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The Oxidation of Mandelic Acid and Reélated Compounds
By
Bacterium NCIB 8250

By Samuel I.T. Kennedy, B.Sc.

This thesis describes an investigation into the mechanism whereby
the bacterium NCIB 8250 (which was formerly known as 'Vibrio Ol1') carries
out the oxidation of mandelate and a number of related compounds.

Bacterium NCIB 8250 was found to utilise L-mandelate,
benzoylformate, benzyl alcohol, benzaldehyde or benzoate as sole source
of carbon and energy for growth. 2~-Hydroxy, 4—hydroxy, 3y4-dihydroxy and
4-hydroxy-3~methoxy derivatives of these compounds can also be utilised.
The pathways of oxidation of all theme substances were determined, in the
first instance, by the technique of simultaneous adaptation. Washed cell
suspensions, prepared from bacteria which had been grown on each aromatic
compound in turn, were challenged in the Warburg apparatus with a large
number of possible intermediates and analogues. The resulting patterns
of oxygen utilisation indicated that the side chain of each l-mandelate

or benzyl alcohol is oxidised to give the corresponding benzoate.

I-Mandelate me——>» Benzoylformate =i Benzaldehyde ——————p Benzoate

T

Benzyl Alcohol

The enzymes converting the I-mandelates ox benzyl alcohols to the

appropriate henzoates appear to be non—-specific: indeed a variety of




compounds which do not support growth, such as the 3~-hydroxy substituted
compounds, are also metabolised to the corresponding benzoates but no
further. The benzoic acids are then metabolised by a series of gpecific
enzymes which are generally found only when cells have been grown in the
pyesence of the corresponding substrate. Benzoate and 2-hydroxybenzoate

are oxidised to catechol while 4-hydroxybenzoate and 4-~hydroxy-3-methoxy-
benzoate are converted to 3;4~dihydroxybenzoate. Catéohol and 3,4-dihydroxy-
benzoate then undergo ring fission,

In order fo substantiate the hypothesis that the enzymes converting
the L-mandelates oxr bengyl alcohols to benzoates are non-specific these
enzymes were examined in cell-free systemg. Cell suspensions were
subjected to ultrasonic disruption and, after centrifugation, the
supernatant solutions were examined. Spectrophotometric assays were
developed for L-mandelate dehydrogenase, benzyl alcohol dehydrogenase
and benzaldehyde dehydrogenase. A sultably sensitive assay for benzoyl-
formate decarboxylase was not obtained. It was found possible to
characterise the enzymes by a number of parameters such as Km, Vmax
and relative velocity with a range of substrates. Cell-free extracts
were prepared after growth on a number of compounds and in all cases
the kinetic properties of the enzymes were the same regardless of the
growth substrate. Bvidence obtained from experiments in which mixtures
of substrates were added simultaneously ruled out the possibility of
non-gpecific induction of several subsitrate—~specific enzymes.

The bacterium NCIB 8250 can therefore convert a large number of




aromatic compounds to five key intermediates by means of just four
enzymes. The thesis concludes with a discussion of the advantages
to the bacterial cell of this type of specificity both in economy

of cellular constituents and ecological status.

Biochem. J., 1966, 100, 25-26P., IX Int. Congr. Microbiol., Moscow,

1966, p.129.
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TNTRODUCTION..

T

Ceﬂaral A peots oflbhe Bxssimilqtmon ‘of Aromatic =

Gampoundc by MloroorganiumsesK f °'r

. The utiliaatioa of aromatlc comﬁoéﬁd b&ﬂé vaiiéty‘;f,micro; :”
DT&&H&SME ig. ﬁOW wall &nawn.l Humerous workers have described thef;?jv
'isalhtlon of b aterxa and funpl Whlﬁh are capable of motnholxrlnﬁg=“
 phonc11o &ub ﬁanaes and,-ln many casem; uﬂln@ them a sola-souxq&aal
‘of carhon and energy ier grauth (Ribbona, 965) The primﬂry “fb

- ccologlc@l imyertanca of themo microorganisms 11 ‘1n thelr ahxlity

“ﬂ“Auo efvect the releasb af the rwanic aaﬂbon 'lnakad up' in the

‘“:aromatiﬁ'ﬂomﬁﬁuﬂﬁd iormed 80 ubiquitously by thﬁ plnnt world

‘(Q.g« ﬁrmwn, 1966) enﬁien has' mlﬁo reaent y haeﬂ fueusad ot uhe .

T effects of avonablc gaaticxdem on the balanca af bhm lelO&LLwl

P

ccmpﬂslbian of soil @nﬁ cher natural anvironment ‘ Thlﬂ hna, 1m
~turn, omphaﬁiaad bhe ecologlcal importance af the chemical ﬁranu~'
forﬁatxan Qf uheso cowpcundp by mu@roorganibmn (e,m. Carmon, 1963)
In Wenerﬁl the metabqlixm af nramatle campganﬁﬂ hy niero-

oﬁganismq emnalsb& of a mer:eq of manlmulwtionﬁ aimeﬂ at pxodu@mng
one af a llmitad numbar of hydraﬁylataa vommoundﬁo.‘wheqe kav |
*intermedia . Len underéo ring cleav ge w1th qubmgquant dayrad&tzon
" the: aluphwtie proﬂaauﬁ to gmve Lnte?maai be@ Qg.thqaaﬁntral. i
 v_.netaﬁ911a routel of the cell (Rihbong, 196)) ( éiiéty of henggﬁ§id

oompaumam la Kumwn Uhlﬁh can, g*vg rium L@ alﬁphatla d&rﬁqaﬁlvo hyjf



i auid qnu a mucnnlc a

| i:’Oyyﬂen@tmvexﬁleﬁVagel'theﬂe include catechal 3a4~dihydr0Avbenzoate, ;

3-d1hydrofynhenyﬂpropionate, quinol, anﬁ a 3—dihy&roxybenzoate.,;gzﬁ

f"The mathads af rinm,clenvaga ofw_ﬁa@bﬁnééﬁﬁiﬂbhgbiéﬁs¢¢éﬁ*bé@diﬁiﬁéﬂ';

lnto +wn diqtinct clasﬂes (Ribbcna, 1965):

'f gi. The axiﬂatmve elean@e of the carbonncarhmn bmnd betwean

L 2 The oyidatmve eleavare of tha carhonucarbon bond. betwaen

i‘gw hyﬂraxvlvted a@mhon atbm anﬂ a nunmhydraxylatad carban atom. f,:qﬁéf

UThe 86 . two mebhad5 of henzenoid ring Gleav@ e produce .8 munonic"

cmd Pemialdahyde raﬂppetAVQJy.; The muconLG acmd o

jis matabali&ed ta[}~oxomd;pate which iﬁ claaved to suceinate ana';jﬁmf

fduetyI~CoA.l The muconmc aeid semmaldehyde 13 nonverted to p}ruvate

"mivatiVe uhoaa qtruatumf‘ﬁapendn‘ex“tha substltuentw?

_~,~0nffha arieinal ba ﬁGnOIO nucleus. Iniqmre cacaw difi@rmnt Grga msﬁ

,cpn cledve the aama.comnounﬂ by different mebhoda.ﬂwwhuw catechol 1& i

Qid (Ornqtﬁn

oleaved by Psauﬁamana% yutiaa ta gmva cisaciq_muoomic a
f~and Stﬂn1av, 1964) %nd bv a p&eudqmanaﬁ axaminca by ﬁagley ﬂnd
'-Stophev (1959) to 3ve(x~hydraﬂvmuconiu ganmaldohyde.;ﬁfE

The 61ﬁmimilatlen af mor@ eomplex aﬁcmatin compounds i eaxriea‘;

RE Ovt 1% a stupmwiﬁe fashzon' cach rinﬁ unﬁer&oiug hydrcy*lhuxon dn&

"ruptuvo by one or‘other Of thL methodq des@rihe& abave.t~mhuﬂ

417@hananthrenu i hydrayylataé ta 3 amdihyﬁrazyphenﬁnthrane und tha

'\hydwoxyldtad rmn clemved (Lvans, ernleynand Griffitha, 1963)




The Metmholi;n ﬂah&éiiévAbié-&ndfﬁéféﬁééfﬁoﬁﬁﬁﬁnispf

oo 'ﬂ'wv:‘fx'

UL Oxidation. of mandelate and relgted. coipounds. to’thé level of benuoato.:

.

;; n&elie aoldv(l)? which is found in natu?a &mlﬂly.ﬂ S
“;mandulnnitril&43~gonbicbiuwide (amygdalin), uan he utillmeﬂ as no]e f?
'f‘aource of aarbon and. energy hv a few baoterla (5twﬂiﬁr, Palleroni
ffﬁnd nﬂu&orofi, 1966r ﬁaumanm and ﬁaudomnff In Prbﬁﬂ)

: In hlS classzoal paper on simultaneeus adaptatlon, vhmeh in
‘*}dimcu& aﬂ 1n a latav aebtion (p. 9 ), Stanier (194?) ”ubv ﬂtﬂﬁ th&ﬁ;iﬁ

"fmn.P e;ptida (then known as. P. iluorescens A.3 12 (Stanier at al,'

51966)), D,L~mandelate was oxiﬁlseﬂ vxa h&nzalﬁe&y@e (II) o benaoauef 

“*(xIL)

s tamier avﬁ Gunum'uﬂ’(ﬁun alus, &tanier and Guaaalus;‘l9)33 Gun ﬂluﬁﬁ

lﬂleunqalus anﬂ atanmer, 1953; htaﬂior, Gunbalus anﬂ uunsaluq, 19)3)

vfmuuceedeﬁ in ﬁeparatlnw faur en ymes whmoh effooted the ccnvermlon




:mf D, L~mandelaoe ta b@nﬁoate im P. Qutida.. Théfre&éﬁibné“gétalyégﬁf

i -hy theae enzymea ares

i

| ,?QOH{: | ?oon © . coo
CWG-00 HO-G-H. . 0=0

By e Xandalate racema 56 (h.c. ﬂo. 5.142.2)

‘Etff Lnﬁanaelﬂta dehyérogenase (Ho L.ﬂ. numbcr)

‘Qé(igd ﬁen oylformate (V) ﬂecarbuxylasa (E.G. ﬁo- f~1~1-7) WhlBh

N ﬁ4gand ﬁb Beam&ldehyde ﬂehydrogan& es (&.G. No. 1. 2.1.6, and

.;: L.C. Nm. 1. 2-1 ?) whleh requlred NAD and HADP ‘as co»factoru{

- Tha properkiea oi the'ﬁandelate racema%e have béen dnwcribua in"
“ﬁ‘&oma detail by Weil«Wﬁlharbe (1966) . | | _ q
| B@nmyl ﬂlcahol was conmiderad to ho oxidzsed‘to benzaldohyde |
lt(‘taniar, 1950) but th@ anzyme raqponwibla xur thms step waa |
..... L apparantly never examinea.u = ‘ . |

&unter (1953), uamng an analagoue approaoh to that omployed .

