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4 g , , i , t n,Ag,X 

An aerobic oygenlsa cafsabl© of u t i l i s ing 

benzaldol^d© as sole source of carbon has been isolated, 

froaj tho soi l 1^ tbe euriehtserifc eiiltur© teetosiQiie* The 

organise has boea Identified to belong to tim gontis 

^chronobactei^. The ce l l 7l©ld of th® organlsa win aiaxi-

mvm a t the letrol of O»05^ CT/T) benzaldehydt. The opt i -

aum ttsperatttr© and pH for growth was SO-̂ SŜ C and 7#0 

respootlvely. 

the pathway for d i s s l a l i a t ios of benzaldc^hydo 

and related coaipoimde was in'^'eatigated by the toehiiiqti© 

of saqucntlal Indufctlon, The growth rates and th© yield 

of th© organlsa were measured with benzaldel^do m%& rela­

ted coinpounds. 

(1) the beiizaldeh3rde-»gro\m ce l l s oxidized 

bonsaldehyde, benaoate, protooatechuatei catechol, 2t**-

dlhydroxy benzeldchyde, salicylaMehyde, suecinate, 

malate, fuaarate and acetate without le^ whereas a-i^d-

roxy benisoate, p-kgrdrosy benzoatei ©dipate, c i t r a t e and 

<:-ketoglutarate wore oxidized with l ag . Puroaycln 

decreased the mte as %mll as to ta l oxygen uptake of 



hmZBi6.&W^®$ p»^droi?y bcnzoate and a-ljydpia^ ben-

jRoatOt Chlopa^henlcol did not have aiiy of feet on 

the rate of oislNation of beajsaldlehyd© and dufntion 

of lag phase tn the oKidation of p-lnydrojcy bensoat© 

and !a»hydrojQr boajsoatc. This siay ^e <lw0 to non per-

laeability of tSie antlMotic* o-fjiti»abeaaoie aeid 

decreased the to ta l o-^cen uptak® of benjsaldehydt as 

w l l rs tht rat® of os:idatlon of p-lyrdrraxy benaoate 

and a-iiydroxy benssoate* 

( t i> ICho bsitisoat@-grwn eeUe oxtdlaad t!i© 

bonsaldehyd©, 2,*f-dl!iydro!fy benaaldeiiyd©, benaaat© , 

proto0at@oliiiatO| catoci?ol| stieeln'ite a«d acetate t^ithout 

lag but p'-h^dr-yisy bengoate, a-l^roigr benzoato and adl -

pat© vere oxidised i.ritJi l ag . 

( I l l ) The p-bydroxy bensoate-groim ce l l s 

oxidised, 2,%-41hydroity bengaldo^iyde, p-V^drot̂ s^ benzoate, 

prot'ioatGCbuate, c.itoehol, s«eoltist©| acetat® and aiipate 

witho\it lac but btnKaldehyde, bensoato aud m-l^irosy 

bonzoate with lag* 

(iv> The o-hydroxy b8nsso^t«*grown ce l l s 

oiEiUzed m-hydroxy benzoate, pr-stocat^chiiato, catechol, 

succinate atii -icetat© without l ag . B©naald© yda, ben-

soat®| 2,^-diliydroxy bonzalde-jyde^ p-1^droxy banzoate, 



(v) Tho adltjafcergr-jtm ca l l s oxV3.lzo(i 

benaaideriyde, *»pt>toGatcchuifeG, ad^a to , succln-'fco, 

acotate and 2,Waihyirt>sy bensal'loi^de wJtHout Xa«3 

but bonsoatoi p^Wdr^Ky bonssaat^ and u-hydroJiy bon» 

Boate i?aro o^idisod tdlth lag. 

(vi) ?)io acetato-gro'yn ca l l s o^tdi'tsd 

bansaXdohyd©! Ijonsoato, Y>-.ix!rar isy bongsoate, ^-iayJr^Ky 

bonsoato, protaeatacbuato, catocbsl and adloafeo t^th 

lag, Succlfi'^.tn, 2C3tatG and ^,if*dihydr^sy bcnsaldosiyd© 

•rforo oisldii5Qd idthD'jt lag* 

( v l i ) Tbo succin«^*-B-sr*jHn ce l l s « i ' i i s3d 

bengaldQliy.c, bonzo'^te, protacat'-^ch.'sto, c.itecholf 

2,^-dlhyu?0 3̂  b nsalde;iyao, s^jccln-to and ac©t to 

tjlthout las "̂ut tr-JiydroKy brnzoate, 'n-hydroxy bcnaoate 

and adln^to oro oxidised with lr?5. 

( v l l i ) Gl !C03'̂ -gr3iKi cc-lls o^lcli-:C'i b^3nsal-

dehyie, cateciiil, auccin to -n l ''.cetito 'dtHo^t l??g. 

Bcnso'^to, p-hy.r "^ b^nsoatOi u-byi-^-Jxy b«n3'>cto, pro-

tocntnciiUQte end adinata »̂ r̂ rt"- ^^'tltlisod -dth I13. Pyro-

jaycin and o-nttr^bonzolc acid inc oised tbo '^'*^ y.m 

uotako of bcnsaliotiydQ. The r - te of 3xldati:?a 5^ 



p-hy<!rosgr bena&ate was effeetod tet the total osygen 

uptake was Incf^ased in ptQsmc^ of these prdtein 

sgmtiiosle Inhibitors* fh© irî r©as© sioy u© dw© t© th© 

©xldatifsn 3f ifthiMtor or soue impurity a8s<i«iatod 

ultlt i t . The o!3i9ra:!ap%«nieol effected tli© Fate as 

well as total otygen upta:fee of toeiisiaiaehyde. 

Cix) In the pressn<se of eeltwlar debris» 

eell»frte extracts of henaaldehyde-gyown cells oicldizedi 

oatecheli protoeatech'mte, ben^saldeli^eii bemsaate, 

j>-}3s|rdroi5r bensoat®, sj-bydroxy beiigaat© afid 2,Wdibydro3ar 

bensalde^syde, 

<x) 1?̂  ,ir̂ tgQ iiseub^tioii of bensaMebrde and 

cell»f3*ee ejElraet in pre none© ©f HADP'*' regwited in th© 

formation of benssoate, p-hydroiy benzoate, protocatechisate. 

