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CHAPTER X
IHTHODUCTION

It ie an undisputed fact that no compournxd, however complex, hes
ever accumleted to any rrest axtent on the surface of this slanet,
Had this not bosrn walid; one must certainly admit that over the
rillions of years of this csrth's sxistence some compounds would huve
undoubtedly secumulated to sueh mmgnitule ss 4o disturh the ratural
halance that now existse.

The adwvance of mierohislogy provided man with teshnioues which
vere to prove useful in k=liping solwe azoms of the orobleoms thaet undere
lie the degredation of waster an! thus verpetuste the natursl turnover
of mattore The provess of mineralization was not generally syprecisted
hy esrly workers in the Pield of mieroblolozy sines the relation of
bacterie to digense war of such impertance theat more reszosreh work was
giver to the proceses of destroying becteria ther in coptrolling them
for any ueeful purnesess Thus aross the use of verious chemicel
nicrobieidal asgents.s Tt 12 2 well known fact thet phenmol ernd ite
derivatives are offeotive asants in the destruction of bacteris, how-
evar, rhenols sre sleo docornosed by some wmicroergsn!avse

I% 1s the pwrposs »f' this thesis to re-sewaluatsc the extert of
utiliration of werious ring omaprands in the hope of meking some core
reletion hetwnean the chemical eonfiguration srnd utilization of those
coupoun’ae An attewpt will nleo be made to investigste the possibdble

matabolie pathway of pheral axidation,



CHAPTER IX
HI2TRWICAL

This investigation wes pursued with two dlstincet objsctives in
viewy thus for the purposs of olarity and simplieitiy, the presentation
of the higtorieal bsekground iz divided inkte two sectiornss The first
denlp with the wtilizetion of variocus compounds and the gzecond is
devotad to those investigebtions coneerned with explaining the possible
rmochaniem of phenol oxidrtions

The depgradation of ring emmpownis through blolosiesl =oeans wes
firet sugzeetad by the obeserwvetiong that phenol, toluesne, zylel and the
eresole disarpsared when annlied to a wariety of soils (Rusasll and
futehinasen, 1909, and Stdrmer, 1508}, Thias phenomonon wes slso notod
by Fowler, Ardern snd Loevett (1911} when they obaserved thnt phenel
failed to smoowsulate in sewsze. These workers =ay e conasidered to be
the first %o have asctusily isclated en orgeaniss cspable of attecking

shenole This orzeniss reserbled Flevobeoterium helvolum bud at that

tine wes ealled Bscillus fluorescens, “agner (1514) isclsted seven

oithar orgeniess, which were not clesrly deseribed but which were cape
able of decempesing rine compoundsg, am! anlsc observed the ubinruitous
digtribution »f these organiems in natures

This work was followed by guantitetive studlies of phenol disapm
nearance by other inwestirateres Suddin (1514) observed that the pree
sonce in s0il of & number of wolatile and nonwwolatile substonces
siynificantly influenped the bacteriel populaticnse. e noted an initisl
decrsase in the population which was Tollowed by a greanter susisined

incyease, The phensmernen of rhenel dilsappesrsnee was suhsecuently
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confirmed by Zen Mupta (1921) who noted that ©Y peor eent of added phenol
disarpeared fyom the soll in approximetsly five dayse (o slpe abserved
when suecessive egusl cusntities of shenol wmere sadded to the sare eawple
of scil, each succeeding suantity diseppeared more rapidly than the
oraceding ons, Furtharzors, wnhen ths soll wne sither sutocleved o

treated with mereurie shloride prior %o the phensl spplication, there

§
ragulted no aypyémzm%lﬁ @m&rmmﬁé in tho smount of shenoles This evidence
fediopted that the denradndlion of nhanol undl ofther ring compoupy’s vos
assomplished hy the pregsence of viable nicroerzenisms in the s0il,

L3 a cansecuense of thrse findincs, den Doorsn Qe Jong {1224}
inrretigatad & nide warlolyr of compounds which were cepadle of puprorts

fnr the growth of Pssudomones fluorescens. fle emploved the wmethod of

insorporating 2 sin-le kooen carbon sowree in s simple syminetlc sald
prar modiume This worlk, desvite its alleinelusive aspoets, wag noted
o includs only & very few straing which were able o attack phaeole
he prectice of applyin:s to the soil insactleides contmining phorols,
toluswe and other sronahic crwpounds prompted many investigatores to stuly
mora fully the affect of thoese esmpounls on the microflore of the goil
and 4o isolebe, for metaboiie studies, pure eultuwres of thess orgenismse
The firet investigations on the utiliretion of these types of ingece
tleidos was undertsken by Uray mnd Thornton (1222) who isclatod s wvariety
af arpanisms from the soil with the ebility to satbeck rheaol, erescls,
neptholene, phlorosluciral, resoreinel and toluenes TMThose orpaniers,

theurh not gompledoly studied, ware Sentetively classified inte five

fer:iliear  Coccacseo, Myecohaeberiscese, Hactoriscese, ipirilliscese, and

Jeeillecese, A new genus, "yeoplana, wes resognized which Included

organisrg charagterized ne sall, gren neogative, motlle branching cellse
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The ocutstending cheraeteristie, however, was the ability of Hhese
basteris to utilise vhemol sy the zols sowee of asrdon,

After Gray and Tharnton's work, thers appesrsd seriodieally pepers
which deslt with utilizatior of various corpounds by & nusher of difw-
ferent microorgenisngs Mozt of the papors which sre congidered perdie
aent to this thesls are here briefly reviewved,

Happold end Eey (1932} isclated & wibrio from seavery liguer which
utilized SF per cent of Gl par cent phernel ip 10 dayse The firast
trerrophilie phenolwoxidizing orgeniem wag reported dy & REussien worker,
Zgorove (17465. The wicrobisl wiilizstion of netrsleum and 1ts bye
products was kaovn for e long time (“8hngen, 1613), but in recwent yeers
grecter sipnificance has Hoen attached to thie problems Orant and
Zebell (1942} clmimed to hevwe isolsted orgenilawms from the sea which
tolereted solutions of tricrsgsl and phenel and ‘rew iz the prasence of

pagoline, toluspe srdd kerosere, These organisme balouged to the gernera

rossticomyess, Uzoudomonse wmd Fycobacterlume Stoms, Fenske and Thite

(1842) 1solsted gran nogative rode clagsifisd as Psaudomonas, Aphromoe

becter ard Alculirenessg whieh had the ability to attaek hyirocarbones like

pareffin snd various oil fractions, These investizetors noled thst
sontinued eultivation of these srpgenismg on mutrisnt ager resulted in a
marked desrsase in ability to attack hydrucarbonse

A stwdy of the litersture prior to 1942 indieated thet noet «f the
workers were eoncerned priroarily with determining the number of compounde
gurcorting the zrowth of sreeifie organismse Irn recent yeoars, howcver,
utilizetion exparimcnts veors condueted with the sim of revealing sowe of
the effects =f positlonal suhgtitution mnd to indicale the zeneral

oorrelstion that existed srong the 4types of compounds sttackods
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For instance, Jernheim (1552} working with ¥ycobroterium on the oxie

detion of benzole acid eand releted compounde scortended that the pozition
ef the hydroxyl group wae most important in the oxidation of Hensoic acid
dorivatives, Ue elso showed thad pathogenic straips diffared from none
pathorenic straing in thoir adlility to sttack cordain conpounise

s important pspers deveted to the relationship between structure
arnd utilization apposred in the ilast three yours {(ivang, 16473 Czekelowski
arnd Skharsynsikl, 1943;e Thes sgisniilecance of thsse papsrs ves ~yeuily
waskoned by the fact thet nuly one strsin or speeiss wag omployed in the
ubilisatlion experiments on the various compounds, thuz inclusive generalie
tations could not he jJustirieds These investizators concluded that unsube
stituted aromatic compounls, phenolic ethers sund introduwetion to the
bencene vizs of sulfoaie, chlero, nitro snd aunins groups msde the come
nowund & unavallable for attecke

In an attept to reavaal the possible wmechanism of the depredstien
of phanol, wvsrious laboratory teshnigues have been employed saeh ol which
involved tho uss of all types of sromatie compounise For ilustance,
Tauegon (1523) who used prowth ezperiments, speculsted that saliginin,
salioyiie scid and catechal were roesible intermediates in the degreade«
tion of the triphsnyl eompound, phenauthrenes This was deduced by the
eruwle method of noting the ability of the organism to srow om those
pertioular substances and ruling out all other cowpounds by sithur none
g¥ilization ar lack of logieal ehemical relstionship betwsen the subw
strate snd intsrmwedistes Harnold (1050) also showed that estoehol in
addition to owbhanroguinans eould bhe detected na sarly oxilative products
of nhenols ‘'ewever, the failure to praduwee colored substances in the

oxidatior of hentoie seid mrompted Ternhsim {1942) to supgest
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that gquinones were not formed as internedlates. Using manometric
sbuiies he concluded that salicylic ecld wes u ponsidle interzediete in
the Wresidown of hengole soid,