-'by ”tanicr, clucmﬁated tho p%thway af disaimllation of 4—hydroryu



E,anandslatﬁf(VI),in'the'game athaih-ofiﬁgeudomoﬁﬁﬁ} She formulated

the following degradative-séhgmeg~ o

-?Gam o o ‘
- HO=G-1f OHO- - - 4.?@@& GooH
Ol
oL o O Oh -
VIIZ

vI

- Here ingtead of rosohlnh eateohol, 4~hydraxymv hnmandelaue (VD) is
1aiﬂeﬁ +o j,4~dihyﬁroxybanﬁoata (VIII). The s&ries'of roactions
Trom Amhydrotyun meandelate to. ﬁ~hydroxybenvoaté‘(vTI) are seen.
wo be e ractly anmlagauu to -that eonverblng Dylnandelate to henzoa te
‘ and indeed 1t waﬂ rud@ested that one series of enzymaa might medmate‘
the conversion of both soets of mubgtrateq (Qt&nmer, Gunaalus and
.;Auunmalua, 1933) Whlg suggestion was partially ﬁubﬁﬁéhﬁiateﬂ by
Ahtevenqon nﬂ handelstam (1965) uﬁing Lell~free eytractw of © taniér’
oriﬂlnal mtrain of P wﬁmtida hut their rasulta wore far from complete.
Mﬁndelmtam Eﬂd Jauaby (1965) studied the re ulaﬁory mechani et
ﬁaverning *he syntheams of the inducmble envynes whmch convert D, Lu
jmandalate ta benaaate an D Hhmzﬁﬁau - The enzymes whivh effect thia'
Oylﬁatlon have been sug gawted to be co—ard&nately inducod by DI~ '
m_mggdelate or benzoylformate (Hegeman, 1966a,b,e; Steveuson and

Handelgtam, 1965). The induction of thege engymes ie repressed, .



o

“not oniy by fhe imﬁe&iate-endmﬁioductlbenzoafé;ﬁbut~alSO‘by more . .
di&tﬁl aﬂd~pv0duct& such as eateohol, sucelnﬁbe on ,cetate
(bﬁevcnsnm ond. Wamdelgﬁ“m, 1963) &andelatam (Mandelﬁtam and

| Jacoby,. 1965) ooined tne phrase 'mult1—sens1tive endmproduct

repreqsmon' to deseribe this byga of control and showed that thls

lmacbﬂnism ugerates in the inﬁuotion of all the enaymoﬁ whioh convert

Dyl-mandelote, through benzoate, to suq01nate and acetyl-Cod.

Oxldation of benzoaﬁe te‘aateéhﬁlQ

ytanier (1950) Pos tﬁlated fhat benzaaté is oxidised to catechol
(IV) 1ﬂ quputida, &vanm (1947) had abaerveﬁ previously that cells
. of Vlbrio 01 Grown on hcnmoate 8howed an accumulatloﬂ of small
amcunﬁﬁ of catechol in tLe medium.u Barly attemptg to determine the
¢ntarmed1ﬁtaa hetween benzoate and catechol f&i?ed, largaly due ta
the 1ahillty of he enzyne mystema involve&. Sleeper. (19)1)
<dcmonutrated uhat tﬁe rlng carhon of benzoate beur;ng ﬁhe earboxyl
 aroup undergoea hyarawvlatian in the convarslon of benzoate to
‘ catechol) Voetﬂ (1958) studied the convers1on of benzoate to

“catech&i;by atraln@-of'Aaotobactars By amploymng tLe teohnzque af

‘m$multaneoum adaytation ha aa%ahllohed that some strains metsboli&e
‘benzo vhe Llreotly to catechol, while cther stra;n oxidisc benzoaﬁe
to- ?mhyﬂraxybenzoate an& tbence to catechol., Whig latter result has
not bean obtmincd with eny other organi%m._ Iﬁzﬁas not unbil 1962

that Iehmharap Adaehi, Hosokawc and, Takeda (1962) succeeded in



Schoms 1.

/COOH
cO0H + o+
+ ‘02-’- NADPH + H = O + NADP + H20
. .
Benzolc Acild
CO0H COQH
<—CH
Q + H20 —
OH
H ' ‘::H
:COOH COOH
QH + OH +
+ NAD —— + NADH + H
<::OH =0
H , .

COOH H
OH
OH =C0g > oR. »
= 0 =0 OH

Catechol
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.tn 1‘«’1'@ )

‘compoundsg, }‘@A;i

' requlrement for Fe

t

prapzrxnﬁ eellmfra uracts af a pmaudomonaﬁ Uhﬁﬁh aoulﬁ uorry aut
Lhn convarsmon of bengaaﬁe ba g%t@ghol and’ Tanmuﬁhl, habauxi g_huno,

y@i?hi, N&kajimw anﬁ Kuthnrw (1?64) &uggabh@d Lhat bcmza&ba lﬁ

mequed ua Qataahol as thWﬂ in uvheme 1. Furthmr inVUﬂtlbatlei f,_”

is rcqumrod to mubsbwﬂﬁiate bhlo regctioa 5uquenemlespea1ally qiace

A—bath axygem akamm of cntcahol have beem ﬁhﬂﬂﬂ ﬁe ha d&rxveﬂ from .

nolcoular oxy san (Takeda, Hori, Itad%,\Tanluchi, Koalma and ﬂaymlﬁhly;

dﬁi&aﬁiéﬁ.a ﬂydroxywbenzoates and 4~hydr04y~3~mabho ymdubutxbute&t

L

N
»

o xg.;_‘.
R S

Walker and hvans (1952) ﬂhawed'thﬂt 2~hydraxybenzaate (IX) 1& ;ﬂf

,eonverted to catechol by a strala ef'moil Pseudamonas."whﬁ ong yme

earryzng out thia oxiaativa decarboxylat;on haﬁ bean axtenaively

purmfied (Kat&giri, Haeno, Yamamoto, Hayaishi, Kmtao ana an, 1965)

o and shown to Gantain 1 mole of EAD per mole of protoin anﬂ to havn

+ .

.....

The meahanism of action of she Qnéyme may

4 LA
- b.

:be reﬁreaented:
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The metvbolihm of 3~hydrovaen20ate has received 11ttle
»llfattenblom uompared with the oxidatiVe dacarboxyiah;on of ?uhydroxyw _
'1-benzoauo to. cotechol. ¥ano and Arima (1958) axnraoted twc -

- hydrexyluses ¢rom a qoil bagterium, cne of uhioh gonverts Bwhyaroxymi;

""L

.....

fbenzoate to 3,4~dihydr0xybenzoaﬁe, tha obher convorts 3uhgdroxy~

_'banzoute to 2,5malhyﬁraxyhcnzowte.~ Bcth hydroxylaaem require HaﬁPH’

‘f‘”{;as eawfaebar ‘The metmbol*c fa%e of theme two ﬁihydroxybcnvaateﬂ

":i‘;A“dlffer, 3,4ud1hydro¥ybanzcate heing cle vad to a muoonlc acid and

'thenae to ﬁueainate amd aaetylwcoA Whilﬁt 2 b«dihydwaxybenaoase 13
pvobably metabolired through maleylpyruvate to Lummrabe and yyruvate.

Iﬁ a]i crpﬂmisms axamin@ﬁ,4~hydwoxyhmnyoata ig hydroxvlnteﬂ to

3 A.-.d,mhyﬁroxybeﬂzoate 137}316}1 it: 'bh"‘!’l Lledv&)d (nlbeﬂSQ 196))



”he mcteholm s of methamylmted hen&oate 'h&ﬁ béen stnﬁxed
"navticu3avlv thh referenee to the 6e radwtlon o pl b 113n1n3 by
‘3‘3911 fingla H@n&arama (19;6) demoaatr&teﬁ thaﬁ 4~hy&roxy~3umeth0xy~;
J;;bengalﬁehfde is ﬁonverted tc 4uhydroxy-3~methaxybenzaatos AltLough ;
the demotho?y]atlcﬂ of EMmcha ybenzoate to juhvdroxybenmoata
r(nana@rsun, 19g7) damenmtr&tad that funﬁz were. oannble of furﬁher gﬁ:
‘metabaﬂl 1ng mathnmylntad.6erivat1ves, -Nno products 0; r*n eleavaaéi“

were - 1ﬁalatad. e

Theory »nd Limitations of the Technigue of-

- Simultoneous -Adaptotions

In 1937 Kargtram (1937) éem,anated mé adapti?élﬁh;ée;égéyﬁééii
>'§hxéh ro rroduced hy the cell in re ponse uG the pre ence'gf:ai,,'
sppa;fmn hmmaloﬂouq aubstrate in ﬁhe oultare’madium;" He |
P’idlfLeTQnuimted ﬁhese "adaptive enzymhﬁ" Prom: tho "eongtiﬁutive')
 én®ym@;“ which are alwwy fovmea by the eelLs of Q. &iv&n b?@pl@&;H
‘%ivrasp@otxve oi Lha Compos 5tiqn of tha madium.tvmen yearu 1\ter ?¥“<“
mﬁﬂnlﬁr (1)&7) found that the aromatie ring fiqsion enzymcm :
telaborated by B Eutldw wero ad&ptive in mature. The eﬂ?ymea wévéli.
pwaﬂerﬁ An bh@ hautarmal cellm anly when ﬁrowth occurved in uhw L
resene@ af the arom atic h“t?ltﬁ- Wmth thia informatmon, he
;ﬁQVimOd whe tﬁchnique uf slmultansoum aa ptqtnon for ﬁeueraning

Lhe inﬁarmediatew in an adaptiv@ly aomtrailad met bolle pathw&y.



10w

- Congider bthe pathways

A

A "asxf > ¢ D >i§:"" | "_“1“?-*-.6#@- -

-“whame B, ﬁ e BTG intarmeﬁnataa in the: natabali m of A, and. ba,?
"-&h, ﬂta,ﬁ re t&a engymes r@ayonaihla far QOnV$rtlﬁﬁ’ﬂ o B, ﬁ o G
ata. ny adaptinw ﬁhe cella ta graw ot A ana thea taatznﬁ for

-ﬁimultpneauq adaptatiﬁn tawawds & vamlaty of ﬁhamiea}ly ralatmu

- oemgaunds, ﬁhe n&tur& of the intermediates m&y be antexminad.

%ashed c&ll %uapensiana ETon on the ﬁubbﬂrata whc%a m&baholimm is.
vnéar 1nvestigatlon (ﬁ) ar@ 1neuhataﬂ ﬁﬁpﬁratmly wikh varmouﬂ
pmﬁﬁula%eﬁ zm#armadiatea, "Qhailange“ u&bgbrabes, (ﬂ 0, ﬁ o m)¢
‘The praaeua& of Y lag in theim u%ilisaﬁian in #aken o mean that ﬁﬂ; i
in&ue&d enaym@a wem& not @raaan& 1n She aells graun an the "growth“.
ﬁub@txata. Iw other words if growth on- A faila ta aéapt th@ cellﬂ t0~
X ﬁhan X a&nnat be @ member of th@ reaatzoﬂ ohgin. |
Tha teahnmqua ig gavarnad by a numher of qualifiaatmanm

"1, ”hat wella be freely paxmeabls {0 th@ Qh&ll@ﬂﬁ@ ﬁubetrate;

<,ifw#at, a false neg gebive result Will be cbtaineﬁ.

- Thaﬁ a'rigi@'speeifmmiﬁy‘axlat& for each enzyme with

~ .rQSpéct ﬁa i & sabghrata iace Fa 1& apeeifma for ite substrate A .

o and eannot acﬁ ev&a on relabed;aampounéﬁ‘ 'lﬁ‘h&‘dﬁ&ﬂ not &iaplay‘

| abbolute gpacifieitg tawarﬁh A but ‘can @1@3 aet cn ¥ &ay, then we

may hava;*v -



:-wl Lo

o w o m

(i) .  ">1}-5-a$q¢ : _'(ii) f¥-->z o o GhQ

| Metahﬁlx sed by
CHa _, - | eaﬂmtitutiva,@ﬂzym@s

Ba

(133) Y——bli—f—r (iv). Y--—;;z e o abon
| fiot further " Hetaboliscd only

'matahalﬁa@da , _ o  after o lag.