However with protocatecHiaate ^t eatecholf Ip-oasoadipate 

was foraed* Ttm p-brdroi^ benaoate was also identified 

in the euitui?© broth* 

(xi) The bensssadebjde dehydrogenase wse tJADP* 

dependent and ths J^ydroicrlation of p-bfdroxy benaoate was 

MADPH specific* 
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toeê t@e£tuatc! and stcotate 

6. 4Mllt^ <^ BeiiKtldeiiyde-grmm cells •*» 57 
to oxidise befiaald^hydey syeeiiiat0« 
29̂ «̂*d|.h3rdf*33qr bensoldebydd and 
a^iC3rlald6l^d» 

?• Abiiit3P of B©na«ldehyd6-grm«i oells *«• 58 
to oxidise adipatfit p-^droxy toen-
Koate snd a-iiydroxy &«iisoat« 

B, Ability of Benzftldeljyde-groim o©lls .*• 59 
to oxidise oc»ketogl\itafate,todi«m 
oitt^toi ftisiapate and malate 

9, Ability of Ben®ald0hyd«»grown cells «•« 6o 
to oxidise bensjaldel^d^ in pvesenm 
of piirofarein 

10* Ability of Bensaldebyde^-grouti cells •*• 63 
to oxidise p'hydrojiy bensoate in 
presence of pur^w^cin 

11. Ability of Beaaaldehyde-grown cells •*• 63 
to oxidixe a-bydroacy benzoate in 
presenee of purotayoin 



i l l 

iPage 

'12* AMllty ?>f Beii0aldel3y^e-gpo«n ce l l s ••• 6̂ * 
to oitldlgi9 benzalde^dffl In ursaene® 
of chtormphmte^l 

t3» Ability of BeRaaM©iir<3e-sr9«wn ce l l s ••* 65 
to Old diss p*by*«iroiy benssaate in 
presence of chlorsjaphenicol 

!*•• Ability 0f Benaaldet^de-gipown ce l l s ••• 66 

|)f^i«fice of ehloramplienicol 

15, AMlity i»f M^nBmXdmW^^gfQimi ee l l s •«• 6? 
to Q^xidlm feensaMehyd® in tjrssettc© 
of Q»ntttib^nzolti acid 

t6« Ability ©f Benaaldotiyde-grmm ce l l s ••* 68 
to oxKSij^ p-ftydroxy benzoate in 
pre gene© of o-nlti*abens?si© ael^ 

t7* Ability of Benaaldebyde-groim ce l l s »»• 69 
to oKidi^ fli-laydrojQr b€n«oate in 
piresence of o-nltrobenzolc acid 

lS , Ability of ^R2oat©»gi?oim ce l l s to •*, 7t 
oxidiss© gyccinato, acetate* benjsal-
deliyd© and 2fJ4-di%«lro?qr b«tt2aldl«-
!«rd0. 

19, Ability of Bensoate-growi c®lls to «•• 72 
OEldig© beiisoat©! protooafc«ehxjsit®f 
and catcdiol 

20• Ability of Benaoate-gpotm ce l l s to ••• 73 
oxidi^® p-tj^droxy benaoatci adipiat© 
and s-'rtydroxy ben^oatc 

21* Ability of p-J^drosy benssoate-growi »•« 7̂** 
ce l l s to oa:idi2«j bensoate, gi-bydpoiqr 
bonaoatc and bensaldeJ^de 

aa. Ability of o-bydroxy bengi>at®-gyown • , • 75 
ce l l s to osddise p-l^dr'>sy bangoate, 
adipBte, protoeatechuate and aeatate 



« • * 

• * • 

iv 

Fag© 

23, Ability &f p-l^roigr t«*nsoat0»g?»y?i •«• 76 
c©Xl9 to oxidize s«©eiaat©| catechol 
and 2,*f*di!iydro3«y benzal^efeyd© 

ce l l s to oidldia© p-lirciroaar b©iisoat«, 
a«llpat© ®S54 ace tali© 

ce l l s to ©Kidige ai-hydr^jqr bensoate, 
aiieeinafco im«i protocateeii'iat© 

2^, AMlity tsf m'^^T<3>w bensgoate-grsMi ••• SO 
ce l l s to oxidize benaaldefiyi©,cate­
chol, 2,Wlihydro«3r benaaM®tiyd« 
and 1aensB3ate 

27• Ability Qt AdlpatQ-grawi emails to 
o:s:ldis6 px-atoCGtsnehuate, soccloate 
anil acot^t^ 

28. Ability of Adipatt-grawn ce l l s to ••• 82 

soate and p-l^dr3xy !>©nss©ate 

29• Ability of Minate-growi ce l l s to •«• 83 
oxidise adipate, benzal^ctiy^ and 
2|i*-dihyd»^xy bonzaldetiydQ 

30. Ability of Ac«tate«gr:mn ce l l s to *•• SU-
oxidise benzoate, adlpat©, saccl* 
natc and acetate 

3t« Ability of Acetate-grown ctslls to »«* B$ 
oiddlKc 2,**-dihydro)qf b6n2iadehyd©» 
benaalde!^e,ajid catechol 

32. Ability of Aeetate«grarwn ce l l s to »t* 86 
oxidiaa p-bydroay bcnaoat©* 
s-hydr^isy benaoate and prot^^cate-
chuate 

33. Ability of Succinate-grown ce l l s to »«• 87 
OTEldlze eftt©eh3l,2,M-dihydro:ty ben-
aaldehydCf bensoate and bensaldehydc 



Page 

3^9 AMllty of Swcclnatt-groim mils to •*• 88 
oxidise S'^sr^lroi^ l>©naoatef p'-t"' 
r o ^ t)6!i8oate and aj^ipat® 

• * • 35» Ability of 3t3cei«at0«gi»o«fi «jolls to 

and aeetat® 

56. AMlity fiif 01w©ose*grm« ce l l s to ••# 91 
4UEidiis@ {!ix®eitiat®«emt@c}i0l md -
ae®tat© 

37* AMlity of fltteose-gpowi e©ll® to «», 92 

SEOat© iii«l ffsstocateehust© 

S8, Ability of Glucose"*gr®«a ©ells to «•* 93 
o^idiss odil^atei benisaldQhydo and 
m^W^^^W feenzoat© 

