiaary exiwlaatioa by TIC (Sya- 

tarn II) ahovad tha praaoaaa of thraa aoBpoaaata. Tha ■atabolita with 

0.32 waa laolatad la a para fona by praparatiTo TUJ. Thia aoî pomid 

diatlllad at 158-«0V80 ■■ ta«p.) aad aaalyaad far Tha

IR apaatnm (Flg«XXZ10 ozhlbitad a hydroxyl abaorptloa (Y 3480,1046 caT̂).



4t

-1Th« absorption at 880 probably indleatta It4 fttbatiiteUoa pattani 

oa aa armuiUa ooelaoa. TIm MM& apMtrm (Fig.XIT) indieaiad th* 

proaaaaa of four aroauitU pretana (ainglat of 4 proioa Itttwoaiij at 

7«1({}, tha proiaaa af li^oigr awihylaaa graup (a doablai of 8 protaa 

iatanaitf at S«48(f), protaa of tariiaxy aa»)>aa (anltiplat of aaa 

prataa i n U m i ^  aroaad 2,9 i), ona hydroxyl protaa (at 2.57(f) vhiali 

diaappaarad oa axahaaga, aa arwaatla aatltyl (alaglat of 8 j^tMi 

iaiaaaity at 2.9 c /) aad a aaaoadavy aathyl (a doablat of 8 pmtoa 

iataaaity at UV< i  )• TiMi abora data iadiaatad that p-ajaaaa haa 

aadargoaa bydrojgrlatioa aad tha aaalyaia of M B  apaatra aorraboratad 

tha atraatorat c>C*P*tolyloparopyi alaehol (28)*

o
UC)

fha IB apootroB of tha aoiqioaad vaa aapariapoaabla with that af tha 

aathaatia aMq>la af oC-P-tolyl-pwpyl alaohol (Tig.Xir).

Fraai thia fraatiaa * aoaoad aeutral aoHpoaad vaa idratifiad

VPC aa amaia alaahol (27), Tha abaarrad paak iataaaity vaa atihaaaad
CHzOH
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vheii iii4««t«d teg«th«r with the outhentie ■ampl* of aleehol

(Flff.XVI). Owing to tho jtAuel'fy of Uiio sloohol fvrthor ehoKloal atttdioa 

woro not posiiblo.

Tho last fr«etioB trm t tho oolaBi (lf|->di) olwtod «lMi sothaaol
»

jrioldod « daik eoloarod gm  whi«h wm founA to bo a Mixtoro of mâ gr 

ooô oBoata os fl£. Siaoo tiiia fraotioa waa iaolatod is rm rf nail 

awmata far^r fraatioaatioa of thia roaidao waa aot atta»pto<.

m ^ )

nio iMmtral iip>bntaBol oxtraat (N̂ ) waa fosad to ao]>anto into 4 

to 5 eoiqieiiada on TLC. Tho apot ha;viBg a 0.82 aorroapoadad ta that 

of oO*p-tel]rl propgrl alaohol (Syatofli II). Aa tho total yiold of tha 

■otabolitoa in thia fraotion waa rofy poor it waa not poaaiblo to aoparata 

and idoatilfy tho iv A ir i& a a l ooatpoaoata. Novorthaloaa, tha Utaihwrg atsdioa 

iî iaatod tiuit thia frMttioa aonld not ba oxidiaod and ao, tha falloro te 

idontify tho vmrioua ooMpoaanta probably did not haapor tho aaia objoatiwa 

of tho atadioa, nwaoljt ihm olaaidatioa of tho pathwajr for tha hiodoffr»> 

datioa of p-cyiMmo.

ACIDIC fRACTI088

Sinao at two diffaront porioda of fanMatatioa, two aaida aaauanlato 

in aajor proportioaa, thoir iaolatioa waa oarriod oat by aiyatalliaatioa 

and thoraforo, thoy aro diaauaaod ia tho bt̂ inaiî .̂

Tho aaidia fraatioa obtaiaod from tho 24>hr foraoatatioa waa foand 
to contain ut aoid aa tho aajor prodaot irtiiah waa aoparatod froa tho o^r
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T I M E ( M I N )

1 O r N T I F I C A T I O N  O F  CU M I C A L C O H O L  ( 2 7  ) I N  1 0 0 %  E T  H E R F R A C T  I 0  N 

B Y  V P C - d E M P  1 3 0 ° ,  C A R R I E R  G A S  H Y D R O G E N ^  F L O W  R A T E  3 0 c - c / m i n }  

C O L U M N  P ,  C h A ^ T  S P E E D  1 2 ' V h r )

(1)  C U M I C  A L C O H O L  1 2 )  1 0 0 %  E T H E R  F R A C T I O N  ( 3 )  C U M I C  A L C O H O L  

P L U S  1 0 0 %  e t h e r  F R A C T I O N -

FlGr.XV!



Midi* «c«poMiii» pr«t«ai iii aittor qttaaiiiit* hy •rjttt«llisati«i trm 

«at*r aa a irtiita arTttalliM Batarial with a a«p, iia-114*. alt- 

■Mmiaiy aaalyaia of tkia «Mipo«Bd aogiaaiad an aaqdrieal fanatla of 

C 10*̂12^2* ®  apaatnm (lig. XVIl) ahowad ebaraateriatia abaorptioa

dua to an aivnatta earbosjl group aty 2500 and 1680 «a*^ and a 

■troag donblat of aquid intanaity daa to iaopropjl group at V  1390-

44

1300 Ttta IBB apaetroa (Flg.xnil) of tha aMpouad roTaalad aa

laopropyl group (aplit doublet of alx protaa intenai^ at ), a

aoq^lax algnal dua to proton on tartiaiy aarbon (aroaad 3*<N)(/), four 

ar<matia protona (two doublata aaab of two proton intanaity at 8*01 and 

7.26ci) and tba hydroi^l proton of the aarboigrl group (at 12,«6<^}• fha 

phyaiaal and apaatral data fully anpport tba folloving atruatnra of asoda 

aald (28).

O

U8)

Tba aaidia fraationa obtainad In tha 78 hr fanmtation, on TX£ 

azaainatioB (8yat«a IIX) ahowad a aingla aald in wmjor quantity* Thia 

aeid fraation waa auapandad in atiniaun quantity of aact>Mi tatraahlorida 

to raaora ^ a  ralativaly no»-polar aaida frm tha aora polar atid. Tha 

aarban tatraahlorida aolution on araporation and ahroaatograptqr oTar 

thin layar ahowad tha praaanaa of mall ammata of aoala aaid (28)« fiia
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worm polKT Mid wa« ex7«i«llis«i r*p«at«41y trm aqtMous t« a

oomiiant n«9« 153-64* and showwd a slncl* afot ia TU! (Syatw III,

By 0.91)« Tltla ewpaoad (29) gava a peaiiiTa fairia aUorite taat, aot 

a n d jr x l  tn

Tha HI •paatnsB (Fig.XlX) of tiiia aeid (29) iadlaatad tha |>raaaiita 

af a fraa kjrdro^l groap 3480 a«*^), a hydrogaa beadad iqrdrexyl

gnmp { Y  3100 «T^), a fraa aarbozjrl graap ( V  2800 aad 18T0 «T^) 

and an iaopropjl aida ahaia ( 1 3 3 0 - 1 3 0 5  caT^). Tha JtOI of tha 

■etfiyl oatar of th« aeid (30) (Fig»XX) showed tbo praaaaaa of six protaaa 

aorraapondlng ia tvo awthjrl groapa of ioopropyl aida ahaia (doublai at 

l«22(f ) and tha aatlq̂ l ff̂ ottp of tha aarbomthoxy group ahoviag titraa 

proton intoaaitjr (a ainglot at 3*9c/)« Tha praaonaa of t*a aronotia 

protona wara ahown by tro donblata (at 6*6, 7«2cf )• Two aharp paoka aaah 

of ona prot<m jlntanaity wara aaan (at 6«6 aad lO.Oc/) duo to the two 

hydroxyl protona ^ta praaanaa of ahlah wara aoafixnad hy aqailihrati<m 

with DgO. Oa tha bMia of tha abora abaarratioaa it waa aonaladad that

tha ̂ aolia aaid iaolatad waa 2f3-Hiihydroxy auala aald 

aorraapoadiag Mtiiyl aatar aa (30)*

aod tha
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Th« physi«id properii** and the dat* of ihit pluHMlit

Mid «Mpar«d wall with iha Taltiaa that haira bami raportad tor iM» aaid 

bx Adma and Hoot (ll»39)«

Tha abava aonaluaion waa furthar aabataatiatad Igr daaarboxylatiag 

tha î iaaolia aaid ta Skiaopropjrl aataahol (3l). fhia aoe^eoad analjraad 

far Tha IB apaatrai at ihia aoMpauad (Fig,XXI) iadiaaiad tha

praaanaa af h|dro]qrl ^9up (Y ^ ^3400 a«"^), tha iaapropjrl grenp

18«6-t380 aaT^) and tha abaaaaa of ujr aarbo^rl fnmtioii, Tha 

M R  apaatrai (Pif.XXII) ravaalad tha praaanaa of an iaopro]^! grmip 

(aplit dooblat of aix ^oton intanai^ at U s J ), a ■nltij^at dua ta 

tha protan on tarti«iy aatton (at 3,2cf), two hydroxyl protona (at 4*9/) 

i^iah wara ratiuaad in iataaaity by aqailibratioa with and thvaa 

aroowtia protona (appaarad aa a anltiplat at 6,65(̂  ). All data as«

49

ooaaiatant with 3<»iaopro]̂ l aataahol atruatura. Baaad on thia arldaaaa 

tha atmatara aaaigaad to tha phaaolia aaid waa fully aoafimtd.

Baaidaa thaaa tva atmpoaada a faw o^ar matâ ĵ olitaa wara praaaat 

ia aaidia fraatioa ia aiaor proportioaa. Chroaatographgr oa ailiaa gal
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failed to recolT* thm any further.

Afi«r •todyiag thM« tvo aeids, nMwly, vmi* aad 2,3-dih3r4rox7 cumic 

Mids, ill* «eldi« frMtiona ai^ obiaiatd tnm  ctlMnr and bataaal 

•ztraata, raapaativaly (aa oMBtionad bafora) vara atadiad ayaiaaatiaalljr 

for tha idantiflaaiioa of all tha aoKpwanrta, praaant. Aeidia fraaiioa 

(Aj) vaa dlraatljr eomrartad into Mtlqrl aatara with diaaoatthana and 

tha raaaltim oathjrl aatara vara aahjaaiad to a foax^iraaafar aodifiad 

Craig distribution bataaoi 90J( aq. Mthanol aaA patrolaoa athar (4(MtO*) 

to oeparato the leaa polar (fraation A^-a) froa the aora polar aatara 

(fraation A|̂ ->b)« Thaaa fraatioaa aara thaa proaaaaad aaparaialy.

Fraation (Â «»a)i PraliaiiuMy axaaiaatioa of thia fraaiiaa o«
*

TliC iadiaatad ttet it aaa a sixtora of thraa aMaponmia. Tlda aativa 

fraation vaa diatillad uadar Taavnaa aa oaa fMatioa aad vaa Kibjaaiad 

to ahrmaatogri^Agr ovar aautral aloaiaa (Grada I). Tha fimt patrolaaa 

athar (40-60*) alaataa jrialdad a raaidaa arihiab vaa foand ta

aontain only ona aoapoand aa ravaalad by fix; (Syataat I), fha aoadbiaad 

residue froa the later patrolam athar fraatioaa (A^-ag) on T W  (8ya- 

tea I) ahovad the presenee of two aatabolitaa*

Tha (A|-a|) fixation on aapoaifiaatioa gava a lav aaltiag aolid 

vhiah aaalyaad for ^  apaatma (aot aboaa) of tha aaid

azhibitad a fraa aarbosyl group Of 2600 aad 1720 aaT^) aad a laag 

aathylane ahain C/ ,,,780 aaT*), Tha apaatma appaarad to ba that of a 

fatty aaid and thia aonalualoa vaa anpportad by MUB atadiaa. Far ihia
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M M O B  no farto*r atiwaipit ir»rt nadt t» detcMin* th« •xMt aator* of

tht «M9 0 ttad*

PrMtlon (^^**2) diatill«d ttuid«r r*du««d pr*»nu>t vudi ^  

ive Mlda trtm thia froetion v«r» Mparaiad «a a j^parativa TItC 

(Syataai I), fha ali^tlj polar aald «aa fomid ia aorraapand to awla 

aald aatar oa ifaa baaia of TUI and otbar apaairal data, fha oiliar 

aaidia aaaqpouad, vaa iaolatad hf praparati^ TLC mialjraad for 

Tha IB apaainm (Hg«XXIIl) abowid aa alli^atia aatar band (y^^lTgO a«*^) 

and a 1,4 aranatla asbatitwtiaa pattam ( Y  ̂ ^880 aaT^)* TIm MfR 

apaatraa of thia aoapotifid (Fig.XXIV) ahovad tlia praaaaaa of four 

artmaiia protona (aioglat at 7.1^), a xatlqrl algnal of a aarboaatlioiqr 

group ahoviag tiiraa proton iatoaal^ (8.6c/ ), aa aroaatia aatlqrl aifiaal 

(ainglat at 2.33(f ) aad a aaaoadaiy aatigrl group (a douklat of «braa 

protMi iataaaitjr at 1«41({ )• Oa tha baaia of thia data tha follawiag 

atruatura aonld ba Maigaad to tba aatfajrl aatar (32)»

CH:

o
CH;

0

(3 3 ) - C 0 0 H

Tha fraa aald (3S) vaa obtaiaad aa a iHiita arjratalliaa aolld.

(32) C O O C H 3

with a a,p* 60««1* oa aapoaifiaatioa of tha iwthjrl aatar and it aaaljraad 

far ^  •pMtrua of thia aaid (Fig.XXV) ^wvad tha praaaaaa
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of a fr«* earboxjrl group 2700 1700 and 1,4 uramtU

mbiiitatlMi patUn ^  ®29 «T^). fli« MIB spMtnni (fig.xm)

alto thvwvd tlM m m  patt«ni m  that of tiM Mthjrl oftor for ib«

•booneo of tho Mtbjri of the ewrt>«Mtlioxgr •igaal and lastoadi tlw proaonaa 

of an aaldla protMi (at ) mui aam*

FraaUoii

Tie of thia fraation {k^-h) obtainad trom tha Craig fraetioaailMi 

in SyatoB XT vaa foandi to aantain at laaat four aaiqmMttta. It vaa 

aabjeetad ta ehroaatograp^ over aautral alastna (Graia II). Bxa»inatiott 

of potroloua athariothar aluata (A^«b^) on TLC raroalad tba praaanaa of 

two ooaponents haring Tory alaaa ly Taluoi.&nd t’la other eluate (ilj-bg) 

on TiJB waa found to aontain three eoaqMmmta.