TJ@ reaal% of. (i) anﬁ (im) will be that ¥ is eﬁmpiete}y anﬁ
1mm@&iately m@tﬁbollsad - B fﬂlse poambiva ramultﬂ (111) will r@auiﬁ"
. bmn ¥ being immadiately me%abalimaﬁ,hy ﬁhe arﬁaniam, tha ?anatgnn _ |

'mﬁﬂppipg ot Ze In smtuatmgn (iv) ¥ wlll-be immadlately cﬂuvemtaﬂ}to"
% which can Béffurthar’metébcliéed only after en adapbive period
"@uriﬁé‘whieh'time‘ﬂew enzymés 3ré being synthééised;- Bepeﬂdiﬁg‘on
the exparimemtal temhnique Qﬁ%ﬁ&tiﬂﬁﬂ (314) anﬁ,(zvj wall give a
False. pasxt1v$ result, | "

3, . A woll characterisdd feobure of the adspbive synthewis of
eﬁaxmaa ig that in eertain*aaﬁaﬁ the ?rmﬂﬁgtsof the ahzyﬁe"reacéiqgﬂ.A~
induces that ahzymagxi;a-.gr@wth'an‘ﬁ would induﬁe'tﬁerfar@ééian éf_f,
'ank Thls phenomannn ham been demonrtrated in . eaix by Jaeoh and j
Gohn (1951) Xn ganar&l growth on @ will ﬂimultaneously a@npt the
aalig‘ta D, B ete. but not to A or B. The probability that grawthy'

on O wili'affaré gimmlﬁan@ﬂuﬁfadapﬁatiaﬁ to prgﬁuxsaxs'aebraasas with



fthe numhar m? lﬁtervanﬁng atups, i;eq wimulbaneoum aﬁaptaticn ta B oisg

:j;fmarm 1ikeiy than ﬁ@ Ac Thzs type @f  imitat10n”tabthe?teahniqu& of

ammultaneoua adaptation aﬁ be@ama‘more ohvioua wzth th@ rﬁcognition‘

‘*E”,§that inrmany &&ﬁ@ﬁ @zveral;anzymea are’ eantrailed,hy the aams regulen

o ".(z@w and ,Lwan, 1964) i

.Mf{Qlat@r staga im 

5“‘5 ‘meaiate exiatﬁ anly an fhe houﬁﬂ'fam

1&mmultanemuﬁ aﬁ@pﬁaﬁlon

{g;Atha sequenalfto an'anzyma whigh &aeg a&t-releaﬁ'iﬁﬁéApxeﬁuct ﬁill

”the pathwa ‘:fﬁndar thesq‘circ uﬁt'ncas; the aﬁdiﬁiau :

will $1V& a falsa neaatmva

;resultp

,

‘\:jir&lnmorme& Wit3jexpermments on the”iﬂalatian and‘iﬁentifiaatien'af

‘mntarme&ia (08 = perhaps faeilitatea byhﬁmacars an@_inhibitorm¢ fa'“




~the pupificalion and examination of individuol' ensymes.

| ("mmmm;y* nrl 2$a‘babo‘£.mm of Bae’bex‘ium mcm 52)0,. e

Vihr;e 01 wat*msclate& by Happolg and Key 1n 1932. It wa~“*cﬁ7~

ﬁtﬂb&ﬁy A n@gativa vibrio" withxan oxidage ﬁy tmn;

N uwmthout ctlon Qnuany of" th@ csmmon augarp and not llauefylng

.Uf3 Fa]atin*; Prequmubly tha organism waa mctile in vien of the -' ”ﬁT‘

;ﬂ§d$mff aﬁ1ﬁn vibria and the faet that it wa 5t¢ted to reﬁombla

’IZ:U._dgro inatmca (Happolé gnd Key, 193“) ané Vn cuneatum (ﬁvans, 1947§:

K”jkllbv 1?)1), Thera eam lltt}e dcubt therefure, uha 'Vmbrlo Gl

",:

ﬁaudamonuumVLbric greup, althnuﬁh a nruglae

4”‘1‘V4& a mamber uf thepp
~“--'ts"!.f*fs ixlcabmon oannot ba arrxvaé t from the 1nformﬂtﬁan @vtxl ble,

?f_gﬁarly mzpcvlm@nt on The metab&li&m of a?@matic comgounﬁs were danc ]f

i“ie!.:‘r.i“:ﬁ'rarm':rl‘»

'2ﬁa0ne thh the bacterlum ﬂLIB 82)0 Whl@h 1ﬂ}31e&rly

l;jﬁorgani m. Bae%erluﬁ NCTB 825@ iq neithe* 1iha thg erﬁindl berzo Ol?

Ef,nar vbaraﬁterxﬂtlc of the genus Vibria since‘inter alxa, it is' s nenml

dotmtu, cxiﬂaae«nag&tive coccobacillua (Fawaon, 196?b)‘?ﬂmvans (1947)f

'-€fround hhaﬁ Vihrxo nggr&w on’ 3~hydroxybenzaate but not an.anhydra

(chbang

V"f“benaoatet baaterium NOTH: 8296 Whaw& the 1nversa pattern?

'“'4ain0£ew0vthy thab E ylsy, Pewater and‘ﬂappalﬁ (195&)

ﬂa"?ff: ound that “V;brmo 01 ori%iunlly iaalated by ﬂaﬂyﬂld aﬂﬂ K@J" grea on




uiiatmain 0% ?lbrie 01 ln ivﬂ failure ta FI@W’Qﬂ the commun ﬁﬂp&rs Gﬂd

Jyaenylalﬁmmﬂa as’ mml& aarb@n saurﬁe, wh&ranm-laﬁ@r it W&ﬁ wanarﬁeﬁ

(bb apmen £0d “aﬂlaya 19603 396?; ?aW&an, 196?n) th t bartaaiu?~h;i'?“

?GIE BE&O shawad liktla or ne - 5mmwth wmth p&enylmlanine A ar%oﬁa

.fraurae.‘ Haeterxum EGIR &250 daaa, hawaver, ra emhie thg arlpzna,i

%, ganexat.abilmty Bm metmhall e aremaﬁia aampauﬂaﬁ. Previouﬂ rapar1

ﬁwnﬁrihmn axyarmmanba arrmaﬂ aut wzth Vibrmu~0 “,ould ha treatad

'vawmth éare unless 1t is &lawrly a%t&bllﬁﬁaﬂ:Wh&ﬁheri%hﬁggy;g;nai‘{

Vibrlo Gl 0w Lha ba@tmrmam KixE 8?50 waﬂ uaedg

Dmviﬁ anﬁ Eemm (1962) plaaed hﬁctariam ﬁGiB 823& 1n tha genu.._?y
| a}?@ncmnaaa bavause “one af the ﬂuﬁharr Qbsarva& “a faw m@%ila arg&nisma*

B qnd “mﬁ@aaigndl arganisma baarmng Qne er twn flabelxaa“ ﬂatality

( fi}theﬁ HPV$? baen mhmarVeﬁ im.bantarlum HG&B 8950 (Fewaon, 1967b}‘

"‘ﬁf“Lbut aannﬁ% he ret ined in this gannw'ifvthe praposal"ﬁaf yrisaufa}&‘

| whcse aﬁﬁhara (Da»ig ‘and Park, 1962) alaa g&ve conflietiﬁ megultaw -

Fn& tha nxiﬁas& aatmvlty of baetanium NQIH 825@ but ; sa Qf interest

’bhat %ae rancxt af motility wag made an. aulture whxch waa ﬁtatad‘te‘

: _iba Kuvaec ayzﬁ $a po itiv& an& to shaw no amawth:o pyravntﬁ'nr7*

]a@t“b@a aampounﬁe whieh aupport ﬁood mrawth Of baeterium mﬁIB 8250

: (megon, 1967 )¢ gaeﬁerium ﬁﬁxﬂ 82“

’}ip nnw lia.eﬂvvyitha Natianal

t‘Ggﬂmctifm a¢ In&ua%rial Emmtemia (1964)1aﬁ an Ashramobaﬁtar species ’

.Wravat {1954) ¢n& %te&l anﬁ ﬁowaﬂ (1964) ar@ fallaweao nabald and

‘fVepan (1963} iﬁantifieﬁ haetar&um Naxu 8259 as. maraxella lwmffi

'(A@inetob et&r lwoffii, bteal and &awem, 1964) agyarenﬁly very

larzaly on. tha baﬁld Qf ube GG eantent of tﬁe ﬁﬂﬁg: Base cammosition,?




galbhouéh a u“eful tmol 1n cl@:wifmcatman vnnnot hm EJQ solc crzterion

f_;of taxenomy uLnCG}.ﬂSVIEW of th@ umall range of uG content p0351ble

l"éffﬁjgfiu 1a inavitablo thwthuxte_éiffereﬂtfo,p'

~@nie;mm will be iouna ta have

- mlmilar groas DNA aﬂalysiq (Qa Lev, 1964) It aeems lmkely, however,

3thht S@bmld and Veron (1063) were quhstantial?y correetv 1noe the T

.,ah%rmotaristiebAs,_bacterlum ﬁCIB 8250 are typical of thosm of %he

- ‘Aolnatahactar~ﬁbrmxellc roup oi bacterla ( ttel and ﬂow&a, 1964;

,%Xender%n, 1965, Fewaon, 1967}:) %anier, Pallaroni and l}oudomff

(Privatv Communieuﬁlon) have came to 51mi1ar aonelnqionr‘ work w111

have to ba done w1th 1arua number of strﬂln before tho quesbion of

nomenclature con be eettled sinca 1t haq bﬁen ahown (Peﬁson, o

,Unpublighed Raaultq) thmt bactermum.NGIB 8250, Acinetobaoﬁer lwofiii

(wewe 5866), Acina%obacter anitratus (ﬂ{TG 7844) and saver other o

'Ifaloaely xel;tad dtramna diff&r in thelr abllity to grow on & number

g ree

,fﬁ[uf aliyhataw and aromatie unmpoundﬁ. Thrcughout this thesia, there-

"“Sf:ixore, uﬁ? org&nism will be referred to'as bacterlum WCID 8?)0. o

Durxng tha peat faw yeare baoterium NLIﬂ 82)0 has haen employe

‘f'{i?flt” aglineate not only tho pathwaya of metabmllam of a numher of

'l>ﬂ‘aromat1c eempnunds, but also the regulatory machaniams governing the

'menthesis af the enzymeq involved. wan (1961), G@in, Pihbon ﬂangv»

ffhvanq (}961) nnd anstmn (1966) hame mtudied the meteboliwm of

tauhol ané 3,4~dihyaroxybcnzoate: tha degradative pathways of" these

"twc ccmpounds by bﬁctmrium KLIB 8250 ara outlined in QGheme 2.;;g;>

Drnstan (1)66) has examlnad the regulatory memhanismﬁ governxn,

_;tho uynthe&i& of bhe enzymeo znvolved 1n the eatabollqm of both



Scheme 2,
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_ eaﬁoého] and 3 4~ﬂméydv0 ybon:&abe; He éanelﬁded LhaL #ls;cLé |
-mueonmba (W) *s tha 1ndueaw iﬂ b @bwrium hbTﬂ 8? 0 io* ﬁll the .
enzymes-jnvolved ln Lh@ oonverélﬂn of oo bechol tc ﬂpﬂyaadlyate onél«;r
“1sctono (KI) Ha furthar ¢0und Lhmt 3 4wd1hydr0xybenzcata (VIIT) 1.;5
"the inducer for all tha enzymeﬂ converting 3,4wdlhydroxybarzoate to ;l
f?ﬁ}oxoadipate enolmlactane.‘ Cls~olr muccﬂnte Goeﬁ nat 1nduco any of1‘
'”zbhe amaymas ;nvolveé 1n thu catﬁboiiém‘of j,4~ﬂlhyaiayyoanﬁoate, nor;é
udces 3 4~d1hyd¢oxyhen?oaoe innuce any of the cnzyﬁas.znvojvod in the
'iaﬁtahotiﬂm nf aa%aehal, the iﬁductman nwbme%uaﬂ bean Aﬂﬂ@?&ﬂdent mf:*
10@@ eno%her, Bacterlum HﬁIB 8250 ryntha&iacq two Lmofunctlamal '
ur;ﬁkoxoa&iyata Qnalnlaetona hydral, ase 36 ‘and WT aependinm on Lho
'éindum@?. Tha firab ﬁnﬁuecﬁ‘by 3,4md1hydroxybeuz0atn, the Smcﬁnd
prababty by benﬁoate. Henca the con%rol mechanm in bacbekum
-NQIB 8&)0 parmmtd utrimt eeonowy of 1nduced unayme synbhe&i& buﬁ.
;requlre Ewu ,tmqabumal genah gsvernin ﬁh@ aynthemiu of xﬂoxvnotxén al
, emzyme N ’ _ IH ; . e
Ghapmnn nnd ngley (1}65) &tudimd bha matabollam of 2 5udihyﬂf0£J
phanylae taﬁe (XI;) hy h\etarxuﬁ ﬁbla b?ﬁOa They fugue,ted that

2,)—dLhydroxyphenylacetate is ﬂ?lﬂiﬁaﬁ throuph the sequences

P '/"

o

W

A e
G, G001

CMHLGBO0H
goon -1 -
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GGOH ~..oeeor caoa N

