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CHAPfSIl I

u r r a o i H i c T x o *

I t  i® mn undiaputad foot th a t a© ©cwspoimd, hmwwsr h m

w a r  •eatsmtlatatS to  m y  graat octan t on tha aiirfaao o f th i*  plaaat*

Had tlii® not boon m i ld ,  mm  i*uat e a r ta ln ly  admit th a t w f  tha 

r41.lt©a,® o f yaar* «f tb i t  aarth** axlatanaa acme ecmpmiMt n»iM h aw  

tra&aubtadly aaansnlatadi to  auah ma&nitude a® t o  dtataerb tha uataral 

ha lam a  that mm mimtm*

tha A ltu a ®  o f  m icrobiology prowidad m s  w ith taohal^aa® which 

war# t© praaw u « « M  in  h e lp in g  so la*  scm# of tha problass* th a t tsuadar* 

11a tha degradation o f  warba® and tho* parpatoata the natural tnrnorar 

o f  matter# tha inroaaaa o f  mloaraIlla tio n  waa not g en era lly  appraolatad  

by aa r ly  worker® in  H»a f ie ld  ©f isiarob io logy  ainaa bh* r e la t io n  o f  

b a cter ia  to  rilaaaaa wa® o f ®«eh Importance th a t  mar® research work sraa 

fd w n  t® tha praeaaa o f  d estroy in g  b a cter ia  than in  c o n tr o llin g  thou  

fo r  any oaoftxi purpose®# fb«# aroaa tha uaa of war 1 ana Ohamieal 

m icrob ic id a l agent®# Tt i® a w a ll kmmm f a e t  th a t phenol and it®  

derlw atiw ee are e f f e e t f t *  agent® in  th# d e e tru e tlen  of baetorla* h m *  

«wrer# phenol® ara a lao  daeorf^oaad by eoss# mleroorgani ara«

I t  1® tha f w p t t t  of th is tha®la to r#*airaltitt@ the aactari of 

titl 11 cation of werleue ring aooqxowla 1r the feopa of making warn got* 

relation  between tha eh«mica! aonfijuration and u ti l l  cation of thaaa 

eeuporatde# An attempt w ill ala© b® mad a to  lnrraatigata tha poeelbl® 

metabolic pathway of phenol ostidatlaa#



cm w m  I I

historical

I b is  in v e s t ig a t io n  w e  grarened w ith  two 4 i s t l n e t  o b je c tiv e *  in  

view* tJtu# for tho purpose mi « la rity  and slatpllelty# thw p re se n ta tio n  

of the h is to r ie & l baekgreuad ie  d iv id e d  into two asetier*## The f i r s t  

d ea l*  w ith  the a t i l l s e t t o n  o f mriotis oomjsowl# wnd th e  eeeoad is 

devoted to  th o se  in v e s t 1g s t te i is  eexie earned w ith  explaining the p o s s ib le  

iseehaaien of phenol ox id ation #

The degradation o f r in g  compound* through b io lo g ic a l  rseen* was 

f i r s t  suggested by the observation* th a t  phono 1# toluene# x y lo l  sad tho  

e r e e e l* disappeared whom applied to  m v a r ie ty  o f  t o i l s  (&w»eell and 

HetsMaeexi# 1£0$# and fit®rs#r# ISO®)# This phenssieiien was a lso  noted 

by Fowler# Ardor a and le e k e t t  (If 11} when thoy observed th a t phenol 

f  ml led to  accumulate in  sewage# These w lw r ®  may ho eoB ddered to  'bo 

the f i r s t  to  have eettaa lly  iso la te d  an organ ise  capable o f  a ttack in g  

phenol# This organism rm m h lm d  Flewobaeterlutt h o lr o lm  but a t  th a t  

tbae woo w alled S a o lllu s  fluorooooae# Fegner (1914) iso la te d  seven  

other ergeaiwne# which were n e t s l e s r ly  deeerlbed but whieh were cap* 

ab le  o f  deeenpeeing rin g  eempouaade# end a le e  observed the ubiquitous 

d is tr ib u tio n  o f  th eee  organism* In mature#

This work wee follow ed by q u a n tita tiv e  s tu d ie s  o f  phenol d isap*  

pearones by other l a m s t i  gator## fuddtn ( I f  14) observed th a t th e  pro* 

sense Its s o i l  o f  a aenber of v o la t i l e  and n o n -v o la t ile  aubetaneee 

e ig n lf le a n t ly  in fluenced  the b a c te r ia l population## It# noted an i n i t i a l  

d#oreat# la  the population *d»ieh wee follow ed by a jpraater sustained  

increase# The pheaenkenen o f  phenol 4 1 seppeareaee we# subsequently



3#

©onfirtaed by S ts  hupta (1921) who acted th a t ©9 per ««nt o f added phenol

it»f?p#*tred fra® th« soil In %ppraxiti«*t#ly f iv e  days* I t  a la o  ebecrvad 

whan su cc ess iv e  equal €|want its®# o f  phenol acre added to  th e  aasse sample 

o f  s o i l ,  each ®ms.®m®&ing ©©entity disappeared mar# rap id ly  than the  

preceding one* F«rther»er«# when the s o i l  »m® a-uboe laved or

trea ted  w ith  stereurlc c h lo r id e  prior to  th e  phonal ap p lica tion *  t here  

resu lted  a.® appreciable decreafie In the rnmmt of phonal# th is  evidence  

in d ica ted  th^b the deippadistf ©«• o f  phenol end ether ri*s& &W!p®%.iststs wa# 

aeeodpllshed by th e  prmmimm of v ia b le  *ilcreergaai«s#  in th e  c e il*

As a eense<|»enec o f t*v*ea f in d in g s , dsn 'Dooron de Jong, ( i t ^ )  

lisw stifja tad  a wid® v a r ie ty  o f compoundo which war# capable of support* 

Ing the grotrth o f  y^cudomenas f lu o r  oceans# If# employe# th e  method of 

incorporating a s in g I t  knosm carbon source In a sim ple sy n th etic  s a l t  

agar ?&cxH ur* th is  work, d e c p ite  it®  *1 l~ lii#  lu s tr e  a sp e c ts , wa« noted 

to  Im lod #  only © w r y  few s tr a in s  which were ab le  to  a ttack  phenol#

S ic  p r a c tic e  o f applying to  th e  s o i l  In se c t ic id e s  eonfcto ito£ phenols, 

toluene snd other aromatic expoun ds prompted many in v e stig a to r#  to  stysdy 

mere f u l l y  the o f f  a c t o f the* a© ©ompouitds on the m tereflore  o f  the s o i l  

and to  I s o la t e ,  for  m etabolic s tu d ie s , pur# cu ltu re#  o f th ese  organisms# 

The f i r s t  In v es tig a tio n s  o® the u t i l i  sa tis®  o f th e se  type# o f  insee** 

t i e id e s  was undertaken by $ray and Thornton (X$2$) who Iso la te d  a v a r ie ty  

o f organisms from the s o i l  w ith th# a b i l i t y  to  attack  phenol, c r e s e l s ,  

neptholene, p h ler eg lu e tn e l, r ecn re in o l end toluene# these organ!chs, 

thoo-h net com pletely  s t a l e d ,  were te n ta t iv e ly  c la s s i f ie d  in to  f i v e  

f m  I H eat Coccaceao, % ooh#et*rlaecae, ja o to r la o c se , -Ip lr illa o c ec , and 

% aelllaee*c» A new genus, ^yepls**#, ws# recognised  which Included 

organisms ch aracterised  a# s w e ll ,  grara .negative, m otile  breachl&g © ella#



The outstanding charae tar 1 s t i e * ligw tw r, was the a b i l i t y  o f th e se  

b a c ter ia  t o  a t l H i f  phenol a* the so le  source carbon*

After Grey and Thornton*s work* th ere  appeared p e r io d ic a lly  papers 

which d e a lt  with. u t i l i s a t io n  of various expound# by a insahcr o f d i f ­

fe r e n t  iJiiaroongaittaass# t%«t of the papers which are eo&sldered p arti*  

nevtt to  th is th e s is  are 'hero b r ie f ly  reviewed*

Happold and Roy (X9M)  iso la te d  a v ib r io  from gaevorfc liq u o r  wfeieh. 

u t i l i s e d  S8 per cen t o f  0*04  p%r cant p h en o l in  10 days* Tha f i r  a t  

therm ophilic phanal^oxidialag organism was reportod by a Russian worker* 

H-jgereva. (1S46)* The m icrobial u t i l i s a t io n  o f  petroleum and .It* by* 

product# « «  kami® f o r  a long t in e  (3(Shngen* 1913), but in  recant year# 

greater s ig n if ic a n c e  has been attached to  th l#  problem* Grant and 

£ o b e ll (1$4£) claimed to  H**we iso la te d  organisms fro® the sea which 

to le r a te d  so lu tio n s  o f t r ic r e s o l  and phenol and ?r«w in  the presence o f  

gaso line*  to lu en e and kerosene* These organ! sms belonged t o  the genera  

Fr oac 11 con ye o a * Pseudom onas and i-yc eb ae t  » r  i  ms* Stone* Penake and *?hite 

(1942) Iso la ted  gram negative  rods c la s s i f i e d  as ftscudoiaonas* &chroBM»» 

boo tor  and A lea llg en es which had the a b i l i t y  to  attack  hydrocarbons l ik e
mMirrrr ■— r--rifr- r - ■*miwwwiimiw*>imi>)iî afewi*iiwiwwMiiW<

p a r a ffin  sad various o i l  .fractions* These in v e s t ig a to r s  noted th a t  

continued c u lt iv a t io n  o f th ese  organisms mm nutrient agar resu lted  Is  m 

marked decrease in  a b i l i t y  to  a t t a c k  hydrocarbons*

A s tu d y  o f  th e  l i t e r a t u r e  p r io r  t o  IW 2 I n d ic a te d  t h a t  a e e t  o f  th e  

w o r k e r s  «®r® eo n eer n a d  p r im a r i ly  w ith  d e te r m in in g  t h e  number o f  com pounds 

s u p p o r t in g  t h e  grow th o f  s p e c i f i c  o rg a n ism s*  In r e c e n t  y e a r s*  how ever*  

u t i l i s a t i o n  experts** n t*  w ere  co n d u cted  w ith  th e  a im  o f  r e v e a l in g  sem e o f  

t h e  e f f e c t #  o f  p o s i t i o n a l  s u b s t i t u t i o n  and t o  i n d i c a t e  t h e  g e n e r a l  

c o r r e l a t i o n  t h a t  sa tia te d  among t h e  typ#®  o f  eonspound# a t ta c k e d *



For Instance# ^ernheim (IM S) working w ith Mycobacterium on  the e i i «  

d a t la s  o f  han sels acid  end r e le te d  compounds contended th a t th e  p o s it io n  

o f  the feydreayl group « i s  ®ost Important in  th e  ©nidation of console acid  

d er iv a tiv es#  II# silt® sheered th a t  paiho&eaie s tr a in s  d if fe r e d  tr im  tiotm 

pat <* ente s tr a in s  in  th e ir  a b i l i t y  to  a ttack  c e r ta in  componncSia#

Tiso Important paper® derated to  the r e la tio n sh ip  batm en stru ctu re  

and u t i l i s a t io n  appeared in  the l a s t  three yoars (Seana# 4 / j Csekftlewski 

mnfi Sfcarsynski* IM S}* The s ig n lf lo a n e e  o f these paper® was n e a t l y  

weakened by the fact that only one strain  or species wee employed in the 

u t i l i s a t io n  caper latent* oa the various compounds* thus in c lu s iv e  general ! •  