The aontponiida of the fraation vara aeparated preparatiTa

TLC. The «atia>olite vith the v«l«e 0.59 in Syatea IT aorreaponded to 

the Mthjl eater of 2,3«dih7droaE3r emaia aaid. IB and IB& apeatra vara 

idontiaal with tboae of 2,a-difagrdrox3rai»ia aaid. The aeaond ao^poamnt 

waa a aolid, and waa cr]ratalliced from aqueooa ethanol,

■•p. S7<-68*. The IB apeatnn (Fig.xXTXl) of thia aolid eater exhihliad 

tba preaenaa of a hydroxyl graop (^,,,8400, 1230 eaT^), an eater band 

( y  ̂ ^^1750 enT^) and an loopropyl groap ( y  ̂ ^1386-1370 o*” )̂. the 

Mffi apeatrwB (Fig.XXrill) of thia a<»Bponad to awee extent agreed with 

that of 2,3-dih3rdros9r enaia aaid eater. Mevertiieleaa, the diaappaaranaa

4»
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of th« atrong Midi* ]|̂ «Bolle grtmp aad th« a^i âraiMNi of aotlieyjr 

protons W9T0 ohmtrwwA, fhi» spoctrai indieatod th« of m

isopropgrl tldo chain (donblot of 8 proton intonsity at i«28cf), «av1>«- 

Mtfaoxy protoM (aittglot of thro* proton intoaailgr at 8.9(f) Mthoay 

proton* (aiivlot at 3,87(f ) , a taydroxjrl proton (•iaglat at 8»06c/, on 

•quilibratiea with D^O tht paak diaappaarad) and two arooatia protoaa 

(two dovblata at 8.90 and 7.82(/). Oa ih 9 baaia of tiiaaa data a 

probabla atraatnre of tha tyiM (34) vaa aaaignad to tlia aolid awtlq)'! 

•atar* Hovayar« ^ a  aomponnd (34) najr not ba a txua tnuMforaation

C O O C H 3  

O H  

O C H 3

80

w4)
product bat aora likely it could hare baaa foiaad vhila aatarifying 

2,3^ihjrdrox3r amia acid praaant in tha aaidia fraatioa with diaaoMthaaa. 

It vaa alao obaarrad with 2,3-dilgrdrexjr anaia acid that ahM it vaa 

allavad to raaat wi^ an axaaaa of diaaoawthana for a loagar tioia, tiia 

aora aaidia hgrAroayl fronp at poaition 3 vaa aathjrlatad*

Tha (Â «>bg) fraction on Tl£ azaainatioa (Sjatm IT) ahovad tha 

praaanca of two aoâ ponnda (^)and (34)* Baaidaa thaaa tiia aiztnra alao 

contained another cater which waa aaparated on preparatiwa HC* Thia 

eater waa found to be a rerjr low boiling liquid, diatilliof at 98*/80 «• 

(bath tcap.). Tha aobility pattera of thia aomponnd mi TIiC aorraapoaded



with that of th* aatluniiie 3^ydroxy eoidt aoid mmthjl «tt«r. Th« 

id«nti|3r of eo^pooad vlth outli«Kti« 9<-lqrdrojqr «a«i« Mid Mt«r 

(39) « M  ••tablialMd Iqr spoetral ewBparlma (Fig.XXIX),

C O O C H .

SI

3

ftitjuigl frMtioo (Â )

Ezaadiuttioa of the Imtaaol frMtloa «a TU! (Sjrtioa III) ladl«at«d 

tho proMBO* of fivo to oiz «Mq^aoai«« Two eaqMmnda had iho m m  

M  that of enaie Mid aad 2,3-dih9rdroagr euaio Mid, roapM tivoly. Tho 

ammat of thia frMtloa waa Tory aaall and hoaeo tbo othor aotabolitoa 

eould aot bo iaolatod for atrttoturo dotoraiaatioa* SiMo tho aloaTago 

of tho baasoM oaoloat of a^a-^ihydrosjr avntio Mid ahwld raault ia tha 

fonaati(m of eithar katoaia or aldahydia iatavaadiataa, tha aatira butaaol 

aeidia frMtloa traa traatad with 2,4»dinitrophaB3ri IqrdfMaM to aonvart 

ai^ auah eai^aayl aoaQxmBda, iato thair rotpaatlYa IqrdrMOMa* Tha 

hTdrazonso fomod wora taken Into ethyl aoetato which when examined oa 

TIC (Sfataa T) wm foaad to eontaia a nixtura of thrM hydrMaaaa. Th9 

hydrMotM with tha walna 0.48 aorreaponded to that of tha hydrazoM

of iaopropyl {tyruwio Mid (38), Duo to paucity of tha aatarial it



evuld aei b« isolated ia • pore fora for further stndios. Tho other 

two iqrdrazeaes preseat la ^ e  aixture eould aot be ideatified. Fartheraore»
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easymtie ettidiee aa reported ia Cha|ierlV hare ahowa that iao^opgrl 

pgrruTia aaid ia formed when a aell free extraet «aa ineabated with 

2,d-4 ib]rdrox3r auadLe aeid for a period of two hoara* Thia aaaarda farther 

proof that iaopropgrl pfrarin aeid ia fomed doriag the biodegradatioa of 

p-eyaeae*

Feweatatioa of a-ayaeae with alaaoae growa eella
Wbm the feraeatatioa of p-ejraeae waa aarried eat with glvaeae

growa aella aubatantial aoKRiata of aoidia prodaeta aaeuaolated ia the

aediua* It ia iatereatiag to aeta that whaa falljr adapted gluaoae growa

eella are uaed for the fenieatatioa of p-a]«eae the owuat of the aaidia

aetabelitea foraed waa daareaaed^ aoaaidarably, Oa the other haad whea

partially adapted aella were aaed 2,3-^hydroxy ewBia Mid waa foaad ia

aeaaaalate ia large qaantitiea.



E x p m m n a ,  

maiEMJaim of p-cnciiEaiB

Bffwt of gnb«tr«t» eoiWtttr»tlon

The •fftet of eonoantration of th« sabstrato on th« growth of tb« 

organism waa tooted by iBOOulating 100 al of otorilo ainoral oalt aodlni 

with 1.0^ ittoeulim (24 hr old oulturo grown mi p-oyMBo) and adding p-oyaoa* 

in Tarioua eoneostratioaa ranging frmi 0.2 to 2.0 .̂ TIm  romlta prosontod 

in Tablo (i) indioatod that tho growth rato roaohod a wajrii— Bi vhon iho 

initial ooneontration of tho onbatrato roaohod a loTol of l.OJt and tho 

roMdnod atoady with inaroaalng oonoontratiim up to a lovol of 2*0^«

Bofond this lorol tho •nbatrato waa found to bo texit to tho organiaa.

Tho growth rato also ineroaaod aa tho poriod of ineubation waa ineroMod 

and roaohod a maxinm at a period of 96 hr. Boyond thia poriod oonsi- 

dorablo lyaoa of tho oolla tako plaeo* As a roault of titoao obsorrationa 

an initial ooneeniratlon of 1.0^ of p-cjnaono waa Mployod throaghout tho 

fonumiation.

Qptiawni oonditiona

Inoottlmi. pH and toaporataro: A pH of 7.0 waa found to bo opiinw 

for purpoaoa of growth and fomontatlon. All fox»nitationa woro oarriod 

out at a eonataat toiqMraturo of 28*^2 on a rotary ahtdcor (220 r.p.au).



M

iSrraCT OF CONCEMTBAf ION OP THB SUBSTRATS 
ON T«B GROWTH OP T8B OBSANISM

•oMUtraUo. growth (KUtt rta*i»n)
24 hr 48 hr 72 hr 08 hr

1) ■11 37 40 42 44

2) 0.8 278 310 308 288

3) 0.4 288 318 308 288

4) 0.6 200 378 308 260

5) 0.8 208 400 488 380

6) 1.0 308 408 690 630

7) 1.5 908 308 878 610

8) 2.0 300 400 490 810



Th« salt iMdiini o f  th« oMipotitioB as ■entionsd la  Chaptar IX waa foond 

to  bo aoitablo fo r  ^  forBoaftaiioaa.

AcaaMoXatloa o f  prodaota aa a faaetloa o f ttmo

A batah o f 70 flaaka oa«h ooatalaiag 100 b1 o f a tor llo  awdlam aad 

1.0 a l o f tho aubatrato woro laoaalaiod witii 1 a l o f  iaoottloa o f a 24 hr 

old eulturo* FIto fladca woro roaovod at aoro hoar aad tho roaaiaiac 

fla i^a  woro iaoabatod at 28* oa a ahakor. 10 flaaka woro r taoTod ovorjr 

tiao  at aa iatorral o l  4, 8, 12, 24, 48, 72 ai^ 96 hr. Tho broth traa 

ao id iflod , aatoratod with aodiiaa ohlorido and oxtraotod v ito  othor. Tho 

othor lajror mui aoparatod iato aeldia aad aoatral fraotloaa* Tho 

aoutral fraetitm was ohr«aatogra]j^od ovor alaaiaa (Grade I )  aad olutod 

with potroloua othor (40-60*) aad athor. Tho othor oluatoa woro ooaaoa- 

tratod to  j lo ld  OMnparatiiroly aoro polar ooaponada aad takoa aa polar 

aoatral fraatioa whieh waa froo froa aaroaatod p»07noao*

Tho aaida woro obtaiaod froa tho aodlua bloarboaato oxtraot b j  

ao ld ifieatloa  followod by othor oztraetioa. Tho roaulta o f thia ozporiaoat 

aro tid>ttlatod ia  Tablo ( i i ) .  I t  la  ovidoat from thia tablo that tho 

aaonat o f  tho aoidio fraetloa  roaohod a oaxlana whoa tho iaoabatloa 

period waa 72 hr, la  tho ia i t ia l  period ooaparatiwoly aoro aoutral 

produota woro fom od and i t  waa, therefore, deoided to carry out for* 

aeatationa o f p-oyaona up to 72 hr.
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n m M )

ETTBCT or TIIIB ON THE ACCIAfULATXON OP FBODDGTS

M

Total nmitrml Aeidlc Polar avutral
(liy) fraetion* fraetioa fraetioa

<*) (f) (f)

4 3.10 0.028 0.075

8 2.09 0.060 0.355

12 2.58 0.071 0.235

24 1.50 0.089 0.140

48 0.60 1.200 0.225

72 0.20 1.450 0.135

96 0.21 0.580 0.131

*be fo re  chromatography 

Urgo — aim foimnUtloa

50 flaaks aaeh vith 100 nl of Minoral salt flMdim war* inoau- 

latad with 1.0)( inoaulitB from a 24i4tr old aultura. Ona ml of p-^jmuam 

waa addad to eaah flaidc and than ineubatad on a rotarj ahidcar for 72 hr 

at 28*^2. At tha and of tha daairad ioaubation period (72 hr) tha 

eontmita of tha flaaka wara pooled, aeidified and eztraated vith ether.

The broth vaa reextraated with HF>butaiu>l« The ether and nr«bntaiiol 

extraata were aeneeittrate«̂  and aeparated into aeidia ai^ neutral fraationa 

by waahing vith 5»0;i$ aquaoua aodiua carbonate.



In ordar to g«t largs quantitlet of Miabollioa for itoloiien

and idoatifloatioiif the eontonto from firo batehoo oaeh of 80 flaika

mmn pooled together and prooestMd, The total ether extraet on ooneen-

tration afforded 35.06 g of produets. This on Mparation into H8iQ.tral

and aeidie prodo«ta gave a neutral (N̂ ) fraction (3*8 g) and an aeidie

(Â ) fraetion (31.S5 g)«

The n^bntanol extract was eonsentrated on a water bath under

raouinu The residue was taken up in chlorofoni and separated into

neutral 1.59 g) and aeidie (Â , 0.31 g) fraetions.

Chronatograirtor of the neutral fraetion

The neutral fraetion were as sueh ehr<aatogra|^ed orer aluaina.

In a tjrpieal experiment the neutral fraetion obtained frwa iOO flails

(7 g) was ehroatategraphed on an alnaina eolmni (Grade I, neutral, 210 g)

and the following fraetions eaeh of 1000 h1 'toIum were eolleeted.

lf̂ *at petroleoa ether frastimi 
N|̂ »bj bensene fraetion 
N^*et other fraetion 
N^«dt Hothanol fraetion

The petroleua ether fraetion (Ŵ -a; 5.6 g) on TLC examination 

(Systflm I) shoved only two spots, one of thea corresponded to p^jnMoe. 

The (Hj-a) fraetion was «ien reohr<»atographed orer neutral alosiaa 

(Grade I) and eluted with dry petroleua ether (40«60*)« The initial 

petroleua ether eluate on eraporation yielded unreaeted p-eysene (4.9 g).
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Proa tk« tail fraetioiw a aoall aaowit (30 ng) of a ami aolid aatarlal 

waa iaolatad. IR ( i f ^  1780, 1486, 1390, 1160, 825 and 730

Tha next fraotlon (Nj,-b| 0.3d0 g) waa feoad ta ba a siztura of 

tvo aoBpenenta vith very elaaa aabiliilaa 0.91| 0,88) iai TLC 

(Syataa I) and ao It waa not poaaibla to aaparata thaa further.

Tha aajor nautral matabolita was obtainad trm (N^*a) fraetion 

(O.OiO c)* Thia fraatlon waa diatillad madar raduaad praamura 

(b,p« 155->i80V30 wm, bath taim>.) to glwa a mtarlal (0.47 f) wfaiah 

ahowad thraa amapoamita aa TUB (8yat«a II). Tha diatillad Mtarial 

(0*47 k) waa ahraaatograi^iad oa aa alanina aolun (Orada I) 25 g, alatad 

with drj athar aad ^  ml fraatioaa wara aollaatad. Tha firat aavm 

fraatiaaa ahawad tha fvaaaaaa af two atmponaata witii 0.32, 0*35 aa 

TLC (SyataH II). Out of â iiah aoapooad with 0.32 waa ia Mjor 

quantity. Thaaa fraatioaa wara poolad togathar (0.260 g) aad waa 

aubjaatad to a praparatiTa TLC. Campottad with a ly 0.32 (O.ISO g) waa 

aaparatad wad waa diatillad at 155-60*/30 an (bath tao^.). Found 

C, 80.03, H, 9.38̂ 1 raquiraa, C, 80.0, H, 9.33^, IB (Pig.XIIl)

Y^^3480 a«*^ (oh). Tha IWB apaatroai (Fig.XIV) iadiaatad that tha 

eompound iaolatad ia oQ*P~tolyl-propyl alaohol (26). Tha idaatity of 

(26) waa furthar aatabliahad by apaatral ao«pariaana (Fig.XIT) wi^ m  

autiiaatia aaaqpla.
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Pypamtton ef c<»p-tolyl-propyl alaohol
This •oapooBd waa pr«par»d frm oC -p-tolyl propaldafajrd* whloh 

va« pr«par«d •••mtlalljr ae««rding to Mthod ef HenderMS and CMaraa 

(1909). «h«n diluta aoUiien of p-ejrMiia (15.8 ■!, 0.1 M) in dry earlMiB 

diaulphida iraa traatad with a aistilar aolttiian af ahraigri ehlorida (16 al, 

0.2 II), a hrmm oily liquid vaa fomad vhiah vaa than aubjaatad to ataam
t

diatillation. Trm tha diatillata oC'*p^ol7l propaldabjrda vaa aaparatad 

aa Ita biaul^ita aoMpomid from vhiah tha fraa aldal^a (5 «1) vaa 

obtainad Th* aldafayda waa than reduaad to oC -p->tal7l propyl

alaohol (3.5 md) by lithium alndaliiB hydrida. nia alaohol diatillad 

at 128-30*/^

Tha aaeoad fraation froa tha praparativa TLC (50 mg) oa fnrthar 

aaalyaia in TTC ahowad thraa pa^a^naaaly, a, b, a. Paak a rapraaantad 

eumie alcohol (27) aa daaonatratad by tha «dliaaaaaaat of th* paak intm- 

aity aixed vith aa anth«tia aaapla of aimia alaohal (Fig. XTI) 

(Taap.190*, aaloan T, aarriar gaa Hg, flaw rata 80 al/ain.). 'Thia aaan 

potmd e<mld not ba obtainad in para fom froa tha aixtura.