‘ﬁﬁhiS*Q&ﬁEWay lg 1ﬁeﬂt1¢a1 f%th ﬁhﬂt deserlbaﬁ by T@Vﬂin an& Gramﬁall ’

(1)53) aud Kncx ana L&wards (195)) fav th& leﬁa;LGﬂ Of 2,5na1hydraﬂy~

phenyl&gaﬁate in rat 1iver, It ig 1nterea%img thaﬁ Ghapman and ﬁagley

(196?) atuﬁia& the emi&attan Qf a,jmdihydraxyphenylﬂcetat@ by cﬂllb
wh1ch haﬁ hean @rawn on phenylaratatm and 1nd¢ﬁd the authors auagest
that tha 9widatimn af ph@ﬂyiaeatat@ by baat@rium Rﬁiﬂ 8250 iﬂVQlV@& kS
uhﬁ 1nﬁarm&ﬁ1@te fommatian of Z,Jwﬁihydroxyphenylaaabmte.:' | |
| | Th@ e@ntral male Qf the Krahs cyale in th& mababmliﬁm of -
bﬁaterzum ﬁGiB 8230 has been 1naicate& by previau& warkers (Baglay :
anﬁ Ra&mbrﬂ, 1953, ﬁag&ey and. §atel, 19553 Gallﬁiy, Dagley and
ﬂadg@on, 195@) It may also be pmeﬁumad th@t the oryg &ﬂiwm'Pﬂﬁgﬁﬁﬁéé;:
a g]ynxyiate eycle simaa it graws on, acetate (Faw&on,196?a), wﬂd F
PORSOSSRn mgnaitrataﬁe &nﬁ malate Mynthata%a (Callely et al, 1?;8)
Anothoer po sible eyclia syﬁtem.of baﬁtar&um,ﬂétﬁ 8250 ig tha butanem

2@3~ﬂiol anla (Junl andwﬂeym, 1936) far‘the azgg;milathm_af~P






ol ocompovnds oteritm HOLB 0,8 exominabi
epecificity, of the ‘enzynes:involved
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' WATERIALS. AND MEPHODS,.
ﬁrg&ni&m.' 

l;; ﬁaeterlum kﬁlﬁ 82)0 vas mbtained fram the Bat;on&l Collectmmn of .
Indu$tria1 ﬁaateri&, %arry ﬁeseameh Statian, Aherae&n, %Qotland. ‘
" %tock nulturaﬁ were maintainaa in Dxﬁid aookaﬁ m@at madium ﬁtareﬁ at
'lﬁzl_mubeulhurav werw made 1nto onid nutrienﬁ hroth at interv&lﬁ of ;:
mcnthm an& theﬁe were also kept at 4.. Incaula wera nrmdueed by a)fff
qurther &uhaulture inta nutrient bre%h an& 1neubateﬂ fﬂx 17 - 24 hr(j-

,at 36 amme&mately befara uses

" Growth of Bactoriwm NCIB 8250.

Bagal méﬁium, )

he basai medium uged in all these experimén%s was prepared by

dxsaolving 6 g Kﬁgyu4 + 4 g+ (WI,),50, “in 11. glass distilled water

14025,
and @dguﬁting ﬁe pH Te0 with ﬁa@ﬁ. |

Wa&tinp*aampeun&r for thelr nbility to serve aa carben and enargy“

5aurcam for growthg

maah carhen sourae wae. &igsaIVQd in giaﬂﬁ dm tillea wa%ar %o & {ff

eangentratlan ef 1Gmm amd Lha pH adauat@& to:; 7 G wlth~ﬁa0ﬁ ar Hbl.
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A@propriaﬁe aolutian 'WéﬁQQQI pbn ad into 250’f1;;‘

flasks a& follow&; ;‘

Bogal medium _’@arbon“sauncef‘ : Final aoncentr&tlon of”

‘tggif),‘;ﬂaﬁ*‘ "(m1;); “(ml )fA.; ewrbcnfaource (mm)

3?25{“"3 :‘ﬂifé’5<e'”:f ‘§é§$;:‘.- 5;32’459*5/  ;;:,ff”%#
Ca e a5 o
25 0 _ 2500 : - g

The flaahﬁ were gluggﬁd with Qottan waal and gteriiiaa& by antam‘i‘gﬂgf

m}aving at 109* Amﬁydraxyan,ananaelata, 4~hydrexyu3~methoxymn L-

' nan&elate, 3,4mdihydroxy~n,L-manﬂelate, 3,4~ﬁihydraxybenzalﬁehy&e, _sﬁi

cateohol, 4nhydroxy»3umathoxybenmalaehyae and 4«hydroxyu3~mathaxymﬁi\if

- benﬁyl alcahol, hOWQVar, becau@e they are yrabably heatmlahlle, were
storilised by fmltratien through M1lliyore filuera (GqWP 047 00- Ouzgp)
prior to their additxom to @uxt&bly amluted starile basal nedia. Tgljf

ea.ch flaah waﬁ aédeﬁ 1.0 ml.lsterila 2% (w/v) mgso ,7H 0 anﬁ, a®

. 4
‘zﬂaeulum, O 1 mle of a ?4 br. nutrient “hroth culture. Grewth wws

: follmweﬂ fur *;éays t 3@ on a retary shaker (&» H* Bng;neering Ga.,jf?
.DBells Will, ﬁtoke Poae@, Euokﬁ.g M V.) moving at ahout 180
~ogeillatione:/mm. Visual estmmatian of “the gwowth reapon%e« to

ﬁiffer@nt wubstrataa wan maﬁe by eamy&risen Wiﬁh standard fldﬂkﬂ

 ¢antwining 0.1, 0.3, ;0 mn& %,0 mg. wet wt. basteria/ml. but in alf?i;

cases” temtad the flnal raﬁult canld ba elearly aﬁateﬁ ag 'growth' or{fi

:fﬁn@ graw%h' ,;ff”-




llﬁetermln%tlmn af bha Fvsfﬁh ra&aﬁ of hﬂatarium ﬁ@iﬂ 8258 an 'ﬁe u

;xhemaria fcrms QA manﬁalmte.

An aiiqnat (16 ml.) ef a 24 hr. nutxlgnt broth eulture af

ba,cxaemm m;m 825& ua& mammmea mm 8@@ s m‘? mu ﬂt‘mmgth
: b“mal“m@dldm,ﬁﬂntalnlﬁ@ 16?&1} af 2% (u/#) Hgga ,7E 0 mnd tha

a& ?5:i¥(f;wypx0pmiata mandelwte gt ftal final aeneemtrat;cn cf 1 er mﬁ. @ha

......

fg ~-ff_;_:‘meﬁiumpw s eantaineé in lmv flaqkm fltheﬁ thh gxds armr Yo

-1&9111&@#@ ﬁumpling Qul%ure ware grown un&@r'cmnﬂﬁtmana of
‘viﬂareuﬂ aer&uiam im aﬂ appww tua ﬁimil i h ﬁha% 6Q5¢ribad by -
5 ahiegalg K@l%wasser ena @ettachmlk (1961) ﬁagneﬁ ériv na%emhlies;j'

vriaanﬁtrunted,by ﬂr, H. ﬁam&av in ﬁhi% Qapartment, weya armangea ua

: wfacaegpd%telthe 11. flﬂﬁhb iﬁ =2 waﬁer bmth Qquiypa& ?ﬁﬁh 8 Giﬁﬁ@uhern:y

7*QZXa (ﬂh@néan “ai&mtiﬁia:camyany Lxmmtea, L@nasn,ﬂgwnlm.) eaﬁﬁaan* A

5fummﬁaratmma un Aeratian w&m effeatad by maaﬁs of Abmm.i

ﬂﬂmrﬁﬂeﬁie %5rr1ﬂ har:ﬁancasad lﬂ polyprcyylenaﬁ__@ha vartex @v@&a@ &ff

by %ﬁe gtirr;ngﬁs&tan@@d t th& battam.of Hhe® fﬂﬂﬂk _n@ o %héré]

!

e d%atr¢hutaﬁ by bh@ ﬂtirrlmy har mc that bubblar war@aiﬂ%?aﬁucaﬁ zntﬂ
&h@ h@éy of tﬂ@ m@éium (;chle?al 6%, al; 1961). Grewth was follawad
. hy tﬂkiﬂﬁ 4 mlﬁ &amplﬁm ah 19 $o 20 mim. 1nt@rvala fad mos &uring‘ﬁhs

"-fsmtim@uiam a% 5$Qmp 1& & &@aﬁtmaﬁza 2@ aelmmlm@tar¢ Gx 4¢h raL@a

’wa?@ u@t@rmkm@ﬁ by piat%iuME_ ”*]timus th@ &10@@9 of

Lh@ ?@"_1tlﬂﬂ atx‘fght linew gave a maaﬁu a?af *he maaw geﬂaratiﬁn

'{;;timeﬂ f@gwamf\

‘*195?}-
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Graw%h~af-haeteriﬁmvﬂelﬁ 8250 faf.whelawaell-gtuaieﬁ and

dotermination of growth rates. -

Tor each of the&e exparzmentg 9,100 mle ef hal£~abreﬁfth bm&ml
(;ne&ium ﬁontainmnﬁ thﬁ apprapriﬁ%a aarban ouwas was prapqrad iﬂ a 31..
”1wtmb0ﬁuomad fladk éantainmng 8 4gmm. pojyprapylene eoaﬁed.magnetiﬁ

gbireing bors 100 mla~om-thia ma&iumuwaaawithamawn into argﬁﬁ ml.
*ﬁlenme?am flaﬁk.; The - 314 - flask, TOW ecntaining 2 .‘Qf moﬁiumy and
the ?5ﬂ mle Lwlenmeyer flar? Were @Lu Waﬁ with aoﬁtan wool &ﬂﬁ l
m%erlllaaé by “utoclaV1nﬁ ah’ 1@9. H@atulahmla eampauﬂdﬁ {pa 21) were
sterilised by filtx@tion uhraugh ﬁilligore filtar (&3@@ 04? 00. O« Qap)
prior to. ﬂh@lr wﬁﬁitaen tﬂ suatably diluted ﬂtcrile ‘bagal madi&; In
: avcrj‘¢4$e the carbun ouraa wo.s @reﬁant at a final concenuwaﬁAQn of
l,Gmm, @xcayﬁ mhy&raxybenﬁaldehyﬁe whiah wag praaent at O.Emﬁ ana
B,ananaalaue, 4~hyﬁreayw3«methaxy~3 Lumandalaﬁe, 4~@1hydra$ym®,hwl
mandelate and 4whydraxymﬁ,bwmunaalata whi@h woere, pra&en# at 240mi. -

Tha-lﬁﬁ ml.fquamtmtquf maﬂmum;wgafgaed'to yrayara %hu inaeglgm.\

?Q iﬁ wera added 2 mly 24 (w/v) mgSQ&%?ﬁéé;aﬁﬁ{'aé inéﬁulum, Gaalml;f
of & 24 hre m%#iént broth: cultuve: of "baémmﬁm‘ NOIB 8250, The flasks
p'Were ﬁlaae& in-e 30 hot Toom on a rotary shaker (L H. Pngineepring

; &0,, B@llﬁ Hill, Stgke ?ages, ﬁuck%n; mm V) maviag a% abauh 180
ascillatiana/mina %he‘bacteriavwere groun ﬁaﬁearly-@tationary @haéé
(a8 determined from %he previaus ggoﬁth sxpenim@nta)@

| 1Py ea¢h~0fﬁthea21. quantitieé of médium, equilibrateé t0o 303 was.

added 16 ml. 24 (w/v) 1gso 4 «THO04 f.éhe«--'me mle amounts of adapted



S yravaously descrlbed.