Cations eowM a c t be ju s t if ie d *  Iheee in v e s t ig a to r s  concluded th a t irasub* 

sfeibated a ro ea tle  eonpounda# phenolic other* and in trod u ction  to the 

benzene ring of sulfonic* ohloro# n itr e  and amino group* made the eosa* 

pmxmu w m w lU U *  fo r  attack*

In an a t t e s t  to  rev ea l the p o s s ib le  mechanism of th e  degradation  

o f  phenol* various laboratory  techniques have been employed each o f which 

Involved the use of mil typ es of mromatie compounds# for instance*

Yaweson (1028) who used growth meperlmenbs* speculated  th a t sm ligln in*  

s a l i c y l i c  acid and ca tech o l «@rs p o ss ib le  in  termed la te #  lit th e  degrade* 

item  o f  the i r  I phenyl compound# phenanthrene* This was deduced by the  

cruel# method of notin g  the a b i l i t y  o f the organism to  grow on th ese  

pm riicuiar substances and r u lin g  out a l l  o ther compounds by ©litter non* 

u t i l i s a t io n  or I m k  o f  lo g ic a l  chemical r e la t io n sh ip  between th e  sub* 

e tr e te  and interm ediate# Tfappold (IfSO) mlm  Viewed th a t ea teeh o l in 

ad d ition  to  e*ben*equinonc could be detected, as emrly o x id a tiv e  products 

o f  phenol# However* the .fa ilu re  t o  produce colored substances In the  

e a id st lo n  o f hensole acid, prompted TJerahelm (1042) to  s ea t



ftm t quinonoa w-m® mot formed a®- 1 At®## Using mmnmmWl®

i te l ie t  ho ©omludod that galleylle *eld wa* * posai&l.* interm ediate in  

the breakdown o f bensole n o li*

i^pleylsg gMUMHteirie swihods and ehemieal isolation techniques 

and Deneon (1944) proposed that phenol wa® oxidised et* oabeehel 

ami quimnmrn Ŝ sia® (1947) need eomeehat the n w  method* as l®l#©a *fe«| 

IStiwiiem isolation of the Intermediate*- a t f i r s t  pwmpmm&. the

following breakdown soft esse*

Further
oxidised  ftefeonie  formic
ring  ̂ a® let a® id
compound*

m
p -hydroxybensoet#

in ter*  hoeew r* (19S0) 4 « ! « i d  protoeateehuie  aetd a* a p o ss ib le

in term ediate l a  befisoai* t iM a l l e a  and o ffered  no o th er su b stitu te*  

th is  eehene -mm.® mot in agreement with thet of Serahelm (1942) who malm* 

to t  nod th a t s a l le y H e  a© id < o^hydroac^bonsooto) was an interm ediate  

in stead  o f  ^ 8  not* or par* forms# Thi* diserspftney « |  hare boon due to 

th e  d iffe r e n c e  In th e  organ! ®r.* used by th e  two worker*#

OR OH

O '
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JjtaUBOl ea teeh o l o«'ftii,r@no
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COCR

COOEE

beastseato OB
proto®atoohuie 
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T*

Further e lu c id a tio n  on th© o x id a tion  of phenol wae proulded by Kilby 

(XS4©) ©bo te c la te d  m  ussabehl© keto«**©id which he id e n t if ie d  »® ^  » 

Irotoodiple «eld« ^ ith  %hf# ad d itio n a l knowledge K ilby prepared h ie  «ufrn 

aobess© for th# ox id ation  o f phonal*

m
r ^ ^ g r i

V11

phenol ca tech o l

a i

COOH
ch2
CHp
I ^
0=0

m 2
com.

o » # o ln o n o

COJS!
f h 2

m 2

HO
l#2#© »tri

110
S*»hydraxy»e«»

\j''. *v%i

m*Qctn*to

hydraxybeaeeoe becutopuinono

♦  CH^COOR 

e e e ta te

^  «*lc#toadlp#to

In th# l e s t  few year® w ith  th# u m  o f adaptation eocperiaettte addt* 

tim m l ©widen#© baa been Mowmulatod on the s ttte b e lie  pathway o f  phono 1 

oxidation* Adaptation In %M« paper iB p li# *  th a t a a p e e lf le  onay^o ia  

mmi footed only  wh#** th# ©#il® or# proaont la th# hostelegou© eubotrat## 

flit© phemn&eaon wae f i r  at ©hft«rwsi h f  Xortmen (1$82) who noted th a t the  

onaymo, Infwrtaee* wao produeed only when starch was present is  the 

wedi«®^# This la  In ©en trea t to  the condition, where invertaee  ©a® pro* 

disced hy c o l Is  regard 1 ©a® of or not sucrose was prosent in  the

A f t e r  t h i s  p e r io d  a rre o p  o f  w ork er  a re-iw tea iin ed  t h e s e  ebeerwati one 

and a tte m p te d  t o  s tu d y  th #  e f f e c t  o f  pH, r  e a t in g  ©©13#, d r ie d  c e l l  a and 

w i o « f l  i n h i b i t o r s  oa t h e  a d a p t I t #  sseehanias? ( fa r e tr d i i*  1®3T| ©nson

and- $ti©bland* ISSt, 1933; Todkin, ISSSj S n m  r***d Handley* 1S40)# A 

e ^ r^ a tio js  o f  th #  s ig s itfte e n © ©  o f  t h e s e  in v e s t ig a t io n ®  w as n ad e by 0ubo® 

CtfMO) In a fanriew of production o f  a d a p t ! to enaynes by b a c te r ia #



3ton l#r (194?) used th a  adaptation  TnoohaniatR in  a baehni^iis for  th® 

study <*f »«t#boU # pathways# This boohnlou# w## osaployod as ‘th# ha ©It o f  

a portion  of t h is  th o s ia , n̂-1" as stsefc i t  t « i  important to  l i s t  th#

h m s io  p rln c lp l#*  th a t wi&arll# t h i s  t m h t i i q m m

! •  t w y  d i s s i m i l a t i o n  i s  t h #  r o s u l t  o f  *  s s r l s a  o f  # 1 ^ 1 #* e h  se a l*  

em lly  i« t # l l t g t h l#  s% * sp * m tm  rso stto a s*

2# Srsyaaii©  s p o s l f io i t y  r$*#t ho aocttpbsd.*

S* look of adaptation Is  not du# to  a psrsssablliby  o f  foot*

4# Hi# d#gy*dabl#«t o f  th# su b strata  most tok# p is##  ty  ©aidatloia#

S* C o lls  #4#pt#s? to  attaslr th# primary sb b stra ts  shoo 14 h# adapted 

s i« u lt* n # cu sly  to  attssfc  #11 th# in t# n s# d is t# s  fsrosd  during th#  

ox id ation  o f f e a t  suhobrsb##

6ft Sash stop  in  s  rsssM on  ©hsin i s  undar sd ap tlr#  oasymatio 

eon tro l*

?# Postulatad ohoeloo l ln t«rp #d ia t#s swast h# m«4# asm llabl# for  

study#

Hk#tt tfttl# t#ehnl#ts# was applied by Steal#** (1947* IMS) i t  « a i  found 

th a t f so udmonss flM#r#as#aa possossod four soporst# oaddstio# aoohs&lssrs 

ixsooloinc m mimbmr of w r y  #irail«r a ro n stl#  oompounds# T h i s  a s h  s m s  to  

prosositod dim®r«w*ettl##lly a #  f o i l ©vs«

coc oatm c e c o c n

s u u a d o l a t #  p h e n y l  t o n s s l d s h y d #  b # n * s s & #
g l y o x y l s t #

/

b o n s y l  a l c o h o l



CH^CCXM

■* I

phenyl a ceta te

COGfi

-> t

m
p»hy> dr oacyb @nc o & t*

phenol

I t  woo o f In te r e s t  to  not* th a t o f  00 strain® o f INwad owoaoo th a t

u t i l i s e d  b @ jn r.o a ts  o n l y  3 s t r a i n s  b a d  th* a b i l i t y  t o  g ro w  I n  t h *  p r e s e n o #  

o f  p h e n o l #  I t  ®fi@nM b *  n o t e d  t h a t  S t o n i e r  f a i l e d  't o  e o n s i d o r  H y d r o g y l  

eo n rp o u fid *  a s  p o s s i b l e  i n t e r m e d i a t e s  I n  t h e  b r e a k d o w n  o f  r i n g  c o m p o u n d s  

a s  h a s  b m m  s u g g e s t s ?  b y  o t h e r  p r o w i o n s  w o r i to r s #

I n  wioar o f  t h e  f i n d i n g s  o f  fn m * , and Holsom a n d  Dawson who <m&» 

gostod th at oatoohol was & p o ss ib le  in ton sod la to  i s  th# ootidatton o f  

p h e n o l *  Sl@ @ p#r and s t a n i o r  ( l^ fP O ) a gala  txamlnod* b y  t h #  sim ultaneous 

adaptation  t#ohni^ii@# th e  ro lo  o f e o tse h e l as as interm ediate* th.* 

l a t t e r  a b s o r b e d  t h a t  s e l l s  a d a p t e d  t o  m an d s la te *  b e n s o a t *  a n d  p h e n o l  

wmrm sim ultaneousiy  a d a p te d ,  t o  eatoofcol and t h u s  s u g g e s t e d  t h a t  c a t e e h o l



K .

m m  m cootoh  intoraaadiab® o f m il thro© ®uh®tr*t#®« Sim ilar 0Tii#n©# 

in&loattod th a t  jsretoeotot 4® #s®5& wti# an lnt®r®«&tat© in  th# fssM atlc©  

©f p*4iy&raxyb«niioic a©hi w*£ n et an itt&omia&iat® In bantoat® aslA ation*  

th®»® l&har finding® var® not In agyoonant w ith the®® * r **m* Ik. wfcieh 

h« atahod th a t both f^ydr©ir:?benfcoat® and pretoeaboohul® s e l f  w«r® 

int*re$®<!l&te® in  baeftonte oaidattoii# 8l®«p#r and tstanl®***® ®«e*«pt® 

w ere forra ila ted  in  th® fe lliw fw r  mhmm*

i OH

fh® h la h er le ftl a*p®et* *o far war® primarily ooiiaaniad on ly  w ith

th® pe«®lbl® «ha**£®® that war® imrotwvd with in  th® r in g  m m lm m  with  

very Itttl®  on ®®®orr«d *ft®r tho'rln i; had b®®n bro^m#

I t  was th® hop® th a t  th l#  gap In th® *»»taboli© pathway ®o«l£ h# f i t l « J  

nalng th® rooont ad von®#® in  IK© knowledge o f th® s?w»«ha»l®r« o f  th® 

oyalophoraa® Thin  eyol® known t© b® ©parati®* i»  th® lw®®b»

down o f *ertahy3r«t®a» fat® and protein* by ©es^issatle aotion  o f i^any 

a n tea l (3ra®n* and Aoarbaeh* I M if  and Baldwin* lf€S )*

Thn® i t  was thought th a t th® oyoi® iway b® op erative  i s  th® b a c te r ia l  

braalEdewB of aranat!© ooatpeonfl®*

f

:*»d®lat® bentont* eat®chol

fhonol

f

€11
jHhy&roxybonaoat®

Cl!
pr ©tooatoohul® 

e e i l



Xontl (IM S) eXalved to  h»vo svidoaoe supporting th e  e x is  ter.ee o f  

th is  eyol© in  Saeherieh le o o lj#  He dsmogs treted  in h i!4 t io t i o f  gu oo im te  

oxidation. '©kilo tha wei-Set? on nf p y r« m tf m «  riot e ffected #  On. the  

other hand, fr’erlaon  &rd ^ark^r fl$d-1}# using tha tseh n lq ae  nf m?&sta t io n ,  

submitted ewidenoe aga in s% tv-e oeourrenee o f this* e y e le  is. A&otob&etor 

m £ills«  r e su lt*  h a w  the ea ts to n e s  o f  % rea o tio a  ch e la  fro»

oC ~k#te§lubariite through st-te# ta ste*  furmrafce* smlah# and pyravmt* to  

acetate#  th is  roaotloa, would support th e  theory th a t ox id ation  o f a##* 

ta t#  mis! pyreret# was r le  part o f the ©yolephoraa# oyol## Hut a lee#  th e  

saor# ox ld is«4  sseaahere -did n et eeeee edapbaiio® to  a l l  th#  higher ©n#a# 

mm 'fee eyelopheras# e y e le  theory required* th® ey o le  appeared to  be »wo» 

#f*ar#tlwe in  t h is  ox id a tion  scheme# t h is  con clu sion  wee fa r th er  e«b» 

ttim tiabed by th® f e e t  th a t th ey  could n et d e te c t  i s  the medium f©r»aii©R 

o f  sueel& at# and © xa leeetete  fret* s e s t e t#  whea rad lectetle#  tra c er s  were 

employed-#

She a b i l i t y  o f  an or ©eat asm to  a t !  l i e #  the various eonpeaoate o f  

t i l l s  o y e ie  woe freq u en tly  used la  the p ast to  in d ic a te  th# p o s s ib i l i t y  

o f th#  o r ien t sbmi ©at id lain*' I t s  su bstrate  t !§ th e  eyelophores* eyale#  

for ia sta se e#  Lewie Cl§48) workia# ^earoepore mutant# noted th a t

su cc in ic  *#14 or a © loseIy  r e la te d  ##14 wee required fo r  growth# th is  

tmtbaat u t i l i s e d  the fo llow in g  ©©epensi&ta o f  th e  e y e le t  glutiu»ete» 

aspartate# soeelaete^  JTumarete# awklete* oe.^k»togluter»te1 

a c e ta te  and aeeto seeta te*  I t  f e l l e d  to  u t i l i s e  pyruvate# © xsiscsta te#  