Eeploying sanometris methads and chemieal isolstion techniques
Holson and Dawgos {(1944) proposed that phenol was oxidized via oatsehol
ard guinonse ¥Wewens {(1647) usad somewhet the same mothods ms Yelson &mi’
Sawsen plus isolation of the iﬁ%&?@@#iﬁt@l el at firsd propossd the

fellowing broalbdown achesos

o o ?
N [:::::]Qﬁ [::ijj]zia ]
— —_
7
phenol eatochol omauirons
ot F Further
03 oxidized segonie formrie
ring soid ~  mcid
eompoun g
COR (3 34 COOR
Y or —_— o
benzoate H
orotoceteghuto
aeid
8% _
P-hydroxyhenzosie

Later, however, Lvens (1850) deleted protocatechuie acid as o possible
intermediate in bensoate oxidation and offsred nn othar subetitute,

Thie schere was not In agresmsnt with thet of 3ernheim (1842} vho raine
tained thst salleylic seld {owhydrexrhentoate) wns an intermediste
irstend of the meta oy pars forms. This digorevancy »ay have been due to

the iiffererce in the orrenisce used by the two warkeras
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Further elucidatlion on the oxidation of phenol was provided by Kilby
(1548) who faolated an wnsteble ketowssid which he 1dentified us & -
ketoadinlic selds "ith this wdditionnl knowledge ¥ilbv pracered his own

sohame for the oxidation of rharnl,

e 5] 3 B o
\ il < NN i =0
- — | — l — —
= Z O N HO

phenol ecatechol orenuinone 142, Emiri Smhiydroxyeoe
hydroxybenzens senzogulinone

- ey,
-~

?3%{ -{; B L

CHp "Hz

{?HZ “Hz + CHzCOOm
w=0 — CONEL acotata
THo seesinste

‘{!‘Z TR

@ ~ketoadipate

In the last few years with the uge of sdeptatlon experiments addie
tional avidence hae been scowrulated on the medebolie pathway of phercl
oxidations Adaptation in this paper implies that a epecifie enzyre ls
manifested only vhen the eells are present ia the homologous subatrate.
This phenomenon was first observed by Fortman (1£82) who roted that the
antnne, invertase, wes produced only when starch was presaal lu the
mediwee This 1s In contrast to the condition where invertass wes pro=
Auoed Hv eellia repgardiegs of vhathor or nob suerses wag nrosent in the
rad Lure

Aftar this noried a rroun of workers re-oxanined thepe chgoarvstions
and attempted to study the effeet of oY, resting eelle, drisd cells and
rarfous inkidbitors sn the edantive weechaninm (Faratrim, 10373 “techanson
erd “tlolkland, 1632, 163%; Yuikin, 1938 Zwang snd Handley, 1340}, A
gmiion of the signiflearnee +f thess Inwatications wes made by Dudos

{1840) in s review of prodnstion of adaptive ency»as by hecteris.
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Thanier (1947) used *he sdoantation machanism in s tachrigus for the
study of metabolic pathwayse Thia Teehnigus was cmployed as the bneis of
a cariion of thls thesgls, «n’ s sueh it wes desmed irmportant %6 list the
bagie principles that underllie thie teahnlique,.

1o Twory Jigsinilatinn ip the result o7 & gories af elnple, chenle

eally intslligible stopewiase resetlionsz,

Z2e Uvrrzymotic apmeifielty rust ba sccepted.

Se Tack o7 afantodion s not due to 8 morxeability affect,

£o The dezradation of the subestrate must take place by ozxidation,

Se¢ Yells adanted to attsel the primary subsirate should be sdapted
sirultanscusly to attack a1l the interrediates formed during the
oxidation of that subetrate,

2o Emeh step in s resetion chaln is under sdaptive sngymatie
controle

7« Postulated chenmienl intermediates must De made awvallable for
atudye

Then thie teshnigus wna a-plisd by Steanier (1547, 184€) 1t wae found

that Fsswiomonss fluoresesns rosgezsed four sepsrate sxidative mechanliszs

involving a nusber of wary similar sromstle compoundas Thls schere is

prosented disgram+aticelly ss follows.

CHOEC OO SO CHO COTE
s N
| —> [ —> —> — 17
= =
mandelate phenyl banzaldehyde benroste
glyoxylete

/

Cilg i85

henzyl alecohol
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phenyl acetate

COOR
S 1
o
pebydroxybenctonte
EE— 7
phenol

It was of interest to note that of 20 straine of Pseudomonas thet

utilized benroste only 3 siraline hed the abllity to grow in the presence
of phenole It should be noted that Stanier failed to consider hydroxyl
compounds as possible intermediates in the bdreakdown of ring compounds
ae hos hesn supgestad by sthey nrevicus workers.

In view of the findines »f Yvans, and Nelsonm snd Daweon who guge
gasted that estechol was o pessible intermediate in the oxilation of
rhanal, Sleeper and "tanler {1880} a-ain examined, by the simultareous
adaptetion technique, the rele ~f gatochol as an intermediate. The
lattor ohserved that cells adanted te mandelate, bhengzoate ard phenol

wore simultaneously aﬁapﬁ@@ to cetschol and thus sugrested that catechol
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woag 6 conon intermediste of all three pubsiratess Sinller svidence
sedieated thel protoestechuie seld wag an intarrediste ir theo oxidetion
of pehpirexybensolic soid o net an intermediste in benuszoate oxidations
These later Tindings were »ot in sgreenent with these of wens in shich
he stated thet both pehpirezsbensoste end protocatechule seid wore
irtervediotos in bemsoute suiatione Jleepor nnd tavisr's consapte

ware Torruleted in the felloemine sehemog

HALFICOTR T X

e
O ?
candelate penzoate eatechol
s i1 /////;7
rhenol
COE
—_ 5 4
pehyiroxybenzonte rrotocatechnle

acid
The historieal aspeets go far were primerily concernad only with

the possible changes that were involved within the ring muelevs with
zopry 1thle emphsgliz on vhet ocourved after the ring hsd boen brokan,

T4 wag the hepe that thisz u»p in the =wmiadbolic pathway eould Mo filied
using the recent sdwvanees 'n ithe lnowledge of the vachanisn of the
eyelophorase syabens This erole wug known to be oporative in tho breake
down of earbehydrates, fste sl proteing by snzypralle aotisn of many
snimal tiseuss (Freon, loris snd fuerbach, 10483 and Saldwing 3940}
Thus it was thought thet the eycle mey bYe operative in the baeterial

breskdoan of ardmatic conmouns ne
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Lemti (1843) olnlmed Lo hnve ¢videres supporting the exlsloves of

“his eyels in “acheriehde colie o dewonastratsd 1rhibiticn a0 sueccinete

aridation vhile the ozidiedlan = ryravate wes nobt affzoted, On the
& ™

ather hand, Farisos aed arber (18473, using the Laehniaone o0 adfsntation,

gulitted evidernge azalinet o cgouwrencs of thisz cwele in seotosbecber

aiilise  Those results hewe sbown the exlstence of & resellon chaln from
K wiglogivbarate threugh sussirete, Hrarete, malate and pyrawete to
svatates This resetlon would suppert the theory that oxidation of esce=
tats and pyruvete was vis part of the cyeleghorzee eyelss  Jub pluco the
more oxidized members 4id meb ecsuse adertation to wll the hisher ones,
ng the eyelophorsse cyele theory recuired, the cyele eppasred o be nonw
sosrative in this oxidation schemes This corciusion was furither sube
stantinted by the fact thael thay eould not detect in the wmediusm Tormation
of suselnate and oxalecetate from acstote when radicaetive tracers were
The ability of an srganism to uwtilize the warious componunts of
this eyole was fraquently usel in the pagt to Imllecets *ne -ossibility
of the orgenisas oxidizin~ i+3 substrate via *ho cyelophorase eyols.
For instance, Lowis (1948} working with Yeurospors mutants noted ihad
suscinlo scid or 2 closely related wold was reguired for growthe ihis
mubant viilized the followine componsats of the eyeler plubasuie,
aspartate, sueclinate, fumuraite, malate, Rekstogluterate, uzalsuccinste,
aestats and seetonsatate, It falled 4o ubllize pyruwade, sxalscolate,
eitrate, inseitrsts, clsencoritata, lasctute and formates From these
data e contended that the senstiec block veourred sovewnare in the

eyelorhorase cvele,
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From this brief revien of the literaturs, it iz agparent that there
are conflieting epinions end insufficlent dute on many of the aspests of
the bacteriel utilikation of yhm.nigl In the i;’eiiwm& mam are pmm
tod data supplementing and sxtending the above im:'ku