~24-

cells ware urea aw 1nacu1a for thelr rasp@ctiva 21..of medma»

1noeulatian b@lnﬁ made by the aaeptlc a&dltion of the adapted
::cultures fPOm the Lrlenmayer flask The 33. flaskq weza placéu‘at
-30 on magnet;c stirrera conatructed hy %r. N. Harvey (I]luatratlon 1)
Allquots (4 ml.) were taken at apyroxlmately 30 mxn. intevvala after f:

"the first hour¢ The extinctians wara mea&ured at SOOmp 1n a

~-%peatranlc 20 colorimeter and the mean generat1on tmme& detarmlfed as 8

Prelmminary axperlmehtﬂ ShOWed.that PrOOmO.lﬁ Jas reached at th@ ;

"-fbemlnning of tha 1aet generation of &rOWth~ "hen the'aj

T culture reachad 0.16 therefore, the flaak wag removed frem thew

’magnetic etirrlng devzee and 1mmediately surrounded by ice¢ The 0911¢ 
were harveste& by batch oentrifugaticn at 12 OOOg for 30 min. at 4 L
(m.w.h; "Highspeed 18" Hefrigerator Centrifuge) The supernatant

solution was deoantad and the pellet washed by resuspensmon 1nvlea~ _t
f;cold dlstilled water. The cellG were racentrifugad ot 12 OOOg forﬂgh;}
"30 min. at 4, the Buparnatant solution deo&nted, the oells welghed <
and resuspanded in ioeucold distilled water to 8 concentratmon of -
, 10 mg. wet whe /ml.. mub equent exp&rimenta in the Warburg apparatus o

wore always startaa \rithin 4 hr..'

Gébw%h of baoterium NCIB 82564férlﬁiepérétién‘of-ceilAfréa @xtréaﬁsm

(i) For_determination 6f QOnditiens*ofﬁextrac%ion and'aasag:

For ecach of. thsse exparzmentn ?L. of halfubtrength hasal meﬁium,

Veontamnimg aiﬁher Bmﬁnx anandelate or Emmub@nayl alcohol was prepared‘



Illustration 1.



| ‘an a 31l ?mnnambmthamad flaah aantamu&mg ai 4gmm. pal;nrmpylmnn eoated-
ma g ﬂetwc w%imrmng bar. The. Elawm ware ylugre& wiﬁh catton‘wcal and

ﬁhe m&dmum steriii ﬂd by hutoclaving at 109.: ?o each flaﬂk'wab aﬁﬁed

|  '80 ml. ﬁterila “ﬁ (wjv) ﬁgﬁQQQTH 0 and, & 51inqaulumg.8ﬁszgggf.az&dghr

wutrmmnt brmth'eul%ura af,haataxium‘ﬁﬁiﬁiﬁaﬁﬂs%-mhé,flaakaxﬁéra ﬂiéé@ﬂ
at 30 N mag ﬁetia mtirmmng aaqmmhliaae mh& bautorw ware Frgwm fgr |
Wygreximately 16 hr¢ and tb@<flaakm r@mave@ from tha driVQ naﬁemhliew‘
and . ammadiatsly surraundad bg’mee. mhe aalls wem@ harveﬁtad by habch
eanmrifugaﬁianwat~l? 0004 far 3Q mim. ab 4~ (agﬁﬁhm "%ighbpaeé 18“
~Rafmi @ratnr Gentrifugﬁ) ?hewaupara&tana;aﬂluﬁinns were ﬁ@onmﬁed=:
‘L@nﬂ nh& aeilm ua%hed by resuapansian in ahi?}e& 0. OGGM#Fﬁ?I“Q4wHai P94
'*buffemgxpﬁ 8.2, The;cell, were mamentrzfﬁgeﬁ:mt 12,0008 for 30 min.:
at 49 Lha upernatant salutiaﬂm degnnted anﬁ the aell pellatq waagﬁad«

‘The ﬁ%l?ﬁ were ramu&pandea fmr hraakmge as apecifieﬁ in indivz&uﬁl

awyarimanﬁs¢

‘T(ai} Fav bhe detprminatmcn of- tha af*art of pH on the Timwmcwurﬁe far

th@ benzal&ehyﬁa dahydrog@naﬁa.

Par thm& ex@arimmnt hactarium LD 82 250 was . grdﬁﬁ in 21¢‘
f;quantitmaa o halfmatrangth basadl med&um ﬁantainlnm 5mﬁﬁn meanﬁelate.
@h@ eella vere hervesta& by hatch centvifupatien at l?,ooag for 30 min
mﬁ 4, Thmc@ appmaximately aqual porticna of th@ harVaat@d ¢alls wara
ilwgsh d in Opeaﬁmsaﬂiuﬁ pywophusphate huffem DPH Ta0,. 8.5 &nd 045
D%ﬁ@btl?%lyyv These portions Wera aenﬁrifuged aa hofare, tne

Ty

ﬁugarnataut solutions &eaanteﬁ, ‘and. the three W&ﬁhed~pellﬁ$ﬁ welghed



. end resuspended in their appropriate buffer to 50:mg. wet whe/mles

(1&1} Pav ﬂ@ﬁyxminina %ha ubstr&tﬁ‘epmsificitaaﬁ of the mezndelateﬁf

dahyara enasa, han?yl a]eahol &ehydrorana 9 and h*aaa)dmhyﬂe

ﬂﬁh?ﬂr@@&n&me;. :fo':iiff

Por aach gf Ph@ma exna iﬂ@nﬂs ?1;qqf hglf“mtlﬁngwh ha al nedi’l*

uunfmimimg aha apyfopmiwta aarbanvbaaxaa'waﬁ,gra@am@ﬂ imrm 31, flatw

hatﬁama@ fl&ah(cantwiniﬂg @ 45mm,;palynrapy1@nu aoataﬁ maiwatse
R ¢ nu..\;?;\&w\f.& Aenmoemc W

mtlrrin ha?. &aeh E,ﬁwmandalatejwaﬁ nresenﬁ at a Tinaj eom@emtr&tion

' T e AB N Xed Lemwoknae " -

gaf 5mﬂ ama aae& h@nayl alcahmljar A—hy&rmxymjdmethoyybcnza?éehy&e.w

Ef“«ﬁ‘

nrascn% at zmm. The exeeﬁtion waafeuhydraxybenﬁvl‘alechal whieh waﬁ

f;prasant at lme The Pla*“ﬂ wnma plu@weﬁ,WJth aattai

4 %a& thb ﬂuyarnatant galatiaa¢‘de¢antaa. Twa appravimmtalv egual

pmllaﬁs wa&&h&&,an& rasugy@ﬂﬁed in th&ir;appropmiata huffar to 50 mg.

‘A‘Wat wt ﬁ&1¢,“§iff




Cfollowsr: .
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Illustration 2.

(Actual Size)
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i‘gféuxing avary’alb&rnai@ minuba ﬁa ax& aaolimg‘ Ta@ hemper&turm Gz the

3@x8raat never rm&a abov& 1@.§3w_e exhrac% WA c@ntriru@aa at 20 OUG@

.{fcr 40»mln. at 4 (M&umEp ﬁaﬁrxg&raﬁed‘ﬁlgh bpeod Anglf‘l

3“ Qantmifuge)

.mliﬁfe wha)a 6911 nd d@brise? Wha umuﬁnmtamt eluﬁ¢eng whieb

"J?d& 1i@ht yailaw in, ealaur, W&& a&gantad ﬂﬂﬂ ﬁtemeﬁ,at mlﬂ»' @he |

?iy;enzymaﬁsﬁ &ﬁﬁi?ity off- thia uell-frae extraat waa qlwxys detarmine&

, ‘f~w;hh;n 48 hr‘n

CLoTGRinding With alwaings .

A waaheﬁ aalj pallet {apprﬂximabaly §-0 gi) wag éixadfwiﬁh'2-5“"

_umnes 1ta waigh# Q& alummna‘(xaaﬁarxalagaeai @wmda 1um1na ﬁ“JO5,\

&laoa Ghemicals, Aluminmum bamyany o; ﬁmerxca.) eontazndd 1& a

%‘parealain mcr%ar aurraunaaﬁ by laa. %ha sells wer& broken by

"~.vigarous grinémng wlbh a. giasa pastle far 2& min.. Ta the resulting B

maﬂte W&ﬂ adéad ahxll@d Gaﬁééﬂ»ﬁa,ﬁﬁﬁ mﬁaﬂ P04 buffar pH Be2, tu mzve

4

| -8 conaentratman of 50 g call matamﬁanpﬁéﬁmaﬁ P04 buffar pﬁ 3;&5'%6m4
Gebria viere. r&m&vaa by aantrmfuyation at 2@,0@0@ for ?e mzn. st 49

"ﬁhe eellwfree exﬁract W&& 4@9:@@_& n&Q anﬂ arauyaa wi»hin 84 hr.»

. Hughes ‘Presa txamtméﬁtpV

A thi&k slurry of waqhﬂd aallm c@ﬂtalnlng appraxmmately l g we%
Whe. eall&/B mlg .966m~ﬂaﬁ2?04nmagﬂ904 buffer pH 8 2 W&S frazem %a

‘ wEQ in th@ aall»hlmek (%hamdon Eﬁiﬁntlfiﬁ Qompany him1b@ﬁp Lonéen .WJ




w3060

~odh & ﬁn&ho& Pre@s»; @hs aell% WHLE ﬂaﬁru“ é& in Lhm)nanventimﬁsl
'~wanna$ (ﬁugh&%; 1951) with the axé of é fly pra.m¢ Th@ frozen ‘og ll
amuﬁh'waﬂ ramﬁvaﬁ %mﬁ thawea in auffﬂcaant 1@m~m01é Dﬁﬂﬂfﬂmﬁ& W?Q4 R
'!&&RQ§Q4 baffam, pﬂ 8#@9 Fo. wlve final aaneentma@won,ai 50 mge cal‘
mauefial/ml.. whale $@118, 0&11 dawaﬁ ﬁad [:3 light y@llew flanculent

?Tﬂ&lpitﬁﬁ@‘ﬁ@ﬂa m@mavaa by Q&ﬂi»ifugation &b “G,OOG@ Tox 40 min. &i R

~ The @blimfmaa axtraet Was auaraﬁ at *10 and, aaaaye&.wmthmn 24 hr;.

" gpectrophotoietric Assoys.

Raﬁcﬁianéaﬁéra7a§ﬁduciédAinflqﬁw ?athqléﬁgfh'ﬂilica QuV@ﬁtgé[w
cantaxumag & tatal lmqugd valuma Qf 3;0 mley meamuramant of
extinotion wawa wmade by meana of a. Unieam 8P« SOG ﬁltxavmaleb
wpeetrophatﬁmeter (ﬂnmaam Inwtrumentq Lﬁd,, York Sﬁreea, Cambridges)
which wES maﬁﬂeataﬂ to . a uewvaaaribe Gharﬁ R@aexdar (K@ivin
{Lléatremics %ampaﬁy, hﬂmbley ?ark Erivg, u@mhlay, Mdelabex.) Aliu

rea@ﬁmona were uarrmea out at roam,temparatura (?1&1)

| Ledandelate dehydroiensses

Lmﬁamd@la»@ dehy&mogena%a wan. aamayed by a&aptln@ ahe methad
amgley@é bg Hegaman (1966&) The»ageaysw e aeﬁ@ndent on the |
tiir@ﬂuetian of an~el%gtmgﬂ*@ccept§r ﬁ&é}52;6m@iahloraph@noluindaphen¢1,
’%pf{héflmuegjformqﬁﬂﬂacmitantWith‘th§~qxidaﬁian‘0£ @wmmﬁﬁelate-ﬁe

" bénasoylformate. jWha reaction was messuted at 600mp, near the maximel.
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' ‘;iﬂﬁi miw 3m1¢%ﬂﬂ yl &2@ @ ' o
J . ‘r;{2§3v1.¢ wﬁiilﬁk ?%'ﬂ
@ha “ﬁfﬂ?@ﬁﬂﬁ muvatbu &ﬂﬂﬂd&ﬂ&é BQQ ml’ &15%i11$% Wﬁﬁ@r_ Whm x&wa&la&?
& 1 h ? v .%a af*ﬁ
. - &ﬁ innpaﬂaw An exé&ne@imu ﬁ@ ﬁgﬁf m“z?m;ﬁ&w“miﬁﬁrda& ia

f 1 ﬁmwj mz h@nﬁvl' ; hm a %%H%d?ﬂ@}jﬁﬁgi
P, ‘im$%i&1‘3&%u dn@ o whﬁ ﬁ@%i?i%y~

”1’&ﬁ0 mét &ﬁﬂ@a

“*f55%@ o] ?mhvﬁﬂ ﬂﬁh[ﬁ@ﬂiﬁﬂﬁaﬁa.
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c'”ﬁi50.g nl. fiﬁw adium yyrcphmaph@ta huffcr pﬁ ,.5 ‘
04 wie .alﬁmm in .ﬁﬁxﬁ«sc&imn ﬁyrophampham
o buﬂfer pH 945 ‘
O;l mlw'éﬁzymé
041 mls 3miivbenzaldehydo

2+2 mls distilled water

. Th& rsfareﬂﬂa euvett@ contained .0 ml. digtilled watarp Tha

. raa¢t1on W&h initiat@ﬁ by the’ &ﬁditlon cf tha b@nzaldehy&a, Wlth L
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Table 1. The abllity of a number of aromatic compounds
to act as sole source of carbon and energy

for the growth of bacterium NCIB 8250.