©lirai®# tsa e ltr a te #  e 1 «**©«•etti ta  te» la© tat# ead format## Pros th e se  

data he eeateaded th at th# $«&#ti© block ©oeurred aseewnere in th e  

eyelophoreee eyele#



Vtom this rwrJUm ®f th* literature*  it is *#par«ttt tb*t i i w t5 I 1



ofiA raa i n

Media* A eh em leally  defined  b asic  ^®diu« described by 3ray arid 

Thornton (IS28) w w  used is  the in i t ia l  sta g es of th is  w lc #  It was o f  

th® fo llo w in g  com positions
per cent

t& petasstae phoephatc ««««»« 0*1
tfagneclsni celf*b* *•»*«•*»*• 0*0t
Sodium eh. lor id# •**•«•«#•»*« 0*01
Ctalelxm. eh lorid #  «***»•*•••«  O#01
ferric  ehlorld# •#•*•••*•*•* 0*008
j*r, manias so l f e t e  •••** •*««*• 0*1

pH T«t to  7*S

Each o f  th ose  ehentleale prepared Ik ttteh a eejsoentratto® th a t who®

©**« »1 o f  each was added to- 98 ml of s t e r i l e  d i s t i l l e d  rioter the d esired

con cen tration  was obtained* Th# s a l t s  were autoclaved sep a ra te ly , 

snoopt the Ferric ch lorid e  which was prepared by add!n& 0*2 rg  to 100 ml 

o f  s t e r i l e  d i s t i l l e d  •water* 1® th® la te r  stages of t h is  -work* .ferric  

eh lor id# and calcium  ch lo r id e  were observed not to  be required for  

grcsrth and wort d e leted  from the baste medium* Solid  medium m »  made by

incorporating th® baste s a l t s  in  2*0 per o«nt s t e r i l e  agar* The carbon

source ©©mpoends were aided 1® eoneentrati© as imryimg fr o s  0*001 M to  

0*01 V without cteriX S cation  and when necessary  were adjusted* p r ior  to  

in corp oration  in  the t e s io  medium, to  pW T*Z to  T*S with 0*1 I? tedium 

hydroxide* A ll earbflfcy&rates and stoek vitam in so lu tio n #  were s t o r i l l -  

sod by f i l tra tio n  through sin tered  glass filte rs*

Cultures* 7*q known specie* of ^yooplsiae w#r« obtalx9*& fro® 

hr# f*H*H* hray of ?*#01tT rniwereity* on# of th# investigators who 

orig inally  described these ergeisismsi sod two from th® American Type



Ouitur© C o lie « t i« 8 | Washington# n* c* Th® phono l~ u tt  i t  sin g  ©trains 

described in  t h is  th e s is  were iso la te d  from ereb le  s o i l s  located  in  the  

nm r v ic in i t y  of the U n iv ersity  of ftferylsnd* Appraglmetely one £ram 

p ortions of soil were added to gSO *r:l Srleaeeyer flask® eo a te ltila g  the 

b eeie  nedlieit pirns 0*007 v phenol as th# so l#  source of carbon* A fter  

th ree  day® at SO Ct 0*1 r=l w*e subcultured to a flask of fresh  e t e r l le  

mdlma* This procedure was repented three tiiaes# F nm  the third flask *  

esse leo p fu l we# etreefced on be ate »® iiw i con ta in in g  2*0 per s e n t  agar 

iM  0*007 A phenol* Represent © tire c o lo n ie s  were picked and Inoculated  

Into tubes e containing tha basic  sa lts  pin® 0*007 % phenol* A ll ©trains 

th a t grew w e ll were watnteined a® stock  cu ltu r es  on 0*007 a phenol age? 

s la n ts  and stored, a t  4 C*

Dcterm lnatton of fh#r*©I* The q u a n tita tiv e  e s t  ta c t io n  o f  phene 1 

when present in  th e  wed lent we® determined by the c o lo r ln e tr lo  method 

need by Oowori (1048) with mod t  f l e e t  ions * The two basic reagents re*  

q til red fo r  t h is  t e s t  were an. arise!©  reagent ami a borax so lu tio n  which 

were prepared «s fe llow at

A a lsc lo  Reagentt Into 60 ail of l e e  eold  water we# added approxi* 

n a te ly  0*6 gram of 6*»nitro«&*awlneaiii so le  {Kastman)* The so lu tio n  

was f i l t e r e d  through -paper* One *§! of 5*0 por cen t sn lfu r ie  so ld  

end I ml of 1*0 per cen t &®&lxm n i t r i t e  were added to  Hi© f i l t r a t e *

This ku« kept cold prior to  i t s  use*

.Bar eat 0o .iatloai Thtrt;p*f iir® g r̂a ŝ of sodium berate Here added to  

1O0O ml of lb  per cent eth yl alcohol*

Rrocedurot A standard lin ea r  graph a# shown in  f ig u re  1 was

obtained by preparing known concen trations o f  phono! in  ivhlch 3 ml 

contained 0 to  SO e lo re  qr eats*
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T o  t h i s  mmwmH  © f s t a n d a r d  p h e n o l  s 9 l u t i M # 2 # 6  m l o f  b o r a x  

s o l u t i o n  a»&  2 n l  o f  w a t e r  w e r e  a d d e d  a n d  t h e  e o & te & t*  m ix e d #  T h e n  

1 # 8  s*l # f  a a l s o l s  r e a g e n t  w e r e  a d d e d  a n d  m ix e d #  f h e  i n t e n s i t y  o f  

r e d  e o l o r  w h i c h  d e v e l o p e d  w e e  m e a s u r e d  i n  t h e  & X etW J-tfE SB © rto» 

p h e t e e  l e e  t r i e  • o l o r l m e f e s r  u s i n g  a  g r e e n  f i l t e r  (SDO**§TO a f t ) #  W hen 

c u l t u r e  m e d iu m  w e e  u s e d *  t h e  s ta d iu m  w a s  c l e a r e s t  o f  i t s  t u r b i d i t y  

b y  e e n t r l  f u g a t l o a  a n d  t h e  s u p e r n a t a n t  f l u  i d  t e s t e d  l a  t h e  s a m e  

w e tn n e r  m s eb o w e*

B e t i m e t lo r n  o f  ■ Q re w th  # b  T # # t  C em p o e n d a #  U t i l i s a t i o n  o f  t h e  e »  

p o u a d *  w a s  d e t e r m i n e d  b y  t h e  .m e th o d  o f  d e n  D o o r  o n  d e  d o n g - ( 1 9 2 6 ) #  A ^sar 

p l a t e *  w e r e  p r e p a r e d ,  b y  t h e  a d i i t l o a  o f  s a l t s  m id  t h #  s p e c i f i c  o a r  b o n  

oo!T!potmd# T h e # *  p l a t e s  w a r e  s t r e a k e d  w i t h  t h e  v a r i o u s  © r g a n le j s s #  T h e

a m o u n t  o f  g r o w t h  © b e e r r s d  o n  a c a r  p l a t e s  c o n t a i n i n g  t h e  s p e c i f i c  c a r b o n  

c o m p o u n d  w a s  c o m p a r e d  w i t h  t fc e  js ro w th  o b s e r v e d  o n  t h e  © .© .n ire l p l a t e s  n e t  

c o n t a i n i n g  t h e  eompNQuad# m o s t  c a s e s  n o  m a c r o s c o p i c  g r o w th  w a s  o b s e r *  

”T#d t h e  c o n t r o l  p l a t e s #  h c w re w r #  I f  g r o w th  d i d  a p p e a r  th © »  t h a  ©oia» 

p o u n d  muSm* t e s t  w » $  c o n s i d e r e d  p o s i t i v e  o n l y  w h e n  t h e r *  w a s  d i s t i n c t l y  

a  m tieh  g r e a t e r -  o n  * h *  «*g%r c o n t a i n i n g  t h e  co m p o u n d #  A l l  p l a t e s

w e r e  1 r o u b a t e d  a t  5 0  C f o r  P.' d a y s *

^ h e a  t h e  organism  w a s  gr<*#n 1st l i q u i d  9*»dium # g r o w t h  ®?aa e s t i m a t e d  

t u r b i d ,  t m e t r l e a l l y  a n d  m e a s u r e d  w i t h  th ®  K l« tt» S u » sw ? r® < m  p h o t o e l e c t r i c  

c o l o r i m e t e r  u s i n g  a blue f* ltn r  (400~465 -mp)#

h o r i& io lo f f f l  mnd ? h y s t o l e y - y  of Cult ta re  a#  I f l o r p h e l o g i e a l  » t y d « e *  wca*e 

perfensed using a 24 hour ©Bistre grown la  the basic ?n*diu» pins 0#00f If 

ptienel# **>t preparation# examined fo r m o tility  and general strue*

to re  using the  phase ricr^-srope# ?-*o»t of the p te ’rdng feekniruee sad 

blaehsmlc&l te s ta  miploy«<* were those described in the Kenual of



I f#

f o r  Fura C ult wra . t  i y (1M #)* fh#  w r« fig«s»8 t o f th© f 'la g a l l*  

wsr datam lnod by th#  nat&od a f  (19S1) and am eai*

am« d # tae t# d  by th #  aatfcsd® o f Ha&aan (If* SO)#

Fijm^wtatlon of ©ttrb^hyhmi©## a lcoho ls, a«d gltaeaaidaa war® %a«tad 

by th a  a d d it io n  o f tfeaaa aufeataaaaa® jprarlottaXy f i l t a r a d *  to  a b a r l la  1*0 

par aatxt tryptic® #©  b ro th , That® d a ta rm ia a tla n a  war a  mada a f t a r  IS day#

at m €*
Optliwaa taatpara& ura rmmlrmmutw war© d a ta ra in a d  by in© #t*latt»g on® 

loajpfu l o f  ©rgftifttflffiHi f a t#  * t*d>a w m tftin lng  t r y p t la a a a  soy b ro th  i s  @s@h 

a ^mnn#r aa to  avoid a«y e^ ltu r®  *#a t# ria l a d h a r la s  to  th #  aid#® o f th a  

tnb®# Tha#® war# i**e«b#t#d a t  § C, 20 C# SO C, ST 0 , 4§ 0# SS C# SO C 

sscl axa&inad f o r  grcwih ®,& la d la a to d  by t u r b id i t y  i w y  14 hour# fo r  s ix  

day#* th ea a  c u ltu re #  ta f ta d  a t  4S, SS* and '$0 C war® a a r a f o l ly  r«aiarad 

sosf p laoad  a t  30 0 fo r  f u r th e r  incu b a tio n *  Thla w»# doaa fo r  th #  pur* 

o f  d a t a n a la l^  ahath<*r th.*? f&ilurst to  grow wag th® r # # u lt  o f  

l* $ :ih ito ry  a f f a e t  an m ^ m l d « * rtru a tto a  o f  th#  h aab o ria  a t  th a sa  

beeaparaturas*

j£ , Oatarmlnati®a» fr* .?«ont tniibatnoaa whan o s ly  an appro&ir*at® p i  

tmn raquirad  th# ®olarii*<»t#r **«?thad #r*a ®wploy**d teains brot# 1tifrmX bis® 

sg an ind icator#  dab#miimbica&# war® m da with tha glmsss oloabroda*

Mxp®ri»agta|a TH# a a l l a  H0 o©#sikry .for jaaawaRotric abudia# 

v»ara grosm is. SCO ml o f  l iq u id  *>a&$ua c o n ta in in g  th #  b a a le  a a3 ta f ax® la*

«11iig famrla eM orid a  ar«d f^tetw s oh lo r id a , p is#  th® s p e c if ic  sr&rbcm 

caeipousd* fha  lnoaulat#«1 iraa pin® ad os a ahaking s&acMs® {3 Inch

atrok® , ISO ®#®illo tio n #  -;vn* w^jmta) f ^ r  ?4 to  43 haur#  at SO €:* The 

#@11# serfi h#rr#8t#d by c#r*fcrlfu |;a tlo n # waahad tv*!#© h;-;. h/l£>

pha#phat« buffar (pH ?*£} r#»s#p#s4ail im 'th# #«ns« buff or* to  th®



%&»

v / l $  pho*ph& to b u f f e r  xmn mI d d .  ssa&n®ai\s& eu lfm t© * o , 0 «? pm? c o a t  and 

•od& wi c h lo r id © *  0 * 0 1  p er  o©ist« One j t l  o f  ffei©  o o l l  s \ig p # fit ia %  t i t u a l l y  

h aw in g  a t u r b i d i t y  o f  @00 K lo t t  u n i t s *  w o t u sed  i a  ©*©h -s r b u r g  ▼©«*•!* 

f a  snoot e a » # e  ©a# s i  o f  & 0*002  O' s u b s t r a t e  w as added fro st t h e  #14© arm 

aisi 0 * 2  r !  o f  10 p e r  © «at p e t& ssitsa  h y d r o x id e  w as p lm m d  i n  th© 04m ta r  

w a l l#  Oaygen c o n s u e p h ia r  o f  th©  © a ll  s u s p e n s io n  w as m easured  l a  th© 

u s w l  %my a t  SO C l a  an  a tm o sp h er e  o f  a ir #

th© MRpouods tfd̂ l<5h w«r# ©©ftsidered 'stable war© prepared in  100 ml 

<joimtitl©s (0#002 H) iKQ-l stored mb 4 C for further use* the unstable 

e<snpousds «©r© preparsd ©aeh tin?# J u s t  p r io r  t o  it©  a se d  ©n& p la n ed  

Isasedtmbely • in to Warburg flask  ©14© a m #  A l l  • substrates war© ©44©4 t o  

th© aid© m m  I n  1 m i ttfBtthttiee ©oatmialag 2  ja £ ea&espt ©sal&eehate w h ich  

was added la approximately S p B per si*

A l l  ©osjpounds ©f th© e y m le p ite r a ss  c y c l e  w©r© s to r e d  under m o u r n  1& 

» m le d  g l a s s  ' b e l l  jar©  ©osTfeai^lag © m le im  e h le r id e *
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HESBLfS

A* Obwomatloit* on th# growth of *-*yo#pl#n# on phenol.