Tha laat fraation (M̂ -d{ 0.230 g) waa a daric aolaarad gun ̂ a h  

eoold not ba farther aeparatad.

Aaidia fraation i\)

Sinee the two aajor aaida, naaely, auaia aaid and 2,3-dihydroxy 

auiie aaid ware foraad at tha and of 24 and 72 hr of faxaaatationa,
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r*sp««tiTely aaeli wai identified by earrying <rat ferBwntaiioiui at iaterrals 

of 24 and 72 iur.

In a typieal fementation 40 flarica ea«h vith 100 ml of aineral 

•alt aedivoi urere inoeolated vith 1.0;$ inoenlun from a 24~hr old culture.

One sil  of pHtynene vae added to eaeh flaric m d  ineubated on a rotary ehaker* 

fventy flask* were remoTed after 24 hr and the remaining 20 flaike m n
*

removed after the eonpletica of 72 hr. The metabolitee obtained in theae 

two batehea vere ]Hro«eaeed separately.

1) Wt. ef the aeidiis frastion from a 24 hr femntatioa (20 fla*s)
- l.B i

2) Wt. of the aeidis frastion fnm a 72 hr fernMntation (20 flaAs)
- 2.86 g

The aeidie fraction obtained from the 24 hr fenMBtation (i.5 g) 

was foimd to eontain mostly a single eompoBeBt. This after repeated wf» 

stallisation from hot water resulted in a white srystalline material (1.15 g) 

whieh melted at 118-114”. 1^ value of the aeid 0.81 (System III). Fonnd

C, 73.09, H, 7.88J&; C. 78.17, 7.82^. IB1^2M0

1680, 1330-1300 (Fig. mi). NIfit (Fig. XVIII). The sompeand was 

identified as snmie aeid (28) and it agresd with the properties as mentioned 

in the literatnre (Crtmase, 1949).

The aeidis frastion obtainsd fren tits 72 hr fermentation (2«86 g) 

was sospmded in a amoimt ef sari>wi tetrashloride and then filtered.

The residue (1.8 g) vas rspeatsdly srystallised from aquemis ethanol to a
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eonatant ai.p. 163-54*. It g«r« » eharaet«rlsti« phcsolie i«tt vith U n i t  

ehlorid* and had a Talaa 0.51 In Syataa III. Fovad C, 61,23, H, 6.21J(.

®10®18®4 H» e.lTJt. ^  MOO, 2600, 1570,

1330-1308, 1115 and 1070 oT^ (Fig. XIX).

ittttarl aaian Tha aald (29) traa aatarifiad with dlaaoiMthaaa la 

«^ar and tha raaoltlag awtlqrl aatar (SO) diatillad at 130-133*/l 

TLC ahowad a aiagla apat witli 0.80 ia Sjrataa IT. Aaalyaiat Fooad 

c, 63.06, H, 6.7, raquiraa C, 63.0, H, Tha NMR ipaatraa

(ftg.XX) ladlaatad that tha aoapwad la tha »athjl aatar af 2,3-dihardroaj 

etole aald (30).

I^Mfcagrlatioa ct_ 2,3^iijirpxr cmi9 aaid_ta 3-laawfaiarl aataahal*

SK>0 ■( af tha aabatanaa vaa takan la a Mall diatillatlaa nnlt aad 

haatad at SOO** far 30 aia. V h m  tha bath taaqparatura vaa ndLaad ta 300* 

a pala jrallav liquid, 3-iaopropgrl aataahol (31) diatillad (78 m)«

Foaad, C, 71.1, H, 7.96jt| CgH^gOg raquiraa C, 71.08, H, 7.WJt. 11^^3400, 

1620, 1386.1380 aad 830 (Flg.XJa), M m  (Fig.mi).

Sai>aratiaa aad idaatiliftatiea of ^  Mmm999Kt§ oi m

aaidie fraaticw (Â )t

Tha aaidie fraatloa (Aĵ , 8 g) waa aworartad lata ita aathjrl astar 

(4 .6 g) by traataeat with diax<Haathaaa la a^ar aolutloa. Tha Mthjl aatara 

vara furthar aaparatad into polar and noapolar aatara by partitioalag 

batwaaa patrolaon athar and 90% aqueotta aathanol. Tha patrolatni athar 

lajrar aftar drying aad evaporation gava nonpolar aathyl aatara (Â -a, 1 . 1  g).
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Th« Mthanolie yicldvd tlM polftr Mthjrl ••t«ra (Â -4i, 2.6 f).

8«par»tloa ef Boiwpolar — tlnrl >itT«

This frMtion was distilled weAmr r«due«d pressure and the entire 

amoant (1.5 g) mui tlMB subj««t«d to ehrmMiograpligr onr alumiaa (Orad* I, 

4S g). The «olani w m  tluisd with patrolevn ttlisr (4CMI0*) and fx«etiomi 

of 25 ■! «m]i vero •olle«t«d. Tho first six fraatieiw (A|»*|̂ ) vers poaled 

together as it shevsd only on* spot oa fLC (Systsai l)« f W  of ths later 

five fraetioDS shoved tfas pressnes of two eoapoasats in Systea !•

Ths frastioa (0.20 g) vaa hydrolysed and ths frse a«id

vas farther parifisd hy vaidiing with sold acetonitrlls (yield 0 .1 1 0 g)«

The IB speetnds showed di>serption bands at ^ ^ 2000, 1720 and 730 ea*̂ . 

Ths tOffi spsstrusi also soggestsd that ths smupoiind is a Isag ehain fat^ 

asid. So no furthsr attsnpts vers nade to identify this SOTipoond.

Ths frastion distillsd at 130>85V30 >■ (bath

t«Bp.). This was sub jested to preparative TLC in Syst«i I, and the tw» 

oonponents were separated. One of ths eoaponsnts was fonnd to bs emsis 

asid sstsr. The other frastion (0.40 g) was distillsd at 140*46*/ 1 ■■ 

(bath tsap.). Fooad C, 74.20, H, 7.88^. rsqnirss C, 74»16,

H, 7.86J(. Ths IB spsstnn (rig.mil) showed bands 1640 and

880 The lOOi spsstna (Fig.XXIV) of this ssnpound agreed fully with

ths strusturs of oC-'P-tolyl propionis asid methyl ester (32).



H>K«nTatleii of th» tr—  aeld (asV

The Mthjl Mtvr (0.20 g) w m  r«fla»id with a& axcM* of 10,0^ 

Mthaaeli« potaMiw hydroxido on « v»t«r bath for thrc« hoar*. Moihaaol 

tru rmored mid«r TMintB and th* rMldvM warn diltat^ with «rat«r and 

•xtraeiad with aihar to rwioTa tlM unraaatad ■athjrl aatar. Th« aquaooa 

layar vaa aaidifiad wiib hydroahlorie aaid and aiciraatad with athar# Tha 

athor layer on avaporation yialdad tha fraa aaid (33| 0.110 g). It vaa 

aryatalliaad from aquaoua athanol aa a ooloarlaaa aryatalliaa aolld» 

m.p. 60-61*. Aaalyaia, C. 78.13, H, 7.6jf.

H, 7.32)(. Tha IB apaatrai (Pig* XXf) ahevad tha praaaaaa of a fraa 

earbaxjrl group 8700 and 1700 a«*^). Tha MIE apaatnna (Fig.XX^)

prarad it to bao^p-tolyl propioaia aaid. In tha aarliar litaratara (Bapa 

and Wladarhahr, 1024) a nantion haa baas nada that Miia awvoaad nelta at 

40-41*. Hovarar, tha anapmuid that haa baan iaolatad in tha praaant 

atadiaa haa a diffarant nalting point (60-i61*). Bht othar ptqrsiaal data 

fally agrao vith ih* atraatvra (33).

Tha total fraetion (2.50 g) waa chro*atogra]^«d ovar noutral 

alwina aolvni (Grada II, 73 g) and tha following fraationa wara aollaatad.

i) Patrolaun athari othar (ill)....
ii) Bthar fraation .............

Tha (Â <-b̂ ) fraetion (1.8 g )  waa found to contain two aonponanta. 

CoHpound with toa 1^ walua 0.59 in Syat«B IV aarraapwftded with the aatiiyl
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••t«r of 2,3-dii9droay vomit Mid. Th« other eoapoaMii 0.52) « m

i»ol*t*d (60 Hg) in a jmr« fom by aabjMtinf tbo aixturo to proparatir*

TLC (Vyvlaa II), Halting point of tha para aMq^onad waa 57-68*. Aaalyaia, 

C, 84.86, B, !,»%» ®tAd®4 C, «4,3, H, Tha IR apaainm

(Wf. JOCnDy  ̂  at 3400, 1T30, 1610, 1180 and 1118 Tha lOtt

apaatnai (lig.xmil) of this eom poaad  aonfimad ita atmatara a« (34).

Tha fraation (0.20 g) iriian aubjaatad to praparatlTa TLC

yialdad a aoaqpooiid (88) attiah gova a aaparinpoaabla II apaatraa with an 

authentic seuople of S-hydroxy otnio aaid acthyl aatar (Fig,XXIX), Farthar 

propartiaa eoald not ba atudiad daa to panaity of tha auitarial.

Praparation of 3~hydroxy anwia aaid (88)i

Cuaie aaid waa aitratad in 80.0)( yiald aaing a viztara of aonaaii- 

tratad anlphnria aaid and aitria aaid. Tha obtainad dnaitro aiaala aaid 

(■.p. 184*58*) waa eomrartad into ita aorraaponding aatar aaing diaaoaathraa 

in ethar (yiald 88 )̂.

Radoation of tha nitro aatar

3-j(itro eoiie aaid aatar (l.l g, 0.008 V) waa diaaolvad is 8-6 idl 

of athaool than ponrad into 80.0 al of 10.0^ aaaionia* ahlorida aolvtiM* 

To thia nixtura 2.20 g (0.04 graa atma) of finaly powderad iron waa addad 

and atirrad at room tenparatnra for 4 hr. It waa than aada aaidla ta aonga 

rad and aztraatad with athar. Tha athar li^ar waa driad ovar aodiva 

aulphata and diatillad. Asount of aaino aater obtainad waa 0.908 g.
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ConrT«ieii of aalno compound to hydrojor conponndt-

3-A*ino euBde aeid estor (l aol) vas diasolv«d In 60,0^ aalplmrie 

acid (8 aolos), eoolcd to 5-10* and thoa diasotiMd witJi a eold aoltttlM 

of •oditn altrit* (1 aol). Th« rosnltiqc diMoulua «alt vaa rofland vith 

SO^ anlphurie aeid for aa hour aaA tlwa oztraatad viih «th«r. Tha atbar 
layar yielded S-faydroxy aumie aeid (60^). The erada aeid waa aryatallizad 

from aquaoaa etbaaol, «.p. 133-34*. IB apaatroa (Plj. XLIV)Y at 3460, 
2060, 1690, 1610, 1600, 1360, 1330 aad 775 ea*^.

arMsBsLlEss^sa-Ual

Tha total aaida froa butanol fraatioa (0.31 g) waa treated vite 

2,4-dinitro ]^Myl hydraaine ia othanol (20 al). The hydrazoaaa foraed vere 

filtered (6Qmg) aad taken in ethyl aeetate. The etlqrl aaetate layer vaa 

dried over aahjrdroua aoditai aalphate aad vaa ooaaeatrated nader Taenaa.

Tie of thia fraetioa (Syatem ▼) fouad to eoataia three eoBponenta out of 

whieh the e<Hapea«it with 0.48 had a ai'silar aobility pattern aa ^bat of 

the hydrasoaa of iaopropyl iQrraTie aeid (B^ 0.50} • Site to the ae»*«vailar» 

hili^ of the aaterial, the other tvo hydraconea aould not be aeparated «od 

idoatified.

Feraeatatiea of it-ewMwaa with Klueoao groijtt eellji

Tweaty flaaka each eoataiaing 90 al of baaal awdiaa were atari- 

lixed aad to eaeh of the flaaka 10 al of 10^ aterile glaeoae aoluticm waa 

added. The flai^a were inoeulated with p-oyaene grown eella (l al laoeulua 

to eaeh flaidc) and iaeubated for 24 hr on a rotary abaker. After 34 hr
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1 of W M  added to «Beh flAok aad the fennnBtetiim w u  eeiitinMd

for luiother period of 24 hr. At the end of thia period (total 48 hr) the 

eoBtenta vera pooled, aaidified aad eztraeted ether (280 k1 X 8). The 

ether layer waa aeparated into aeidie and aexitral fraations in the wHowr 

aa deaaribed in Chapter II,

Sinilarlj, another set of above expertsieat wma earried eat vith 

eella fully adapted to gluooae. Thee* aella were obtained after two or 

three tranafera on a nediua eontainlnc ifi gluaoae. Other ooBditiona were 

the aaae aa thoae uaed for the abova experiaaat*

sm i

M

iCeimULATION OF ACIDIC FRoCUCTS ^3E» fVUX A m  PASflALLT 
ADAFHS) CnLS fO GLUCOSE VEUi VSED

Celia adapted Celia partiallf adapted Celia follr adapted
to p-«ywHM to glaaoM to gluaoM

*2 .0 1 t *9.4 g *1.4 f

Obtained fr«« a fermentatloik of 20 flaaka
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BfZnOTIC STUDIES 
DI8CT88I0M

(A) IfflOWfH AND laWMETHIC STODIES

It it •Tld«Bt fr<ni tiM natur* of th« eMpoanda f«nMd during ib« 

ferm«nt«tioB of p-cym«M h y th« *n«-atraitt* tbat th« initial ttagat of tha 

biodagradatioB of tbia hjdroaarbon wfaiah ia tha oxidation of Ĉ nnotlijrl 

groap follova a pattarn aiailar ta that aaan in ori^mia oxidatiM raaationa, 

Tha C^-Mtbyl gronp of p-eyaane nndargoaa aoaaaaaiira oxidation to aaada 

aaid (C^-COOH) Tia tha itttanadiataa euBia alaohol and amia aldafajrda. 