Bacterium NCIB 8250 was. lnoculated into basal
salts media containing the wvarlous growth compounds at a final
concentration of 1lmM. Growth and mean generation times were

determined as described in Methods.

*# - Tested at a final concentration of 2mM.
t - Tested at a final concentration of O,2uM.

+ = Growth.
- = No growth.
NeTe~ Not tested.

( ) - Mean generation time in minutes.



Substituents on growth sub:

Growth
substrate Non- . 3- 4-
substituted Hydroxy Hydroxy Hydrox;
D,L-Mandelate + (185*%) N.T. - + (215%
Benzoylformate + (115) N.T, N.T. N.T.
Benzyl alcohol + (60) + (88) - + (88)
Benzaldehyde + (73) + (1271) - + (70)
Benzoate + (50) + (70) - + (62)




‘ ; 3 ﬁﬂi&f}l‘ (%wi?m‘;r‘él’ fi}ii’ 3;; / ﬂﬁﬁ.hﬁ’&l’i}w

1ii:§$?V@& @s mﬁl& EouToes uf wﬂmban an‘ian&m ey aiviny near ﬁ&n@?&%lﬂﬁ'ﬁyA:

;;%imﬁ m&\gﬁ,w4$ an& 4} MLauﬁam ?eﬁ '"ivsly

Whe ahzlaty o€ the it ﬂmarhﬁ *&rma uf Ty ﬂﬁﬂlﬁﬁw to &JL a6 halw’"

‘fmmumse of ;wwh@m @m& aaaray For 3 h@ gr@w»h of baut *Lu@‘ﬁmiﬁgazgﬂ,

V»le qhawa &ﬁ %ablﬁ ?. ﬁﬁg haabﬁﬁ.um grawamn rhgsLmiaammm af'm&ﬁéﬁl

borc)

1'%%@ @u mhﬂ mg@@wi@ ﬁ,&wmixtnr@ gxth Qﬁ?ﬁﬂti&?ly the ﬁhmﬁ m@wﬁ I

‘=£§ﬂ&ﬁahiﬂn ﬁlmﬂﬁsé'@%a a&aﬁmrx&m dmd n@t, ha eveTy STV mn tza @m arm

éf”mmﬂﬁala%e, T?ia @@ruln Wﬂd ugafxvmgﬂ repﬁ&bedly, ovan w&an‘ﬁhes

;aem?um m%ﬁ b@en ~rmun on: ﬁ,&mmdnuelanat‘,ﬁh@ t&ti&nm?g phape
m@nmi hiaﬁ uft@m wrawﬁh oh ﬁh@ &wfﬂrm wee uwiba {ngiﬁ eompared Lo
G&} hhwﬁ ra@awsa& afﬁ&w ﬁrawﬁh on. a; aguimalaﬁ a¢0umt m? the

o 3 Toonf QIM{# *







Table 2. The abllity of the isomeric forms of mandelate
to act as sole source of carbon and energy for

‘the growth of bacterium NCIB 8250,

Bacterium NCIB 8250 was inoculated into
bagal salts medlia containing the approprliate mandelates
as sole sources of carbon and energy for growth. The
mean generation times were determined as descriqu in

Methods.
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Pigels Oxidation of the isomeric ferms of mandelate

by washed suspensions of bacterium NCIB 8250,

Cells were grown on 2mM-D, L-mandelate as sols
source of carbon, harvested, washed and théeir ability to
oxidise the varlous substrates estimated manometrically -
as described in Methods, Each vessel contained 8.0 ng.

wet wt, of cells,

O~ D,L-Mandelate.
A- L-Mandelate.
0~ D-~Mandelate.

O~ Control with no added substratee.
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Tig.e 2, Patterns of oxygen utllisation obtalned with

bacterium NCIB 8250,

)

A~ Immedlate complete utilisatlon.
[ - Immediate limited utilisation.
C~ lag then complete utilisation.

D~ Immediate limited utilisation-lag-further utilisation,

In each figure the lower line represents utilisation with no

added substrate or no utilisation with added substrate.



Time
Time

axyejdn uabAxQ. : ~ 2jedn u2bAxQ

Time

Time

<

uv_mﬁs u2bAxg 2)eldn u2bAxg



ey, whG=

:w,waq iny”T o lb% af Lhat reQulreﬁ for theLcamglete ox 1ﬂ@tiom af vh‘ﬁ

| ehallang@ aubmmm %0 m Jaid. .t:zaa. ‘E‘h,!.a yory lmrparee}nta@ ",;?,%.ié.;{é..tm

/umole Oi

1‘w&s eQulvalunt 4g an amy@@n uptake of b@%W@an 1 paﬂou;@g

ﬁuhﬁtraha and 1 pmala 0 /pmcle of gubgtrata«

H ?attern G *»Lag%then.eomylata-uﬁllzsatxénﬁ The“ﬁﬁrﬁtian of théJ‘
"1a¢ varied thhmn wide llmztm, ¢ram anly 8 faw mmnubas tu nors: thmn 5
'ﬁaur€¢ Th@ lag Wah fallawed by a period of lﬂ@fa&amng axyzen uytak@
Zwath ‘both a maximum ra&a of aﬁygen ﬂﬁb&k@ and a Lln&l @tolehiametry ofg
axygén uy%&ke Sm@@i&f %o~that‘qbs&rved wi%hﬁﬁh&ll@gg?~subaﬁ:atﬁs,Whygh‘

S

"T}ga?é ?at%@rﬁ A*

‘?atﬁe ™. D - &Qmeéiate lmm;ted utilis at&anmla@mfurvheriﬁz@1ié§$§0ﬁ
" Wh@ Tirst. ﬁh&ﬂe o¢.th1v diphasxe natberm wa% ﬂimml&r tg pattern ﬁ,“ -
with an 1ni%1al xate OE Q&i&a%ion babwean 5 ana 129 pmclea /hr./

mg, We &ﬂd a plateaa in GEV en uptake oceurmimg aft r 1 yatﬂm orw' o

L ﬁmale 0 [pmola of mab&trate had bean utili%ad._ ﬁhe sacond phaea, .

whleh 1s ammzlar to puttamn L, ahawad a lag, again cf varying*leagih,

ﬁericd aifmnnrea@ia% uxy &u upv k@ anﬁ 11ka batthabtarn@ A %ﬁﬁ“ﬂ,ﬁ

:”ffa f;mal cbygen uptake of )0 - 8Qﬁ of th&% requ;ra@ for’ eamplahe

;Lha challange 3ubﬁtmahe b0 QOQ and ﬂgo.:_f;:

The fznal axy;@n uptak@ ef the control with no a&d@& aubs trzte

oxzdatlan Gf

3

 was }aﬁﬁ th@a 10ﬂ of that with Qh 1lenge wub%trﬁbcs whigh g&va

a aamplste ubiliﬁatien nf oxypan. A numh@r of challen () hubﬁﬁratep ?

i)‘f alled ta xam%e tha ﬂxgmea‘mptaka ahove the andag@nomw leval aven

':4afﬁ®r;6ﬁpf24;hourm'1naubatmonu(ﬁ@ttern,L}.’: 73'Ww




e

'3Paktarﬂq?0f axygen

iut@liﬁﬁhion wlth calls grown em ﬁwhyﬂraxymﬂ Jim

”comphate’utiliqatzan nf Qxygen arg shew:'in Pig, 3._*ﬁhe o WeTe L

4“hvérgxg“”’%“““nﬂﬂlﬁ*@ (thﬁ grawth=aubqtv&ta), 4~hyaroxybenaylfélanﬁéif’

"f*ganarally be%wean,ée'and ’(5‘ch ef ﬁhat raqumreﬁ far complat@ @xidatmam-

~the ¢xvaptian waa 4~hydxsxy~3,L~mandelate Hh&?@ th@ axyg@n upt&ke wau:ﬂu“

iny 35% OL that requlxaé fer Gnmplete axidationn '

w

$h9 patt@rn% af oxiﬁation thained wibh they nanurubgtituted ,ﬁ;;c"
-eompaundm, aateeh&l ana ﬁk@xﬂwdiﬁﬂﬁﬁ are shown in %ig». 4a ana 5b._;~ .

”fD,meanGelatég hauﬁaylformate, hanayl alﬁehol 1ﬂ Flg. 4a mnd benmdldehyda

lﬂuﬁlga 4b vll gﬁva a diphammc oxygen uptnke pattern (pabt9rn ﬁ) ' Tha

.\‘1ntermedlat® lag in the QX¢datiem Df th&se aubwtr&tea oaeurxaﬁ aftar an

ﬁg;uptakajor 1.paﬁcm Og/pmﬁlﬁ S,meandelate,

L

1 patmm o, /pmclc hanaoylformbte,

1 pmala Qg/pmala banavl alcoh@l and l pﬂtam,ﬂﬁ/pmale benzaidehyéa.~nl

+

Banﬁoate anﬁ s@ioehol war@ 0x1disea anly after iag, whilst ﬁpmﬁaadipate

o%m&;waf imﬁa&iately., Tha fmna wagen uptakam were hmtxaen 6G£fn&
s

5m@nﬁﬁl@ﬁe

’\aquiraa far @nmplata;axmd&tlaﬂ exeep& 1n ﬁhe caie;of ﬁ L

har@1thm_exygen uptak@txag en1y533m of tha ”lequixed*xor~

Ui







Fig.3. Oxidetion of the 4-hydroxy-substituted
compounds and 3,4-dlhydroxybenzoate by

washed suspensions of bacterium NCIB 82350,

Cells were grown on 2Zml-4-hydroxy-D, L-mandelate
as sole carbon source, harvested, washed and their ability
t0 oxidise the various substrates estimated manometrically
as described in Methods. Each vessel contalned 8,0 mg. wet

wi. Of colls,

O- 4-Hydroxy-D, L-mandelate.
A~ 4-Hydroxybenzyl alcohol.
O~ 4-Hydroxybenzaldehyde.
©- 4-Hydroxybenzoate.

A- 3,4=-Dihydroxybenzoate.

(- Control with no added substrate.
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Fig.4a. Oxidation of some non-substituted compounds by

washed suspensions of bacterium NCIB 8250,

Cells wers grown on 2mM-4-hydroxy-D, L-mandelate
as sole carbon aource, harvested, washed asnd their ability
to oxidlse the various substrates estimated manometrically
a3 desciribed in Methods., Each vessel contalned 8,0 ﬁg.

wet wt, of cells.

0O~ D,L-Mandelate.
A- Benzoylformate.
(O~ Benzyl alcohol.

©
1

Control with no added substrate.
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Fig.4dbe. Oxidation of some non-substituted compounds,

catechol and f3~oxoadipate by washed suspensions

of bacterium NCIB 8250,

Cells were grown on 2mM-4-hydroxy-D,L-mandelate
as sole source of carbon, harvested, washed and their abllity
to oxidlse the various substrates estimated manometrically
a3 descrlibed in Methods. Each vessel contalned 8.0 mg. wet

wt, Oof coells,.

O
i

Benzaldshyde.

A - Benzoate.