OHAPTER ITX
BRIV CETAL FETEONS

leding A ehemieally defined hagle modiue desceribed by Jray and
Thornton (1928) wasg usad {n the initial stezes of this works It was of

the fellosing composition:
per ¢coent
Dipotageiur phos hotd seeves Jol
¥agnoesiun sulfate seerensses DoDE
Indiuwn ehlorids sssvensnenrs Ol
GColetu chloride secesessons Golll
Forric ¢chloride sesesseveces (34002
arroniur 2017846 eveassnuaner Ual
;&” Te2 ke 748

tach of thene chemicals wug prepared in such = concontradion that when
ong =l of esch was sddel to 93 =) of sterile digtilled vwaber the desired
gorcertration wag obiairsd, The salts were autoelaved separstaly,

axcept the Fferrie ehloride which was prerared by alding (2 »2 to 100 md

3

of sberile Atatillad vatere In the laoter stages of thiz weork, ferrie
ehloride evd calolum chloride were shgerved not o b2 required for
growath snd ware deleted from the basie mediume Tolid maCive wns nade by
inecorporeting the basic multe in 2.0 per cent aterlle sgare. The sarbon
source compournrls were sdded irn coreentretioms waryin: from 0,061 ¥ to
Oall W wiﬁhmuﬁ aborilization sarnd when neeaszary veore adfusted, prior to
ipsorporation fn tha bagle medium, %o nl 7,2 %o 7.7 with M1 ¥ sedim

horironidee All oarbohyirates and stoeek witamin solubions were sterilie

zad by filtration thrm gintored slass Filiters.

fulturos, Two knorm soscles of Myooplana were obtained from

Tre Jeflafs Trey of et "riversity, one of the investipators who

ariginally deseribed theso oreanismsy sad two from the American Type
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Culture Collection, YWashington, Te Cs The phenoleutiliring strains
dasgribed In this thesle wore Isolated from arable aoils lovated in the
near vicinity of the Unlwerally of Yearylsnd, Approximetely one sram
vertione of soll wers adled to 20 =) Zrlemnmoyer {lasks contsining the
napie ~ediuwm plus 00T ¥ rhenol as the sole acurce of carbone After
three davs at 30 O, 0.l =) »re subeuliured to & flask of Tresh sterile
modiume This procedure was repeated three timese From the third fleask,
one loopful was strseked on beale mediun containing 2,0 por cent sgar
avil CeO07 ¥ phenole Heprssertetlvs colonies were ploked arkd! inceuleted
into tubes containing the bsalc salts plus 0007 ¥ phenols All straing
that preow well were melinteined ss stook cultures on G007 ¥ phenol apasr
slants and stored at 4 Ce

etermination of "hensle The quantitetive astimation of phenol

whan present in the madlum voes delermined by the eolerimetric rethod
nsad by Comori {154§) with ~o'ificationss The two hHesic reszents row
aunired Tor this tost wore wr snizele resgent and s borax scolutioen which
wore prepared s followss

hrdsole Fearent: Irte 00 ml of lece eold water was added appronie

netely Gef pram of Fenitraeleanminpoaniscsle (Fasteran)e The solution
vag filtered throus® rcaner, One ml of 5,0 sor cent anlfuric soid
and 1 m1 of le0 per ocsnt sodium rdtrite were adled fn the [iitrate.
This was kept eold srior to 1ts unasa,.

Sorsx Solutions Thirtwfive pra=s of sodlwn porste were sMled to

100G ml of 1% spar cent othyl alechol,
Procsdurer A standord linear erach ee shown in Firure 1 wos
2 y
abtalined by praparinsz known concentrations of shoemnl in xhich 3 ml

sontained © to 30 micrncrams,
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To this amount of stendard rhenol solution, 2,6 ml of borax
golution ond £ ol of waber wore added and the contents mixeds Then
1e8 =l of anisols reurent were sdded and mixed, The intensity of
red eolor which developed was wessursd in tho Rlettelummerson
rotoelestric oslorirster using s groen filter (500570 ppule “hen
sulture medium mag used, the mediuvm wee clearad of {tg burbidity
by eentrifuzation an’ the supsrastant fluid tesbed in the same
mEINAP AL Ahovo,

Sptimmntion of frovth en Test Compoundse Ubilization of ths conm

pourds was determined by tha method of den Dooren de Jong {1526} Azar
plates were prepared by the adlitdon »of galte and ¢he specifie gerbon
eerrnounls These plates were gtreaked with the warious orcaniaevse The
smount ol growth obgarved ~n agar slates contalning ithe 2raeific carbdon
gorpound wag comperad with the srowdh obzerved on the eontrol plstesz not
errdalning the compounde T wesd ¢2s0s no maernseopic growth ree obpere
vad an the contral platesy hewewsr, I growth Jid appesy thesn ths comw
seardl onder teat was gorsiderad pogltive only whan there was dlstinetly
8 mueh graaber soount or the esar containing the compoundt, é&% nlates
wara lroubated at 30 O for F dava,

Then the organiss wee erown in liguld =medius, growth cag eztinnpted
turbkidimetrlioally and measzared with the Flettelunsersen ghologlectric
enlorinatar uelng & blus C1lier (400465 wp).

X&rm&&la%g and Theglolary of Cultures, Yeorochols ieal atediss were
» oy M" I N——— = o .

narformed using o 24 hour anlit-wre prown in tha hasle mediwe plve Q007 &
shoneles 7ot cressrailore rera axemined for sobility en? sonwersl struee
ture usinz the ghnee mlorreenon,  Yost of the rhefning *eebnicuse snd

Hoachenmical tests smplove? vare thoss se daseribed in the Yananl of
AN .
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Yethols for Pure Culture Ttuly (1848). The arraengsmend of the flegelle

88 Setermined by the wmethind of ¥areval (1551) and eemonia produstien
war deteeted by the metholz of Feneen (1530),.

Ysreeatetion o0 eurbouwiretes, mleohols, ead jlucosides nere tosted
by the sddition of theee subelences, previosusly filtered, to sterile 1.0
we¢ osnt tryptleosse broths These deterninmations were made afler 15 days
at 20 C,

Optimm tamperaturs raquirewents verve detgrmined by Incculating one
1oapfal of organismg inte o btube vorntsining tryptlesse sey broth in suweh
g manner ag to avold eny enlture matarial adhering to the sides of the
tuboe These were incubate? st § €, 20 C, 30 ¢, 37 €, 46 €, &8 C, 60 €
ard exemined for growth ws indicated by turbidity every 2¢ hows for six
unyse Those oultures testsd et ¢85, 55, and 60 C woere carerally removed
sl pleced at 30 0 for further {noubatione This was doue Lar tha pure
rese of determining whet oy ia fallure %o grow was tho rasull of sn
inhiditory offeet or an aetirl destrustion of the baeteris st Hisse
Souper abure e

A o
H

po Determinsbions In moot instances when only an soprosisete po

wes roruired the csolorimetar wothod wes eeployed using brom 4thwmel blue
er arn indicabor, xest Yetresisabions were rnde with the plasy slootrode,

Uspomeirle Exporinmanise The eells unocessary lor mmpomctric stuiles

were srown in 570 ml of Yinuid redium containing the basic salts, excluw

3 xS

dirng Carrie chloride an? colofuns ohlarlides, olus ithe zouelfie sorbon

compounds  The ilnoeulste’ modivm wae placed on & sheving wachice {3 inch

stroke, 120 sesillations »ov wimute) oy ¥4 te 47 hours ab 30 Oy The

* i 4 y

eeile ware hurvestad by cmdrifugation, washed teles in Jgrenson’s 3/16

phesphate buffer (pil 7el, aud rogpuspended in the eane dufiers To the
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¥/15 phosphate buffer was added magnesiuwm sulfate, 0,02 per cent and
sodiws chloride, DeDl por conte ™o nl of this ¢oll suspension, usuelly
having & turbidity of 800 Ylett uniis, was used ian cach arburg vessels
In most cages one nl ol 8 04002 1 gubsitrste was added frus Lhe side srm
gl a8 #l of 10 per eent potaseliun hydroxide was plecsd in the conter
wglle Oxyzen conzweption of the eell suspenazion was messured in the
ususl way at 30 ¢ in an abmesphere of aire