Identifieation of emia alaohol and auaic aaid froai tha aultura aadimi 

haa aabatantiatad tha abova aoda of oxidation, Alao fros tha fanmtation 

mdiui 3»tqrdrox9r and 2,3^ihydrox3r atmia aaida vara idantifiad vhiah 

anggaata that aftar tha fomation of amda aaid it ia prograaaiTalj Igrdro- 

xylatad at and Failura to identify â jr aroaatia aomponnda vithoat 

an ioopropjrl aida ahain, froa tha fanaantad broth indiaatad that tha lqrdro~ 

xjlation ia followad h j tha rine-alaoraga «ith tha iaopropjrl aida-ahain 

intaat. In ordar to gat further inaight into tha aatabolia patb^ of 

p-ajBana, it «aa naaaaaary to nadartaka growth and oxidation atadiaa. Tha 

reapironatria worit waa undertaken to datendne vhatiiar the organiaa adapted 

to utilize p-ay*ene aould degrade atruaturally related anapouada or tha 

auapeatad intenaadiatea obtained during the degradation of p-ayaana, with



or without any lag phM«. Th» fomation of indaeod mxymea to MtaboliM 

Turieus ooatpoimds vat indieatod by a narkad lag phaaa in oxygtm uptidca in 

thaae taaia.

A atttdy of tha growth and tha oxidation pattama of tha intar- 

nadiataa that lia in tha eatabolia pattaaray of an aroaatia aoaqponad by tha 

orguiisa grown on tha parant hydroaarbon aould indiaata« bat not prowa, tha 

probabla intamadiataa and pathwû r of dagx«dation. 

growth Stndiaa

Waahad auapanaion of 'Plj-atrain* grown on p-«3nmia, waa found ta 

grow wi^ttt any lag pariod on atmie alaohol, auada aldahyda, atmie aaid, 

3«hydroxy auada aaid, 2,3-dihydroxy aiaia aaid, iao^opyl pyruTia aaid 

and aa wall on 2,3-dihydroxy bansoia aeid. On tha othar hand, tha organim 

waa ineapabla of atilising a<»l̂ fdroiy» 3-hydroxy ai^ 9i>̂ ydroxy p-aynana, 

2-taqrdroxy ewia aaid, 3-iaopropyl aataahol, aataahol and o^-p-tolyl propionia 

aaid aa tha growth anbatrataa (Tabla ir). Thaaa abaannaiiona rala oat tha 

poaaibility of ring bjrdroxylation prior to tha oxidation of tha Ĉ ««atiiyl 

group and alao alaarly indiaata tha poaaibla aaquantial hydroxylation 

pattan*

Croaa-adaptation atudiaa indiaatad that araula and 2,3-dî rdroiqr 

eutdLO aaid grown aalla graw on p-ayaana aftar a lag pariod of 18 and 24 hr, 

raapaativaly. Froai tha TablaW) it la avidant that aimia aaid and 2,3- 

dihydroxy auada aaid adaptad aalla graw laaa rapidly on p-ejMae than tha 

oalla adaptad to p-ayaane itaalf.
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Growth pAtt«rn of tfads strain adaptod to p̂ ejnMiio indleatod tlmt it 

haa a aignlfieant ability to utilisa nunjr arooatie tonpottada stmetttrally 

aiiailar to p^eyawna aa the aola aoarea of oarbon (Tabl* il) although thay 

aay not lia #a the pathway of p-eyseae degradation. Of tha eonpounda 

taatad p-lqrdroxy banaildi&yde, p-hydrô iqr, S,9-4ihydroxgr, a.S-dihydroxy 

and 3,4>dilQrdroqr banzoie aeida wara fennd to ba goad carbon aoureaa for 

tha orgMiiaH. In eontraat, aalieylia aeid, 3,5 dihydroxy and 2,4»dihydro]iy 

banzoie aeida vara fatind to b« utilised by tha ox^anisa only after a lag 

period of 48 hr* However, VH-toluie, p*toluie, 2,0-dihydro3^ benaoie, 

2,3«Hdiihydro3ty tere^thalie aeida and aalieylaldehyde were quite reaiataut 

to diaaiBdlfttion* Siailarly, p-*ereaol at different eonemitrationa failed 

to aerre aa the earbea aouree for the organiant* Peritapa the preaeaee of 

the aethyl groap j^ra to the hydroxy nay hinder the normal oxidation of 

the eeaq̂ omid. The organiaat waa eapable of utilising benzaldehyde and 

benaoie aeid equtdly well, provided they are uaed at vexy lew eonaentr»> 

tiona (0*1)()»

The abore atudiea indieated that the hydroigr benaoie aeida were 

relatively eaaily oxidized by the organ! em than the «ethyl-aubatitttted 

benxoie aeida and i^nolie eo«poanda. Furthemore , the above data 

lend additional aupport to the faet that ewapounda with a hydroxyl group 

para to the carboxyl could aerve aa better growth aubatratea than thoae 

with a hydroxy group ortho to the earboxylic function.
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lfanoMwtri« StttdiM

TIm aharm r«»olts haT« b««n farther eonfin«d 1^ ozidaiioB stadies 

ttaing wmmitirie i*«hai«iuet, p-CyMii* gram e«lla var* inaabaiad with * 

mmbar of aoapetuMla mad tha rataa of oxyfan aonai»ptio» wara aiaaa«rad«

Tha oanoMtria atodiaa vith tba rarioua atmpoimda Mbaiaatiatad tha obaar- 

rationa that tMra mda in tha aaaa of (rovth paitam.

It ia apparani froai tha QOg Taluaa liatad ia fabla ▼!! that 

p-̂ jnaaaa grown ealla oxidiEa raadiljr awie alaohol, anaie aaid, Ŝ hydrosjr 

aunia aeid, 2,3>dihydroxy amie aaid, 2,3-dihydrox3r banxoie aaid and 

iaopropjrl pjnmrio aaid. On tha other hand, aonpoiuida anah aa 2-4grdro:qr 

p-ajBana, 3-hydroxjr p-eyaana, 2»tgrdroxy anaia aaid, S-laopropjrl aataahol, 

aataahol, oO*P*tol7l propgrl alaohol and oCrp-taljl propioaia aaid ganra an 

oxjrgm uptidca alî itljr abora tha andogaaoua ralua, bat thia aptaka waa not 

a<mTlneingly poaitiTa (Fig.XXX)* Sinaa thera vaa no oaaaarabla biologiaal 

oxygen aonanaptioa vith thaaa ao^^ooada, it waa reaaoaabla to aoaalude 

that Omj probably do aot appear aa iataraediatea in tha aataboliaa 

of p-ayaana. Thaaa reanlta atrongly anggeat that tha ring hydroxylatioa 

takea plaaa after the progreaaiTe oxidatioa of the group of

p*eysaaa.

The atilization of 3-lqrdrojty anaia aaid by aalla grown oa p-«]nnaa« 

the appearanaa of thia amapoaad durifl|[ tha feraeatatiMi of p-ayaeae 

ix^iaatad that a-hydroxy but aot 2-hydroxy a«aie aaid vaa an interaadiata 

in tha aataboliaa of thia hydroaarbon, Si^^roxylatioa vaa then follevad



FIG A.OC OXIDATION OF VARIOUS PROBABLE INTERMEDIATES BY p - C Y M E N E
Gt^OWN CELLS( I 44 mg DRY WE IGHT/FLASK )

p CYrv*FNE (2) CUMIC ALCOHOL (3) 2 3 - DIHYDROXY CUMIC ACID
(4) 3-HYDROXY CUMIC ACID (5) ISOPROPYL PYRUVIC ACID 
(6) 3 - ISOPROPYL CATECHOL (7) 2-HYD^- \Y CUMIC ACID 
(8) CUMIC ACID (9) 2 . ̂ - Di H YD ROXY BENZOIC ACID 
(10' a:,P-TOLYL ALCOHOu



Tt
by 2<»hydrox9rlatio« fiTiag 2,3-Klih^ox]r ennie aeid prior to tlw rli^ 

eleoragc. tbm possibility of de«ar1boxyl«itiott of 2,3«41iigr4n>x3r toidls 

aeid to 3-isoproiqrl eatoohol befero tho ring slMmm* it »oi likoly aim* 

th* dMaxi^oxylatod produet «a« sot furthor M«tal>ollmid«

It la of istorost to not« that eolls adapted to 2,3-ditaydrexy 

euaic acid oxidized euaio aeid and p-ejneene oaly after a lag period of 

60 and 70 Bin, respeetiTely, and the ratea of oxidation beeame oxtremely 

feehle in tite preaenae of ehloraaph«Bieol (7ig)i;xna,b) • Thia elearly 

ahovs tfaat the eaaysea inreaMit in the eella are not eonatitative l^t 

indueiTe in nature* Theae results lead additional support to the hypo

thesis that enaie and 2,3«^ihydro3iy ennie aeida lie in the patixvay for the 

aMtaholiw of p-eyaeae*

The oxygKa uptake by eells grown on glneose showed that p-eynene 

and evaie aeid were oxidlaed in ̂ le abs«m»e ef ehloraaphea&eol after « 

lag period ef SO adn (Fig.XXXIIa,b), The rate of oxygen eonsoaiption in the 

ease of 2,3-dihydroxy enatie aeid was very slew ewen in the abaenae of 

ehlonuai^mieol. Thia to a eertaln extent explaina the aeemaalatlon of 

S,]Mlihydro:qr euaie aeid in t!» broth w bm the fenumtation of p-eymie 

was earried ont with eella partially adapted to glaeoae. Glueoae waa 

oxidised by 'F1r*strain* eella without any lag period with or withoai 

ehloranpheaieol*

Oxygen uptake of thia orgaaiaa in preaenee of ether aelda etra- 

etarally eimilar to the inter»ediatea in p-ey«ene degradation, naaely.



F I G - X X X I a .  O X I D A T I O N  OF  
CUMf C ACI D ( o  
- D I H  r O R O X Y  C U MI C  ACI D

2 3 -  D l H Y D R O X Y  CUMI C  ACI D ( x -------x )
— O) A N D  P - C Y M E N E  ( • ------ • )  BY 2  3 -

G R O W N  CELLS ( 1 4 6  mg.
D R Y  W E I G H T  /  F L A S K  ).

F I G - X X X l  b- OX I DATI ON OF P - C Y M E N E  + C M P ( 1 )  CUMI C ACID +  CMP ( 2 )  AND 2 - 3 -  
D i H Y D R O X Y  C U M I C  ACI D f  C M P ( 3 )  BY ? 3 D I H Y D R O X Y  CUMI C ACI D GR OWN  

C E L L S  ( 1 4 6  mg DRY W E I G H T /  F L A S K  ),



r i G - X X X H a .  O X I D A T I O N  OF P - C Y M E N E ( o ------o)  , CU M IC A C I D  { • ------- • )  A N D
2 3 - D I H Y D R O X Y  CUMI C ACI D  ( x -------x )  BY  G L U C O S E  G R O W N
C E L L S  ( 1 - 5 4  mg.  D R Y  W E I G H T  / ' " L A S K  ) .

F I G  X X X U  b O X I D A T I O N  O F P - C Y M E N E  +  C M P  {1 C U M I C  A C I D  +  C M P  ( 2 )
A N D  2 3  D I H Y D R O X Y  CUMI C A C I D  + C M P ( 3 )  BY G L U C O S E  

GROWN C E L L S  (1 5 4  mg. D R Y  W E I G H T  / F L A S K ) .



l»«itsoio aoid, Ĥ ydroxy, 3,4-dlhydroxy, 2,B-dihydroxy <iad 2,3>diliydroxy 
b«nsoie adds «»• atnditd. The raiaa of oxygan aananiptiott in all thaaa 

eaaaa vara aigftiflaaat and aapaaially in tha aaaa of 8,3-diliydroxy, 3,4» 

dlhydroxy and p-4qnlroxy baBsoia aaida, tha rataa w»r* ««iparabla ta 

obaarrad with 8,S«dibydrexy aoMie aeid (Tabla ▼ill, Fig. xmil).

Aa aaiitioiiad aarllar, it is intaraatlog to aata that the orfanim 

aaa grov aqually wall on aoma hydroxy aaida vithout tha iaopropyl aida 

ahain at Ĉ . HaMa, aa a i^obablt iatanMdlata, tht i^aanaa of 2,S-> 

dllqrdraxy banole aald «aa aought for la tha aultara atadlwi* Hevarar, tha 

fallura ta identify thia aonpound froa tha faxwaatad broth aa veil aa 

frwB tha iaaubatiaaa af 2,3 dilvdroiqr atoale aald wltii and* aall*fraa 

extraat probably iadiaatad that 2,3«dihydroxy baasoie aeid aot be aa 

iatermediata ia tha biod^radatioa of p-eyamM* It anat be aaavowd, 

therefore, that thia aeid almig vith the oi^r emipoanda that do aot lie 

la the patfavay hsre a aleae atruatural aiailarity vlth the pareat emupouad 

to eauaa adaptatioa« l»ike«iae, the poaalbili^ of eateehol aad iaoproi^’l 

eateehol aa the latem^iiatea were raled oat aiaae aeither of theae eea* 

potiada vere oxidised ia Varbarg aor they vere Ideatified ia tlw fenntta- 

tioa aM»ditn« The Mwyaatie atodiea aa diaeuaaad later revealed that vhea 

2i,3«41hydroigr euaio aeid vaa iaanbated with crude cell-free extraat, 

iaopropyl pyntrie aaid aad aeetaldefaTde ifare obtaiaed.

Baaed oa the abore ebaerratioa, the followiag plaaaible eatabolie 

pathway of p-Mtyneae haa beea poatalated (Fig.XXXIY). The pathway for the
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FI G.  X L -  A C T I V I T Y  OF A L D E H Y D E  D E H Y D R O G E N A S E  IN P R E S E N C E  O F
C U M I C  A L D E D Y D E

TIME, mmutes
FIG.XXXIIl OXIDATION or VARIOUS AROMATIC ACIDS BY P-CYMENF 

GROWN CELLS (1 -̂ 4 mg DRY WEIGHT / FL ASK ) .
(1), p-HYDROXY BENZOIC A C I D .  (2) PROTOCATECHUIC ACID 
(3) 2,5-DIHYDROXY BENZOIC ACID. (4) SALICYLIC ACID 
(5) 2,3-DIHYDROXY BENZOIC ACID. (6) BENZOIC ACID



FIG X X X IY - PROBABLE PATHWAY FOR TH E DEGRADATION O F p -C Y M E N E
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diaaimllatioB of p-«ymnM w m  farther eonfimtd iKjr stuiTiag the diff«rm* 

eaajM •grst«Mi iovwlTvd in tlda pftibvajr wtiieh ar« dlMiMMd Ut«r la this 

«hapt«r.