39« AMlil^ of Gl«eos®-gr©im ce l l s to •,« 9*f 
ojEidi£® bensi^doiaydG in pr^s^nm 
of purafflarein 

*K)« Ability of Glii©ose«grc«m e»l ls to , « . 9^ 
oxidieo boaaoate ia pi?®s®«ee of 

h%m Ability of Olacosa-gro^R oe l l s to •«• 96 
oxidijs® bensaldohyda in prasenoo 
of o-*nitr0b«ii2oio aeid 

h2. Ability of 01uco«e*g#own ©tils to *«• 97 
oiEi<Sise p-hydroxy bensoate in 
presenoo of o«aitfob©asoi© ®oid 

h^. Ability of Olucoso-grown e@lls to ••« 98 
o ^ d i ^ bensaldebyde in preseneo 
of oblopaKpheniool 

kh* Ability of Olucos®-grown cel l» to ««• 99 
oxidizo p*bydro3cy bensoftt® and 
a-bydraxy benzoato in prooenoa of 
ehloraaspheniool 



i r i 

i*§t OKitlaUsiri of «at#ctiol SJKJ proto-. .•• 103 
<iat©cli*aat« W ©©13.*l̂ «« extract 

1̂ 6. Osddafclaa of bepzaldeHyd® sud • , • 103> 
r e l a t e d eoajpown<is Igr ©ell^fipee 

in tlit ^s^stno© of oeXltiiia* 

ii.f« Efffiet 0f ti®e-oa 1je««al4el^^ •«« 113 

h$m Bpmtropiiotm&trtQ assay df •*« 1t5 

*i9, %aposyletian of p»^di*o«y ^ensoat© •«• 117 
50. Tim mQt^Qtim of S@asaX<S®l«ŷ  »•• 127 
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1 

Durins the paot decsioot fair ly Broclco 

knoulGdc® yias been obtsilneJ of the p-sithwoyG tttr:>u^h 

which cortalfi -^Icroorganleas u t i l i s e aroaatlc crjpoands. 

Z,->bolX (19^*6) ^ a cie!ilt tbo bactcrlolDSical asocctg of 

th is Dhonoaonon* The biochemistry of the process has 

a i r acSy b:5e?i ^ovietjed (Happold, 1950? Stanlert 1952 ), 

Sever >l tynes of sticroor^antsis bclonrlng to Goecaceae ̂  

llyoobaotoriact̂ A f̂̂ » BGcterioc^ifi, Pa0udoitona<iaeo''0« 

SBlrillace-ie, and Bacillaceae fa-^illes ir© kn'̂ xT, wbloh 

grov aerobically In a sl^aplo rainer"! s i l t mcdiin with BXI 

aromatic c-)nm-:fvm& is sole sonrcG of carbon, ^tiring the 

growth of the ilcroorgonigTaa, tHo bonsono rinf\ undorgo^'s 

fission eivi"^G yisG to V" rious ccnnounds whic^ OTO u t i l i -

/ zed in the diverse processes associated v/ith col l raetabo-

lism, Such ortTanls-as hv/Q h^tm i so l to i f rw s o i l , setn^e 

and ma'a-nollGn farces, ima af© widely distributed in nature, 

Therefore, biological functlTO of then'^ ofcmlsao may be 

rasardcd as CK onoential ateu in the "Carbon Cyelo". 

Tholr usr aiS in industr ial scivcn<'f*''9 i s 

con-ion, since pc»rcolation if t^henollc wist© nro-'ucts 

throu^^h sewage beds provides a cheap m thod of detoxl-

eatlnf nroTiotlc co-opguilds Dot'**!tlally harnful ty -^qutitlc 

l i fe* Thi do'jr dntlon of aronatlc co'im-'>und3 la not only 



confined to tfen bacteria but several fungi llko 

AQUorgiimg sp* iKlv^QT end fm Zi^Pt 19?1)f 

PenicllUugt gp> ( HookenheXl aHal . t 19?2| Is<mo, 19531 

195^ )» Oospora 8P« ( Landa & Ellasek, 19^6 ) ana 

getayospora @p* <@ross glal'»> 1956) are capable of 

stieh d©gra^attaii as yf&lX as esrfcain soil { if©nd©raon 

& Faraef t 1955) &^^ w5od-rottlag fungi (PahreiiSi 19'*9). 

Hoa%ly tine carbon skeleton of tbo ar^^atlc 

cosipoimfis i s ©xel'jsively c<»wrert©d into carbon dioxide 

and cell constituents, Eo^a&mr^ i t was f i rs t nhmm 

tbat scsaetiaes intenaediates are transiently accuawlnted 

in the ciitlur© broth (Svans , 19*<7)» An alternative to 

this traditional approach la the study of cell-free 

engyaie pr©paratl<»is siade fraa organises after growth on 

the orlslnal substrate or any lilsely intersaediate l a jzltol' 

Trcm the point of view of origin of the isolated products, 

the interpretation of results are always difficult , 

llowevarf the probability of their being real interraediates 

Is vastly increased i f labelled cosipounds are used. 

This approach hasi in almost a l l easesf always given the 

in i t i a l lead in delineating the intermediary pathways. 

The observationst which led to the current 



Ideas about the factors eontrolling the engynntle 

constitution of & jsioroblal ceXlf ^t© back to la te 

nineteenth eentujpy (Mortmann # l89a)* 5?h0 enayfiies 

produced as a ^ec i f i c roapons© to the presence of the 

h(K!iologou8 substrate in the culture laediwa mitm called 

'• adaptive snas^ee »* (Kurstrosa t t937-38)« the consti» 

tutiire enayaos are always foraad by the celts of a given 

species irrespective of th© ecxsposition of the mediust* 

I t ua© observed that the ensjiaest of aroaatlc 

ring fission cloborated -by a particular PseudoenKias sp. 

vere s tr ict ly adaptive in nature, because these enzytses 

were only shotati to b© present when the organisa VBS 

grotm in presence of m art^atic coapound (StaBier,1^7), 

Stanler, therefore, conceived the idea of usins this 

phenomencm as the basis for a refined type of kinetic 

analysis to deteftalne t l^ nature of the Intenaedlates 

that l i e on an adaptively controlled metabolic pathw^. 