The compounis whioh were considered stable were prepared in 100 ml
guentivias (0,002 ¥) an! ztored at 4 C f;r fthor uses The ungitsble
eompounda wers sropared szeh time Just prior to ite need and pleced
inmmdiﬁﬁaly into Warburg {lask side ermse All subatrates wers addiad to
tre side arm in 1 nl quanbiiles eontalning 2 u ¥ except aﬁ%laﬁat&ta which
wpg sdded in spproximately & n B par mls

411 compounds of the syclisthorase cyele ware storel undsr vesuun in

senlad gzlase bell jars ervieliving calsiun ehiloride,



CHAPTER IV
RESUBLYS
As Thservetions on ths zrowth of Yyeoplana on phenol

A1l of the four kmown cultures of yeoplana, two of i bullabs
and two of Ye dimorcha falled Lo grow in 0,007 ¥ phencl mediume Cone
eontreations of phencl in the basie synthetle =edium varisd from 0401 ¥
o GW001 Ve The possidility thet phenol wes toxlic to the orpanigms
wag ruled out when grosth scowgred in e nediuam contalning 1 por cent
trypticese and D,007 ¥ rhenels Corcentrations of phencl higher than
00027 ¥ were toxie to all atrainse These straine eonforsmed to the
gultural snd hiocchenicsl charaeteristios as reported by “ray ard
Thornten (12227, but the ﬁ&aractarishic branehice of cells wan rerely
chearvad in eny of the gtrainss “hen Wwranching did ocecur 1% was not
uriforrly prsssnt in a1l subeultures, and was not coneigtent with
rogerd Lo the agg of the culbure,

In renlacing phonol i4n $he basle synthetio medlum with the followe
ing earbon scurcesy arebimoase, glucese, lactose, wmaltoss, cellodicse,
sucrnen, ralfinese, manritol, plyeerol, inositel andi saliecin, only

gluocse and mannitol sun orded the sroawth of ¥, dimorphas e bullnta
—— N

falled tc zrow in the presoree of sny of theas earbon sourcese “hen
thepe substences ware jrtorcorated inte a wediuwr conteinin: 1 por cont
trypticone, with opF withewt rhenel, 511 fowr stralns grew wells The
srowth of these straine was elways scoompanied by & allzht rise in the

pie
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Addition of thiamines, pyridexine, pantothennte, niseir and parae
mrine bengole aeld in copesnirstions of 1 ng por =l and ribeflavin,
folie sold, and Diatin in comeenirations of Ol ug per =l feiled %o

surcort the growth of sny of the yeoplans, Supplemenis of trypticase

and yecgd extrsed in concentrations of © wy per esnt did »ot alleviate

thia situntion.

Be ‘boerweli ong on phenol utilizing orpanisms Lsoclated Iro= soil

le Guentitative sstiwation of phenol utilization.

In view of the failure to show any yhenol utilisetlen by Yyoceplans,
i% soll organisms shieh srew ia phencl were seleoted for further study.
Tre wnount of phensl utilized in the eynthetie galt mediuw and its
relationshipy to p¥ and srowth of these orgenisme are shown in table 1,
Flagks were ivoudbsted vithont shakings Tt is seen from thie table that
ar the phenol disappearad thae smount of growth inersased (higher turbie

Gity measursmants) and tha o7 dgoreased slizhtly from 7.45 4o sbout 8,7

2¢ Ability of speeific chemioal compounda to support

the grosth of 14 crpsnisrme.

Tha ability of 14 teat strains te uwblilize phenol when present as
Giie soles source of carbon was not uniforzly observed teo hold true whon
sthar arowetlic compounis ware substitubed for phencle ‘“han these
shralng wers tasted apningt 87 spesilic chenical compoundia Por ablility
wn oradase saercgeaple ooty thay wore found te fall ints three
Giatinmt groupse  In btables 0 anl § 1% may e gean tuab The Zroups are
zrvanzad dagpending on the romber of sirains thet were alle to sitack

any spseilie compounds, Thers were 12 compounds which oguprerdted the



TABLE 1

2le

Correlatlon of phenel villizetion with chenges in pif and growbh

mg % Phenol Jrowth Resporse *° pH osew
frganiem § Remaining ¢ ~ , .
{fiours Inocubation Fours Incubation | Howrs incusetion
L300 T TN O T W N 26 | 48 £
Ty o s
Control Kie3 (4043 [ 48,3, © 0 o Tal [ 78 TedB
3 36T 1 1768 4 - 8 31 B2 Tel 347 G488
10 2582 Zeb & g &5 &8 Tod 645D | GoBO
25 k4. 3640 | © § | 25 | 88 | 74 [740 | Ges0
58 Bled 1Ge 5 & % &0 51 Talli | Bel Ge 8B
58 2 8e8 | 40al | 4240 Q2 4 s Tal 1Tedl Tooi
& ﬁ%.ﬁ 5hed Lo O 2 pLY Tahh 17038 | Tl
L5 2w Tob 4 g $i &b GGl ; Gelif Galt
78 et 15438 : % “ 26 44 Tell (GaT Gub
§

7Y 11343 ek @ O ig 54 47 Sl | Geli el
L} FEal L o & 33 486 Talil [ Ca8L Setil
e 18e5 Te8 & i0 3% B Telh (G078 Ge BB
Loy 428 ¢ 84,8 i £ 44 51 Tad 188 Goll
a0 E240 ¢ 1HeZ 1 & b3 3 47 Te28 [Ca¥ Gub
84 Bhef | BBe0 | 4 & 50 47 Tal [LeBL | Geb

* Injtial amount of pheneld, 50 mg per cents
¥+ Fleures repressnt Luobllilily ss per et of 14:-0% shgerpiliorn as
measured »ith Fletbefuy=rsrson Lleectrophotometer usi
wed Inttial pll Tade

ne biue Tilter,



Ability of 14 phenel utilizing bacboria to produss vigible srowih on
compounds after & daye at 30 ¢,

Compount g rapnorting cislnie » Compounds Tunporting ¥igible
@raw*h af 411 14 Sonelae HB%rowth of Bome of the 14 Useecles
s B e e T e L S S e e e

Bensaldehyde
Menel scetate
l=Tyrosine

#gh¥l aleshol
%ine acatate
Godium sewtate
Potancivwn seetala
dlwilanineg
lactate

Tyrurate
alacetate
Cltrabe
Suecinate
Fumarate

¥alate

Tallein

e b »

Zanzole ascid {13)
Senzyl sleshel {1}
Glyserol {12)
Mmaaitel (12)

Inorose (12}

Gluceee (12)

Reonrone sulfonste (12)
Menylelanine (11}

< wEotoglutarate {12)
pelgdrazybanzoate (11)
Maltose {11)
salioviate (10)
Catachol (10)
clis=ifoonitale
Cellobiose (11)
pelrogal (5)
Raffinoss (11)
vyrogallel irisesbate (5)
Lactose ()

Yructosa (4)
Fotassiwe @wimwi*wm {5)
Uranium scebate ()
hengamide {(4)

Inceitol (4)

o=Crasel (3)

meLrosol (8)
Rosoreinel (3)
sulfosslicylate (5

R e A TRy TR s e : : MR




TABIE 3

g

Compounde which do not supprort the visible growth of any of the 14

species

Jetureted ring compoundss
Cyeiohexane
Cye lohexanol

Jenzene Derivatives:
“TT == Thlorobenzene
we omliichlorobantens
Hlgme Aniline
we pehenylensdianine
we pefonirodimsthylaniline
CHgoe Zwiiydroxyel,d=dinethylbanzene

Menol Cerivatives:
KOgeww omEitrophenol
2]

Time
P "
2 44mDintitrophenal

2,8=linlitrothymal
3, fmliinitrowomoresnl
3, fmDinitrosalievlie sold
2 4mDind tromlerhenylshonsl
Piorie meid

CHgww 2,8=Dimathylphancl
freinel
Thymol

Caliye omIzopropylphensl

Cgifyq Tlanylphenol

3 ww Hyplroguinone
143,06=hloreslueinsl
1,2,3«"yrozallie sold
Zalliec seid
4,8=linethyl regoreinel