(B) «wwg Ml tm B insm i matmt smam

A g«n«ral »urT«y of th« Mehanisas of hjrdroxylatloa and ring 

cleavage of aroaatie ooiapouiida ha* b««a dealt with before doaliag indlTi- 

dually th« difforont muym»» irhieh eonirol th« eatabolie patbvay of

All th« ■tudias on tho aroraatio ring dogradation hy baateria 

hava iodieatad that bafora tha bansana nnelaua la elaarad by oxyganaaaa, 

two fcqrdroxyl greapa anat ba added to tha bencane rli^. Tha two hydroxyl 

gronpa luually ahould ba ortho to aaeh othar, howerar, in aona exaaptlenal 

eaaaa thay ara introduead aaroaa tha anelans in tha 1,4-peaitian* Theaa 

gronpa ara introduead into tha banzana oaclaua of tha eoapoonda naually 

by tha action of a atixad function oxyganaae. Sanatioaa tha hydroxyl at ion 

reaotiooa ara alao brought about by di oxyganaaaa (Kuno and. Akaiahi, 1961)• 

The proeaaaaa brought about by thata two groupa of oxyganaaaa poaaaaa tha 

following characteriaticaj

i) The aourea of tha hydroxylie oxygan introduaad ia alaoat inr»> 

riably tha molecular oxygan. (Except in the aaae of hydroxylation of niao- 

tinie aaid to 0-hydroxy nicotinic aaid by Paaudononat flncraM^ vhara 

water ia tha aourca of tha hydroxylie oxygen (Hunt et 1947),



ii) Tramitioa Mial ions partimlarlj t«rroii» ioa h«v« b«M 

implieaitd ia ao«t eM«s,

ill) An alMtrM doaor imeh m  MADH or MADFH la roqnirod for tlso 

hjrdroxgriation*

In IqrArojqrlation roaetiona, it io probabl* that th« fnnetion of 

tho metal is to astiTats »olssaIar oxygon, vhilo in tho ring oponlng, too 

phonolie aubatratoa may aimltafMKraaljr bo aetiTatod tbrougb tlioir roaiy 

aapaaity for olsstroa donation*

tfottooxjrgonaaoa aro blfiiiietiottal in nataro eatalysing tiw oxjgoa* 

fixation roaotion on one hand and an oxidase type of reastion on tbs 

other* Mason (1957) has proposed the nasw liixed fnnstion oxidaseS for 

these ensymes* They have recently been enlled **̂ ydroxylases* sinee Muqr 

of them are eonsemed with Iqrdroxylatlon of ar<«atie and steroidal ooei- 

po«mds« Bnsyaatie hydroxylatioa of kynnrenie asid (faoinehi and 

HayaiskL, 1963) and ^ e  fornation of eateehol froa salisylie asld 

(Hayaishi 1963) fit into the elass of monooxysenasss.

Rayaishi (1963) havs shoim ^at the femation of eateehol

froa salisylie asid takea plaee in presense of HASH. One iMle of FAD «as 

found per swle of tlM enzyaM protein* Assoming sa astive role for the 

ferrons i m  in this reastiim, the reaetimi seqaease as depleted ia 

tig,XXXV m&y be snggosted as a plaasible BMehanisat* The astlTated oxjv**
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vtt« Tiaaalisvd t« reaet vlth the «ub«trat« «■ •hown in Fig* XXX7* Her* 

th« •nbitraio •aliojrlie a«id ctHsiltiaes w ith the aeilivtad em plttx ,

ĵ eavautbly w ith » "perferryl Ion** to fom ft taniaiy emtjplax. One •iMtron 

from tb« loo* i>air tb« oxjgM r«4ae«« ih* fvrrie ion. Th« aaioBie oxygM 

radioal ia aianliaiiaoiialjr ralaaaad fr<ni tka aomplaz and the aubaaqttani 

alaatraa ahift aaablaa thia anioaie oxygaa radiaal ta attaak aarban 1 of 

the ring to form aa ozyianaiad iaiarmadiata irtiiah ia radoaaA by tha alaatraa 

donor, tbna alaaviag tha bond batwaaa tba two oxygra aioma and faming a 

aono oigrganaiad prodnat and vatar.

In dioxyganaaa tjrpa reaationa (Pig.XJDOn) aa axamplifiad bjr tha 

formation of eataahol fron aatbranilla aaid, tha naahuiiaR ia nora or laaa 

aimilar to that postalatad for aonoojqrganaaa raaati<ma. Ia thia aaaa, 

tha aui>atrata aatitraailio aaid aoniiinaa vith tibia aatlTatad oxygan aatqilax 

to form a tarna^ ooa^^ax* Onaa it ia oxjrgenatad, tha aazyaa protaia will 

diraat tha flow of elaatrona to fom a ayclta paroxida vhiah ia radMtivaljr 

olaavad to fora aataehol.

So ia both momo-̂  aad dioxyg«Baaaa tha iaitial atap af aatiratioa 

ia affaatad bf ita dlTalaat iroa lAieh fonu a aimplax a ^ a a  aad 

aabatrata* Tha flow of alaatrcma through Uiia amiplax aatiwataa bath 

oxjgaa and tha aabatrata to ba oxygaaatad. Onaa tha axjrganatioa of aa 

orgaaia aabatrata ia brought about, furthar amtaboliaa appaara to ba 

diraatad by tba aasyna protaia. Tha raaultant oxjganatad aompoaad forva



F IG -X X X Y  MECHANISM FOR THE CONVERSION OF SALICYLIC ACID TO CATECHOL
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a eyelie pcroxld* int«nMdiat«, whioh i« thwti •itlMr or rwdiMMd

bjr an elMtroB doner. Aeoording to Hajraishl (1064) a goaonaiaod iMeh*- 

aini for tbo tvo tjrpoa of osygMiaMa «aa b« roproaoniod as f«ll«vat

Daring tha oouraa of inroatigation an iba miabolim of Yarioma 

aronatie eempoanda, a muabor of enayaoa hova bean deaeribed vbiali eataljrae 

oxidative eleavaga of the benzene naaleua of the dihydrie ph«wl» Thia it aeew»> 

jpliahed by oxjrgenaaea vbieh eatalyze the ineerporation of both ateaaa ef 

Boleenlar oi^gen into the aabatrate* Fyrooateehaae and mtapjroaateahaae 

are exnaplea of aueh oxyg«nAM*t ^oth of whieh aet npon eateehel. In aone 

spoeioa of Paondoaonaa. tiie benaene auelAta of eateehol ia eleaved by pyre- 

eateehaae to giTo eia-^ia ameonie aeid (Brana â » i951| Hayaiahi eĵ

19571 Nidcagava et 1903) tmoreaa, in other apeeiea eateehol ia oxidised



to 3»hydro3gr ■tteoaie •«Biald*)igrde by an •uzjnM that ha« bM& de«igiiat«di 

as "oataabol 2,3~ox9rf«naB«* bjr l>a«l«]r a|, (i960) or "MtapyroaatMhaM* 

bjr Kojima jt (1961).

ProBOIfd Mfliaiiiijt tor ■wtagrr»aatiilifta» aad gyr»<at»Bha»» Hri>» rtaetloBi 

la this aariaa of raaetlmu th« aakatrat* eataattol fonM a 

with iha aetlvat*4 asjiaa (parfarryl ioa)* As aleatraa ia tha laiio pair of 

tho phaaolie axygaa of eatMhol la tranafanrad la ariar to raduaa farrla iaa. 

Tha aalonla o^rgan radleal 1a alaaltaaaoualjr ralaaaad froai tha aMplax 

attaaklac tha o^ari»att of eataahol ta fora aa oxyfaaatad iataraadlata. Tha 

aatira avaat la praaonad ta taka plaaa by a aoaeartad owahaidaa ia a taraary 

cootplax aa tha aaayna aurfaaa. Oaaa tha aabatrata ia oxansaaatadl tha aaaym 

protaia will diraat tha flov of tha alaatraaa aikt ia tha aaaa of aatapyra* 

aataahaaa 1,6 ayelia paroxida ia foraad. Oa tha othar hand, pyroaataahaaa 

will faeilitata tha foraatira of a l,2-«yelia paroxida whiah will ba alaavad 

to fora eia-eia meoaia aaid in tha aaaa of eataahol (FigeXXXVIl).

Hatura of gyreeataahaaa aad aataiarraaataahaM

Ia aa attaapt to alarify rola of iraa ia pyroaataahaaa,

Hayaiahi j{t (1966) atndiad tha anqpaa by alaatroa apia raaoaaaaa apaa^ra- 

aeopy. Thair raaalta indiaata that at laaat oaa atoa of iraa ia aatiwa
•

pyroeataabaaa ia ia tha trî ralaat atata (farria atata) aad that ^ a  farria 

ion tindargoaa radoatiMi and raaxidatioa daring tha aasyaa<^atalysad oiqfga- 

nation of eataahol. Tha anonat of farria ioa boand to tha «wyaa ia fauad
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F IG -X X X Y U  PROPOSED MECHANISM FOR TH E  REACTION OF 

METAPYROCATECHASE AND PYROCATECHASE
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to be on* ftton pel* au»l«ciil« of tho onasymo proioin and it appoam to b* 

dlrootlj asaoelatod with the encyae ftctlrlty. When the triralent iron in 

the essyae eonril»iii«s with tlM aabatrate (S), the Irea !• redoAed by the 

•ubetrate and then It reaete with oiygen to fom a eoaplex. The traaafer 

of an electron frwa iron to oxygen yields the highly reaetiT* ennplex ia 

which tiie two free radicala react to fom an oxygenated prodoai*

la the ease of aetajqrrocat*idiase it has been ehown that the irea is la the 

diralent state which thea coabines with axygea to fo» sad is stahi->

lised by the following ionic resoaaacs fonut

( I)  (II) (in)

It is kaewn that ferric ion bat not ferrous ion easily foras a complex with 

catechol. The existence of the species (III) has, howewer, been qvestioned 

froB energy consideration (uhattacharyya and Ganapat^, 1965). The species (II) 

cMbines with the substrate and foms a ternary complex.

At least one atoa of iron in the triralmt state (ferric) is present
itin free pyrocatechase, while ia aetapgrrocatechase/is in diYalent state. Fur- 

themore, aetapyrocatechase is easily inaetiTated by oxidising agents iriiilc 

pyrecatechaae is resistant te oxidising agents and instead it is inactiwated 

by reducing agents.

In the present woxk exp >ritMnts were designed to dramnstrate

7»



qualitatiwly th« • z l« t0iie« of smm of tho mzyMa vhieh pariicipai* in 

tha biodiegradatioa of p-ayaittM* fha aiusymatle data obtainad hara fullj 

rabatantiatad tha aoncluaiona darlTad fron tha famaBtatioa« grovth and 

aanmaatric atudlaa. fho flrat atop in tha dagradation of p-ajnaana aaeord> 

logo ta tba aah«M (Fif.XXXIV) la tha ozidatlMi of tha C^-«a^yl of p-ajMene 

to a primary alaoholia group to aaaia alaohol. A

almilar typa of eonvaraion waa abaarvad in tha aaaa of linumma (iXiairalikar 

and BhattaahaiTya, 1996) • Tba aetlTity of tha aall-frea preparatioaa «aa 

▼ary faebla aa far aa thia hydrozylation waa aoneamad and no ftarthar 

attampta wara nada to atudy thia ayatim*

Tha aaaond atap in tha aatabolian of p-^ynana ia tha aonraraion 

of avaia alaahol ta anda aldahyda aatalyaad by a HAD liakad alaohol d^bydra- 

gwotaaa and haa baan daannatratad in tha 15,000 X g anpamatant of tha aall« 

fraa aztraai. It ia avldant tram tba Tabla iz that aall-fraa axtraata 

azhibitad a alightly faatar rata of rtduation of MAD with ansia aleohol aa 

aoaparad ta 9->hydrozy p-Kiyaane and 3,3-4ilqrdroxy aonia alaohol. Failnra to 

gat aoffiaiant qnantity of avoaia alaohol fron tha faxaantad broth alaa 

aiiggaatad tha praaanaa of a atrong awia alaohol dahydroganaaa in tba 

ajnttm,

Aldahyda dahydroganaaa

Tha third atap in tha dagradation of p-«ysana ia tha aonvaraion of
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evoiie ald̂ hjrd* to orade aeid which !■ brought about by an aldthjd* d«li(ydro- 

gsiuMio. The •BzyiM has boon •honm to b* prosont ia 16,000 X g raporaataDt. 

This d«hydrogoisaae is alto NAD dopondent and ahovod gr«at«r aatlTlty ia 

preaoneo of eyataiat. No raduetion of NAD was obaarvad ia tha prasanaa of 

eunie aldehyde and boilad eall-fra* axtraei.

gydroarlaaa

Tha oxidation of eunia aldehyda to euaie aeid ia followed by two 

BueeeaaiTa l^rozylationa of eoaie aeid to 3»hydroiy and 2,9i-dihydroxy 

ewftie aeidâ  reapaetiwaly. Major part of the 3«*hydroiyla^ag aetiwity waa 

presoat in IS,000 X g supernatant and rery little realAtal aetiwity waa 

assoeiated with the 15,000 X g sediment fraetioa* Data suaaarised ia 

Table x ahow that C»3 hydroxylaiioa of eisBie aeid ia greatly iaereaaed ia 

preaenae of NAIKI (geaerating eyatea) aa eoapared to NADPH (generating 

aystMi) • In both Ute inoubatioaa the foraatioa of 3-tqrdroxy euaie aai 

isopropyl pynzrie aeida were t^en as Indiees for tiie tgrdroxylatiag aetiwity* 

All attenq»ta to get 2,3>difaydroxy euaic aeid froa eoaia aeid irfiea the latter 

waa iaenbated with the cell-free extraet in preaenee of a NADH generating 

aystea failed. Probably in this extraet aoaa as 2,3-dihydroxy euaie 

aeid ia formed it ia eleawed further to iaopropyl pyruwia a«id» the pre

sence of whieh was shewa in the reaetion mixture. Siaee this hydroxylaae 

bringa about tlie hydroxylation of emie aeid to 2,9-dlhydrexy enaie aeid in 

two atagea and ia probably NAIMI dependent, it aay be elaaeified ae a mixed 

fnnetion oxidase or a mono oxygenaae.



Mog£..g;,

It h M  b««n shown that eiBBie aeid is ialiialij b]rdroiQrIat«d «i th» 

position Beta to th« «arbexylie sroap giTiac ritt to S-hjdroxy etnis aoid.