This valuable tecteiiQue tms called **Siffl«ataneou8 or 

Sucoeasive adaptatitm**, but for various reasons aore 

accurate terminology of "Sequential induction" has been 

proposed (Cohn §^ ^.>1953)» ^ t principle can b© 

Illustrated by considering a hypothetical aotabolic 

pathway! each step of which i s catalyzed by a specific 

inducible enssyae* 
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Bi© eellSf potentially capable of eairylng out al>0ve 

reactions, i«rill be devoid of th© relevant ensymes, if 

tliey have not been exposed toy the ©<mdltl(»ia of growth 

to coiapoitnd 4 C the inducer )» '^en placed in contact 

«ith A, such cells reaptmd by producing the ensytae E^ 

cat^ysing the step A •*• B» She formtlon of B %iill 

in turn provide the necessary activation for the forma­

tion of % and so on. Thus cells fully induced to 

disslmllate A will alao be conditioned to metabollase 

Bf C| Xy B, E etc* On adapting the cells to m 

intersMedlate in the chain (saar C)^ they will then also 

be e^apted to the later intermediates! X, 0, E etc** 

but not necessarily to ttm earlier ernes• Consldert 

howevert the case of a compound I, ^Jich aay appear (m 

cheaical grounds to be a possible intermediate in the 

dissimilation of A, and wbich is likewise potentially 

attackable by a specifiCf inducible enzyme B^, Zn view 

of the known high specificity of the induetivs responsci 

it is extreaely ioprobable that cells, specifically 

adapted to X, shall utilize D, E «tc», if X is not a 

meaner of reaction chain* ^us« by adapting m organism 

to a given priaaiy substrate, and then analysing its 



adaptive patterns idfch respect to postulated inter­

mediates, ©iridence can be ototoinsd as to niiieSi of these 

oosipotjnds are aetueaiy operatiire in the reaetion soQuence* 

It iS| of coursGt necessary to aake a parallel test vith 

'*0nail£̂ pted** cells grown in the absence of all the ooaipoiiAds 

under testf in order to maK© certain that the relevant 

ensyaes are not constitutive* In practice the applicaticMi 

of this technique ia quite sitaple. (slashed cell suspen-

sionsf groyn on the substrate whose metabolic pathway is 

under investigation, are incubated separately wiUi the 

various postulated intermediates ( now being used as 

substrates )f the rate of oiiygen uptake being aessured 

manosaetrioally* The absence of a lag period indicates 

coaplianee with the criterion of soquenti^ induction. 

The presence of lag period, however saall, is taJsen to 

mean that the induced en^rsass were not originally present 

in the eell3| the delay representing the time required for 

their synthesis* 

The isolation of specific microbes with the 

required properties, for exaaple , ability to grow freely 

as a pure culture in a simple salt mixture cocitaining an 

aromatic coapowid as sole carbon source, is usually acco­

mplished by the elective culture method (V^osradsky,t9^9)# 
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Xh© cellSf pot«ntially capable of carrying ottt above 

peacticns, will fee devoid of the relevant eii^mes« if 

fcliey tiair© not been estposed by tn© e««i<iltions of growth 

to contpoiind A C the inducer )# t^@n placed in contact 

vith A, such cells respond by producing the ensyme E^ 

cat^yslng the step A »• B» the formation of B will 

tn turn provide the necessaxy actlvatlcm for the forma­

tion of % and so on. Thus cells fully induced to 

dlssimilate A will also be condltimted to metabolize 

B, 0| K, By B etc. On adapting the celle to m 

intermediate in the chain isw ^)# ^^®y wil^ ̂ ^w also 

b© adapted to the later intersrediatesi X, B, K 6to»t 

but not neceseorily to the earlier <mes» Consider, 

however^ the case of a compound X^ î iich latay appear on 

cheadcal grounds to be a possible intepsaedlate in the 

dissimilation of A, and ^ich is likewise potentially 

attackable by a speeifiCf inducible enzyme Z^^* In view 

of the Imown high specificity of the inductive response, 

it is extremely Improbable that cellst specifically 

adapted to X, shall utilize B, B etc*, if X is not a 

mtfliber of reaction chain* fhus, by adapting an organism 

to a given priaafy substrate, and then analysing its 



adaptive patterns with respect to postulited inter-

fflesilateo, ovi^«nce can b© obtained as to iihleli of these 

compounds are aet«al3jr operative SJ» the reaction sequence • 

Zt lS| of course* necessary to aako a parallel test with 

**tea«lapted" cells grown In the absence of all the oaapounds 

imder testf In order to make certain that the relevant 

enzymes are not constitutive* In practice the appllcatiim 

of this technique Is quite sltaplet Washed cell suspen­

sions, grown m the substrate whose metabolic pathway Is 

under Investigation> are Incubated separately with the 

various postulated intermediates ( now being used as 

substrates), the rate of oxygen iiĝ take being aeasured 

aanometrlcally* The absence of a lag period indicates 

eoapliane© with the criterion of sequential induction. 

The presence of lag period, however saall. Is talsen to 

Biean that the Induced onsyaes were not originally present 

in the cells, the delay representing the tl'ao required for 

their synthesis* 

The isolation of specific microbes with the 

required properties, for exasiple , ability to grow freely 

as a pure culture in a sitaple salt lalxture containing an 

aroaatic cos>pomd as sole carbon source, is usually acco-

oplished by the elective culture method (Minogradsky,l9^9)* 



Th« soil or aewag© bed Is eontinu'Msly perfused wltti 

th© simfsle taedlna for a period of few dayil, in the 

presence of a suitable amount of arcwsatle oosq̂ ounda 

( 0»0t - 0»1J5 w/v )• Soaetlaesf i t i s helpful to 

eetlaate th© ctmmntwn.tloa of th« aroustie substrate 

in the pTtmWPf siAxed cultw© aeditun, ttiis aay stay 

constant for doyst end nothing seems to b« haijfptnlng 

at f i rs t but suddenly i t s disappsaraneo startSi and 

the entire amount may be gan@ in a few hours* When 

active ©etabolissi of th© substrata i s in progress t 

subcultures ar@ laado into sitsple media» thus erasing 

preferential si?o^h of a certain type of orgcsui® « 

latlaately leading to a predosjinance of th© c^mdi -

tionally f i t t es t . Froa such enrichment c^t«r©s» 

after platins ont on sitsple media ( stiffened with 

either agir or silica gel ), the desired orgsnlssi i s 

isolnted as a pure strain by the traditional aethods 

of the microbiology. 