All of th© four tanowst cu ltu re#  of ^yoopl&aa* two o f  M* bollMs# 

and two of h# difiorpha f a i l e d  to grow in 0»00T 5" ph*m% Cots*

e«**tr*.ti#sa of phenol 4b th# basic sy n th etic  *»#dtt»i rariod fro® 0*01 M 

to 0*001 K# th# possib ility  that phenol wo# tomlo to th® organi#®# 

was ro led  out whoa growth #«e-Mvr#d in  a modi us conta in ing  1 per o « h  

tr y p tic  as# sad 0*007 v phenol# Goneontrat1 on# of pb#a*l h igher than  

0*007 V were toK ie to  a l l  stra in s*  fh#@# stra in #  #onfom «d to  th# 

c u ltu r a l and hiochcestoal c h a r a c te r is t ic *  as reported by Oray and 

Thornton (ISfcS)* bat th #  c h a r a c te r is t ic  branching o f  c o l ie  ws® r a re ly  

»b##rf#d in any of th# strain#* ?%#» branching did occur i t  *?a# sot 

«e!fondly pr&mnt in  a l l  subcult or##* and was not c o n s is te n t  with 

regard to  tha *g# o f  th #  cu ltu re*

In. r e p la c in g  phenol in  th #  b a s ic  s y n th e t ic  a® 41w  w ith  th #  fo llo w *  

la g  carbon souroost arahlnos## gluo©##* la#to##*  s&aitosc# © o llob iosa*  

«w erot## raffia#® ## *um ritol# g ly c e r o l ,  I n o s i t o l  and s&Xiotsi* o n ly  

gluooa# and ^ a n n ito l supported tha growth o f  y* <4 i  a»org>ha* 1% b u lle t#  

fat.lad  to  grow In th #  pr###na* o f any o f  th o se  carbon sour#### ^h*& 

th### su b sta n ces war# incorporated  in to  a medium c o n ta in in g  1 'par o a s t  

try p tica # # *  w ith  or w ith ou t phenol# a l l  four strain®  gr## w a ll*  Th# 

growth o f  th### stra in ®  was alw ays i # 0 o ip t is i« i  by a a l ig h t  r l« #  In th#



to*

M d it lo a  ©f thias&ao* pyrid©*J.a## pantothonat.©* n ia c in  *ad para- 

a si rm bonsoie acid  in  #©aeontr#11on# o f I Mg p#r s i  &ad r ib o f la r is *  

f o l i c  ©Aid* and M ©tin im &©noexrfcr a t  Io».g o f  0*1 jug par » I  fafXM  to  

Httpport tli#  grwr&t o f any o f tho a*ye p^Iana* : u A«&©&£* o f  tryp tic###  

and yoaob oaetroot %m oom on tration o  o f  5 wg par aont did aot &l2.#vlato 

tM  a s i  tuatlaxi*

1* €%#arraii on# on phono I u tilio ftn g  organ! #si# loo la tod  fr tm  s o i l  

X* Q uantltati##  o o ttn o tlo ii o f  phoaol u t i l is a t io n *

l i  i i w  th* fail<*po to #h€W any phono 1 u tlllto tlo o  by 

14 to l l  ©rgaalamo #hioi* &r«*r ia  phenol war# aoiootod for ^jfth«r ttady# 

Tho amount of phonal u tilised  in tho synthetic a# I t  sodium and it#  

relationship to pit and r ^ th of thoo# organic## aro ahmm. in  bablo X* 

"Utoka #oro looubatod without OhalEijQg# I t  l i  «##& fr©» thio to.blo that 

a# tho phonal disappeared tho amount of growth i*sar#a#o& (Higher turbl* 

dity  aoaoaroaftanto) and bho pH dooroaood sligh tly  frost 7*4$ to about 6*7*

2# Ability of specific ohostioal coMpounda to support 

th# growtb of 14 orgoaiomo#

Tho ab ility  of 14 toot strain# to u t i l is e  phenol oHoo prosaist a# 

th© s o l o  aou ro o  o f  • carbon. wo# n o t  u n ifo r m ly  obooroodt t o  bold, t r u e  whoa  

pthar aroai&tio ©Pffipowttds subst1t o tod for  phonal* ^ o a  th«*o

strain# «#ro tooted $f spoolflo eheasiaal oookpoaado for ab ility

to  produce 9 supple thoy ware found to  f u l l  In to thro#

diatisKit groups* fa table* % wil 3 i t  n?ay b# sean that tho groups are 

srrangod depending on th# noMtber of #trains that wert able to attack 

# T #p#eifie scsspetmi# There woro IS owjoundo which «sfp#rt#d the
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t m m  i

C o m U t i « 8  o f  phenol u t i l i s a t i o n  w ith  ©hang** I n  pfl and jjpovrth

m ' % S a S f ’S Orcoth Jimstpnmm **
km&mimtwtg. *

®%tm o v r& ^^ iih m W o n ' i "HoS*®
f I

our# in©
4 1  ̂4$

CcMRtrel

* r. ̂
V  v>- A  w

7*£f> I©#$ S# Sis

<§■ ©;# S

44*6 r*4§ ?*S§

4* I

?* te  t * f

a® *S

§*m $«&6'■.«»«

6# SB

s . M*a

ss*^

|S§*8

* I n i t i a l  ftsMHint o f  SO mg par o*nt#
Pigwea r«prwseat ts per *#%t of H ’ * ** . # r *ton as
stjesaurod w ith Kl©tt*'ksww«r «©b siwetrophotoiMtftr uair ?» a© f i l t o r *
I n it ia l 7*4,
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Z&BW 3

IVMltty mi M phmmt afcllifcl&a baeteris t& prmlmm r isib le  grcwth ext
mmtfmmi®  a f t e r  ® i s y s  « t 90 0#

K.«Ai.: W.>'«i|H<->iWiww»»r»<

•  M®osi-pettt** s tapper t l  .eg 
growth of. .41-.I. 14 ly * e l*»g

tsiissXisfejNt# 
g&e&siL 
2*Tyr®*i»e 
■Stkyl *1 ebhel 
l in e  e ee ta t*
Sodiian a se ta te  
£*efcaetsie» aeeba-fea

ta e ta t*
urate  

O salaeetat*
C itra te  
$*ieel«iate
Fiaisiirata 
It* la te  
la lio iix

0 m $ o * m $ 9  Supporting irj stble 
G ro w th  o f  B m m  o f  t b e  1 4  % # * ! # #

■*««- wi :i.w ^^rt^ i«w»«aw-jM.<j^i^*iuwi'»»w>''CT̂Trw»i»r ^ ^ iiiaf»wi>WL'̂ w.wMi.vâ -i |>iiaiiiiw4^irWB'<|i«;i >itfii>i iiiwmimww ■+*■ «t>Bw,»'̂ nia.'iftMnMrwi»T nu nommfr ■ tgitr Qu. ■!■ uni iaMMijiit“nirrif~i~ri<TJTfiw~f»n>r 1 Tirw- -rftrnTT- Jintfii

Smimlu mm (is)
ieetfl (it)
§lyeerel CXt) 
isanaitol ( m  
Snores® (12) 
dine*** (12)

sFulfanat* ( I f )
Htenylalamia# i IB)
<* ^Xfrtoglatarat* ( I f )  
l^ yd reay iien coat#  (11)
Tfaltee* (11)
5alleylate (10)
Gatertiol (10) 
eis**Aeenitai#

( 1 1 )
p»Qr®.m% ( f )
Hafflxmse (11)
Pyrogallel trlaeatttte (s?)
tSOio®# (§) 
iTusfcose (6)
ftotaeeisnt 4*1 seel trab* ($) 
armslt®a aeetafc# (0)
Bemaa©i4« (4)
SftOftltol (4)
&*Cr#Sel (5) 
w»Cr*eol (f) 
to e o r e lm l |S )
Selfes&lleyiafce (3)



cs*

TABUS $

Costpeuxyto which do m t  mapport the irimibl# $ r m th o f  any o f th# 14
& p m im

ia lb l# r s t lh  o f

im turatui l? ise« ll*n*ou*
SHR14X 9*41

C^lohcviUBtoX

Sen-seae gorl^m tlTosi 
'8h$^F©EsB$os#

** o^lohlmtohmnM-mm  
III^w* AsAlla*

** ad la&athyl©at 1 i*m
CS y** 1*11'ydr «Mcy»l» 4*4 iaseih y  tb®»&#tie

fh eao l iSeriwtiwwM

I  #4*!>i BltropheaaX
1 # §*D i  m ttr oth y«®l 
S# 6 * P i» ltr  #*#«*©f#  *«1 
3» M > i» l t r  o ea l l e y l l e  s e t  si 
11 4*PI n i t  r  o-H$*gsheijqpl ph#»o 1 
F ter le  m id  

GHg~» l #€*PlM«th.flph*ttol 
Q rclnel 
Thymol
o*Xfiopropylph»B0X

^ ^ x x  ^ i&pyXf>h#s0i 
d! ** HjBlroqvilftOtui

l #f  #3*?9yrog;aiXle #-©14
0m tit©  #©14

r©*©r©tml 
€^Hg* a* IphonoX

a#»»ix
P I pheuyl mu in#
Bmn&Mtnm hy ir  ocrh im 1 Mm 
OwToXidiXMi
Tannic me 14
,p*Tel«#a® « tiif#n ie  « M
P*»QuiaOB0
Ttr#»
LIgain 
Furfural
Copper m ot® to# phenyl 
befuroata* arablnoea* Kyi#©#



M m

g r w th  o f  m il  14 stra in#*  w h ile  warn o f  th® #ty#i»«  $ t m  in  43 © * »  

poiaw1# and s t i l l  m o th er  group o f  oompomula ohloh rarlod  In th #  makb#r 

©f # tr# l» #  oapabl# o f  growing 1® th# pr#i#©©# of th #  oofSujMftmd* fh#«#  

oootpof&nd# whloh support#1 th# growth o f  only #©*.# o f  th# s tr a in s  ar#  

aheim in  ta b l#  4m Sfcamijsatloa o f  t h i s  tab!,# r#r#al«& m  a ig a lf io a a t  

o o r r# lo tio n  la  rogmM to  th© j$«n#r* o f  organism sad gr«rfth om mmj 

pmrt lo a lo r  ottsftfhind* Other « # r r# lo tio n s  w i l l  b* r##i«w#d im th# dim* 

#a«#icm  o f  t h ! & paper*

$m O ffse t o f d e le t io n  o f  m U «  from mod lam on growth*

In o r ie n ta tio n  ®xp®rim@mtm w ith phono1 a t  1 U s in g  organl mm I t  m o  

a#e###*ry to  dotonaio# th #  saoditwi and other fo o ter#  most o a itob lo  fo r  

th o ir  grcwldu I s  puroaone# o f th i  •  end i t  woo ©b##rr#d th a t  th# amount 

o f  groiirth Toriod vhon modi# o f  d i f f e r  oat oom pooltioao woro ©ispioywt*

Th# bool# ®#diw» o f §m y and Thornton f i s t s )  woo ##l«#t«d ** th# ?s#d i»  

of' eh&l##* fhawoow* In rlour o f  th® dl##r#jMWJOy th o t «Kl#t#d m  to  

whleh em its w#r# ####*iital for  growth and th# fo o t  th * t tfei* medium bad 

th# tendoney t o  proof p ita  t#  s l i g h t ly  upon standing* i t  was d#em#& 

B#####*ury to  d#t#raiis# th© in d im p o ss ib ility  o f #a«h ©onatltttent* In 

ta b l#  B th# amount o f  growth (tu r b id ity )  i s  tabulated  in  r e la t io n  to  

th© eomplot# stadium and th#  im&tvm w ith  d # lo tio n  o f  v a r io u s s a lts*  

tem liiatlO B  o f  th l#  ta b lo  r w s a l#  th a t #11 spool## r#ruir«d &£p#ta##lun 

phosphate for  gyewttu A# th# medium was adjusted to  pH 7*5 with 0«1 1 

t e l l w  hydroxide* i t  appeared th a t  phosphate in  th e  form o f  &lp#ta##lum 

phoeg&tate **# #xi ####R tl«l o en a tltu en t*  I t  * l# e  wa# oh##r##d th a t  th#  

fjre##4*a# o f  magnesium s u lfa te  w«® ##«#n ti# l for  th# growth o f a t  l« a # t  

fir®  o f  th ese  s t m im  and provided fo r  b etto r  grmrth  In th# remaining



tft*

stra in *  w ith th e  exception  o f s tr a in  mmhmr #4# Although fe r r le  «hlo»  

r id e  was not noted to  be e s s e n t ia l  1% did provide fo r  b ettor  growth in  