O~ Catechol.,

O~ [3-Oxoadipate. | |
A~ Control with no added substrate.
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Fig.5. Oxidation of the 3-hydroxy-substituted compounds

by washed suspenslons of bacterium NCIB 8250,

Cells were grown on 2mM-4-hydroxy-D,L-mandelate
as sole carbon source, harvested, washed and thelr ability
to oxidlse the various substrates estimated manometrically
as described in Methods, Each vessel contalined 8,0 mg.

wet wt. of cells.,

O~ 3-Hydroxy-D, L-mandelate.,
A- 3-Hydroxybenzyl alcohol.
0O~ 3-Hydroxybenzaldehyde.
Q- 3~Hydroxybenzoate.

A- Control wlth no added substrate.
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Table 3. Patterns of oxygen utilisation obtained with
a number of challenge substrates when lncubated

with washed suspensions of bacterium NCIB 8250;

Bacterium NCIB 8250 was grown on éach of a
nuaber of aromatlce compdunds in turn, harvested, washed and
the abllity of the cells to oxldise the varlous challenge
substrates estimated manometrically as déscribed in Methods.l
Fach vessel contalined 8.0 mg. wet wt. of cellé.

M. - D,L-Mandelate.
BF,

Benzoylformate,
B.A. - Benzyl alcohol,
BZ..- Benzaldehyde.

B. = Benzoate.

A= Tmmediate complete utilisation.

B~ Immediate limited utilisation.

C- Lag then complete utillisation.

D- Immediate limited utlillisatlon-~lag-~further utilisation.
E~ No utilisation above the control.
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Growth Non-substituted 2-Hydroxy- 4-Hydroxy- ;. 4~Dihyd;&y = 4;P:3}Ei~oxy— 3-me thc:?cy—
Challenge Substrate
diats M. BF. B.A. BZ. B. B.A. BZ. B. M. B.A. BZ. BZ. B. M. B.A. BZ. .
D,L-Mandelate A A c c c c c c D c c c c D c c c
Benzoylformate A A C C C C C C D C Cc C C N.T. C & C
Benzyl alcohol A A A A C A A c D D D D c D D D c
Benzaldehyde A A A A - A A c D D D D c D D D c
Benzoate A A A A A A A A c c c c c ¢ * c -
2-Hydroxybenzyl alcohol D D D A A D D N.T.
2-Hydroxybehzaldehyde A A C. N
2-Hydroxybenzoate G A A C C » C N. 7.
3-Hydroxy-D,L-mandelate B B E E E E B E B E E E E E B E E E
3-Hydroxybenzyl alcohol B B B B E B B E B B B B E N.T. B B E
3-Hydroxybenzaldehyde B B B B E B B B B B ‘B I B E ¥.T. B B E
3-Hydroxybenzoate E E E B B B B E B E B B E E N.T. E E E
4-Hydroxy-D,L-mandelate D D C c C c c ¢ A c c o c c D C C c
4-Hydroxybenzyl alcohol D D D D c D D c A A A b c N.T. . D c
A-Hydroxybenzaldehyde D D D D C D D c A A A e N.T. D c N.T. D D c
4-Hydroxybenzoate e c C c c c g v A A A F N.T. C c N.T. c ¢ c
3,4-Dihydroxy-D,L-mandelate c N.T. c g N.T. N.T. A 55 R N.T. N‘L. A c c A c c
3,4-Dihydroxybenzaldehyde D 0 A A A
3,4A-Dihydroxybenzoate c Cc C c A A A A A A A
A-Hydroxy-3-methoxy-D,L-mandelate|] D D C c C c C C D c c 1} 4 N.T. c ¢ A c c C
A-Hydroxy-3-methoxybenzyl alcoholf D D D D c D D C D D D c D D c A A A c
A-Hydroxy-3-methoxybenzaldehyde [ D D D D c D D c D D D 0 D D c A A A c
A-Hydroxy-3-methoxybenzoate C c c c c c c ¢ c ¢ c o c c c A A A A
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Table 4, Initial rates of oxygen utllisation obtalned
with a number of challenge substrates when
. Incubated with washed suspensions of bacterium

NCIB 8250,

Bacterium NCIB 8250 was grown-on each of a
vnumbar of aromatic compounds in turn, harvested, washed and
the ability of the cells to oxldise the various challenge
aubstrates estimated manometrically as'described in Methods,
Each vessel contained 8,0 mg., wet wt. of cells., Initial rates

are oxpressed in nmoles oxygen utilised/hour/mg. nitrogen,

M. -~ D,L-Mandelato.

- BF., = Benzoylformate.
B.A. -~ Benzyl alcohol,
BZ. - Benzaldehyde.

B. -~ Benzoate,

N.T. Not tested.



3,4-Dihydroxy-

e —

Growth Non-substituted 2-Hydroxy- 4~-Hydroxy- 3 4-H§droxy-3mmét£;xy—
Challenge Substrate ' e el
Substrate M. BF. B.A. BZ. B. B.A. BZ. B. M. B.A. BZ. - M. BZ. B. M. B.A. BZ. B.
D,L-Mandelate 175 120 0 0 0 0 0 0 48 0 0 g N.T. 0 0 38 o 4 o
Benzoylformate 172 148 0 0 0 0 0 0 48 0 0 0 N.T. 0 0 N.T. 0 0 0
Benzyl alcohol 43 112 186 198 5 194 210 24 82 128 128 o 1?49 101 0 75 117 115 0
Benzaldehyde 163 150 177 212 30 145 175 108 40 34 43 0 - B 34 0 38 48 43 0
Benzoate 182 | 134 | 240 | 188 -] 198 145 118 130 0 0 0 0 = 0 0 0 0 0 0 0
b’ “ 2

2-Hydroxybenzyl alcohol 12 29 10 55 0 152 116 5 60 128 128 ; 0 8.7, 107 N.T. 13 95 8
2-Hydroxybenzaldehyde 6 11 23 31 0 124 81 0 17 34 43 g N.T. 34 N.T. 39 33 8

 2-Hydroxybenzoate 10 10 0 6 6 124 80 166 0 0 0 e N.T. 0 N.T. 0 0
3-Hydroxy-D,L-mandelate 10 8 0 0 0 0 0 0 35 0 0 =9 K.T. 0 0 31 0 0 0
3-Hydroxybenzyl alcohol 9 18 37 52 0 62 97 0 70 128 128 0 N.T. 101 0 N.T. 91 19 0
3-Hydroxybenzaldehyde 12 8 12 18 0 21 38 0 17 43 56 0 K.T. 56 0 N.T. 57 21 0
3-Hydroxybenzoate 0 0 0 0 0 0 0 0 0 0 0 0 g.T. 0 0 N.T. 0 0 0
4-Hydroxy-D,L-mandelate 19 13 0 0 0 0 0 0 187 0 0 0 N.T. 0 0 12 0 0 0

A-Hydroxybenzyl alcohol 19 20 25 26 0 39 33 187 185 210 0 N.T. 60 0 N.T. 125. 30
A-Hydroxybenzaldehyde : 5 1 9 0 17 12 0 152 185 210 _D N7 19 0 N.T. 108 13 0
4-Hydroxybenzoate 5 5 F 5 0 9 3 13 187 185 210 180 N.T. 0 0 N.T. 0 13 16
3,4-Dihydroxy-D,L-mandelate 25 28 0 .. 0 0 N.T. N.T. 93 N.T. N.T. | N.T. 34 N.T. N.T. 46 .5 | xrn. Peow
3,4-Dihydroxybenzaldehyde 7 3 9 18 91 14 0 126 147 220 0 34 160 0 130 116 185 0
3,4-Dihydroxybenzoate 1 3 9 18 ¥ - | 11 7 5 203 147 255 196 99 160 174 194 194 54 172
4-Hydroxy-3-methoxy-D,L-nandelate 15 3 0 0 0 0 o 0 14 0 0 0 N.T. 0 0 46 0 0 0
4-Hydroxy-3-methoxybenzyl alcohol 9 11 18 15 0 19 28 0 £ 62 100 ;O 13 71 0 130 116 120 0
4-Hydroxy-3-methoxybenzaldehyde 4 2 19 9 0 15 ,15 0 14 23 25 0 7 27 0 114 100 120 0
A-Hydroxy-3-methoxybenzoate 0 0 0 0 4 0 0 0 0 0 0 0 0 0 96 100 148 185
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Fig.6. zffect of chloramphenicol on the oxldation
of D,L-mandelate and 4-hydroxy-D,L-mandelatle

by washed suspenslons of bacterium NCIB 8250,

Cells were.grown on'ZmM-D,L-mandelate as sole
carbon source, harvested, washed and their ablility to
oxldise the various substrates estimated manometrically as
described in Methods. Each vessel contained 8.0 mg., wet wh.
of ¢ells and, where stated, ohlbramphenicol at é final

concentration of 50nM.

O~ D,L-Mandelate.

Wit hout
A~ 4-Hydroxy-D, L-mandelate. '
chloramphenlcol.
(0- Control with no added substrate.
©~ D,L-=Mandelate.
With
A~ 4-Hydroxy-D, L-mandslate.
chloramphenicol,

- Control with no added substrate.
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Fig.7. Effect of chloramphenicol on the oxidation of
benzoate and 4-hydroxybenzoate by washed

suspensions of bacterium NCIB 8250,

Cells were grown on 2mM-D,L-mandelate as sole
carbon source, harvested, washed and thelr abllity to
oxldise the various substrates estimated manometrically as
described in Methods. Each vessel contained 8.0 mg. wet wt,
of cells and, where stated, chloramphenicol at a final

concentration of 5Q0uM.

O~ Benzoate, ‘
Without

A- 4-Hydroxybenzoate,
chloramphenicol,
0O~ Control with no added substrate. : '
O~ Benzoate.
: With
A~ 4-Hydroxybenzoate.
chloramphenlcol.

B~ Control with no added substrate.
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Table 8, Comparison of the specific activitles of three
enzymes‘exfracted by varlious methods from

bacterium NCIB 8250,

For each of the three experlments bacterium
NCIB 82860 was grown on SmM-D,L-mandelate as sole source of
carbon and energy, harvested and the cells washed in 0,066M~
NaHgPOy~NagHPOy buffer pH 8.2. The cells were disrupted as
descrlbed in the text and, after centrifugation, the activities
of the enzymes in the resulting supernatant solutions were
determined as described in Methods. Specific activities

are expressed in mumoles substrate oxidised/min./hg. protein,



Geinding

Hughe&,' Eltw&aaniéﬂi,
: with _ -
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‘ Protein Protein Protein
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Abmge/gewet wh. | 61lmgs/gewvot wh.| 1l2mg./gewet wh. |
Specific 1 ﬁyeéifia - Speecific
activity Capbivity aoctivity
LeMondelate , e :
d@hydrmgeﬂaﬂ@ ';34 57 _14&
Bonzyl aloohol’ 2ap - R .
dehydrogenase 147 115 135
Benzaldehyde 52 29 60
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Flge.8. Enzyme actlivity released by ultrasonic

disruption of bacterium NCIB 8250,

Cells were grown on SmM-D,L-mandelate as sole

cerbon source, harvested, washed in 0.066M-NagHPOy=NaHgoPOy
buffer pH 8.2 and resuspended in the same buffer to 50 mg.

wet wt./ml.. The suspenslon was disrupted with the Dawe
Soniprobe as described in Methods., 5ml, samples were taken
at appropriate time intervals and centrifuged at 4,500g
for 40 min, at 4, The enzyme activities of the resulting
supernatant solutlons were determined as described in

Methods.,

O- L-Mandelate dehydrogenase,

A~ Benzyl alcohol dehydrogenase.

O
1

Benzaldehyde dehydrogenase.
NADH Oxidassa.

O
1
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Fig.9. The effect of pH on the activity of L-mandslate

dehydrogenase.

Bacterium NCIB 8250 was grown oﬁ omM-D, L=
mendelate as sole source of carbon: the cells were
harvested and the enzyme prepared as described in Methods.
Lach reaction cuvette contailned 50 pmoles sodium
pyrophosphate buffer at the appropriate pH, 0.2 pmoles
2,6-dichlorophencl~indophenol, 3.0 umoles D,L-mandelate,
enzyme (142 ng. of protein) and water to 3.0 ml,

Buffer, water, 2,6-dichlorophenol~indophenol and enzyms
were incﬁbated together at room temperature (21if3 for -
five minutes prior to the addition of mandelate to start
the reaction. After the reaction had been recorded the
pH of the reaction mixture was determinéﬁ by means of

microelectrodes.
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Flg.1l0, The effect of pH on the activity of benzyl

alcohol dehydrogenase.