CgHlgm ow'henylphensl

RGN

¥isgellansous compounds:s
Thenyl ether

Beneil

Biphenyiamine

Beneidine hypdroehleride
owTolidine

Tanriie acid

peToluene sulfonic seid
pwiialnone

Trea

Lignin

Furfurel

Copper scetate, phenyl
benzoats, arabinnse, xylose




growth of all 14 strains, while none of the streivs grew in 43 come
pounde and still epothor group of compounds shiech varied ifn tha masber
of streing sapable of growing in the presssce of the commounl, Those
sempoun’ts which supported the growth of only some »f the straing ere
ghiown In teble 44 Uxawination of thie table revesled ne sinifiecent
sorreletion in rogard to the senera of srzaniem and growth on eny
vaprticular compounds OFher eorrelations will be vaviewsd in *he dige

eusslon of thiz pepore
s "fTest of delebion of salts from medium on orowth,

In erientation exporiments with phencl utilising orgenisce 1% was
neceassary to determins the medium and other factors most sulteble for
their growth, In pursusnes of this end 1t was oheerved that ths amount
of growth varied when readie »f 24Cferant coampositions wers employeds
Thoe basie medium of fray ard Thornton (1923) wns golected ne the medium
of oholeas Iliowewer, in view of the diserepancy thet sxisted es to
which salts wore essentisl for growth and the fact thet this wedium hed
the tendency te precipitate slightly upon stending, it was deormad
nogessary to determins the indiapensibility of eaeh consgtitusnte 1In
table § the mrount of growth (turdidity) 1s tadulated in relstion to
the complete medium snd the medium w=ith deletion of various salis,
Ixemiration of thisg table reveals that all species recuired dipotassium
rhogphate for growthe Ag the medium was adlusted 40 pB Tl with 0601 X
sodiuwm hydroxide, 1t arreara? that phesphate in the fors of dipotaseium
rhosphate was sn eggentiel oorstituent, 1¢ alss was ohgerved that the
rrosenos of magnesium sulfete wes essential for the growth »f at lesst

five of thege strainsg and rrovided for better zrowth in the remalining
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gtraine with ithe oxeeptien of etrain mmber 54s Althoush ferrie chloe
ride was not noted Lo he egeontisl it 2id provide for better .rowih in
B stroinas, Caledum chloride wes not only found to be nonwessential
but setually inhibited the crowth in the majority of casess Tith the
axeertion of the Vibrio astrain rmumber 2%, sodium chloride wae also
noted 4o he nonessgentinl, Axide fror this exeeption no other sip-17ie
cant correlation wss noted ir regard to specios and its reguirement

for any particulsr salt,
4, Tdentifieation of euliurssa,

n the sasils of morphological, culturel and bilocheniecsl eharsace
toristics the 14 organisms were classified necording te Jerpey's ¥enusl
(Areed ot al, 1548) as balonring to three zeneras fiznt eulbures were

elagsifieod ag members of the reruz Achromodbsstery fire culburss, in the

ranus Yierocotcusy one guliure, in the gerua Vibrio,

All zpoelse were gror negative, noneacid feet, nopeapore forming
organisnse All wore urable Yo hydrolyse siereh, licuefy peletin and
mroduce hydrogen aulshidies Indole was not produesel and the Yogonw
roskouer and wothyl rol teste were nozatives Tr 1 ner gent trypticass,
growth of the orpanlene was sbundant and the pil ehanged from the initisl
7eB o a pif of shoult Bed, The following ecarbohyirstes, slochoels, and
glucosides wore inoculetads arabinese, fructsse, zlucose, lactose,
naltoes, cellebliose, suarsre, raffinsse, mannitol, glycersl, incaitol
end salicine IFf thene compoursis only arabinose ard zluenae were fere
monted by organisme 3, 10 snd 55 when preseont in Te¢6 per cenit concsntrae
tione in tryptlesss brodh, A1) othar sompounds were foun! o have a
torminal slkelinity of »il 74Fe The sipnifieant dilferentiasl charactore

intios are showp in tabla @,



GCompounds supporting the visible growth ol some of the 1%
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Aehromobacter spp

Compound

i

Ranzoste

Jentyl slochol
Hengane sullonate
dimwitionylalanine
K migtoglutarate
pelivdroxybanzoate
“elicyiate
Catachol

ef awioond tetbe
pelragsol §
™rozallol triscetate
E dmi noeltrate i}
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TABLE 6

Effect of doloting comstituents of wmedium on crowsh of groand snge

ﬁwas!ﬁw af Migvs*&

”Jg"“"’g Hpaiy - ?fg%% HeRDg
#all haCl ¥all YaCl e po v

g t"m"lﬁ CaCly | a— iCaCls frmoe s
'g i *@&13 %’3@{313 (Rally '
R EONE s 134830, .**m% V250 {114)2504 filg)g80y
L 4 'whml e SdeafifiCl Rnonel | ghoncl  Lhon henol

3 36 9 14 t 40 47 i o O
1%y 48 0 & 5% ¥4 12 @ 4
a3y 33 3 0 @ & I8 3 0
sa8; 21 @ 2 17 B2 i1 O O
83y 21 O O 10 28 4 3 o
an1 21 o £y 10 20 7 3 v
ag F O & 23 34 16 Al 7
73§ %1 o 7 31 41 14 0 a
77y 3 ¢ 7 34 49 22 2 e
a1y a2 O 2 3 40 22 4 O
851 B3 0 £3 %8 {40 41 ¥ 16
87§ 548 3 20 EQ 53 58 o 20
E B4 O ] 29 321 { 48 o G
541 28 o 23 28 258 i 2o o { )

# Orowth was mespursd with ¥lebttwiumrarann éla@trawwgﬁawa+mr.
Flgures rapresent fHurbidity as per gent of light shaorntion
using blue Piliere Hoadinge wmade ad 80 hours ineubztions

* Vadivm adiusted w0 n 748 with 0,1 ¥ $m ¥l

2x¥ Papesntare of eoach {reredisnt Lhe zave ag stalad wyiawr
¥Ypterinls and Meothods,
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TABLE &

Differentiel morpholozdieal ard biochemical charactariatics of the 14
organisng atudied

s

Ftrain| ‘or= Foti= | trate e | Oxyren |lite Pemnerature
Seners | Fo. Ipholozy lity [Reduse | "ro= flequirewimus §
tion Huoed
poirs) ropy
b o) is - - - 8 jncid & ! 4 -
g;;irs}
58 ﬁ-oris - + + A neid & | 4 -
pairs)
Aghrom
bl 68 o + + - a alk 4+ |+ -
haotey
y B0 pode + 4 - a mlik 4+ i+ -
88 ol g L - -+ 8 Bik + N -
&7 poils -» - + L plk 4 |+ -
80 rod e - - - a 1. 4 g«;- -
w1
Be iig&lﬁu - + - a plk 4+ -
oocng
78 irloe= - + - a bl 4 | ¢ -
seous
Hiorom
eocel 77 iplow - - - a olk 4 |+ -
oecus ‘
81 irlo=- - - - i a 41k 4 [ 4 -
pocus 4
84 iiy@m - - - 2 41k 4 1+ -
goccus
Tibrio | 28 {i%rie + + 4 8 le 1 + -

B = garobie
f « fapultative



The organisns were ohzerved pericdioslly for over a perled of 66
hours for poseible merpholosioal changes and they never showed brenched

formase The Achromobecter specles were distinetly olongeted rodms and

pree negativey the polar rortions stelned more intensely bthasn the rest
of the cslls The motile organisma, when ztained by the mothwd of
*anorval (1831) were Tound te nessess 1 to 10 flazella. Peritrichous
srrangerent wog the ususl form noited,

The eell shape remsined relebtively uniform throushout thie veried

oxeept for Achromobaster mmber 10 which had the tendeney to form

extrensly elongated cells in 24 hour cultures.

All fourteen organiers vhen grown on trypticass soy sgar zlants
for » seriod of 11 wonths retained the sbility to utilize phenol a5 the
#ols seurce ¥ carbon when nresent in the synthetle salt rwdiume
Furthermore, orpanien number UF was esubeuliured on trypticase soy sger
slants on the aversgoe of every & t0.3 days for apgproximstely 180 iranse

fers without the loss of {is ahility to utilize ohencl,

Ce Stwidss on vhenol oxidation by the sdaptive meshanism
1o Influence on the oxygen uptake with 2iffarent phenel concentrations

and when different saelts were srploved in washing the oellss

In arder to detarnine whether a ecowmpound lg oxidized by the elape
tive machanizm, the cells vhen grown on a specific compourd ~ugt show
an irmadiate maxirum sxysen upitake when marnomstrically tested ursingt
this eoenound, In prelirinary axperircsnte 1% wes nobed thet thig
feradiste maximum upbebke warisd when only sporoxirzate concenizations of
phenol were esmployed am & gubstretes Thus it wag necessary et the oube

set to obtaln conditlons, carefully econtralled, which consistently
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produced an irevadiate oxypoen uptekee “hen the concsntration of phenel
{88 a rsubstrate in “arburg flask) wes inorossed from 2 uY per wl e & g
1% had a =arked effeot on decronsing the rate of oxygen uptake ss shown
in figure 2, Thig sume afPent, slthouzh not as well marksd in the lower
goncertrations, was noted whon the colls were washed with certain salte
srosoct in the phesphate bffer sclution. “hen the ¢olle were waghed
and resuspenied in only the /13 phosphate buffer, there securred a
lower rate of oxyren uwiake in contrest to thet whan the colls wore
vaghed with o salte-hosrhats siztures The sslis wszed wers ferrie chlow
ride, sedium chleride, megnesium sulfate and celclum chloride in conw
centrations se that used in the eulture mediume Iater worl indiceted
that only sodiwe chloride -»d »agreglum sulfets wore required in the