Metabolic Psthifays for qtilisaticm of Aro^aatic Ocasmoundst 

I t i s generally accented that dihydroxylation 

i s a prerequisite for ensyaatie fission of the bsnsene 
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ring i^mmftf^)* th© hr«troxyi grovtps aay l»e ortho 

to f»eh otheri as in catechol and protocatectiule aclA 

or |)ara to eacli other aa in geat is le and fea-aogentisie 

aelds* Catecit©! ana pratocateehuie acid have fee©n shown 

to be the B^fegtrates for ring fission in the s ieroMal 

degradation »f ^any diff®r«nt aromatic eoaiuotsiis* _ 

Altlifingh cafcectiol I s an iitt®fm©4iat^ during 

the d®grads,ti^ ©f polyawcl#ar ©roisatic iT^droQwthonSf 

naphthaiena, anthracene and ptenantht^en© toy a i c r s -

orgianiOTS t A «ihy<lroiQrlat«d pclyarffiaatlc eoaî oimtl i s 

usually the f i r s t substrate for the ring fission* 

A Qwhatitutad aranatie nucleus -presents 

®ioro0rgani935 with a choic© as to th«ir aad.® of a t tach. , 

Eesalts obtained in the McrDbtal degradation of phenyl 

suhstitwt©*! aci4s by a lafi^EliajaP* inciieate titet the 

aciil 9%dti chain i s lastaholisad by a beta oxidation 

process,, that iSf t t e mlcroorganisw r©aov®s two e;&.t^on 

ato^s a t a tlai» C Wcblcy g|, ^ # i 1963). Thui ©id© 

chains %rltli eyn odd nuahtr of carbon atojjs sr© a^ta • 

boliscd to bcnsoic ftcid, which i s converted to catechol 

prior to ring f ission. Phenyl subst i tut td acids that 

contain an ev«n number ot carbon a tons ara siatabolizad 

through phenyl acetic acid* Further sataboliso of 
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phenyl neetie a d d may proceed thtongh e i ther haaogen-

t i s i e acid (Klt^pver §X ^ • t 1951 Bt Jfegley t i aX»ft953) 

or hcKBoprotoeatochiiic acid (Knaita, 19??/5^f i>agI«T 

ijfe flQk*ft962) depending oh the speeies of aicro^rgsnisas* 

©le ofii^eg eatalyzing the hydroiqrlatlan of 

the arosiatie ring have b®©h t®rsed aixed-fuaetlon 

oxidases (Masoin ifc al»f1955)» Iw such reaction one 

atoTj of oxygen i s incorporated into the substrate 

ffloleenle* In the presence of a miitafele electron donor 

the othay oxygeix ato:B i s reduced to water, A tyiJical 

reaction laay he represented W the elat ion i 

\&iBre HE represents the siJibstrate 'solecwie and SHg 

represents the electron donor. 

Microorganisms apparently u t i l i s e a variety 

of ©lactroa donating coapoands in hydroxylatl<m reaotions. 

Salic^nate hydroxylesef the eni^aie that converts aa l tcyl ic 

acid to catechol I has been ptarified f roa 'ce l l s of a 

pBeudosaonĉ q i^« (Katagiri sJt al«f 1966)» îi® ensgrae 

contains one gjole of flavin adeninedinncleotide (FAD) 

per mole of enzyme protein. Since the reactitm aleo 

requires reduced nieotinasiide adenlnedinticlcotidd (HADH^) 



and ox̂ rgeni the meehanisa is pieturod as a reduction 

of an cnaanne - FAD - salleylato ocEmlex t>y KADIIg • 

Subsequent o3^gmi filiation by the ooDplox results In 

th© liberatiosi of carbon dioxide with the fonsation 

of catechol and the oxidized ensyee* 

f?he enjsyme that foras protocatochuie aeid 

fro'a p-hydroxar benzoic acid also contains one aol© of 

FAD per mole of enayme protein (lioaolsawa and Stanier, 

1966)* tn contrast to salicylate hydroxylasei this 

enssyta© requires reduced nicotinamide adsninodinueleo-

tide phosphate (llAOPfig) for actiirity. 

m^mt alanine hydrojsylatloa is catalysed 

%y m enzyme present in cells of a Pseudofflonas sp« 

Ensyaatic activity is dependent on the presence of 

dimethyltetrahydropteridine and MDHg C Ouroff end 

lt3t 1965 )• 4J«»i-heaie protein participates in the 

hydroxylatlon of octane ( Peterson §^ SLL* t 1966 ) | 

ca'aphor < Gushaan a^ aL»« 1967) and steroid (Kiaura 

and Suziad.» 1967 )• These law molecular weight 

proteins take part in the transfer of electrons froa 

HADHg to the enajnaes catalyzing oxygen fixation into 

the substrate aolecuie. Since few en«ymes i^ch 
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I t seems p9ssll»X« that non*he!ii@ protein partleipatod in 

the hydross^ation of aronatie eaapounds. 