§ str a in s#  Calelum e h le r id e  wa# not on ly  found to  be xieaw eessntlal 

'hut a c tu a lly  in h ib ited  th# growth in  th e  m ajority  o f eases#  M th  the  

e o ee p tlea  o f  th e  v ibrio- s tr a in  number 29# so d im  a b le r id s  woo a lso  

notod to  bo nsxt*»eeseabial* Aside froo  t h i s  e v ee p tlsn  so  other • ifc r d fi-  

t u t  c o r r e la t io n  was aot#d in  rogw d to  apecioe *nd i t*  rwqutrnswmt 

for  any p a r ticu la r  sa lt#

4* Xdoatlfleotlon o f cultures#

Ot* i h t  b asis  o f  M orphological# cu ltu re  1 and biochem ical eherao- 

to r f  s t i e s  tho 14 organisms were c la s s i f ie d  aooording to  B tfg ty  ♦ s Manual 

(£b*ead o t  e l#  1048) a s  belonging to  thro# genera# Ri§ht cu ltu r es  wore 

c la s s i f i e d  as members o f  th# genus Aehrowt obe-e to r  a f l^ o  cu ltures#  in  tho  

fo su s M teroeospust on# cu lture# in  the gemi* V ibrio#

A ll sp e c ie s  wore grem negative# noa*»aald fa s t#  nonMspere fa m in g  

ergaaslsms# A ll were enable to  hydro ly e#  starch# l i e e e f y  g e la t in  and 

produce hydrogen sulphide# Indole was s o t  produced and th® "fog®#* 

trookauor and methyl red. t e a t s  w«y« negative# In 1 per s e n t  try p tiea se#  

growth o f th e  organ ises was abundant and th® pH changed from th# I n i t i a l  

7#S to  a pi! o f  about S*4* Th# fo llo w in g  carbohydrates# alcoh ols#  and 

g lu e e s ld e s  were in o cu la ted t fru ctose#  glue©®®# laehose#

m altose# e e lle h lo s c #  suerese# r a ffin o se#  wannitol# g lycero l#  I n o s ito l  

and sa l  l e i  a# Of th ese  compound# on ly  arshines® and ware f«r*»

mented by organisms 10 and SS when p resen t i s  0*5 per cen t concentre** 

tlo n o  in  tryp tloaa#  broth# A ll other eompeuads were found fe# have a 

term inal a lk a l in i t y  o£ pn ?#P# The s ig n if ic a n t  d i f f e r e n t ia l  character*' 

i s t i e s  are showa in  ta b le  6#



£6#

tabus 4

sup p ortin g  tfeo v i s i b l e  gro»th o f  sem« o f  th #  M t |« i@ 8

Compound
pl#roeo#cl mpp I b r io

Sensottt#
3#n sy l * l# o h o l  
%m*«n# tfulfooftb*
cH ^il4«i.ylal«iln#
<*■ *»&«t#glut#r#t# 

ro*yb#n*0* to

p*Cr##ol
F yrogm llol t r i t e « t* b #  
I" d»i«o#itra-fc# 
s#»s#isid#

m»CrmQl
t l# * o r e la o l
$ u l f  ©•# H e y  I a t#  
t&ras&m* a o # t*t#

? r u # to »
$!o©###

C#21oMo#«

v-orsnitol
4 iy© #rol
t f to o lto l

4  4  4  4
♦ )(+ ) ♦
•*•> <•»■)<+) 

4  4s
4

+ + 4
♦  4  4

{*) <*)
4  (4*1 4* 4

4 4 4 4 , 
-4 4  4

<♦) w  w

4  4
4
4

4  4  {4)
{♦) (♦) 
(♦ )< ♦ )

14 4  4
4 4 4

j+) (♦) (+)
[•#*) <4) (4 )  
!♦ ) (♦ ) ( ♦ )

4
4

4
4

4
4
4
4

4
4

4

4
4

4
4
4

4
4
4

4  
4
4  4

4

4
4

(4 ) (4 )

4  4  (4 )
4  4  {4}

(4 ) 4
(* )(+ ) ♦
4  (4) 4'

(4 )< 4 ) 4

(4 ) (4) 4
4  4  4

4  4  4  4  4
4  4  4  4  4
<♦)<+}<♦)(♦>(♦)
4  4  4 4  4

4  4 4  4 4
4 4 4 4 4  
4  4  4  4  4
«•> (+)
4  4  4  4  4
4  4  (4 )  (4 ) (4 )

4  4
4  4  4  4

4  (4 )  
» { 4 } C 4 ) ( 4 ) { 4 )  
4  4  (4 ) (4 ) 4
4 )(4 )< 4 )< 4 )  4  
4  4  4  4  4
4. 4 4, 4. 4
4  4
4  4  4  4  4
4  4  4  4  4
4  4  4

(♦)
♦
4

4
4
4

(♦)
4

4
4

M

4
4

4

4

4
4

4  Oood Growth 
(4 )  *gfe|«rftt» $r##*h

Slagle l&Hoat# »o gjpcwth
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th e  ergenlttne were ebecr^od p e r io d ic a l ly  for  oT#r a period  o f 96 

hours fo r  p e e e lh le  sM rp h e le r lee l change* «ad they never ahcmed hremehed

forma* the Achreaobaeter sp ecie#  were d t*ti»otX y elongated rode and 

gram m egatiref th® polar portion# eta teed  naore in te a e e ly  thee the r e s t  

o f  tit# c e l l *  the m otile  argent*m*» when sta ined  by th# method o f

(X&31) were found to  p o ss e s s  1 to  10 f  le g e  l ie #  P e r ttr lc h eu s  

arrangement wm th e  u su al form noted#

The e e l l  shape remained r e la t iv e ly  uniform throughout th le  period  

one opt for  Achr amobao t  #r meaber 10 which bed the tendency to  .form 

esrtaremely elongated c e l lo  in  M  hour culture**

A ll fourteen  organise® when grown on tryptic#®® aoy agar #len to  

for  a period o f  11 wenthe reta in ed  th# e b i l i t y  t e  u t i l i s e  phenol as the  

oo le  score# of carbon when present I s  th# sy n th e tic  s a l t  medium# 

Furthermore# organism number S'S we® sobeu ltered  on  tr y p tie a se  ooy agar 

s la n ts  on th# ever®go o f  eecry  2 to  S day# for  approxim ately ItO ir s« s»  

fe r e  w ithout th e  t o m  o f  It® a b i l i t y  to  u t i l  le e  phenol#

€# S tu d ies on phenol ox id a tio n  by the C a p t iv e  meohexsism 

1* In flu en ce on the oxygen uptake w ith d if fe r e n t  phenol eaneentratioiiB  

end when d if fe r e n t  e e l t e  were employed l a  washing the e e l le #

In order t e  determ ine whether e eompoond Is  o x id ised  by th e  adep* 

t i r e  mechanism* th e  c e l l s  ■*#*#!& grown on e  s p e c if ic  ecr»®etmd imjsi ahem 

an irssedlat# rcxiwuss oxysrea uptake when manematrieelXy te s te d  age in® t  

th le  compound# In prelim inary experim ents i t  was noted th at t h l e  

Ifffr e d ic t#  maximum uptake sc r ie d  when on ly  approximate c one on ir a t ie n s  o f  

phenol were employed a t  a substrate* Thus I t  we* necessary a t th# out* 

s e t  to  obtain  con d ition s*  c a r e fu lly  con tro lled *  which c o n s is te n t ly



aa*

pro&mmd am 2iw?#d ia i#  oxygon uptake* ’%#n th# ooneontr&blon of phenol 

(fits a subftbrat# i s  Marburg .flank) wa® frost i  /siM par w?2 to  B ju,f

i t  had a carted o f  fo o t  00 d«er**#l&g th* ro t*  o f ©aeygon nprtakn a® shewn 

i s  f ig u r e  2* 1hi« a*t$* although mat a* w a ll marked in  th# lw « r

###©©ntratlona* v«« noted wk#© the ##22* war* washed w ith #« rt* in  #* lt#  

prm m nt in  th# phosphato hmffm* aoluticm# '^h#o th* #*21.8 w#r* *a®hed 

ai&2 r*suspended i s  on ly  th# i i/ lB  phosphate buffer# t hmrm oaourrod a 

lower ra t*  o f  oxygen uptake in  ©oxitraet to  th a t wham th# © oil* w «  

washed with a ®alt»pho $ph at® stlntur©* th* a alt® used were ferri©  ch l«»  

rid## sodium eh lorlde# »*|pi*eit*ft s u lfa te  and calcium  c h lo r id e  in  eon* 

oentF atlon s ae th a t «®#d in  th# c u ltu r e  nedlura* Later work Indio*tod  

th a t on ly  sotHu* ah lor  id*  magneelu* n u ll a t#  w*r# required in  th# 

phosphate b u ffer  so lu tio n  whew phenol wa* used a* th# substrate*

2* 3 * t# m l not ion o f  tint edaptlv* ox id a tion  p attern s o f  th#

14 organisms*

On* o f  th #  p r in c ip a l alma o f  t h i s  work was to  e s ta b lish  the posci*

M i l k y  th a t  phenol © xidatieii was T ia  th# ©yelephoras# sysicrs# In order  

fo r  th i s  to  be r e a l i t *d i t  '*** apparent th a t  an organism had to  he 

®#le*t#d which o x id ised  phenol by th* adaptable* mechanism* fh* 14 

organisms war# f i r s t  grown i s  th e  hasi© s a l t  medium eontainAttfc 0#00$ U 

e th y l  nleefooi to  o b ta in  s o -o a lie d  *wnadapted ©oil®**# These ©#12® war# 

her*#*ted  and t e s t e d  m anow etrieal2y a g a in s t  2 J&K phenol* As shown in  

f iS « r *  3* a l l  organ!sne showed a la g  and t h is  in d ica ted  t h a t  a l l  14 

organism® had t o  adapt thorns#lu e s  to  th# phenol in  order fo r  th© phenol 

to  he attacked# The len g th  o f  tim e th a t  e lap sed  b efo re  a mxismM r a t#  

o f  ox M at! on ooetrrod waried mmng th e  organisms# I t  ©an b# mmn fra*



Ohm graph t h a t  8 o f tho 14 oreoaions (Ko«s 10* 69* 73* 77* dl* iS* $?* 

#4} shew a ty p ic a l  lag  rmfigtmg frcm 6© to  100 aslant** then th e  e ! i t r « »  

t e r i e t i e  exponentia l r i s e  in  caeygea uptake* The other * ix  organise**

©heat a Kiaoh -longer lag* Sim ilar unadopted e e l l s  w#:r# predaced whoa the  

erg*©!*©** *f«ro -grow© in  0#05 per ©oat tryp tleaee*

ifhim* h § t f f a ? i  th o  o r r a n is© *  w e r e  g r e e n  l a  t h o  h a s le  nedtia* ca n *  

ta ia in g  0*000 t* phomol a® the s o le  sour©® o f  eerboa* «a4 te e te d  m&®» 

a e t r i e e l l y  a g a in s t  p h m m t  % d i f f e r e n t  p a tte r ©  wag © b sereed *  l a  t h i *

$ & m  a* shown In f ig u r e  4 * 9 e f  th® 14 organisms (Boo* 0 * 1 0 * 0 6 * §0 *

60* SB* 117* 90* 94) eh owed mm I r a d i a t e  and maximum rat® ©f oxygen 

uptake a f t e r  t h o  a d d i t i o n  o f  2 j m  o f  p h e n o l *  I©  r e g a r d  t©  th e e ®  nine  

erfpRtitK** 0  o f  which are Aeheowoibeotor &mS mm a  Kleroeoeoue* th ®  

fin d  lags- a t  t h i s  p o in t in d ica ted  th a t the ox id a tion  o f phenol wa# 

brought a b o u t  b y  ad ap tire  ensyaeee On th ®  o t h e r  h a n d *  t h m f i r ®  e t h e r  

or coal m e ( l o t *  29* 69* 7 S *  77* 81) bsfeered l i f e #  t h #  preeiotui traedapbed 

e e l l s #  her# th ey  d isp layed  the «*»# I n i t i a l  la g  follow ed by a© exponent 

t i a l  Inereaee o f  o x y g e n  uptake* 2a r e g a r d  to  t h e s e  f i v e  organise** th ®  

fin d  lag® in d ie*  to  th a t other fo e  tore# ctteh mm perm eability* prevent 

th e ir  use as to o ls  for  th# a n a ly s t« o f  m etabolic in term ed iates of.phenol*
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m 9