Th« soeond hTdroxylation takos plaes ortho to tho on* irtiieh is alMadjr 

present. Ho««fwr» sines the 3-h^roxylation and the sabseq^ent 2-lgrdrox3rl»- 

tion take plaee at the eleetronegatiTs sites of tite riagt it is diffieult 

to reeoneile with the aaion-ntdieal aeehaaini proposed by Hayaishi (1964).

It is not imlikely that these are brought about hf a eatioaie or eleetrea 

defieient ojorgenating speeies vhieh has been deseribed by Mason (1965), 

and Gamipathy and Bliattaeharyya (1906) •

It was obsenred that the organism ean use p-4qrdro]j bensoie aeid 

as the earbon sooree. Vlien this orgaais» grew on p»hydroxy benzole aeid 

as tiio earbon souree, 8,4-4ihydroxy bensoie aeid was foraet! in the growth 

netlina. The presenee of this aeid was eonfinMd by the speetral eamparisons 

of the anthentie sample with the aeid obtained frosi ̂  eulture medioi 

(Fig.XXXflll)* In this instaaee the seeond hydroxylation also takes plaee 

orthe to the hgrdroigr group that is already present* This or^o diphenelie 

eoBpound has got the neeessary struetural prerequisite to undergo an oxygens^ 

tire ring eleavage irtiieh might follow one of the usual patlsrays that haT* 

been already worked out in the eaee of 3,4-dihydroxy bensoie aeid (proto- 

eateehuie aeid).

The organiem is capable of growing on bensoie aeid without w f
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lag phaa«. Wi«ni the washed suspeiiaion of the 'PL-straia* was iaeubated for 

24 hr in a nineral salt tsedlun eoataining benzole aeid, the ineu^ation six- 

tore eontained a ecmpoimd irtiieh la ite nohilitj patient eorreeponded to 

p-hjrdrozy benaoie aeid. Hovever, the preeeaee of p-hjdroxy benssoie aeid la 

the reaetion Mixture eould not be eonelueively eetabllahed* It was ebserred 

that p-eyaeae grown eells did not oxidize eateehol and the rate of oxidation 

of salieylie aeid with tibwse eells m s  Tsry slew* Failure to Identify sail- 

eylle aeid, or eateehol frmi the fensented broth when bensole aeid was used 

as the substrate lodieated that probably beasole aeid aajr not be aetabolised 

▼la sallsjrlie aeid or eateehol. This may be takra as an Indlreet Indleatloa 

that p-hydroxylatioa of beaasoie aeid tnoleeale al^t take plaee la ̂ s  qr*** 

ten resultiaf la tt9 fomatloa of p>hydrox3r beasoie aeid* This is furth«r 

eoaverted to 3,4-ditqrdroagr beazoie aeid* However, based oa theee Isolated

observations it is rather diffieult to arrive at amy i»eelse eoneloslon
f

regarding the pattern of hydroxylation of beasoie aeid.

Braas la 1947 lias reported the eoaversloa of beazoie aeid to 

3,4->dlh]rdroxy beasoie aeid bgr a Ylbrlo 01. Both possible latermediates 

la this pathway* aaiMly, p-and a-hydroxy bensoie Mids when eq^loyed ae sob- 

fltrates yielded 3,4>^ihydroxy beazoie aeid* Salleylie aeid was aot ntlllzed 

by this organisa. Oa the basis of this data they have raggested that either 

p- or »>hydroxy betttioie aeid vight lie In the pathway of bwizoie aeid degr»- 

dation. However, the Isolation of either p- or w-hydroxy beazeie aelds 

as netabolites of beazoie aeid has aot beea reported so far la pseadeaoaads.
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Cleavage «nayn»«

The next nunyne in thia aequenee bringa about ^la eleaTa^e of the 

benzene mteleoa of 2,3«dih]rd3roxy etnie aelA. fha dihydros^ aeid waa Ineo- 

bated vi^ont the addition of any eafaatora vith the aelWree ertraota 

(19,000 X g aupematani) and frtm tfc« inenbation aixtnra iaopropyi pyiwria 

aeid and aaetaldehgrde vara iaolatei. Idratifieatioa of iaoprofgrl psmivia 

aeid and aeetaldelqrde aa the ring fiaaion produeta of 2,3-dlIqrdroigr aiadle 

aeid elearly indiaated the poaition of the ring-eleatfvge i> tha oxidative 

■etalMlian of p-aynene by 'FIr*atrain*. It ia reMonable, therefore, te 

aaaome tiiat the eleavage of the benaene melma of 2,8-dib(ydro:qr auaia 

aeid fldî t have ti^en plaae between the aariiexy) and the hydroxyl fnnationa 

giving riae to an hypothetiaal intenaediata (a), the preawnae of «hieh 

eoold not be dateated, probably due to the nnetable nature of the aon^onnd 

or elae farther ensy»ea in the pathmgr night have bean nore powerfnl than 

the eleavage enayme* If the eleavage wmld have taken plaae betveen the 

tve bydroxyla or in any other poaition, the fomation of iaopropyl pyruvie 

aeid eoold not be explained. The fonaation of iaopropyl pymvie aeid and 

aeetalde^de haa been aahMatieally ahovn in fig* XXXIX* After the fomation 

of the ring eleavage intemediate (a), there are tvo poaaibilitiea for the 

fonaation of iaopropyl pymvie aeid wad aaetaldehy^. Aaeordingly, in one 

aequenee compound (a) will be deearboxylat«’ to eea^oend (b) vhieh will be 

in eqoilibrinn with ita tantoaerie fom (e)« The next atage ia the degrada

tion will be the hydration of the double ^ond to give eoapons^ (d) followed
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F IG -X X X J X  GENERAL SCHEME FOR TH E DEGRADATION OF

2 , 3 - D IH YDR O XY CUMIC ACID
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by elettvage to formie Mid, aeeialdthyd* and isopropyl pyruvie Mid, of 

vhieh th« last two haY« b««a id«ntifi«d.

AltsniatiTily, aplittiqc of tha eiNBpoiaid (a) to isopropyl pymvie 

acid and aeataldabyde eaa ba axplainad by a postolatad hydration of tha 

caapound (a) to (a) vhiah on taydrolytio fiaaion ffivaa oxalia aaid and aon^ 

potiad (f). CoiRpouiid (f) than aplita to isopro^l pyruvie aeid and aaatal- 

dahyde* Additional aTidanaa for tha aboTa typa of alaavai^ haa baaa 

obtainad in tha aaaa of ring elaavaga of 2,3-4ihydrozy banaoia aaid. Call* 

fraa extraata wara inaabatad in preaanaa of 2,8-dihydrozy banaoia aaid and 

frtHB the inaubation nlzturt both pyruTie aaid and aaataldabyda wera ide»> 

tifiad. In this ease alao tha foraation of thaaa produata raquiraa a ala»> 

TBga batvaaa tha earboxyl and tha hydroxyl groups*

A sioilar typa of alaairaga i>r 2|8-di!iydrosy bmiaoia aaid haa baaft 

auggaatad by Bibbona (1906)* Ha haa ahomt that axtraata of aalla aatalysai 

tha oxidatiwa of 2,3>Hiitqrdroigr banaoia aeid irith tlia aonsavption of 1 onla 

of oxygm and tha arolatiea of 1 mola of aarbon dioxida par aola of aub- 

strata* Hera neither 2,3-dihydroxy banaoata vaa daaarbaxylated to aataahol 

nor was aataahol oxidised by extraata of thia atrain* In thia aasao(*faydroiy 

nieonia aeaialdalqrda waa identified aa the ring aleawaga prodaat* On the 

basis of thia it waa mggested that tha aleaivage haa taken plaaa betwaaa 

the earboiyl and hydra:qrl groupa* Intamediatea between 2,9>dihydroxy 

benaoate sad oG>hydro:Qr anioonie senialdehyde hare not been detected. Tha
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•nayiiHis r««ponaibl* for au«oiiie aMdaldvlqrde d«grad«tl(nt to

pgrruTat* hj 23 1V»1 appear to eaialyBO r«a«tloiM idonti«al to

thoso already Mtablislied bjr Pajtley et al. (1984).

It has alreadj been iseiiti<med in the growth and maaoaetrie 

stodiea that eateehol and 3-isoprojgrl oateehol were not ntiliaed by the 

washed suapeiuiieae of 'FIr>strain' irftleb indieated, that earboxjrl group 

present in 2,3-dilqrdroz3r evnie cuod 2,8-̂ ihardrox3r bensoie aeids were not 

deearboxjrlated before the eleovage of the bensene rii^. It was also notieed 

that the ineubation of eateehol with 15,000 X g sopemataat did not result 

in any elesrage produet* In all frobability, therefore, in the presmt 

organisa deearboxylation tidces plaee only after the elearage of the benzene 

ring*
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csowm AND m w H m i c  sropim

Growth ■tadi—

Gmrih atndi** w»ra earriad mit hy iiimi]>atli« o*!!* vl«b 100 al 

mimral salt nvdim eMtaiainc diff«r«ni •ab«ir»t«t at a ttMwanimiloB
of 0.1}( a« th« aol« aarlHHi ••ox««, la ahak* flaidca wi^ 2 ■! af fraaUy 

waahad eella (300 Klait raading) at a 24-hr gram eultiiva. Tlia grawtki 

vaa raeardad alilMr Tiaually ar tnrbidlatatriaally* Tha gravth af tha 

arfanlaa an <varloaa probiU)la taiaittadiataa aa vail aa an diffaxwut 

airMtorally aiallar aoBpaanda ara praaantad la Tabla ▼! and !▼, raa- 

paaiiTaly* 1%a aalla adaptad ta 2,9-diliydro3gr aimia aaid had a raiardad 

gravth an p-ayawaa and evala aaid la tha initial atagaa af inenbatian 

(TiO»la Ti).

I^MWMtrif at^4^ft

Pranaratian ef aalla far atanwMtwi Flaaka aantaining 100 nl af 

■inaral aalt aMidiini af tba aa^paaition daaaribad aarliar vara inaanlatad 

aa ahava vith a S4-hr grawi aulinra. Aftar tha additiim af ^ a  raapaativa 

anbatrataa thay wara inaidmtad at 28*j;2 on a rotary ahakar far 24-hr, At 

tha and af thia pariad tha aalla vara aantrifugad at 16,000 X g at 0-4I*. 

Tha aalla vara vaahad tviea vith 0.06 M phoaphata bnffar (pB 7,0) and 

finally auapendad in tha avna bnffar to glva a raading af 270-300 in a



m

Mlaiiativr at 690 (1.9-1.5 wg dry wt./«l), Tbi« e«U

•uap«iwi«n W M  tM«I for BuiMMirit aiudiM. B»y w n  aalaitlaiad

trm » •alibratlaa aiarva ralating th« turbidity raadlag af tka vaahad aall 

aaspMialon to a kno«n dry wight aoatoitt af tiia arganin.

Man— atria watlioda

Oî fgra aptaka by tha vaahad aall mapMaioaa la proaonao of 

▼arleaa aabairataa vaa fallovad aanaMtriaally la tha Varborf apiiarataa 

{iMrait jyL* WW ) *  la thaaa azporiaoata tho aall aoapanaiaa aanally 
1.8 al ( i.5-2.5 mg of dry vt.) and pkaa^ta baffar (l.O ad, 0,09 U, 
pB 7.0) vara fdaaad la tha mIb af tha Warburg fla* and a

aolatloa of potaaalaa hydraxida (0.2 al, aojt) aaa addad ta tha aaatral 

aall. IndlTldaal aabatratM (10»12 ;gdi) vara addad fraa tha aida anu 

Whoa ahlaraatpbaniaol vaa aaad, Ita eaaaantratioii vaa 80 ;ng par al.

Diatlllad vatar vaa addad aad tha final valaaw vaa adjaatad ta 8.0 al.

Tha iaaabatlMUi vara aarrlad ant at S8*;2jf>.8. Tb» rataa af axidatlMi 

ara liatad in Tabla Til and Till aad graidiiaally rapraaratad in 

Pig. XXX, XXXia,h, Xmia,b and x m u .

m a j s m *
OXXOEK VFTME BT p-CnfBMB-CBOIM CELLS IN PRB8HWE OF VARIOBB BELATED ABOUATIC

coupoinfm
Snbatrataa Oa/^g dry vt./hr)

1) Baazaia aald S5
8) p»Qydroay boaaola aald 109
3) 3,4-Dihydraiy baasala aald 91
4) 8,8»Ml7 draay bansaia aald 80
0) Sallaylia aald 48

*liagand aa la tabla t11



TAgJi iT

or THE OBGANISMB ON PBOBNOiUS IHfEI{lfi3>IATB8

CaaipeuMi
CaaaaiiirailaB
iB 100 al
{%) —

Ovmrtli*

24 hr 48 hr 78 hr

t) p-CyauKM o.ao ♦♦♦ ■M-f

2) ZJOB^^p-Cymm o.ao
0.10

“ mm •

3) 3-QB p^ynum 0.10
o.ao

- - -

alaahal 0.10 - wm -
5) 3»Iaoprop7l eaiaahal 0.10 - - «•

6) CataelMl 0.10 - - mm

7) Code aleehal 0.10 ♦♦♦
8) Ooaie aldabgrd* 0.10 +♦ ♦♦♦
•) Cuale aeid 0.10 ♦♦♦ ■M-+

lO) oCrp-Taljl parapiania aald 0.10 - « -

11) Cumia aald 0.10 - mm -

12) 3-^B Cuaia aeid 0.10 ♦ ♦ ♦ ♦ ♦

13) 2,3-4>ihydrox3r aonia aald 0.10 ♦ ♦ ♦

14) 2,3~Dilgrdra39r bmaala aald 0.10 ♦♦ + ♦ + ♦♦♦
15) 2,3-IMlh3rdrox3r t«ra|ibtltall«

aald
0.10 • m

16) laaprapgrl ĵ rrnria aaid 0.10 ♦ ♦♦

* * no grvvtlit <*• fMbl« grovtli} * *  modcmi* fxwthi hnh*> gnvtii
MiMral Mlt MdlwB (100 ml) eeatainiag ib» 'nuriraa (0.1)()
was liio«itlat«d with S.O ml of frtshly vmImA o«lla (300 Kl«ti rMdlnf)
•f A 84-far grmni eultura and warn iiumbat«d •& a rataxy ahakar at 88*jP.2«
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(SaOlfR AMD CR0S8-JU>AFTAn0N STUDIBB

Gr«vth pait^ra m**

ZtuNmlwi* TIm
(br)

P-CJHMM

Kl^ti rMdlaga

1) p-CyavM gg— a 
•alls

0
84

40
300

48
800

80
800

48 460 300 880
7t 580 400 300

2) Cindtt — id grmn 0 44 48 48
B4 8B0 880 880
48 880 888 880
7t 488 410 888

9) 2,S-Oil>3rAr«x3r 
•Mitt aaid gNrva 
••11a

0
24
46

41
800
880

44
880
880

47
888
888

tl 408 810 388

*A]| aliqmei 2-4 ml ••11 aupMUiioa v m  
tak«n f r m  • 24-4ir gvvm «alt«ra vitli • 
tarkidltj rvadinc of S80-280.