phoagphate buffar asclution whem vhenol was used as the subsirates

2. Netersination of tho etantive oxidation paiterns of the

14 orgenisms,

One of the prineipal sims of this work was to establish thoe nossle
bility thet vhenol oxidation was via the eyeclophorane system, In order
for this to bs resnlized it wre erparent that an orzanlesm had Lo be

solectsd which oxidisad phenol by the sdaptative mechsnisme The 14

bid

sreardieme vore firet pgrown in the basic salt modlum containing 0,005
ethyl nlcohol %o obtaly se~called "umadapied cellsz”s Thess celle were
tapessted and tagted manomotricelly sgainst £ a8 phenole As ghown in
fipure 3, ell organigne howed o lag end this inddeated that all 14
aprgenisms had to adapt themgelves to the phenol in order for the phencl
to be attackede The lenct: of time that elapsed before a maximum rate

of oxidistion sccurred varied mrong the organismes I% ean be seon Irom
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the graph that & of the 14 wrpenisme (¥ese 10, 6%, 73, 77, 81, 88, 87,
94) show s typliesl lrg ranping from 50 to 100 minutes then ihe charege
toristie expenential rlee in oxygen uptakes The other eix organisms
ehow s nueh longer lage Tiniisr unedapied celils were preduced when the
aergerisms sere growe in 2080 ner cent frypticascs.

Thaen, howevar, the orsanisne were grown in the bezle nedime cone
talining 0,008 ¥ phenel as the sole source of carbon, and tested manow
ratrically sgelnst phenol & 4ifferent pattern was obssrved, In this
cose a3 shown In floure 4, § of the 14 organisms (Foes %, 10, 8, &8,
80, B8, 87, S0, $4) ghowed sn imrediste and meximum rete of ozygen
uptake after the addition of 2 ¥ of phenol, In regard $o thess nive

srrarisme, U of which ere fehromobsoter and one ¢ Flerccosocus, the

fivdings at thig voint indiested that the oxidation of phesnol wes
brouzht about by sndaptive enzymess ©n the other hand, the five other
ergarisme (Yos, 29, 69, 78, 77, B1) bshaved like the previcus unadapbed
colla, ‘ere they digplsyed the ssme inltisl lag followed by an exponene
tial ircrease of oxygen wninkse In ragerd to these Tive orsanises, the
findinge indieate that other {setors, such sus permeability, provent

thelr uss as tools for the snalysis of metadbolie intermedistes of phersls
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e The role of the cyelophorase svstem in phonol oxidetion
le Oxygen uptsle of the eyclopherasze evele compounds

by vhoanslegrown cellg.

It hes bean sstablished thet the exldetion of hosmel by s mejority
& the orpapliems under study wesz under adeptive contrsl, I sdlition
Tws of theosze organisms vere sbls to utilire sll of the somssunds which
sre accepted as componente oF the pcyelophorases eycles ™M the bhaszie of

thisz evidence one orzenisw, Lchromobacter sp, nmumber B85, wag selsctaed

for the purpose 5 determislnge by simultanesus adaptatlion whother the
zidation of chenol oceurrad vis the eyclephorasze eyele.

Ag previously steted In the historical portion of the thesis (page
8}, & postulated compound way be considersd s metebolic intarwmeiiste in
the oxidation of phanel 1f the chenol grown cells are simultensously
sdapted for the oxidation ~»° the postuletad compounds "hen ths come
reunts of the ayelopharerss coanla were teste’ Tor the presence of thie
waghanign {4 wap ohgerve! 129 oyravates, sucoinnte, Mmerate, =2late,
srd oxelecgtate were 11 ovidired st an levediste meaximum rvate = oxygen
unbsnke ug shown in flgure B, Tn coptrast o this, - ketorlnterate,
oftrate, elgenconitate, Tascitrate end formaets displaysd & distinet
Initial ez which was Pollored by ar sznorentisl inevesse {n srygen

upteke ag shown In Tlpure #,

2s ‘mypen upiake of the cyelophorass ¢yvele compoumis by

acetate, succinato, and clitratee-grovn cellss

Tre retes of nxypen urtnte of the waprlous ecomnounie of 4 eyclow

rhorase systom by cellg prowvm on vhenol are iliunstrated in fipures 8
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wnd Ge  This Information supplemenied with the rates of owyzen uptuiks of
thege compounts by unedspled eells indicstad which »f those compoundsa
were aimultaneounly sdarbed sgrording to tha orisinal nravisess In this
wark unsdapted cells wore ohisined by prowing the srgsnism inm mediwe in
whiekh sodlum seetate was the only source of carbone It ean s swen from
Mpuare 7 that elbrate, cig-asccnlinte, isoelirate, cc-ketoglutarste and
phenoel all ghowed an initlal alow rate of oxidetion follownd by an
axpagﬁa@amz ineroase ta 2 =aximuy rate of oxldations The possibility
thet these slow raitas of ovidation were not Jdue to s permeadility eoffeot
wag ruled out when an intar-sdiste meximum rate of oxiatien »ag ohgore
ved when the osmpound was maremstrically tosted by co2lle previcosly
srown op tha anseifls cowreunds This g noted in Pizure 8, ‘Yecause of
tha marked similarity »f s11 “has compounds in thisz type 27 resction,
wely two compounds are shrnm,

In contragt to this, nyruvete, succinate, fumurste, mslato, oxelw
aestate sand soeteate were =1l oxidized with initiel repld raximur rates
by eelle grown on acotats =adiume This iz {1llustressd in Tigvro 5.

For the purnosze of sgiablishine vhother cltrate, lsooidrets, olow
proonitates and K katoplutarste were 2 digtinet sroun eolstely divorced
fram the sther sdapted comnoundsg, the Tollowing sxneriments wers underw
Lok any

The esalls, provicously srown nn oltrate, wore tested nonometrically
azalnst repregentative eompounis from hoth groups of compoundsy snd in
1ikra manner, the compounds were teosted by eells grown om suceinates
The results of thege exparirants are {llustrated in figures 10 snd 1l.
It can he seen thedt oltrate, ifsseitraots and claeaconiliate were wll ginmule

tacesusly adaptad ond sucelnate, o ketorlutarats ani phiensl showed
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distinet initiel lag phesess Vith suoccinate grown oslis, suscinates,
fumarate, velate snd pyruvele ware simulbenecusly adapted and the

eitrate group showed a leck of sdaptetion,

Te Mgervatlong of oberolsgrown ce2llo on the adapistlon

s othar oloesly relnted aroratie comsounds

In socord with the premises that when phenolegrown cells warae
pimultenecusly adapted to other emmpounds 1% was asuzueed that these
compounds were motabollie Intermedistes in phenol oxldation, Yith thie
in view experimsnte were corineted to determine how many »f the wromstic

eonpounis vhich sunporte? the vrowth of the organism Achromobagtor sp.

(88) were aimultansously stavted,

It woe of gome inbereet to note thet oeeresol, me~orezcl, mworesocl,
vhenyl ecelete, resoreincl, hydroguinone and cetechol were sll oxidised
by phenolegrown coellas wilh an imvediste meximus rise in oxyzen uplake
and thug considered to be gimultaneously oxidized, Vhather this oxidew
tion »ae due to constitutive or adaepbive engymes waa not debermined bus
the investigetions of Stanfer (1548, 1080) would indicats that these
compounds in all probability were under adeptive controls Othor come
pounig, all manifosting some degree of an initial lag are recorded in
tablis T,

Those compounds which were considered chemically unetsble (resore
einol, categhol, hyiroquinomo) were tested msncmetricelly for oxTpen
uptekes by bofled oellzs and vwiable sellecs Those contsinin: the bolled
cella pave no indieation »f an oxygpen uptake and thus thes possibility

of spontanecus oxidetion wer ruled out,



TABLE 7

Mheerveations of phonelegrown ealls on thes sdaptetion of closely related
sromatic compoun's

Simultanscusiy sdepted Fot siwultanoously odepted
o=lresol Tyrosine
Tome U386 Phenylelenine
p=Crasol Benzyl alechol
Menyl scetete “henyl hensoste
Resoreinnl Salicylate
Pydponuinone Tu)fowgaliceylnte
Catochol Asnzaldehyde
Ranronts
p=lviraxybensoats
yropallel triscetnte
Adipete




CHAPTER ¥
DIRCUIRIOR

The failure to obtaln any indication of growth on 0007 ¥ phuqnl
by four known strains of the genus Myeoplsrs is in direct contrast with
the findinge of the orizinal investigators (Gray and Thornton, 1§28),
It i2 assumed thet at one time these sirains nossessed the sbility of
growing on phensl, bub enltiwstior of the srzaniess in the abasnece of
thia compound over a lony pericod of time apparently caused them to lose
this ability, Similar ohservations were reported in the utilization of
higher hydroearbons by becberia (Stone, Fensks, snd “hite, 1048).