0# Th® r#l« of th# oyclephera*# is phenol oxidation

I# €Kyi«a of th® eyelophwr**# eyet®  em pm m d*

b f  .ifawmt&isrotm ##11*•

It h#« h«#n ottabllgHail th a t th# oxidation of phonal hy a majority

#f tti# organ!***# tindor #twdy waa imdor adopt 1%*# control# In addition

fir# of th#*# organism# -«r# ».bl# tn utlll*# #1.1 o f tha ootspotaisd# ohloh 

an# an##pt#d a# component# nf th# eyolephorfts# #y#l#« On th# b##l# of 

M i #rld«ne# on# organ! *m, Aohrewobaotor #p« number 88, wa# ##l##t#& 

for th# porp#*# of dotoiw&nlsag *by ftlmaltanoou# adaptation whofchar th# 

oxidation of phenol ooetrrrwd iff# th# eyelophorat# eyolo#

A# p roriou a ly  #t*t#d in  th# h is t o r ic a l  portion  o f  th# &t##l# (pag#

l ) i  a postu la ted  expound w y  b# considered a «§#t*boXto in

th# ox id ation  o f  ph«n#l I f  th# phonol grown c # l la  »ro #lnwttan#«*a#ly 

adapted fo r  th# ox id a tion  o f  th# p ostu la ted  #catp«i*nd» Whaia th# c o t s -

pounda of th# oyeiophew*?* c*-*el# war# t# # t# f  for  the pr«*#^e# o f  Hit# 

s*##h#Ri#r I t  wa# obaarwad th a t pymnrato, trie©ln a t« , f tm r a t # ,  ssalab#, 

and oxalaoat&t© war# a l l  oxtd!«#d ml an lama&iat# swixim m . r a t#  ~ f  oxygon, 

apt#**# m  shown in fig u r e  ts* tn con trast to t h i# ,  «*-k atog lu tara t# ,

©S t r o t # ,  # l# » a G # t t t t* ta ,  1 aan ltra t#  and forwat# d isp la y # !  a d i s t in c t  

initial 5 sg  w h ich  w as fo l lo w e d  by an e x p o n e n tia l. l i te r # # # #  in  oxygon  

upt&k# a# #h©*m In f lg u r #  €*

2* £feyg#& w ptak# o f  th #  cyw lap fearaa#  o y o l#  compound# by  

a a # t a t « ,  c tte a in a b o , mod e l t f w t a ^ g r a r a  © o il s *

ratios a t  mtyreis uptnkc o f  th# vwrlous compounda of t v*w #yolo»  

p h o r a s#  cyetam  by o # l l #  grtwm on p h o n a l wr# I l l u s t r a t e d  I s  f ig u r # #  8



and 6* f h i *  in f o m a t i a n  *uypl#*R«mfc#d w ith  th #  r a t a #  o f  ox y g a n  a y ta k #  o f  

the® # onagMrauid* toy unadaptad  o * l l o  ind  lo a t# d  wM oh o f  the®© 6«®poi«nda 

^@r@ u ln u lta n a o n a ly  &Aart#d. © © sord ine t o  th #  o r i g i n a l  prosit ##e#  In  t h l#  

w<srfc nna&afjt#d © a ll#  * * r #  © fetainad by , r a r in g  th #  o rg a n l# ®  .In i n

w hteh  sod  in n  a a o t a t #  t t s  th #  o n ly  so n r c o  o f  oarfeon# I t  ®a:s '-bo §##n fro®  

f ig u r #  T - th a t  o i t r a t a *  o ia ~ » © o m ita to #  l a o o l t r a t # #  <*-k < * to g lu ta r * t«  and 

y h a n e l a l l  «howad an i n i t i a l  t i n s  r a t #  o f  o x id a t io n  fo llo tr n d  fey an 

# x p © n # a tia l I n e r a a ta  t o  » ‘ttaxisswsi r a t#  o f  o x id a t io n #  th #  p o s s i b i l i t y  

t h a t  th#® # # lo ir  r a t # #  o f  o x id a t io n  w » f t  n o t  d o# t o  a y a r a a a f e i lH y  # f f # # t  

>®a® ru lcx l o u t  -whan an l n t # r ‘ft*41*t# maximum r # t #  o f  © xi ' a t l a s  was ob aar»  

##d  whan th #  ©onsyoujsd w a# w iM m # t r l« a l ly  t# # t# « i toy o ® l l t  ?r«rrt© o*ly  

S**«m o r  -th# s p o o l f i o  ©oa^mnind• t h l a  i #  n a tod  i a  f lg u r *  S# B##au«« o f  

13ha mark#4 sM Urity of all th# eoapô nd# in  fhi# typ# of r«®*atios# 

o n ly  tw o ecRopoaiid # a r #

tn  oontraat t© th is*  p jrw m to ,  auooinatog famnrat** ®&lato* o x a l-  

aoatat#  and aeotat#  w #r# a l l  ©xi<ii*«& w ith  i n i t i a l  r a p id  maximum rata#  

fey o # l l s  grown an  aootab* wadiwet# Tfei# 1# l l lu a tr a fo d  in  f ig a ra  f*

f o r  th® pnr^m m  o f  aaf&fel lo s in g  whothor e ltr a ta *  la o e ltm te *  © !# •  

a# on 1 ta t#  and c** ka to  g tutor© to  war# #. d la id  not groap oorsplatoly dimre-adi 

frwn th# otfear ad ay tad cdeponad## th# fo llo w in g  axpariwaist# war# m i# r »

th# ©#l l% provioualy grown an o ltra ta #  war# faatadt n on e® #trioa lly  

© gainst r«pr###atati#*  ©oisiycrand •  fro® both group® o f aostyoand*! and In 

Ilk® naimor# th e  compounda w r #  toatad  toy ©oil# grown on mao® t rata#  

th# r# malts o f th«#a axp#rh*«mt« ar# i l lu s tr a te d  In flgoraa  10 and 11#

I t  ear  be soon th a t  o itra t* #  is o a lt r a to  and ol**a0 an£t&t# wara a l l  slisu l*  

tanaooaly ad ay tod and sooelnata* oc- k a tog lu tarata  anti phano! showad
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44*

d is t in c t  i n i t i a l  lag  pha*#a* Witti .suocimat# grown e o lla *  m m m im t a ,  

iso la te  sjk! pyruvate war# a lsm ltanooualy adapted ins: th a  

e lt r a t o  .group ahewwd & la ck  o f  adaptation*

-* O ^iifsrm tioB si o f  p h # rio l* |5r©wn ee l'li?  ®n tka adapts tier* 

o f  other e lo a o ly  roXated aromatic c#sip©UBKSa

Xm aaeord w ith  th.# pwm$im-B th at whoa phoaol^grcnm c a l l s  war# 

alm ltanoouoX y adapted to  #th#r compounds I t  wt* assuaed tha t thooo 

oosa^ouacl# w#r« m etabelie  Intojrme&lafeoo in  phenol oxidation* f i t h  t h i s  

la  Ti#w f*p#rim#8ta war# eordweted to  determ ine h<wr mmmj o f th#  erasab le  

eeitpmaxt# whieh supported th# grewik o f  th© organism AohroRolMMitor «p* 

(#S) were a im l  ta a een e ly  adapted#

I t  waa o f  «obi# In te r e s t  to  aot« th a t o -er # » o l# sa~«r#e#l# p -ereool#  

pheayl a eeta te*  roeorein e l*  hydroqtttiKme nodi c a te ch c l were a l l  ox id ised  

by plMwtel«»j|r0WB c e l l s  w ith as© teased la te  mxliairs r i s e  la  oxygen uptake 

and thus considered to  be alim iltaaooiialy f%#thor th i«  oxide*

t i e a  wae due to  e a e i t i t a t lT a  or adaptive entyaee warn not determined hat 

th# im reetlgabione o f s to n ie r  {X§40# ISSO) wo^iM in d ic a te  th a t  th ese  

c<tfo im Si in  #11 p r o b a b ility  were under adaptive con tro l*  0$i#r ©on* 

peuale* a l l  m m r& tfm ti& g  * m m  d egree of an I n i t i a l  lag  er# recorded in  

ta b le  T#

f k m m  oonpouado which w ere con sid ered  o h em lea liy  u n sta b le  (reeor*  

© i» o l# © ateehol* hylrequtnatMt) w ere t e s te d  m *ne»#trio& lly  fo r  ©xjgwa 

uptake by b o iled  © e lls  and v ia b le  © ellc*  Tt*o#e ©onta-inin/.;' th# t o i la d

c o l l s  gar* no in d ic a tio n  o f  aa oxygon uptake and thus th #  p o s s ib i l i t y  

o f  epentaiieotift ox id ation  was ru led  out*
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th e  fa i lu r e  to  m y  in d ic a tio n  o f  growth on a*QQ¥ fi phenol

by fm zr  known strain®  o f the genu* %eepInBa la  in  d ir e c t  e o a tr a st  w ith  

th« fin d in g*  o f  th e  o r ig in a l in v e s t ig a to r s  (bray and Thornton, l i f t } #

1% I#  a* tuned th a t  a t  0110 t iw e  th o se  s t r a in s  p o ssessed  th# a b i l i t y  o f  

g r« o iR | an p h en o l, 'but c u l t iv a t io n  o f  th #  organism s i s  th #  absence o f  

t h i s  e ompeand o*mr a lon g  p eriod  of tim e ap p aren tly  eawaed them to  lo t#  

t h i s  e b lU ty *  S t e l la r  o b se rv a tio n s  were rep orted  in  th# u t i l i s a t i o n  o f  

hlgjher hydrocarbons 'by b eeb er la  (S ton e, Pfenske, mad " h it# , i t 4 t )#

She phenomenaa o f  permanently * la c in g 11 a fun ction  th a t th e  ##11 

p rev io u sly  possessed  i s  not d isp u ted , but I t  d e f in i t e ly  r a is e s  th is  

f@p#rtm*it qaeetlen* I f  a genus i s  based prlmur J ly  on a bieehew ioal 

fu n ctio n  which i s  s o t  p a r t ic u la r ly  s ta b le ,  do## th# eh a ra eter in a tio n  o f  

th# £a»us remain v a l id f

The con ten tion  th # t the d e sc r ip tio n  o f  yyooplsim  i s  so t  based on a 

f i r s  foundation i s  farth er  strengthened by  the fa llow in g* (1) the  

a b i l i t y  to  grow on phenol I# a eenmoa fu n ction  o f  many other b a e ter la  

and i s  not confined  to  any #p##lflo- genus, Some o f  th# genera which 

3*os*ess t h i s  property o f  growing on phenol and which are not yeoplena  

are Pseudomonas, ¥1 eroeoee us, ¥ lb r io , £fye obao tor  i  an, S satsrlsm , ®M. 

b a c illu s  (Oray and Thornton, 192$§ S ton ier , 194$ t fc w lc r , Ardsrn, and 

toeketb, 1 9 1 0 § Egorova, 194 6  j Happold and ley, 1 9 3 3 )« (2 ) In general,

branched s e l l s  w ith  the a b i l i t y  to  grew in  phenol ha"## not been Iso la ted
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w ith  frepuaney i f  a t  a l l  lit  tfcl® study or any eth er stu dy  reported in.

the lite r a tu r e *  (3) arcwrtfo &m phenol %rmn m t  corre la ted  w ith eth er  

e h a r a e te r ls t ie s  which would serre  to. d if f e r e n t ia t e  th e se  organisms from  

th ese  ©f other genera*

In the eu an tita tie©  e s t i is a t ie a  o f  til © u t i l i s a t io n  o f phenol* i t  was 

noted th a t a l l  14 organls^e* w ith the exeap tlea  o f  c u ltu r e s  58 iM. SG# 

u ti U sed  w est o f  the phenol w ith in  th ree  Amy** Organism 85 was the meat 

rapid its th is  a«p«at awdl u t i l i s e d  w est ©f %k# jphaaol in  24 hours* These 

organisms* hewerer* did u t i l i s e  # j m !  a t  a ssueh more rapid ra ta  then  

tb igpfti by  other in v e sts  gators* For instance* Sray *®d Thornton CltiS) 

reported th a t tli# average rat# of u t i l i s a t io n  of phenol was from f to  14 
days* and Csejcalowaki and Sfcersynsfci (1848) roperted an average o f $ 

day#*

Again w ith th# excep tion  o f c u ltu r e s  58 and 60* a l l  #rg«m!»s« pro— 

duced seme acid  in  the degradation o f  phonal to  change th# pH from  7*4 

to  8# ft*

In th e  u t i U i i t l a i  o f  th# var iou s r e la ted  aromatic compounds* there  

are © artein c o r r e la t io n s  and r e s u lt s  th at deserve mention* I t  l e  ©to- 

served th at thoe© organism# are not m erely confined to  the n id a t io n  of 

a s in g le  substance l ik e  phenol hut in  fee t*  when a l l  o f  the organisms 

are considered a# a group* th enar©  capetol© o f  growing i s  the presence  

o f  « t  l# a e t  80 per ©envfc o f  th e  e th er  c lo s e ly  re la ted  aromatic eoetpouisda

tested #  In general* th# organ ises w#r@ unable to  produce v i s ib le  growth 

under th# se n d itle n s  te s te d  on saturated r in g  eenpeuade* diphenyl c©js- 