**ar«vih on diff«r«ni •ttbatrai«t «m  
M « rarad t«]i>idiMiH.ea)ly ia • Kl*tt> 
8ntao«rson eelorimet«r at 690 apt •
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U S & jO.

GBOWm OF THE OSOAHlfflf ON VARIOUS RBL/lfRD AHOHATIC COUFOCNDS

Conoontra- 
CoMpoond tion in

Growth*
100 nl
{%)

24 hr 48 hr 72 hr 96 hr

1) fionaolo aoid 0.10 ♦ +♦ ♦♦♦ +++
2) Bonsaldolgrdo 0.10 4 - •Mr ♦♦♦ ■ M -f

3) p-Croool 0.10 - - mm

4) Salieylaldohjdo 0.10 - - ♦
5) Salioylio aeid 0.10 - ♦ ** ++♦
6) a-Tolnio aeld 0.10 m t mm -
7) 2|5-0ih]rdrosy honaoio

aoid
0.10 +♦ ♦♦♦

8) 3,4-])ilgnAffoi7 bontoio
aoid

0.10 ♦+ ♦♦♦ -M M f

0) 3,5-4MUDgrdro]7 bonaoio
aeid

0.10 oa» - ♦ ♦

10) 2,S»Dih3raro>y bonsoio
aoid

0.10 tm - •» m t

11) 2,4-l>il^roa7 bmisoie
aoid

0.10 - - ♦ ♦ +

It) 2,3-4>ifagrdrex3r bmsoio
aoid

0.10 ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦

13) 2,3-^hydroxy toro*
idithalio aeid

0.10 - - - -

14) Oreinol 0.10 - - - -

• - no growth} 4> fooble grovthi oMdorato grovtii, -tNM- good grovth
mnoral aali modlom (100 m1) eontaining tho ▼arlooo •ubotratoo 
(0,i%) vao laeettlatod with 2.0 nl of froahl7 washod oollo 
(300 Klott roading) of a 24-lur grown ovltoro and was laeubatod 
on a rotary shaker at 28*̂  0*2.
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TABM Til

OXTOEN WtJSSS m  p-CmENB-ffiiOWlf CBLL8 IN 
F1USKNCS Of MEOTEAL ACIDIC T&AMBFDIBiATION 
PB0DDCT8 OP p-CTliEtiE A m  OTHBI n»BASLB 

INTESmEDIAfES

tnbatrataa Q^^(fil/Hf.diy wt./hr.

1) p-Cymma 210
2) a-Bydro*y 10
9) 3l-4|ydraiqr p-aymma 11

alaabal 20
5) Coaia ala^l 170
6) Onaaia aaid 124
7) a-Pydroxjr aaaia aalA 17
8) 3-ĵ fdrasj eHda aali 56
9) 2,a-̂ li9Pii«3gr aoaia aalA 114
10) 2,3-Ditgrdrax7 banaala aal4 129
11) oCrp-Talyl prapiania aaid 10

80
13) 3-Iaopra^l aataalkal 12
14) Cataahal 13
16) EndafMMma 7.8

Saeh flack OMtaiiMd 1.8 ■! o«ll •nspMuiioii ••atainlsff 
1.44 mu (Ary vt* e«lls), 10-12 |di »f mbatimt*
(•Ida am), 1,0 ail j^afdiata Imffar (pH 7.0) and 0.2 al 
of KOH (ao^) la tha eantral wall. Tha taial toIu m  
vaa aada ta 3.0
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CTPDPa ON THi pimaBMT aizYME gnrgraa 

Prti»r>lloft._^ ^ r a c i t  froa v^ymm grown otllji

Th« e«lls gwwm  on (84 hr) w»r« hanr«tt«d» «nd wuhtd

M  d«Mrib«d vnd«r *lfotiMds and liat*rials”, WMh«d ««lls (««i wmigfxi 10 g) 

vtrt MuipMMlad in ybMphnt* Imftw (00*0 al, O.OS M, |H 7«0), 5 ■! «f 

Imffar «m wi«d for omIi gran of coll pMt*. It vm Iwwgenleed and tlbM 

dismptod h f oltra soai* irlbratlons for 10»18 sin. Tho Moioftto (SO id) 

W M  oontrifogod for 4B ain at 10,000 X g and iho •nporaaiaat mat oood for 

alo^ol and aldobydo dolqrdrogonaoo aoaayo a« voll aa to atndgr tte Igrdro- 

xjrlating and tko ring oloaerago (2,3-4ilijdrox]r omdo aoid iaopropgrl

pgnrario aaid) onaTao ajratoMo. All oporations voro oarriod oat at 0-4**

Tho protoin ooneontration in tho oztraota «aa oatiaatod aooording to tho 

aotbod of Waiterg and cauriatian (IMS), flioao oxtraota uaaally oratainod 

16*20 mg of protoiV»l«

U Aloohol dolardjpogoniit

Aloohol dohjrdrogonaao aotiTity in 10,000 X g oapomatant of 

ontdo ooll-froo oxtraot of p-oyamo groim oollo vaa oatiaatod bjr 

rodnotioa in proooneo of anitiÔ lo ali^ta of Mugrao and onbatrato.

NAD rodnotion vaa follovod by aMumring tlio optioal donaitj ohango at 

940 H|i in a BMdoMa aodol IX? apootrophotwaotor, naing a 8 al outotto of

1 «a liglit path. Tho data proaontod in fahlo i« indioatod tho proooneo
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of an sleohol dahydroftiuuM ea|Md>l« of eat«lj«iiiff tin roAwiion of IttD 

in proooaeo of eodle aleofaol, oC-p-iolyl propgrl alooliol aad 2,S«dlli3rAroagr 

oiade aleohol, Ko rodneiioa of NAD « m  oboorrod in pro««M»o of m boilod 

oxtroet of 15,000 X g oitponuitaiit. Za tho olyaoaoo of iho oabatraio thoro 

V M  Tory littlo KAMI ozidaoo aotivi^ vhioh « m  aooinrod by tho dooroMO 

in optioal d«auiity at 340

TAHJ i«

AUXfflOl. SEBSlfflOGBUSB ACnVXTT OF DIPTIfflBNf 
SUJB8TBATE8 IN BXfRACf OF p-CIliail

fflOm CELLS

Siibatmto Protoln
-i/rf

AatiTity
ndta^il

Spoeifio
aotlTity

1) Gnaie aloiriMl 10.4 8,400 819

2) 2f3»Dilqrdroxy owkLo aleohol 10.4 3,(»0 363

3) o^*P-Tolyl fvopyl aloohol 10.4 4.800 461

Tho aooay ayatoa oonaiatod of 180 jMoloo TBIS, ]fl 8.6) 
1 /nolo KAO| 0*1 al oubotrato oaoponsion (O.l «1 oab- 
otrato in 10 al bnffor) and ooimM (oaffioiont to glTo 
/^0,9. 0.01 to 0,02 por 30 aoo) in a 3 »1 envotto.

The assay system in a 3 nl euTotto oonoistod of 100 naoloa 

TBI8, pH 8,6} 1 /BMolo KA0| 0,1 ml of tbo oubotrato onaponoion and u m y m  

sttffioiont to giTO an optical donai^ ohango of 0.01 to 0*02 por 30 aoo. 

Tho roaotion vaa atartod by adding tho oubotrato ouapondod in TBXS and



th« ehang* in the optieal density V M  r«oord«d*

For aetivity d«t«ndnation only th< initial limiar rates 

wrm taken into Mc«Hiiit* A unit ef watyvm im defined m  that OBMnt 

vfaieh prodaeee an eptleal deneity ehange ef 0.001 per min at 340 

Speelfie aetivity is defined as units per mg.

The aetivity of the aldelqrde debydrog«iase» vfaieli esidiaes 

enMle aldeliyde to ewie aeid waa followed by aeasvrlttg HAD rednstion 

at S40 wfi in presenee of ^  sobstrate. The resalta presented in 

Fig, XL ehoived the preaenee of an aldehyde dehydrogenaae eapable of 

eatalyaing iAm rednetion of H£S> in >i*esenee of enaie alddl^e. He 

rednetion of NAD vmi observed in presMioe of enMio aldefê de and 

boiled eell-free extraet* The assay systaa oonaisted in 1 adl 

TBIS (fH S.e) SO ̂ noleei NAD, 1 ̂ melet oysteiM 10 jRaelost m m y m  0*1 al 

of a diluted (ten tinea) sonioatei substrate 0.0ft uaolos in ethanol 

added to start the reaetioa.

III. Looalisatioa of hydroxylase aetivity and its oofaetor rognireasats

Six graias of oells (vet) were sospended in 40 al of phosj^ate 

buffer (0.05 M, pH 7.7) ItoBegenised m d  then sonicated for 10»12 sdn.

The senloato (40 nl) was eentrifuged at 15,000 X g for 4S nin. The 

sediiasnt (5 g) obtained on eentrifugation was suspended in 50 al of
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phosphate hoffer (O.OS M, pH 7,7), This sttspensioii as veil at Hia 

15,000 X g supernatant were used separately to stttdy the hydrexylase 

aetlTltjr.

In order te find eat tlte diatrilmtleB ef tajrdreaqriaae acti- 

rity either la 15,CXX> X § sapemataat or la aedixmi, and te detendne 

its eofaeter reqairesMata, tve seta of experiaMta «sre aarried oat 

vitii differmi tiaa Intervala. The firat aet of experiaeata were 

earried out trith IS,000 X g aapemataitt at different tlaa iatenrala, 

in preaense of a It*SB or a NADFH generating systea. Siadlarly, the 

aboTo set of experiaents were earried out with 16,000 X g aediaent.

In both the experiaents snbstrate as well at enayae blaiica were 

earried ost. The insnbation eei^tiena for the two sets of experiaoiits 

are piwiented in Table x.

The fladcs eontaining the iugredients aa aentiened in 

Table x were ineabated on a rotary aheker (ISO r.p.a*). After 

desired iaeabation period, the reaetion aas tendnated by adding 

6 al of SN hydraehlerie aeid. The deaatnred protein was reaoved by 

eentrifagation and the eontenta of the flaeks were proeessed separately 

as follows.

The aqueous layer frwa each flask was extraated separately 

with ether (2 X SK) al). Eaah fraetion was thsn separated into aeidie
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and naatral frMiions by vMhins vith (w/r) sodion biearlHNMt* loln* 

ii«a. Tbi« aeidle frMtlon m m  than analysed by TLC (Syat«M III). It 

va« aetiaad that tfa« aeidle fraetien obtained trmm 'd* (i.e., 15,000 X g 

supernatani, 90 ada Ineabatlmi, fable z) ime femd te eeataln a e«»» 

pMuid haring the eaae aMblllty pattern ae that of a-liydroxy emde aeld 

(Bp 0.36)« It further sheired the {ureeenee of a eonpwraid havlag the 

aame Talue (0.77) a» that of IsoiRropyl $gmnie aeld. The 

aqaeeno layer after ether extraetlon mui treated vlth O.l^ 8(4^1attre- 

^eayl hydraalae la 2N hydroehlorle aeld and kept for four hour* at 

rooa tenperatare. The preelpitated bydraseae uae takea la etlqrlaeetate 

and vaa then eeparated late aeidle aad aeutral fraetlena by tnudilng 

vlth 8]( (v/r) BodlttM earb«Bate« Ttw aeidle faydrasoaee ebtalaed were 

found to eoatala a eoaponad having the eaaw iy Talue (0«4S) aa that 

of the hydraaone of laoproigrl pynrrlo aeld la Syetea

Wegllglble aBouata of 3»by^ro>y ewide aeld and laoproiyl 

pyruTle aeld wore ebtalaed the laeubatlon perloda were 30 aad 

60 aln. Ukewlao, the 15,000 X g aedlaeat ooatalaed a w y  feeble 

hydroxylatlng aotlvlty. The «usyne aa well aa the aubatrate blaaka 

failed to ahow the preaonee of 3-hydroxy eoale and laopropyl pynrrlo 

aelda. Appreolable bydroxylatlng aetlrltiea wore not obaorved 

o4iea KADFH (aa goaeratlng oyatea) instead of IfAOB waa uaed aa the 

eofaeter.



Th«s« •xp*ria«at« ltd to th« eoneluiion that th« hjrdroxylaac 

•yatttu w«r« fennd to b« pment in 16,000 X g ■apcmataai ai^ tita 

vaxym is KAKl d«pBnd«ftt.

(̂ ) Cwd>« Mldt SzperlBMmial d«t«il« rasarding tha kgrdroaylatioB 

of euaie aaid ara alraadjr naationad.

(ii) P"Sydr»xy banaala aaidt la a tjrpieal axparlaant tha aalla

irm 3 flaidca gnmn aa p-ayaaaa for 24 hr wara aaatrifagadi vaahad and

fiaallj auajtaadad la 80 ml of 0*05 U pboaphata Imffar, pB 7.0. A batah 

of S flaaka eaataialim atariliaad aadlva and tba aubatraia (p-hjrdroxjr 

baaxala aaid, O.ljC) vara laoaulatad with 4 al af tha aall aoapao-

aioa (Xlatt raadiag 400 at 900 ifi) and iacubatad aa a rotary afadkar 

(220 r.p.a.) far 24 hr. Tha aoataata fraa 6 flaika vara thaa paalad 

tagathar, aeidifiad aad axtraatad vith athar (2 x 200 al). Tha atiiar 

aztraet aftar eoneaatratioa to 100 al vaa aap«ratad lata aaidia aad

nctttral fraationa aa naatioaad «irliar la "Mathada aad Matariala”.

Tha aaidia fraatioa (lOO ag) oa TU3 azaaiaatioa (Syataa III) 

vaa fouad to aoataia a aoa^tiad 'riiiah had tha aaaa aobility pattara 

as that af 3,4-dih9rdrox]r baaaaia aeid (B^ 0.20). Tha aaidia fraatiaa 

vaa furthar aabjaatad to praparativa T W  and tha aoapouad aarraapaadiag 

to 3«4-dihydroz3r baasoia aeid ia aability pattara vaa aaparatad ia a

9t



par# tom (l» wg). Tlw IB •pMtnm (Pig.XXXVUl) of tlw isolated 

*eid shmrod httoAM at 3200, 2700, 1690 and idOO mT^. TIm apMtnai 

wat also fouod to b« idantiaal with that of an anthoatle aaMplo of

3,4-4il9droiQr boaxole aeld* Tho hjdroxylating ottsyoM proamit la tho 

organin brlaga abmt tho hydrozylation of p-hydrozjr bonsoie aoid at 

tbo poaitloa seta to tho earboxyllo group aad or^o to tho Iqrdroxylio 

group iaitially proaont, to glYO 3,4-dlhjdrox7 boaaola aeld,

jill) ^ o j c acid

laoabationa voro earriod oat with boaaoio aeid aa tho 

aabatrato* Tho oxporiBMnta) oonditiona voro tho aano aa doaoribod 

for p-hydroxy bonsoie aoid. TLC of tho aeidie fraotioa in Systoa III 

ahowod a spot oorroapoading to that of p-̂ ydre:qr bonsoie aoid (B^ 0*80). 