Cateehol and protoeatochuio aeid &PQ aetabolic 

intennediates in th@ stierobieO. degradaticm of laasiy aro-

m&tlc OQ^pounds* Consequeratli't th«se dit^drosq^ated 

bensone deriTatlvea have been tfe« objects of intensive 

investigation* Hayaishi tuid Ha3hi!!ioto (19^0) isolated 

an e n i ^ e i cat0ehol"i|2-diO3Eygenase that catalyzed the 

incorporation of aoleciilar oxygen into the cateehoX 

aoXecul©# The reaction product was identified as c iS | 

eis^iuconic acid* An analogous reaction due to proto-

catochuic acid «*»3,*4̂ -dioxygenaee was reported for the 

metabolisffi of protocatechuie acid which resulted in the 

foraation of p •carboxy c i s , cis-mtieonic acid (Stanier 

and fiigrahaa, 195^). Both dioxygenases have been pu r i ­

fied and each contains Fe*** at i t s active centre 

( Gibson, 1968>• 

An alternative e n s ^ a t i c cleavage of catechol 

was reported by Bagley and etopher (1959)» f̂he enzyme 

i s catechol-2|3»dioiorgena8e and the product i s CK-l^droagr-

amconic seiaialdehydo• Dagley a l a l . . , (I960) also reported 
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sifallsP type of reaction for protoeatecljyle acid* 

this ensssra® # protocatQChuie acid-t*|5-da.osyg0fia0at 

oid.<&imd protseateehiiic acid to c< -f^atoty • -I » 

carlsojsy macule s©isialdel^de# Th* en^rae i s extye-

ffl©l3r sensitlvo to aiorgen and Is easily inactivated 

in the py©senee of a i r . CrystaHlBed 2t3-di0553rgenas6 

catifeaiRs 1P@** at I t s active emtre* ©rnston asid 

Stonier ( 1966 ) hair© reinvestigated the fostatoolisra 

of thes® ring ilBsim prodticts. fheir stadias isd-th 

1^^B^Smm& P}^S3M showed timt the emmm int#r-

aediat©! in th® segusne© of reactions initiated hy 

catechol -t|a-dioi«f'g«9«as© and ppotocat^chule aeid» 

3t**«dioicygcnas® wks p-oxoadlplc acid ciiol-lactoiic. 

In addition, m new int©rmediat« coaRjoyndfT -̂carfeosiy 

tauccmolact̂ m© < *̂  -earboxy • *T( « carbosty methyl- A • 

,̂ateŷ q1,;̂ .4f ) vas ideritified on the catabolie pathway 

of protoeattchuio acid. I t i s now «st*bIishod that 

ths three reactions rcspwnsibl© for th« conversion 

of protocateohuic acid to ^-oxoadipie acid e»oX«-

laetone are analogous to ths reactions utilized to 

convert catechol to p-oxoadipie acid enol•lactone* 
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The further nfttabolisa of ring fission codipouisd f^sults 

In tfet foraatioa of S-oxo-^i'-hs^drasyvaleriis anil fofale 

ael^s. Tim former sufesegueistly «sdsrgo®s aI4i©l ©Iserage 

to form pyruvic add ond acetaldeJiytl© { Oagley and 

Scope of the th«sl8 i - fh© material presented ¥it&la 

this vork i s eaneemed with tha stui^ of baetoidaX dsgra* 

dation of bongsadeii^de* l^nz&l^nWde occurs in th@ 

Mtter Qlac^ds C Dhlngra and ahuklaf 19^7)1 Pootit 

i)apposa ( Bradley and H^ageii| 19**9)» Anise aad fennel 

oi ls ( Moaod and 0ortont t9?0 ) . I t i s also reported 

in the male g©g horaon© of Apgaea a^oglyphg ^ 

Leuea^a imput̂ a ©nd Pblogophora laetieulosa ( Aplin & 

Birch, 1968). In the sub-»tropical fruit plants, 

PgsaiflorQ quadr^gulari a > and Sitaonia venustat i t i s 

known to gtiauiate the root forsatiisv ( Xraub « t938)« 

Joshua and Skinner (I9t8> have reported that i t reduces 

the yield of ^heat crop* The effect was very aasrtted 

iM*n the concentration of n i t r i te was higher than the 

potassium it^s and phosphorus pent^oiclde. I t i s helieired 
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that feenzaldol^de reduces th© altsofption of grovtii 

faotoPs* Parlous workers h&'m also reported I t s harafui 

effects on the animals, jfii IdUto benaaldehard© has a 

local anaesthetic effect because i t relaxes th© tonus 

and inhibits %he contraction of sssooth muscle* I t has 

an antiseptic effect on bacteria (Macht, 1919 f 1922 j 

Alves I t9̂ <> )• the injections, of bengaldehyde in 

dogs and rabbltsi decrease their blood pressure and 

re@piratic»fi ( Hingard^ SlaL*f 19^5 I Ho^eno jgĵ  a^, i 

199*^ )• The urine of injected dog contained hippurie 

acid whereas omithuric acid was isolated from the 

excreta of injected fowls (Crovdle & Shendni 1923 | 

end Sherwin & Crowdle, 1922 ). 

Bensaldehyde also has the antigenic proper­

ties* 1%ie horse seruis, shaked with benifaldehrdef iM&n 

Injected to « group of rabbitsi produced an antisera 

which gave precipitin reactions with normal and bensal-

dehjrde treated horse serua* Sosie also gave react!cms 

with noi^al sera from aan and other eoaaion ejcperlmen-

tal species ( Hutaaars and Eobert| 1939 )• In the 

vapour phase ^s well as solution, i t i s tojcie to 

invertebrates like l>ara?aeGî . neaatodes, earthworas 
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and flies ( Moof«, 19t7 } Dpabkin, 1953 )• It has 

heen ns&d as a i*«|)ell«nt to hm^y bees (PapaiopotHOf 

1966)* It i s a3.0o used in vapour phase to eontrol 

the molding in eXoaed containers (Seheffer and 

Catherine I i^k6 | QeXl&myf t9?2 )t 

A 80*^0 fold purifleati^t of ben^aldel^de 

dehSTdrogenasAi has been aohietred tras the strain of 

PseMoaonas ftuoyescens ( stachow g i j ^ . , 1967 ). 