pomade* or eompoimda la  which th.® hydroxyl group wae su b stitu ted  toy a 

ehloro* amino* or a ltr o  -group* th e  ad d itio n  o f n itr e  or a lk y l groups 

a le e  tended to  prewest growth# I l lu s t r a t iv e  o f t h i s  poin t I® the ots«sr» 

watfen t h a t  fJltrophenole* 8*6»dti*ethyl phenol* diamyl phenyl* »;««! © reinol
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do not cugsport growth# tli# presence o f  ®oro than mm h j ^ r m y l  group «m 

the r in g  made the osmpmmft la s s  r e a d ily  m m liab le  as I t  $kmm in  the  

e a t#  o f  catech ol*  roooretnol*  p h lcrog lu etae l and yyroga llo l*  fh eee  

r e s u lt*  are in  general agreement w ith  the f in d in g s  o f la resb tg a to rs  

working with spoole* of Ml^cmobaotor amd Tibrle (llmppetM. and i#y* 19521 

tfmR®* l$47f Gsokalewckl and ftfearsynski* 1946)*

Obaerwfcions on the a b i l i t y  o f  any h a e tsr lm  to  grow i s  th e  pro* 

eenee o f  o ther ch em ica lly  re la ted  eengteuml* serves to  screen th e  mmbep 

o f  ecnpeuads which may be considered a® pornoib le  la t  arced la te c  in  sny 

ox id ation  process# However* I t  i s  enphesised t h a t  th ere  «r#  e e r t s i f i  

d e f in i t e  l im ita t io n s  to  t h i s  typ o  o f  experim entation and grew^i alone  

attouU newer b# considered « t  eoxseluslwe port t i r o  eeld en se  for  th e ir

a® an interm ediate# 'It might be s b a t t h a t  u t i l i s a t io n  o f a 

eertpeund in d ic a te s  th a t th e  eestpeund ««» bo on in term ediate  but look o f  

u t i l i s a t io n  by  bo means im p lies t h a t  th e  compound cannot bo on in ter*  

mediate# Thin i s  beeed on th e  assumption th a t  c e r ta in  wmtmbl e  cobs* 

pounds on spontaneous o x id a tio n  produce tostle substance* before the  

organism Is  able to  a tta ck  th e  o r ig in a l compound but uxidor quick #s®y* 

matte c o n tro l thee# to a lo  ■ std>etaaees do not accumulate to  any proet 

extent* Another cK plaoatlon In th e  poaalb lo tendency o f  -certain  eom* 

pound® to s u f f ic ie n t ly  em p erete  prmtucisg a aubmiaimal q u antity  in  the  

£*edlum* In t h is  study fo r  instance* i t  was obserrwd th a t ca tech o l did  

not always support growth o f the orgenl«t% y e t  when oxy m  uptake was 

determined by the adap tlre  eiancsBctrio tech n iq u e  ca tech o l i t i  4 o f In i to  ly  

u t i l is e d *  In th e  fem u r  oaoo when growth s tu d ie s  were considered cate*  

ohol could not be considered a p a ss ib le  interned la t e  but th e  f a l la c y  o f  

t h i s  was shows, by the l e t t e r  technique* The same belt awl or was observed 

w ith  r e e c r e in e l end hydreqolttone#



Th# pr###*ae# o f  a si«&X# hydroxyl group or a© alip feati#  iM # chain  

appear#d to  aid in  a 1 louring th# r in g  soApound to  support good growthf 

h#i*#tr#r# it ' must b# sgphaslssA  th at th is  property i s  d e f in i t e ly  lim ited  

by th# number o f  th#s# group# and fey th# p o s it io n  i s  whiah th«y ar# 

arranged ©» the ring* Inoramstnf; th# auahar o f  aid# groups hod th#  

t»ad#«#y to  d##r#«s# th# p o s s ib i l i t y  o f  g r w ls i i  on th# «#np#uand* For 

«9ea#pi«# phanyl * s# ta t# # whloh p«« •##■•# ©aXy on# #*#t*t# rad toal on the  

rin g  allowed good growth o f  n i l  14 organism# wh#r#a# th# ad d ition  ©f two 

or per# a e sta t#  ra d io * !# , as i s  p y ro g a llo l t r ia e o ta t# ,  r e su lted  in  

growth o f  on ly  8 organisms# The p o in t in  a lso  shown. wh#n th e  ring- #©**» 

ta ieod  on ly  on# auXfonl# gr©«p as In b#is.*#»# *txlf#al# sold# E«r## XZ 

organisms grow w all on th# oosspcraxKlf fommmr*  whom a oarbosryl and a 

hydromyl group #r# added to  t h i s  mating i t  sulfas** 11#y l i e  sold*

only  3 organisms war# able to  grow w a ll on i t#  th# a b i l i t y  o f tha&a

organisms to  grow on ©cw^otaiefs oontalnimg a su lfo n ic  group was eeasldorod  

a lg a lf la u n t in  f i « f  o f th® appurvnt t o x ie i t y  o f  t h i s  group and th#  

reported fa l lu r #  to  support growth o f baaioria*

The Imflneis## o f  p o s it io n a l su b s titu t io n  In th# r in g  was b#*t iliue** 

tratod  w ith th# or#«oX# and dihydroayX eompouads# "Itli th# #r##ol#  i t  

wo# #fes#irr@i th«.t in  th# perm p o s it io n  th# gar# b«tt#r  growth

than in  # ith # r  th# ortho or i»#ta p o s itio n s#  This s« i#  prefer#®## fo r  

para p o s it io n a l compounds was not shown in  th# as® o f  th# dihydromyl 

oompoun-#• In th# dihydroxyl compound# th# ortho p o s itio n  (aatouhel)  

gar# b e tto r  growth than e ith e r  th# s?eta (r e so r e ln o l)  or th# oar# (hydro* 

^ulnon#) eentpouB'-i #•

Th®## r e s u lt s  would In d ica te  th© higher s p e c if ic  nature o f th#  

maehanlsm Inroleed  In th# d#jgradatlen o f  aromatic compound# by bacteria*
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This con clu sion  i s  supports^ by th® ®bmnmtl®M  th a t w dm r  addition#*  

#wb#tlt«tiea« ©r d # l# tle iu i of slmpl# radicals 1© th® Flag ghostly alter 

tb# ©'©11 tty ©r th# ooapouM to support good growth ©f any iadiridwal 

baotorittn  torfcod#

Th# n#a##*?lty o f  ##rtai*s ton* fo r  th# growlh o f  th### crgoTism* 

wo# p r e v io u s ly  ta b u la ted  f*mI i t  w i l l  b* n#t#d th o t  &tp#b*#sltiai fit©#*

ph*t# ©nd m sgaosiaa # » lfa t#  w«r# g e n e r a lly  r##uir#d by ©11 organl***#

TH# ©bserratloa th o t  th# medium d##©id o f  d l pot* •aim# phosphftt# #111 

not «wp?#rt th# growth o f  any o f  th# ©rg#al*»## •##»  whoa th# pH o f th#  

»#dl*» wm# adjusted w ith sodii*!* hydrogld#* would Ind io#t#  th# n##d o f  

w ither pho*phat«* or potassium# ®r##a# B«rb#rt and 3ubr#h®a©yaa ( I f 40) 

r«p©rb#d th a t  m agaosim  or sukagaa### ion# w©r# required for  Marfeexyla## 

ostS w ity j thus for th# #«*# r©##om# i t  i«  assumed th a t noguoaiuea Ion# 

nr# rooutrod by  th# organ I on# la  t h i s  study# fh# marked in flo o a o #  th a t  

s o s t  o f th,©## om its had ©a th© ©*yg«n uptak# o f  ph#«©l fu rth er  suhstaa*  

tint© # th# n««d o f  th® «p«#ifl#d  s a l t s  i s  th# growth o f  th### organisms# 

f t  ©on b© ©baorood from fig a r#  1 th a t © all#  which *r« w«#h#d mod 

r#suspended in  phosphate b u ffer  p lu s th# a s i t #  ss#go##iis& siilfab #  and 

•odin# e h lo r ld #  had * aar© rapid  r a t#  ©f ©xyg#a uptak# than  th #*#  c o l l s  

which ar# washed and rosuspondod o n ly  in  phosphat# buffer# A a la l la r  

1a cro ss#  in  r a t#  car b# ©btorrod whoa th# concentration  o f  ptieasol i s  

«¥##r#*##£ from ® jxM t#  f  i*SS#

High ©#»e#titrati©R# o f phenol (B >#Sf)' and washing th© c o l l s  on ly  l a  

phosphat# b u ffer  so lu tio n  r e s u lt  in  r a t# #  o f  ©aiygoa uptake which mate#

I t  appear th a t phonal i s  not ©wldiaod by th# adaptlr#  proa#*## th is  la  

©f o*tr©ts# importon## whan t h is  t##bniqu# Is oisployad to  d#t«ra|ji#  

p o s s ib le  m etabolic pathway## In th is  p a rticu la r  css® wh#n d jas! o f
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phencl wwr «*sd th# I n i t i a l  il«w  ra t#  o f o x id a tion  would iwiftediately  

in d ic a te  th a t phenol degradation could mot be in v e stig a ted  by th# ^ o *  

ees* of sim ultaneous adaptation* Another e ta #  in  poin t can be o 1 tod 

fro® th# data presented by ®mn* (194T) to  which he attempted ta  eon* 

psr# th# ra t##  o f  oxygen uptake o f phenol and ca tech o l*  H# at#tad th a t  

a d e f in it#  la te n t  period wa# ev id en t w ith phenol a# a su b stra te  but arm# 

absent In catech o l*  th.# phenol ##iie*B treti#a employed by *hrana was 0*8 

mg per ml bat a# shown In th is  study* lower o c fto m tfs tlw is  o f  phenol 

causes a more rapid ra t#  o f  cmctdatienf thu s tomne mmf ha## shown 

erroneously  a la te n t  phase i n phenol oxidation*

Om o f  th# main cb jee tiv # #  o f t h i s  th e s is  i s  to lad Seat# toe p o ss i*  

b le  in term ed iate  r o le  o f th e  eye loph eras# e y e le  compounds* I t  la  shewn 

t o s t  th e  organism used to  t h is  study o x id ised  phenol, c itr a te *  e ts*  

aoeititato* iso o itr a te *  ^ -k cteg lu ta ra te  and forn ate  adapt! valy* On th#  

other hard, th# o x id a tl on o f  succinate* fumwrate* malet#* pyruvate and

o x a la ec ta te  could net b# shewn to  be under adaptive contro l*  According

to  the o r ig in a l theory on ly  th ese  ecsRpoends under adaptive c o n tr o l can 

be need to  obtain  evidence o f  the p o s s ib i l i t y  th a t th# postu la ted  eon** 

pound .actu a lly  i s  a ® «t*h«lie Interm ediate* Ihus i t  c le a r ly  eon be seen  

th a t one o f  th #  b a s ic  d i f f i c u l t i e s  in  t h i s  work i s  to  ob ta in  unadopted 

c e l l#  for  th e  purpose o f  detem dning the adaptation  p atters*

On th# b a s is  o f  to es#  r e s a l t s  c itr a te *  c i# * a eo » ita t# *  Iso# liars to* 

cc- feetogltrtorake and fo n s s ts  can set p o ss ib ly  be members o f th e  r e se t!a n  

chain  in  th e  breakdown o f phenol* ?1o#«eer* to# p o s s ib i l i t y  s t i l l  e x is t s  

t o s t  su e d  note* fumerabe* malate* pyruvate and oxalaeetahe can be 

members o f t h i s  r ea c tio n  chain*



The## nr# th #  aa ly  eaaelusloB# th a t ea» b# r###fe#d eo m o r^ ia i th# 

vtm pv,m&9 o f  th# ey# l#  as* th# b a s is  ©f 1ft# fteats&ulftb#d ©ridam## I t  

i « # hawarar* important to  m m lt t#  th a t  th# f a i lu r e  to  ds&o&stret# th a t  

th# aoapoun^s war# p#*sib l#  t®t#rm #4i#t#s ootiM hair# b«#n 4u# to  export*  

»#ist# l prooadur## For example* i t  in  fen### th a t  under e o r ta in  

tlo n #  v&ricm* hydrogen tt#*#pbors must h# pr##*»t or p o ss ib ly  «m»# 

#©#a*yw# or ion must b# reetorodl a f te r  th# washing prosed **r# fa r  the 

r e a c tio n  to  b# in it ia te d *

Th# observation  th a t  ©war©##!* sr»or# a« !# jHareaol.* ph©nyi a c e ta te ,  

resorolxsol* hytraqulnan#* and ##t#eh.ol w#r# a l l  s imttlt*n#ott#ly o x id ised  

fro *  phonal grow® a #11# rat##® th® qu estion  o f whether the## ©©ssj»©uk4® 

gh««Xd b# considered netaboH e in tern ed i* t«#  in  phm & l d«^r#4#tlo»a  

By In sp ectton  o f  th #  ehefttoal structure* th# e r e e o ls  m €  phenyl oeeta t#  

ennnet l e g i e e l ly  b# considered as in te r r e d lo t# « | whereas resorotjaoX* 

hytfroouiitos.#* and ea teeh © ! eo n  b# #© ##a#14#rsd« Th# ia ja ed ta i#  oxygon  

uptake in  th# © reso ls and $h#®y! e o eta t#  •* *  b##t be explained  on th#  

b a s is  o f  two a©f*e#pt#* 3»# i*  th a t a oonsaen in term ediate assist#- in  # 

r e v e r s ib le  rea c tio n  bets#**** th# ox id ation  o f  phonal .and th# o x id a tio n  

o f  © resole end fshe&yl a e e tste *  Th# other exp lan ation  i s  th a t  phono! 