The phenomenon of permanently "losing™ a function thet the cell
rrevicusly possessed ia mot ddeputed, but 1t definitely ralises this
{mnortant questioms If a perues is baged nrimarily on a biochesleal
funetion which ie not purticularly stable, dees the characterization of
the porus romsin walld?

The contention thet the deseription of Vyconlans is not based on a
Firm foundation s further strengthened by the Tollowimzy (1) The
ability to zrow on phenol iz 2 gcomron function of many other beoteris
and 18 not confired to any sreeific genus, Jome of the gsners which

posgass thig rroperty of srowing op phenol and whieh are not I'veoplsna

sre Pzeuderones, Yigroecedus, Vibrila, “yeobacterium, Jseterium, and

Ageilius (Sray snd Thornton, 18283 Ytanier, 19483 Fowler, Ardersn, and
Inekett, 19103 =gorowvs, 10483 Yappold and Fey, 1832)s {(2) In genersl,

branched sells »ith the ahility to grow in shenol have not bsen isolated



47,

with freguency if 2% all in this study or any other study reported in
the literature. (3) Orowth on vhencl was not aorrelated with other
eharsoteristica which would gorve te dlfferentists thege organiens from
thone of other coneras

in the guantitative ssdimstion of the utilizetlon of phonel, it was
noted thet all 14 organisme, with the exception of cultures 58 and 80,
ubilized moet of the phenel within three days, Irganien 55 was the most
rorid in this sspeet and udilized rmost of the phenol in 24 houwrsgse These
srysnigng, however, 414 ﬁtilﬁam vshenel &% a much more ranid rate then
sbserved by other investlestorss For instarce, Sray end fhormton {1928}
roported that the average rate of utiligetion of phencl was from 7 to 14
dave, and Crexelowski and Zkerzymeki (1548) reported an aversge of &
dayss

Agalin with the excerntien of onltures 58 and 80, 211 srpenises proe
dused some acld in the desradation »f phensl to change the n {rom 7e4¢
to H48,

In the utiligation of the worious related aromstio compounis, there
are certain correlations and results that deserve mentions It {8 obw
gerved that these orzanisems ars not morely conficed to the oxidation of
g single gubstance like pherol but in fect, when sll of the orpsndeme
are conglidered am s groun, ﬁ%ﬁg/ars canahles of growing in the presence
of a% lesst 50 per wmﬁt of ﬁhw/wkﬁar clesnly relsted aromatic coappounds
tanteds In zenersl, the orranisms were unable to produece visible growth
under the sonditions testsd on satwrated ring compounds, diphenyl come
noupds, or compounds in vhich the hwdroxyl proup was gsubstituted by a
c¢hloro, esmino, or nitro croune The additian of nitro or alkyl groups
also tendgd to prevent prowthe Illustrative of this rpoint ie the ohsere

wvation that nitrovhanols, 2,8«dimsthyl phenecl, dianyl phenyl, snd oreinol
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do not gsupport srowths The presence of more than one hydroxyl sroup on
the ring wede the compound leee resdily availedle asz {e showsn in the
cace of catechol, rascreinel, rhleroglucinol and pyrozallols Theose
regulte sre in gensral asrsszent with the findings of ianvestipgators

working with species of Jsohromobscter snd Vibrio (larpeld and ¥ay, 18323

swnns, 19473 Ceokalowski and “kerzynsihi, 1948)e

Obgervations on the ability of sny bhecterluem Yo grow in the pre=
seroe of other chemically rolsted ecompounds serves to soresn the anumber
of eampounds which may be eonsidered ss possible intermediates in eny
oxidation precesss However, 1% is emphusized thet there are cordain
definite limitstions to thisg type of axperimsntetion srd growth elope
ghould never e considerad »p eonclusive poszitive avidence for their
oxistenca ap an intermedisde, 7T¢ »ipht be gtated thad ubiliszation of a
ecompound indicates that the compound ean be an indermediate but laek of
utilization by no mesng impliss that the compound cannot bo an intere
walliate, This is based on the sgsunption that cerdtaln unsbtasrls conw
pounie on snontenenus oxidation produce toxic substances before the
sreerdss iz able 4o attsek the orizinel sompound but under guick eneyw
matle contrel those toxie subsbtances do not sscumilste o any "rect
axtent, Another explanatien s the possible itendeney of certain coms
pounds to guffielieontly sveporate srodueing e submininel guantity in the
madiume In this study for instsnce, it was obgerved that eateghol did
not always suppord grawﬁhrﬁf the arganisgm, yet when oxypen uplteke was
deternined by the eleptive wanometrie teohnigue, catechol was definitely
utilised, In the Tormer cses when growth studies were conasiderad cales
ool could not he considerad s poesible intermedlate hut the falleey of
thie was showrn by the latier technioune, The same bohavior wre chsorved

with regoroinel and hylroguinone,
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The presence of o sinsle hZydroxyl sroup or sn aliphatio aide chain
apprared to aid in sllowing the ring compound to support good growthp
howaver, it must be emphesized that this property is definitely linited
by the mmber of these grouns and by the positien in whieh they are
arranged on the riage Ineressing the mumber of side grouns hed the
tandency to decreasa the possibllity of growing on the compounds For
arpmple, phenyl acetate, vhich possesses only ope scetate radicel on the
ring allowed good growth »f all 14 corganisme whereas ths addition of two
ar mors scetate radieals, as in pyrogellol triscetate, reosulted in

prowth of only U organismse The point i3 also shown vhen the ring cone

tained only ons 2ulfoniec group as in benzene sulfoniec acide ilere, 12
organisms srew well on the campounds however, when a ecarbozxyl and a
hadraxyl proup sre aldded te this compound, meking 1t sullos-lieyliec meld,
only 3 organiems wers sble tn grow well on it, The sbility of these
organisms to grow on eompounds contalning a sulfonie proup wus considersd
eirvificant in view of the arparsnt toxieity of this group and the
reported fallure to suoord growth of bagteria.

The influenee of positionsl substitution in the ring was best 1llugw
tretod with the orescls an’ dihydroxyl eompoundss “ith the erescls it
wes ebgarved that im the pars nosition the compound guve Belter growth
thar in either the oritho or mebe positiconze This sane preference [or
nars pogitional oompounds was ret shown in the use of the dibhydroxyl
pompoun’se 0 the dihydroxyl compounds the ortho position (estoshol)
gave battor growth then sither the meta (resareinol) or the nara (hydroe
quinons) compouniag

These resulis would indicete thoe hizher apecifie nuture of the

mechanien involvsd in the degrsdation of sromatic compounds by bacterias
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This cortlusion is supported by the cbservetion thal miocer &l itions,
gubatitutions or deloetions of simple radicals to the ring groeestly alter
the abllity of the compound 4o support zood growth of ary Individual
hacterive Ytegted,

The neces-ity of eertsalsn lanz for ihe growdh of these orgpanisms
wes previoualy tabulated »nd 1% will be noted that dipotagsium phoge
phate azd magresion sul’ste ware generally reqguirsd by all orgeniesse
The ohgervation that the watiuwm deweid of dipotaseiwn phosghebe will
riet guprort the growth af any af the orpenisrs, even when the pi of the
madivwr wee aljusted with 20divm hydroxide, would indicste the need of
aither phosphates or potassiure Oreen, Harbert and Jubreanmenyes (1540)
renorded thet —megossiun or pungzanese ions were reguired for carboxyluse
aotivitys thus for the swreo reason, 14 iz assumed that raguesium ions
are recsuired by the srzaniens in this studye The marked influence thet
grme of thess malis had on the oxyren uptshe of phensl further substenw-
tiaten the need of She apeoified salts in the growth of thssge orgenisoms.