Tkm hmi&n liver aldehyde oxidase î as strongly inhibi­

ted i^en bensaldthsrde iias used as the substrate C ôhnst 

19i7) but froQ ths pig liver, the aldehyde oildose has 

been purified ^ using benzaldehyde as the stibstrate 

( AndOf 1966 )* BensedLdehjrde does n̂ t̂ inhibit bensoie 

acid osddase* However̂  i t s derivativeSf su<^ as bengal* 

dehyds thioseaicftrbasonei inhibited the aetivi^^ of the 

enisyE^ ( Tooesai^i g l al* t 1953 )• Benzaldelirde 

cosks^titively inhibited glutsaic dehydrogenase» by 

coapeting both with the substrate and nm^ (iroahida,1959)* 

It i s apparent froa the literature survey 

that no serious atteapt has yet been made to study the 

bacterial pathviy for the degradation of bensaldehyde. 
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It is not yet «lear In what way the benaaldehyde using 

organism wsuld ojdldatively olesv© its aroaatic ring* 

fo throw more light on this aspect an AchroaaobactT spx 

capable of utilising l^enssaldehyde as sole source of 

carbon, has been isolated fr®i the soil. This work 

deals %ilth tho studies on the bacterial degradation of 

bensaldehyde, fh® data presented provide sufficient 

clue to the reaction sequence through which bensalde^nyde 

and related coc^otmds are utilised by the organioa for 

the diverse processes associated tiriLth their «etabollsa» 
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1 - W A t E R I A L S 

g^m^iept±s - feelmlcal Senzaldelisrde ©f BUSH vas 

piarlflsd and stabil tgsd by l?ydrs*ii«iii«me as d@«eribe«l 

(Vogelf t959)* The' following etiealcals ^ r e ot^talned 

coamePQially and uged without fuifther ptiPtfieatlss* 

C Sigaa cbsalcal CtKjpany » U»S»A« ) | MA0a , flABPll , 

O-fiitPQbenssoie acid ( BDH, Eagland ) | Chioranpiieiileol 

(Farke^ Oa-̂ lg & Co I»td«) |^cpy8telli«@ fooiriii® serum 

albtttin ( Marm H«s#aroli Laboratories, !J»S«A#)|8taftda]!^ 

baotariologleal m®dla < Difeo ItaboPatorieaf Hicliigan)! 

s l l l ea gel 6 C S. mrokf Gera^iy )• 

Sp^eicdl r®ag®nt9 and chesloals t#ei?e prapaped 

as described* 

Peroitide^free «tber . one l l t r a of ether was 

vigorously 9)ialc0ii in a stparatiag fwinal v l tb 20 s i of 

conc,f«rrou8 sulphat© solution ( to 60 ga of cryata-

H i n t farroua sulphat© was added 6«0 ml of conct su l ­

phuric acid and 110 ml of wat«r )» tim c thar layer 
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After 2h hotiro, the other %fas filtered, and kopt 

overnight over godlua viVB ( Vogel, 1959)» 

1?o tost that the ethor thus obtained is 

peroxide-fre©! a ssalX voluae of ©ther was shalsen with 

an equaX voliaav̂  of S^ petaseinai iodide and fe^ drops of 

dilute JiQrdroehlorie acid. The appearance of blae colour 

m addition of a few drop© of i% < w/y) starch solution 

indicatog the coataaination of ©ther with peroxide 

(fogel, 1959)» 

Aleofaol - for thG colorlattrio oatiiaati«m of honaal-

dehyda, it wkS found necessary to remove the traces of 

aldehyde impuritiea frosi the alcohol uoed for preparaticm 

of 1»5 E UaOS • The alcohol fias kept overnight on KOH 

pellets ( 500 m / lit ) and refluxed for six hours 

before distillation, 

2.>«>-Dinitrophenyl l^draaone • fu© a^V-dinitrophenyl-

hydroione of btnsaldehyde «ae prepared as described 

< Shriner 8|j. il,, I960). o A gm of 2iif-dlnitrophinyl -
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bjrdraisine v&s added to 2 ml of eonc* siilphurie acid 

and 3 t!̂  water w^n added dropvAm vlth stirring until 

8oluti<»i \ms eoisplete. To this vara soXtition was 

added ID mX of 95^ ettianol and 0*^ laX Denealdel^de 

dissolired in SO a l of 953̂  othanol* The resulting 

mixture was allowed to stand for 30 ainutes at 

teaperature* Crystullisation of 2,*4«-dinitroplien3rl. -

isardragflsne oeeij^ed in about 15 minutes* Tim brdrastme 

was reerystallised from 9 ^ ethanol ( Observed m»p<> a 

236*237** ( uncorrected ) | reported a»p, o 23?** 

.( tfiioorreoted )• 

2 ^ kmuTsiCAh immims 

Benaaldeliyde 2t**'*dinitropliei?yX h^draisone - to ouan-
'''n---nT--'"TW-|MlCTi1-Ti!|inMlM«MgiiM]W*Pll»MWWWMii^ii|IMi)IWii^^ UJ IJiliilliiUJUir JILT .1 ..Bii H • lilifJI ^ 

titate the ^aount of bensaldeh^de taken for Tarious 

experiment&t ^* prepared hensaLdehy^de solution was 

assayed by the aethod of f^iedaann 4 Raugen ( 19W3 ). 

1^«3 rag of the prepared hydrasone of bensaldehrde 

dissolved in 3 itl of ethyl acetate and the final Toluat 
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ffiado to 2^0 wl \fith ^$% ethanol (0*2 ju aoles ias îlr&sone/ 

sp. )» was used as wdridng stands^* 1?o an aliquot 

containing 0 - 0*3 |yi soles of fjydraam© in 2 ad of 95!SJ 

etIiaROl TOS added 5 aCl of 1#5 I l?aOH» After f̂  

lalnutea the optieal donaitsr vas f*eisoifded agaJ.»@t the 

reagent blank in an Al^ll* Biochsa Absorptioa«ter using 

Ho.52 f i l ter <500 - 5»<-0 mp ) ( Fig* t )• 

ProtQina • Borlne rnvvsai albunln eoltjtlon iras weed 

as standard protein* I t vag estlsssjted Isiy the isethod of 

Lowry sjfe, ̂ . f(t95l)» ^o 1 al of ea^aple containing up to 

180 )tig protein was added 5 aa of ulkaline oqpper reagent 

( ccsjprislng of equal voluaas of 8^ aodiwa oarbonate 

and a solution of 0«3 m QO^p^^ sulph'^t®, 0»6 ga 

Roeh«3li© gait in a total volusso of 500 nsl )• After 10 

minut«s at roo« taaperatwre, 0#? lal of diluted Folln 

reag«nt ( 1 i | ) vaa added* l^e eolo\ir was read after 

30 fflinutes in AIMIL Biochaa Absorptlosaetor using f i l te r 

lfo»70 ( 630 »]yi • 750 lâ  ) against the reagent blank 

prtparad aitsllarly except that water replaced the pro­

tein solution ( Fig, 2 ), 

file:///fith
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deearboKylatlon method of Slstrou and StonleF (t953)» 