i s  «m in term ediate  i® th e  ox id ation  o f  e r s s o le  and phenyl and

the s lo e #  s im ila r ity  i s  ^trmtuQrt #cm##s th© phenol grows s a i l s  to  

o x id ise  s r e s o ls  and phenyl a#©t*bs sim ultaneously*
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m m m m m n

A ttend&rd lin e a r  graph was obtained for  the c o lo r te e tr io  e#tln*»  

t l e n  o f  phonal In cu ltu re  wHidie# s te d le #  w ith four bnenm eeeete#  of 

^yooplonn f e l le d  to  in d ie e tc  «ny growth on ^i«no2« Bmmxm  o f th in  nisi 

nth or reetoti# the emp!i*#l# o f  the e h e re e te r l to t  le a  o f  the genu# Mfreo* 

plane we# queetleaed*

Fourteen orgenie®# e#pebIn e f  u t i l i s i n g  phenol, wore stu d ied  for  

t h e i r  a b i l i t y  to  grow on. i f  ehessicel compound#* $ i* te e »  eempoittaio 

^supported $h# growth o f e l l  M «p#el#»# w h ile  4S eewpeuade dM not 

su p p o rt th# growth o f  any o f  the orgenl«s*e#

Phenol u t i l i s a t io n  by th# 14 organ I#®#* no determined c o lo r  ime tar 1~ 

w U y *  w#« co rre la ted  w ith #» Im reee© o f growth (tu r b id ity )  am! a 

d ecrease o f pw fro® 7*4 to  §♦#* A ll organ ises reta in ed  th# a b i l i t y  to  

u t i l i s e  phenol # ft# r  1Z0 tra n sfer#  on a m n ^ h t s s l  ooa to in la g  stadium*

On th# b«#l# o f  growth on th# 8? ecngpeiiia'is* th# fo llo w in g  generiw* 

11 ##t I cm# m y  be madet Saturated r in g  ecetpotmd#* 41 phenyl eon pounds 

or phenolic ring eewpoan4s hewing #. oh lo r e , n ltr o  or amine group 

attached do not «wpporh r i s i b l e  growth under t e s t  condition® ! lik e w ise ,  

in crea sin g  th e  nvmbmr of #1.4# group# tended to  decree## the p o s s ib i l i t y  

o f ftrtmth os the casgxnuid# th e  in flu en ce  o f p o s it io n a l su b s titu tio n  ©a 

th e  r in g  we# observed* w ith th e  crew els* th e  pars p o s it io n  e l  lowed 

b e tte r  growth. then e ith e r  th e  ortho or wet# p e tit io n *  However* w ith  

the dlhydrcotyl eosapeund# th e  ortho pool t i e #  supported b e tter  growth 

then e ith e r  o f the other two p osition #*  F ire of the 14 organ! w&# were



§4*

eaj>*ble o f  g r o w i n g  i n  a i l  o f  the e«w$Hmeiste o f  t h #  c y o l opheraee eyele*

She eeaeatla.1 s a l t  requlreaeH te were determined by obaervtng t h e  

grow th  response i n  » ed ie  which varied  in  o o ® p o « it io n #  I t  wo# noted th a t  

pheephete# were e s s e n t ia l  f o r  a l l  o r g a n !ana and wagne sites was e s s e n t ia l  

f o r  the grow th  o f  a l l  but on# epeeiee# Ferri© ch lo r id e  wee not essen-* 

t i a l  but p rw ld ed  fo r  b e tte r  growth o f t  s tr a in s  whereas ca lc  1 use 

eh  lo r  id*  we# - noted to  be p a r t i a l l y  i n h i b i t o r y  In ®o«t oases#

Of th e  14: o r g a n is e s  em ployed  in  t h i s  s tu d y *  S -wore e  l e e s  I f  l e d  in  

t h e  m s &ehr oetebee t e r  $ b i n  th e  p m s  M lero eee e ttS i end ©so in  the  

gmmm v ib r io *<*nm • mrrw I SifUl WfMi

S tu d ies on phenol ©xl-1fttl©& w ith regard to  the adaptive igeehanlsft 

revealed  the fo llow ing* teereaein g  th# con cen tration  o f phenol (sub* 

e tr a te  in  Marburg f le c k )  f n m  Z to  S is ier eo e le s  prod need a s ig n if ic a n t  

d eerease in  the r e t#  o f  oxygen uptake# The higher © cncentratlone o f  

phenol used© I t  appear th a t phenol wee not ox id ised  by 'fee adoptive  

process# In addition# c e l l#  whieh were w aited and resuspended in  phes* 

■phot# b u ffer  plug th e  g e lt#  (siagnestun su lfa te *  sodium ch loride*  ferrt©  

eh ler id s*  calcium  ch lo r id e ) caused a greater r a te  o f oxygen uptake than 

those © e lls  which were washed and r e suspended only in  phosphate buffer#  

O xidation of p h e m t  by the 14 organism© revealed  th a t 9 aere under 

adaptive co n tro l and § were not under t h i s  eon trel#

With the techn ique o f sim ultaneous adaptation* the eosKponents o f  

t h e  ©yelophorase system were te s ted  for  th e ir  r o le  a# In terred ia te«  in  

tli# degradation o f  phenol# the compounds tested #  <*-teetogInterate*  

c itr a te #  « l S"»aeonltate# I s o o it r s t e  and f ornate w ere ox id ised  under 

adaptive con tro l#  These tame ©ongpcnmde ml so were .not sim ultaneously  

ox id ised  by phenol grown c e l ls #  c?;ith  t h is  evidence i t  would c o n c lu s iv e ly



lxxU eat#  th a t  th e s#  oonpouiida w i  not p o sa lb l#  i*st«rat#di*t#o i n  p h m m l  

oxi a sit Ion *

Xn eon traat to  th® mhmrn# th# adapttv# pro##®® could mot b# daman* 

atratad in  th# ox id a tion  o f  pyrin*t## auaei&^to* ftM roto*  ^ a la t#  nod 

ageoiaootAt#* Thao# compans®? % howrrar* w#r® alasttltanoously oxldlaad by 

honoX*»$ravs a a lla *  ^hothar th ia  o x id a tion  could bo atbributod to  th# 

proaanoo o f c o n a t itu t l  ra s r  adaptlaa ostymo a a t iv l t ic a  raaalnad oxxksowiu 

U n til a d e f in i t e  taaahaaiam i s  uaaovarad* th# ad d on ## , t ^ j  t s o t  aoa* 

#Jii«1t«i i« 3 te« t# 4  th a t  th### ©ompounda « tr §  p o ss ib le  ootabolt©  listor*  

stsodiataa in  th# ox id ation  o f  phonal*

I t  i#  #X#o noted th a t y re la ted  ir o m t lo  aonpotisida d f f  farad

in  th o ir  r*taa of o x id a tio n  by phanal*graira ##11®* fhooyX a a o ta to , 

oworoool* sa^araaol* roaaralJiol9 hydro^oiiio»« and aatoahol

war# a l l  sim ultan eou sly  oxidixad by phenol*grown c e l ls *

fit# fx p lf ls it itm  of th ia  adaptation to  so many aronotlo  aat&foua&la 

ohieh  or# not lo g ic a l ly  eonaldarad interm edia tea  remain# unanswered*

^Nrrloooly i t  was augmented* on th# basis of growth studio** that 

th #  neehanlesi in . th# ox id ation  o f phenol wee h ig h ly  ep o e lfie*  In. th# 

l ig h t  o f  adap tation  e tu d i##, ih la  oenoopt doee not aeon to  ho a n tir b ly  

eorreet#  Siamltaaoono adaptation  to  eatooh ol by phonal grown © o ils  can  

w o ll bo explained ©n th© bmmim o f in tern ed !ate*  but 'adaptation to

i t #  taom#r*# reeo ro in o l hydro#** inane* cannot be explained  o« tho

theory th a t th ey  are p o ss ib le  1 n tereed i ates# I t  does* hawoeer* tugboat 

th# I n a b i l i t y  o f  th# organises to  d if f e r e n t ia t e  compounds p o ssess in g  

diliyttroxyX groups in  th# reriotse p e ti t le n s  on th# ring*
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o f  1 ^ s #  ti#t©oh fnhlioatioiaa# u
Tork*

!6^1#0S9 J* %  *n<S Paw®o% f* f#  1M4 ‘fyroaln^®## M t#  5» Kns;#?^©logy 
TVs 9 9 « 1 S 0 *

!;aua#ll# f« J# ar.  ̂ Hut©h5jn8t-#r-# 'r«3* 1900 The #ff#© t ©f p a r t ia l
l is ia t io s  o f s o i l  on t#’;# «rod«otloBi o f p la a t fof«S# ^  0oi* 3s
111*144.# " "•

Pes*C?i^pta# W« 1921 0 ® f ^ « n o l i i s t l© s  1st ©oil# «1# i p 9# 11s 13S-1S6#

’l#«p#r# B#F* im4 Ttani#r# f #T* 1900 Th© h a o to r io l c»ci«l#timim o f  #ro* 
eo8spo#fi4a* Boot* S t i  117*107#

3 s r * ? 2
l i l f f f ^ . ^ U s S a s B i i *  ,u<Jli$ ^



§S*

T* I§4T stMlMnmnm a ^ a p ta t lo n t  A n m  tmtosilo fo r  th® 
gttatfy mi a t t e b f t l l *  pmtitmo&n* J# i»tt# M i SSB^MS*

^tam ier# T# IM 8  th #  of *rom*tlm «®a^eua^« toy f ! w « i »
#*at pft#tt$aM&aA*# *1# Boot* P6| 47?*4$4#

Stmpk&nm&t V# nod $telefelft8&# L* ff# 19S8 S^lfO |«U^K «9t *  3 * « t« P lil  
l ib « r* t l r t£  n n iM u l« r  hydro$#n# 3t*eh*o# *?* 1 f t 73JMP84#

3i«m*# !# f?## It* t # # «smI 3£hlt## A«6#C« l i t t
attitoMiig p*trol#uft *1*31 o il fraotioBt# *?# 8#&t« 44* 169*178#

S t o n e r #  F.t 1908 f b « r  4 1 #  Ffylctm g 4#® ^ehw #f#llr<3l5l#8«t#ff*i tms3
§h&li«h#r S t o f f  * mat 4«n ?M#a» f# Xtofet# AM# II 80» 888*

TiUMMKia# *# 9* I t t t  I>f# ib cy d a tfa i 4 # s  Phmmntbrmsm durmh 9#Jct#ri#&# 
nauntft i t  8 S * » m »

4Mi»

Iv* 1814 fh>*wr Bonsol'boktmri^nm I# IV- iHurai£ph£*l a la g l# 4* 
289*81$# -

-artm*im§ 1361 Unt#r»ochi*2*̂ #B fther da« di*#t*tl##h# ferment 8#r 
6ftfct*rl**t# 2* p h y sio l*  oh#**# J* 2iS?»5E0*

Ytetki% *!• I fS f  -$&ryiR« .#*rl#tS#»i? 1» i® iero«rgani«*•# § f# l*  Birr# 
(C?*mbrldr,«) 15 § §5*108#



A enoffiaB M m s

Th® ©othor wish#® to oppress hi® ®i»e©r@ approoiatilon to 

^r# «tahn £* F&bor* *Jr«# for  a fford in g  hi® Hi® ©p©arttmlty to  ©miry 

on grmduat© « tod l«s imd to  Ihr* ftoyasoodl &» 0®#ts©h fo r  tho guldoaoo 

oit3 mssistmao© r m ® Iw t i s  th® p rtp orotion  o f  t h i s  thoolo* Ho ml*© 

©•Imorlodg©* h is  iai©btodao*o to  Dr# t a s  C# Xoffor mad f o l io *  

ooX1ooc«mi* o f  th© DopoHsswat o f  S©*t©rl«logjr fo r  th# «aQ<nar*$«BMUKt 

©**d many wmlvmhl® ©uggo*ti©a© thoy h©w© gloon# Ormtitud© is  *1*0 

©atpr«e#©d to  Dr# Arthur Koar*ihmrg mod Dr# Alton 91© 1 ©tor o f  th© 

ISotloiiftl In stitu te©  ©f Health* $»fh©©d*» ImrylaajS, fo r  ©one o f  th© 

©®«p©a*sds ui®d la  t h i s  work*