However, tho identity of ^hydroxy bmsoio aoid was not eonelusiToly 

proved and honae it is diffieolt to eoneludo that bonsoie aeid is 

further Mtabolisod via p-hydroxy bonsoie aeid.

Cleavage «asy»ei

i) 2.3 PihydroxT eqaie aeidt 50 ml of the sonieate oxtraet 

waa diluted to 500 ad vlth phosphate buffer (0.05 U, pH 7.0) and was 

diatributod inte five flaaks. 2,3-Dihydroiy ends ssid (50 mg) was 

added to eaeh of the four flasks and the renaiaii^ flask was used aa 

the onsyM blsak. All the five flssks were incubated on a rotary 

ehaker (120 r.p.a.) at 27* for a period of 2 hr. After the required

M



ineubatioa period, tlw fnm four flairic* vom pooloi togothor

wad th« roMtion wa» arrootod by acidifying; with hydroohlorio aeid 

(Sil) to oongo rod* fbo dooftiarod protoln « m  rmrrod by e«atrifvg»> 

tion. To th« eloar auporaatant O.i^ 2,4~dinitro^*iiyl hydrazlno 

solution In SSt hydroeblorio aeid waa added in slight ozeoss and was 

loft to stand at 30* for 4 hr. Tho prooipitatod 2,4~dlnitro|dioagrl 

hydrazone dorivatiTos woro takon in othyl aootato and waa soparatod into 

acidie (80 ag) and noutral (TO mg) dorlTativos oaing iOJt soditm earbo~ 

nato solution, Tho onsyMo blank was also prooossod in a sioilar way, 

but failod to givo any aeidio 2,4~dinitrophonyl hydrazonoo.

The aeidie 2,4>dinitropiionyl hydrazono fraetion (80 ng) was 

foond to contain tfaroo eoapoands on TLC oauuiination (Systoai V) and 

out of which ono was foond to bo in wjor quantity. This fraotion waa 

further subjoetod to preparative TMJ (Systw* V) and tho eoapoBwat 

which was proaont in «aJor quantity was rooovorod (50 ng). It was 

further crystallixed frcci ethanol to orange colourod noodles, «,p,193- 

194*, When exanined on TLC in Systen V it was found to hare tho 

mobility pattern same aa %hai of 2,4-dinitrophenyl hydrasono of 

authentic isopropyl pyruric aeid (R^ 0.48). Depression in the m l  ting 

point waa not obsorred wbtm admixed with the authentic sa«ple. The 

prooenee of isoprof^l pyruvie acid in the reaetion mixture was th«
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eemluslTvly pror«d by the speetral etwipariMB (Fig. XU) «f 

bydruone ttf tb« autb«iiti« aaKpl« vitb that «f ih« eMpouiid isolfttad 

frm tb« •xperlaMt* CbroMatography on pap«r ala« ladleaidl idea- 

tieal nobility p«tt«ni (B^ 0,72) *f th« aMpl* irtth tb* mihtatU 

e«nponnA ia »4mtMolt«tb«noltimt«r (TtliZ).

•
t w  man a«idi« bjrdnuioiiM pr»Mai la ib« aixtiuni «Mil4l 

M i  b« lMl«t«d and ebajNMitariaad dn* t« ^  p««ity »f tb« a*t«rlal. 

fiat from tb« Mbill^ pattara of tha aMqpaanda it aaold ba aaaoMd 

that ana of tba t«a aaldia bydrasonaa waa aora polar tbaa tba bj^M* 

zoaa of iaoprapgrl pynmie aaid.

2.4-J>iaityairfiwiyl hrdragona daylvatiToa af awiferal aarboarl aaroawida--

Notttn^ 2,4«4initroirii«iyl bydrasonaa (TO ag) oa fbC axaaia»- 

tl«D waa fooad ta eoataia tbraa aoapannda (Syataa Vl) oat of irtdab aaa 

vaa praaant la 90%, It vaa «ry»talll**d from alaobal to pala yallov 

aryatala, a.p. 160«6i*. It analyaad far Oa TLC tba purifiad

bydraaoaa bad aa Idaatiaal aobility pattara aa that af 8,4-diaitra* 

pb«qrl bydraaoaa af mtbaatlo aaataldalgrda (Syataa VI, o.9o)» Tba 

]^aaaaa of aaataldabyda «aa fiaally prairad by apaatral aoa^arlamM 

af tiw bydraamiaa of aathaatla aa wall aa tba iaalatad aoapaaad fraa 

tba raaatian alxtara (Fig* XLIl).

Whoa tha laaabation pariod «aa miUuAtA iram 8 ta 8 hr,
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Menmlatloa of iMprvpjrl pTruvie Mid was not obMrrad, Probably 

tills Mid irilioii fonod aight ham boon dognidod furthor on f^olragod 

iaonbation*

Tho abevo «Kporiaoiit nam ropoatod In tbo oaao tragr m  

doaoribod oarllor by ineabatlng a sixtaro of 2,3-4ilqrdros3r bowteie 

M id (00 ag) and 20 ml of entda «all<*fra« oxtrMt (iS ta 80 ag pra-> 

taia/al) ia 100 oil of ^aphata boffor (O.OO U, jiB 7,0) tm a rotacy 

ahakor (l^ r«p.a.) for 2 hr. Tba roMtion vaa thou atappad bjr iba 

additlM of 10 al af 8M bjrdroahlaria Mid wad tba danatnrad prataia 

waa raaarad by aeairifBgatlMi. fba kata Mida and aaairal aaxbaagrl 

aoopooada praaant la iha aqaaoua li^ar « m  aomrarkad lata tbair 

eorraapondliig 8,4-diaitMidiaii3rl l^raaoaaa«

Tba M idla 2,4-dlBitropbaiqrl bydraaonaa (90 ag) aa TUS axa- 

ainatloa (Syataa V) found to eontaia 3 to  4 eoaponada. Tha a a b ili^  

pattern o f ono o f tba eonpoaada eorraapaadad to  that o f tha 2 ,4 - 

diaitroiriboayl hydraaona o f Hnrwric M id ( i j ,  0*8ll)« la  

ehim at<^aphy tha aatiiwitia hydraa<ma a f pyrvrlo M id bad tba aama 

Talua (0 .43 ) m  that o f tha derlw tiT a laalatad fro*  tba raM tioa 

Bdxtaro. Sinaa tba anoont o f tho M idia tgrdraaana famad vaa vavy

lot
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It was not poaaible to ««pMrat« them and h«nee farmer 

■ioal and i^aleal atodiaa aould aot b« earriad Mi. Xa thia axperimnt 

tha anzyow blank did not jriald any aaidle hjrdrasonaa at all*

rroa tha nantral hjrdrazona Biztara (30 ng), Sfd^diaitm- 

phanjrl hjdraaona o t aeataldahyda «aa idantifiad bj fLC (Syataai TI,

Bp 0 .9 0 ) .





mm
It haa b««a known sine* l*ag that tlw minvorgmvimm can ht 

ntilisad axtMiaiiraljr for th« {Hrodtieiioa of irarioiui eonpouida of •aettoade 

▼alua, Imt laaa ia knovn about tha daiailad naiora of diaalwilatioa of 

tba •rgmit eaaponBda and thair aatiy into tba aarboa e^la. Baaantly, 

aavaral granpa of vovkara hmra ahovn widaapTMid lataraat in tha bia* 

dagradatiott af ▼arlona affiapamida aapaalally that of ar«natia hgrdro* 

aarhana* fhelr atndiaa by wmy of voxkiiic aith tha ahola aalla or vith 

tha iaolatad anaynaa ham yialdad a«M dafinita Idaaa abaat tha w y  in 

which thaaa aat̂ pounda ara »atabaliaad by aderaorgaidlflna.

A aoil paa«d«Bonad *FI«»atrain* iaalatad by warialoMAt attltora 

taal^qua on oC-piaana vaa foand ta grm not only m  hydraarraatia 

tarpanaid anbatrataa aoah aa oO*pi>Maa, ^-piaana, linanana aad 

flwnthana bat alao on tha arosatia anqpoaad, p-aywwa* Tha piraaant 

atndiaa daal with tha aatabaliaa of thia arosatia Iqrdroaarbaa by *n«r 

atrain*. In ardor ta iaolata aad ̂ araetarlaa the traiafamatioa pro- 

doata, banah aaala faniantatiena of p>aymna wara aarriad ant whiah haa 

anablad to find tha pathvaya by which tha baetorial ana^a aumiinlata 

and elaanra tha aroauitia ring.

Aaong tha aeidia produata euMie, 3-hydro*y avnia, 2,8-dihydroxy- 

amde, o<^p-tolyl propionic and iaopropyl pymric aaida wara idantlfiad
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bjr known M^ods inelading 0«Bipar&tiv« infrared and n«K.r* tpMirft.

Fr«i tha nontral traeti<m^ evoBie aleohol, 9-hydro^ p-eymM and a««tal~ 

dalijda vara idantifiad b)r tha aanraniional nathoda. Grovtli and axidatian 

atudlaa haw abavn tliat propyl aleobal (9-4)!l->p-̂ ]nMna) and

^-^tolyl prapionie aaid are tha aida prodaata and da not aami ta ba 

intanMdiataa in tha diaaiallation pathway of p-aysana. Inanbation of 

2,3«Hiih3rdroxy araaie aeid vitia eall-fraa aztraeta yialdad aanaldar^la 

agumnta of iaopropgrl pymric aaid and aaataldahyda idiieh vara iaalatad 

and idantifiad aa thair 2,4niinitraphaiqrl hydrasanaa*

Indoead razym atndiaa aa wall aa oxidation of diffarmt aab«> 

atrataa ahovad Uiat tba pHBynana grown ealla axidiaa anaia alaabal, 

ataiia aeid* 3*hydroxy enaie aaid and 2,3«dibydroxy eonia aeid bat not 

S^l^droiy evaia aoid,3~iaopropyl eataabol, SMiqrdroxy ̂ yaanai d-hydroxy 

p-ayaana and 9-bydroxy p-eyawna* It vaa found that whan *PL>atrain' «aa 

grown an p-ayaana, tha ealla rapidly axidiaad 2,3-dihydroay enaie aeid 

vithont ai^ lag ĵ iaaa. On tha otbar hand, ealla adapted ta 2,3* 

dihydrex7 etode aaid ntilisad p-^yaana and enaie aaid only after a lag 

phaaa. It haa alao been notiead that tha p-^ymma* grown aelle grow equally 

well on emie aleehol, eoade aeid and 2,3-idilqrdroxy enmie aeid without 

any lag.

Thia atrain grown on p-^ynena ia eapable ef exidiaing ether 

aeida aueh aa bensoie, p-hydroxy, 2,3-, 3,4-, and 2,5-difaydroxy benaoie
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aeida, wfaieh ben eloM •tnwtana ainilarltl** with th« laWnwdlaUs 

in th« p-eyMHM d»gr»daiiwi. FterthanMr*, ih* grovih rat* of ihia ̂ rgtadm 

in th« praswM* af 2y3-dibydrox]r bmisoie aeid v m  oMparabl* ta that 

ob««nr«a la th« pr«a«iie« of S.S-dli^resjr emie aeid. Rovoror, failart 

to idontify 2,3-dihydroxy boasoio acid in th* oaltiiro widiim probabljr 

•nggoat* that it aajr not ho ono of tho iatonwdiatoa ia p»«jpMno diaoi* 

■ilation.

Althonn^ p-h]rdjN»ay honsoio aoid oonrod aa a grovth aabatrato for 

thia orgaaia«» p-Kiroaol failod to proaoto tho erovtii. On aali«;rli* aoid 

tho organ!an grow aftor a lag period of 48 hr* Likowiao, tho rat* of 

growth waa aJUwat aogligiblo in proaonoo of oatoohol, Vbm fonumtatloni 

woro oarriod out naing p-ihydroxy hoasoie aeid aa tiio Mhatrato, 3»4- 

dihTdroxgr hoiuioio aeid waa found to bo proaont in tho grow^ awdinai, 

Siailarly whoa bonsoie aoid waa aaod ao tho as^atmto, p-lqrdroxy boaaoio 

aeid waa auapoetod to bo proaont in tho formmtod broth* Bowovor, proaoaao 

of thia ooBponnd roaaina to bo full/ eonfinaod.

Stadioa with regard to tho M*e of hTdroxylation of aovoral 

bonxonoid ewipoiinda and their eloarago pattern have boon fnllj diaenaaod.

Collofroo oxtraeta fr«m tho baoteriuB eontaittod an oxsrgonaao 

of tho iMtapyroeatoehaao typo, whieh bringa about tho oxidatiwo fiaaion 

of 2,3-dihydro3Qr emie aeid botweeat tho Carbone 1 and 8 (between earboiQrl 

hydroxy groupa) giving riao to a hypothetieal koto aoid intonaediato

1(M



tof

whieh thtn nnlargMs el««rag« to itopro^l î jrniTie aeid and M«tal- 

d«lqrd«.ttid«r th« sam eonditioEUi, 2,3-dilqrdro3qr bmszoie aeid yi«ld«i 

iqrrmrie Mid «nd Mctald^igrd*.

TIm prM«ii0« 0f two dobgrdregonaaoB, naocly, iraai« aleoliol 

d*hydrog«aas« aad ewide aldohyd* d»hydrog«aaa« lurr* b««i shorn in 

1A|000 X g mpontatant of tte Miiii«ftt«. JBo^ tin dohydMg«nM«t roqnir* 

NAD for tb* oxidation. Tho hydroagrlating Mtivi^ oapabl* of Iqrdrox]̂  

lating d»ie a«id at poaitiwa 3 to giv« d-lQrdmaar wnde a«id haa alto 

boon ahoMi to bo proaont in thia (15,000 X g) aaponiatant roqniring 

NAEHI for ita OMxiaal aatiiri^. NADFfl ia Toxy aaoh loaa offootiva lltan 

NASH.

On tbo baaia of the abo-vo obaenrationa a poaaibl« patbvay 

tho dogradation af p<-eyaMne by *FI#^train* haa boon fovMilaitod (Fig.XXXKT). 

Vr«a p-eyaeno to euaie aeid tho organLaa fellows a pâ fatimjr similar to 

that oneountorod witti linonono aad ^-p-oontheiio wbioh givo riso to 

porillio aad phollandrie aaids. Bnt all ovidoneos indieato that in tho 

0f omic acid inatoad of hydration as in tho obmo of porillia aad 

phollai^e aeida, a mM»oxygor»tlon reaetion takos plaao loading to 

3-hydroxy wwdc acid whieh is further oxygenatod at Cg-posiUon to yiold 

a dioxygsnntod product, 2,3-dihydroxy cosic acid.
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