O.tSI J^-aalnoantlpyrin vas prepared in O.iH aestat© 

buffer of pH ^«0» 4 ataitable aliquot of tlie solution 

eo«feainlng p-o^oadipat© %?aa talsea in a Warburg Ussk 

to wJilcJs Msa tipped 0,1 lal acetic acid end 0**̂  ^ of 

0. in V-a-alnoantipyrln froaj tiae side arm* th& earbon 

dioxide liberated waa mcaaured tsy direct astbod of 

Warburg* fo farther oonflris tm presence of p-oxodi-

p&t@; Hotliera tQSt was performed, ffea incubation a lx -

tur© W23 saturated with a-ttucsiiuai sulphate followed by 

3 drops of coacentrat®:! aTJaonium iaydroiciae and few 

drops of 5% sodiusj nltroprusslde, Tha developsiont of 

tbo p©rajanganate tinge I s the indication of positlire 

t es t ( Hawk g^ ^ . g 1 9 ^ ) . 
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3 ** CtShfUBB ME0ZA 
B«»i> I l l , n i m m im i Miimir 

Badi l i t r e of mineral s a l t fiffidiua (Hedina A) 

weed for the isolat ion of the organism had the follow­

ing ooii^ositiont 

K^Qj^ • . , 1,1? ga 

ll[%^03 ••* 1.00 SSI 

M^PO^ ««• 0«06Jga 

MgSOs|.»7%0 «•* 0»0>4- ga 

H3CI «•• 0*02 ga 

FteS0̂ *7EgO «#• 0*02 gtt 

HnS€|̂  •»• 0*02 gB 

Soil Extract i$€$ w/V) ••• 100 *1 

Tim pR of the solution was ? « 
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BaeH l i t r e of Qlmsral sal t medltci ( mdSvm B > uetd"̂  

for gro^h of ttm organisa had the fotXoidiie emxpo* 

s l t i ^ sisd i s s iai lar to thstt yt@a ^r BiraDe ti^?)* 

( » % > # % • t « 1*0 s>3 

KaHPOii. # • » 0*5̂  go 

MgC03 « • • 0«1? ga 

Ca^Xg < * • • 0»1 ^ 

^aOl **« 0«1 gm 

FeClj • • • 0«0fg2S 

Soil Extract (50^ w/r) *•« 100 v£L 

Ihe pH of the solutitm was 7«0 

Znltialty iA6n th@ cells y&re not fully adapted to 

benaaidthyde tha addition of soil extract was found 

beneficial. Sonever after cosinete adaptation i t was 

not added as i t had no effect on the growth of the 

organisa* 
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h - PaSPARATIOH OF HSDU FOR OROWt!! 

( i> Wutrient bgoth - It i#as prepared Uy 
distoliring 8 gts deh^dî ated nutpient bŝ oth (? 0si 

peptan® tmd 5 gm beef extract ) In 1000 isl of 

• watoif* 

( ^^ mtnmt Mse - 2^ ogar was addtd to 

nutxlent brotti. 

( l U ) Bengî dgliyde brotb - ô Ô jS Cv/v) Bensil-

deĥ rdo vas added to laedlm B* 

( iv ) Bewgoatt broth - 0»05î  (w/v) beneoate vas 
mil MlUi i l l>T>»—I—MM——iw» 

dissolired int tb® laodlixa S* 

Cv) p«Bydro»ybengoate broth «» o»ogsC (n/v) 

p*b3rdroaybei}8oat9 vas dis@olimd in tht medlvm B« 

(^> ffl-By^roxy bengoa^e brojQl - 0*05^ (w/v) 

«*hrarosy beneoate iiaa 3dd«d in the a«diu9 B, 

(•^> Adipatt broth • o»0?J< ivM adipat* vas 

dissolTvd in the aediî a B, 
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(trill) Suee^^tf broth • 0*0^ (w/v) sueeJ^at© 

ims dl38olv@ti ill ths tm^lvm B« 

( ix) Acetate broth - o.05)g (v/ir) acetate was 

diesolir&d In the meMvm B* 

( %) Bena^dtthyao Agar - ^ agar tms aM©<i to 

bensal^h^^de broth. 

^^^ Potato Agar - 100 go of ©loaned potato 

pieces tiere added to 300 e l water and steaaed 

In am aiitoclsve for on^ howr* The potato 

extract iirss filtered through cotton ®»d diluted 

to one l i t r e with dist i l led water, 2SS agar 

was added. 

( x U ) mttrlent Qelatln - i t was prepared by dlssol« 

irlng idO gia of gelatin In one l i t re of ntitrlent 

broth* 

( x l i i ) Qlxieese broth - o . o ^ gljcose (wAr) was 

disiolved In aedlun B* 

5 « HAIHTBHAHCB OF CULTURES 

The fltoek oulttires of the organism were tsaln* 

tained on nutrlent-agar slants at h^^ fresh transfers 
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of th® slants miv& aad@ eir îiy fortiiigJifc. ThB orgtnisii 

could bo kept for longer period® at k^» 

For tte» preparatloa sf Inoculiis for metat^ollc 

studiosf the orgaRlan was transferared frwi th® jiutrient-

aga^ slants to tfea apppc^riate ia©«ila, as iMlcated* 

UomvQT for ltSfttifi6atlofi plippogesf Urn inoe^\m was 

pWRpai'td froi u«tri«nt»broth grmm c®lls» 

i,..« jflg^i^yi^i^CTo^, yH0fiE,i3mps 

Bi@ &tminin$ procedures usted for tHe idttiti* 

flcatlcm of tto© orgsualaa h&vm baen <tes©rib©d (P@ltl©r 

£&Sl*i ^^^^ )* All additional media «s©d in the ld©n» 

tlfieation of tim organiga wort prepared as described 

in "Hanusl of Methods for Pnr^ Ciiltiira S t u ^ of Bacteria** 

published by tUt Society of Aaerlciaj Bacteriologists 

(1950). 