It can be obeerved fro figure 1 that cells which sre waghed and
resuepanded in phosphate bulfor plus the sslis magnesia sulfste and
zodian chloride had & move rapid rate of oxygoc uptske than tiwse cells
which sre washed and rasusponded only in phosphinte bulfere A similer
inersuse in rate can be sbhgerved when the oongentretion of phesol is
donreaged From 8 pM to 2 ¥,

Hiph cenmcentrations of vhenol (8 n¥) and washing the cells only in
rhogrhata 5l far zclution remult in rates of oaygenr uptake whieh make
it appear that phenel 1g wot oxidized by the aduptive provesse This is
of sxtrsme importance whan this teehnlique is soployved to detormine

possible motabolic pathwayes Tn this particulsr osse when & 3 of
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phenel wag used the initisl slow rate of ozidetion would immedliately
indicate that phenol dezradetion could not de inveabtigated by the prow
cegs o simultaresus edentation. Another cese in rolnt ecan o ¢lted
from the data presented hy Fyare (1947) in whish he attemptod to come
pess the rates of oxygen upbsbe of phanel and catechols Yo gtebad thed
8 lofinite latent perind wsg avident wilth pharol sz 2 substreie but ves
ahgont in eetechole The rhensl concentrstlon esmployed by “wans wus D8
r par ml but as shown in this abuly, lowver concentretiovs of phonel
cusoes s more repid rate »” axidationg thus Vvans may have shown
arronecuely s Istent phass in shenol axidatlion.

e of the main ohjeeblves of this thesleg is to indicats the possi
ble intermadiate role of tha grolorhorage eyele compeuntss It is shown
thet the arrenism used in this etudy oxidized phensl, citrste, clie=
aeonitata, issoidrate, KA-keborlutarate and foreate sdaptivelys On the
athar hand, the oxidstion ~7 auneecinete, fumarate, malats, syruvete and
ozmnlimgetate could not be ghown %0 be unler adaptive cantrols According
Cho the original theory only these comnounds under adaptive eartroel can
be nsald to odbtain evidencs of the poszibility that the pagtulated cope
pourd sotually 13 a metabalic intermedinte, Thus it clearly can bs seen
tret ane of the bagle 4iffMioulties 1n this work is to obiaeln mwnedepted
celly for the purnoss of determining the adaptation natterns

m the waele of thexe r@sélﬁn sitrats, clipeseonitata, lsociirate,
- hotogplutarate ond Forsste esnrot poegsibly be mewbers of the resoiion
ehaln in the breakdown of shensle Horewer, the pogsibllity still exists
theat suecinste, fumarate, alste, pyruwste wnd oxaleestabte can bLe

roriiors of this resction ohaine
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These are ths only corclusions 4that can o reschod coneerniu; the
compounls of the eyele on ithe bagls of the scourulated eovidencos It
im, however, importont to reslize that the fellwe to Jdempunstrate that
the compoun’e vere povsidle intermedistes could have bssn dus to oxperie
montal progsdure, Tor erxernle, it ia known that under certalsn condie
tione varioue hylrogen acceptors must be praesent or poesibly sose
coenzyre or iom must be restored alfter the waehing procsdure for the
rexction Lo "o initieted,

The cuservation that omerogol, z-crssel, peeroscl, phenyl scetate,
rrgaroinal, hyiroguinons, snd cabtechisl were all simultanesusly sxidized
fron phenol grown cells raises the guestion of whoethar thess compounds
ghanld e cousidered metabolie intermeldistes in phonol depradations
By insncotion of the chewleal sirusture, the crssole and phanyl scatate
ennnat i@gaaally he cwmstdarsd ze intersediatesy whersas resoreinsl,
hodpanuinone, and ecatechsl ean be so consldereds The lomedlale cxygen
arhale in the oresels an’ pheryl scetete oar best e explainsd om the
beals of Ywo conceptge e 4« that a common interredliate existe in a
reverasihle resction bedwesn e owidation of phensl and the oxllation
af erszols snd phenyl sestates The other explenstion iz that phencl
12 an indertediate ir *he oxidntion of erssole snd phenyl scotste, and
te elose gimilarity in -tructure omuses the phenol grown calls to

axidlize oragslg and vhenyl senteto simultensouslye



CHAPTER VI

EORCLURTIOND

A stenderd linear srarh =as obteined for the colorinmstric catimas

tion of shanol in culture medies, %Atudieg with Tour known species of

oplana failed te indleate any growth on phenole Hecause of this and
gther reasons the emphasls of the charsoteriiation of the genus ¥yoo~
plana weas guestioned.

Fourteen orgenisms ecspable of utilizing nhenal were siundied for
their ability to grow on 87 ehemicel compoundse Jixteen comnounds
supported the growth of all 14 specles, while 45 compounds did not
support the srowth of any of the organisms,.

Thenol utilisation dv the 14 orgenismg, es determined colorimetrie
cally, was correlsted with sn imcrease of srowth (turbididy) asd a
deersase of oll from Ted 4o S48 A1) organisms retainsd ihe ability to
utllize rhenol after 120 tvsnafers on a nonephenol eontainin: medium,

n the bagis of growth on the B7 compounds, the follewing peneraw
lizetions may de madsr “ostureted rins comnounds, diphenyl compounds
or phenolic ring compounis hewing e chlore, nitrs or a=mine sroup
atbuched do not sunport vigible growth under test econditionsy likewise,
ineressing the number of side rroups tended to deeresse the sossibility
af growkh on the comnounls The influence of positional substitution on
the rinz was obhserved, Tith the eresols, the para position allowed
Betier growth than sither the orthe or mets nositions Howewer, with
the dihpirexyl eompounds the artho position suprorted betlier growth

than eitheyr of the other two positionss Five of thae 14 organisese were
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capeble of growing in all of the components of the eyelophorase cyols,

The eagantial salt reouiraments were determined by observing the
growth response in media whick weried in compesition, It was noted that
phosrhates were egsential for all orpanisms and =magnesiwe wag easential
for the growth of all but one species, Ferric chloride was not sssenw
$1el but provided for betbter growth of & gstraine wheress calefus
chilorides wae noted to bs pertially inhidltory in wost oasens

Of the 14 organismeg seploved ir this study, & were classified in

the genug Achromobacters [ {n the genus Yioroeocvcusy snd ons in the

genus Vibrio.

Studies on phensl oxiistion with regard to the sdapiive mechanism
rovesied the following: Ineressing the concentrstion of pherol {sube
strete in “arburg flsek) from 2 to £ micromolos produced a siznificent
deeresse in the rete of oxyren uptske, The higher concentyrations of
rhencl made it appsar that nhenol wse not oxidized by the alapiive
rrocesse N addition, cells which were weshed end resuspenisd in phope
rhate buffer plus the salts (magnesiuwm sulfate, sodiym chloride, ferrie
ehlorids, caleium chloride) caused & sreater vate of ozxyren uptake then
thoes celle which were wushed and resusperdad only in phosphate hHhuffer,

Mxidation of phenol by ithe 14 organisms reveanled thed & more unier
sdantive contrel snd 5 wers not under this control.

With the technique of simultaneous alaptation, the components of
the eyelophorase gystem were Lssted for thelr role as intermedistes in
the degredetion of rhensly, " the esmpounds tesgted, K hwitosluterate,
citrate, claenconitate, fsscitrate and Tormate were nxidized under
sdantive controly Thsae se~s compounds rlso were not sinultaneously

oridized by phenol grovn cells, 7ith this ovidenece it would corelusively
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indiesle that these compounia wers not possible intermedistss in phensl
exiiation.

In contrast %o the abeve, the adeniive process could not be demnone
atrated in the oxldistion of nyruvete, sutcinste, fuwrarste, ~alate and
oxslacetates Thess cozpounis, however, were aimultansously oxidised by
phonolezrown ¢6llse "hether this oxidation could ne attridutsd 4o the
presonce of constitutive or adantive entyme activities remeinsed unkrowne
tntil 2 definite mechanier 15 uncovered, the evidance, thouch not conwe
elusive, indleated that thase esompounds were possible metabolic interw
mediates in the oxiiation of shanole

It 48 also noted that eclosely releated aromestic compounis &iffered
in their rotes of oxidation by phenolegrown cellss Fhenyl scotabe,
oworescl, m=eregol, pecrsscl; resorcinol, hydroquinene sud eatechol
wore all simulbanecsusly oxidised by chenolegrown cella,s

The explanation of #this edaptation te so0 many eromatic compounis
vhieh are not lorlcslly eonzidered inteormedisies remalns mmanswerod,

Froviocusly it was suzrested, an the baals of growth studiss, that
the weehaniem in ths oxidsbion of phenel wag hishly specifice In the
light of adaptation stuiles, this eoncept does not seem tw beo entirely
correct, Jimultansous edeptation to catechol by phenol prown cslls cen
well be expleined on the bssiz of an Intermediste, bub adepiation te
1%s isomers, resoroinol and hydroguinons, cannot he explained oa the
theory that they are nossible intermediates, It dseg, however, suggest
the foability of the ovganism ta differentiante compounla nozsegsing

dihydroxyl groups in the varlons positions on the rings
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