Bacterium NCIB 8250 was grown on 2mM~-benzyl
alcohol as sole source of carbon: the cells were harvested
and the enzyﬁe prepared as described in Methods. ' Each
reaction cuvette éontained 50 ymoles sodium pyrophosphate
buffer at the appropriate pH, 1.5 umoles of NAD', 0.3
Jamoles of benzyl alcohol, enzyme (169 pg. of protein)
and water to 3.0 ml.,. Buff'sr, water, NAD , and enzyms
were lncubated together at room temperatufe,(zlif)
for five minutes prior to the addition of benzyl alcohol
to atart the reaction, After the reaction had been
recorded the pH of the reaction mlxture was determined

by means of microelectrodes.
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Figell, The effect of pH on the activity of

benzaldehyde dehydrogenase.

Bacterium NCIB 8250 was grown on 2mi-
benzaldehyde as sole source of carbon: the cells were
harvested and the enzyme prepared as described in Methods.
Esch reaction cuvette contained 50 ymoles sodium
pyrophosphate buffer at the appropriate pH, 1l.5 pmoles
of NAL#, 0.3 pmoles of benzaldehyde, enzyme (175 ng. of
proteln) and water to 3.0 ml.,. Buffer, water, NAﬁ*and
enzyme were lncubated tdgether at room temperature
(211f3 for five minutes prior to the addition of
benzaldehyde to start the reaction, Aftef the reaction
had been recorded the pH of the reaction mixture was

determined by means of microelectrodes.‘
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Plg.l2, The effect of enzyme concentration on the
time=~-course for L-mandelate

dehydrogenase.

Bacterlum NCIB 8250 was grown on S5mM-D, L=
mandelate as sole source of carbon: the cells were
harvested and the enzyme prepared as described in Methods.
Lach reaction cuvette contained 50 jmoles sodium
pyrophosphate buffer pH 7.0, 0.2 pmoles 2,6-dichlorophenol-
indophenol, 3.0 pmoles D,L-mandelate, enzyme (62-490 ng.
of protein) and water to 3.0 ml,. The reaction was started

by the addition of mandelate.
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Figeld, Time-course for benzaldseshyde dehydrogenase.

Bacterium NCIB 8250 was grown on 2mM-benzyl
alcohol as sole source of carbon, harvested and the cells
washed and disrupted in O.O66M~Na2HPO4-NaH2PO4 buffer
PH 8.2 ag described in Methods., The reactlon cuvette
.contained 50 jmoles sodium pyrophosphate buffer pH 9.5,
0.3 jmoles of benzaldehyde, 1.5 pmoles of NALr, enzyme
(266 pg. of proteln) and water to 3.0 ml.. The reaction
wag started by the additlion of benzaldehyde.
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Fig.l4. Effect of prelncubation on the time-course

for benzaldehyde dehydrogenasa.

Bacterium NCIB 8250 was grown on 2mM-benzyl
alcohol as sole source of carbon, harvested and the cells

washed and disrupted in 0,066M-FagHPO,-NaHoPO, buffer

pH 8.2 asg described in Methods. Each reactlon cuvetts
contalned 50 ymoles sodium pyrophosphate buffer pH 9.5,
0.3 pmoles benzaldehyde, 1.5 pmoles NAD*, enzyme (256 ng.
of protein) and water to 3.0 ml.. The reaction was

started by the addition of benzaldehyde.

O~ Benzaldehyde added 1lmmediately.
A - Benzaldehyde added after a 10 minute incubation
of the other reaction components at room

Q
temperature (21%1),
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Table 6. The effect of the pH of both extraction and

assay on the activities of four enzymes from

bacterium NCIB 8250,

Bacterium NCIB 8250 was grown on SmM~D,Le
mandelate as sole carbon source. The cells were harvested
and three equal portions washed and disrupted.in O.08M-~
sodium pyrophosphate buffer pH 7.0, 8.5 and 9.5 respectively
as described In Methods. The enzyme activitlies of the four
extracts, expressed as a percentage of the maximum actlvity

of each enzyme, were determined at pH 7.0, 8.5 and 9.5 as
described in Met hods.,
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‘.dahyaxogenaqe aetiV1ty and, cnnvarsely, a 1ine&r ﬁmmeueaurﬁe was fgm«:
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Table 7, The effect of the pH of both extraction and
assay on the shape of the tlme-course of the
benzaldehyde dehydrogenasa‘froml
 bacterium NCIB 8250,

Bacterium NCIB 8250 was growan on SmM-D, L=
mandelate as sole carbon source, The cells were harvested
and three equal portions washed and disrupted in 0.08M=-
sodium pyrophosphate buffer pH 7.0, 8.5 and 9.5 respectively
as described in Methods. Each réaction cuvette contalned
50 pmoles sodium pyrophosphate buffer pH 8.5 or 9.5,

O¢1l ymoles of benzaldehyde, 1.5 jpmoles NAD+, enzyme
prepared .as described gnd water to 3.0 ml.. The reaction

was started by the addlition of benzaldehyde.
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Fig.1l5. Time~-course for the benzaldehyde dehydrogenase

reaction at 340 b aﬁd 282 mp.,

Bacterium NCIB 8250 was grown on 2mM-benzyl
alcohol as sole source of carbon, harvested and the cells
washed and disrupted 1n O,066M-NapHPOy-NaHoPOy buffer pH
8.2 as described in Methods. Each reaction cuvette
contained 50 pmoles sodium pyrophosphate buffer pi 9.5,
1.5 pmoles NAD+, 0.9 pmoles of benzaldehyde, enzyme (768ug.
of protein) and water to 3,0 ml.. The reaction was started
by the addition of benzaldehyde. The dotted lines are

extrapolations of the linear portions of the graphs.

O- Time=-course at 340 mu.

A - Time-course at 282 mp.
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Fig.l6, Linewsaver-Burk(1934) plots for benzyl alcohol

dehydrogenase using various substrates.

Bacterium NCIB 8250 was grown on 2mM-benzy1-
alcohol as sole source of carbon, harvested and the cells
washed and dlsrupted in O, BM-sodlum pyrophosphate buffer
PH 8.5 as described in Methods. Each reaction cuvette
contained 50 ymoles sodium pyrophosphate buffer pH 8.5,
'1,5 pmoles NAD', substrates at various concentrations,
enzyme (125 pg. of protein) and water to 3.0 ml.. The

reaction was started by the addition of substrate.

O=- Benzyl alcohol.
A- 3=-Hydroxybenzyl alcohol,

0- 4-Hydroxy-3-methoxybenzyl alcohol,
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Table 8. The ability of cell-free extracts of bacterium
NCIB 8250 to oxidise the iscmeric forms of

mandelate,

Bacterium NCIB 8250 was grown on SuM-D, L=
mandelate as sole source of carbon and energy, harvested
and the cells washed and disrupted in O.OGﬁM-NazHPO4-
NaHpPOy, buffer pH 8.2 as deséribed in Methods. Each
reaction cuvette céntained 50 pmoles sodilum pyrophosphate
buffer pH 7.0, 0.2 umoles 2,6-dlchlorophenol-indophenol,
the mandelate(s) at the appropriate concentration, enzyme
(130 nge of protein) and water to 3.0 ml.. The reaction
was started by the addition of the mandelate.
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Table 9, Values for the Km of oxidation of various
D,L-mandelates by extracts of bacterium
NCIB 8250 which had been grown on a

number of D, L-mandelates.

Bacterium NCIB 8250 was grown on each
D,L-mandelste in turn, as sole source of carbon, at a
concentration of 5mM; harvested and a portion of the
cells waghed and disrupted in O.BM~sodium pyrophosphate
buffer pH 8.5 as described in Methods. Each reactlion
cuvette contained 50 mmoles sodium pyrophosphate buffer
pH 7.0, 0.2 ymoles 2,6-dichlorophenol-indophenol, a |
D,L-mandelate at an appropriate conceﬁtration, enzyme
and water to 3.0 ml.. The reaction was started by the
addition of the D,L-mandslate. The values for Km(uM)
were determined from Lineweaver-Burk (1934 ) plots

as described in the text.



Enzyme substrate

Growth
D,L~-Mandelate
substrate
Non- ” 4=Hydroxy-
substituted | STHYOTOXY | A-Hydxoxy | 3 potnoxy
D,L-Mandelate 237 366 700 2,100
4-Hydroxy-D,L=-
mandelate 231 333 620 2,000
A-Hydroxy-—
3-methoxy-— 232 340 670 2,100

D,L-mandelate







Table 10. Values for the relative Vmax for various
D, L~mandelates obtained using extracts
of bacterium NCIB 8250 which had been

grown on & number of D,L-mandelates.

Bacterium NCIB 8250 was grown on each
D, L-mandelate in turn, as sole source of carbon, at a
concentration of 5mM; harvested and a portlion of the
cells washed and disrupted in O.08M=-sodium pyrophosphate
buffer pH 8.5 as described in Methods. Each reaction
cuvette contained 50 umoles sodlum pyrophosphate buflfer
pH 7.0, 0.2 nmoles 2,6~dichlorophenol-indophenol, a
D, L-mandelate &t an approprlate concentration, enzyme
and water to 3.0 ml.. The reaction was started by the
addition of the D,L-mandelate. Values for the relative
Vmax, expressed as a percontage of the Vmax for D,L~
mandelate, woere determined from Lineweaver-Burk (1934)

plots as described in the text.



Enzyme substrate

Growth D,L-Mandelate
substrate
Non- 4=-Hydroxy =
substituted | °-—WUTOxy | 4-Hydroxy 3~methoxy
D,L-Mandelate 100 124 127 51
4--Hydroxy—~D ;L=
mandelate 100 108 116 14
4emHy AL oK Y
J-methoxy- 100 112 120 68

D,L-mandelate
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Table 11, Values for the EKm of oxidation of various
" benzyl alcohols by extracts of bacterium
NCIB 8250 which had been grown on a

number of compounds.,

Bacterlium NCIB 8250 was grown on each
benzyl alcohol or D,L-mandelate in turn, as sole carbon
source, at a concentration of 2mM and SmM respectively;
harvested and a portion of the cells washed and dlsrupted
in 0,08M=-sodium pyrophosphate buffer pH 8.5 as deserlibed
in Methods. Each réacﬁion cuvette contained 50 pmoles
sodlum pyrophosphate buffer pH 8.5, 1.5 nmoles NAD*,

a benzyl alcohol at an appropriate concentration, enzyme
and water to 3.0 ml.,, The reaction was started by the
addition of the benzyl alcohol., The values for Km(uM)
wore determined from Lineweaver~Burk (1934) plots as

described in the toxt.



Enzyme substr:
Growth »
substrate 4 Benzyl alcoh
Non-
substituted 2-Hydroxy 3-Hydrox,
Benzyl alcohol 12 63 46
2-Hydroxybenzyl alcohol 12 66 ‘ 50
4-Hydroxybenzyl alcohol 12 65 . 49
D,L~Mandelate 11 68 46
4-Hydroxy-D,L-mandelate 11 69 54







Table 12, Values for the relative Vmax for various
benzyl alcchols obtained using extracts
of bacterium NCIB 8250 which had been

grown on a number of compounds.,

Bacterium NCIB 8250 was grown on each
benzyl alcohol or D,L-mandelate in turn, as sole carbon
source, at a concentration of ZmM and SmM respectively;
harvested and a portion of the cells washaed and disrupted
in 0,08M-sodium pyrophosphate buffer pH 8.5 as described
in Methods. Each reaction cuvette contained 50 mmoles
sodium pyrophosphate buffer pH 8.5, l.5 umoles NADr,

a benzyl alcohol at an appropriaste concentration, enzyme
and water to 3.0 ml.. The reaction was started by the
addition of the benzyl alcohol. Values for the relative
Vmax, oxpressed as a percentage of ths Vmax for benzyl
alcohol,.were determined from Lineweaver-Burk (1934)

plots as described in the text.



Enzyme substre

Growth
substrate Benzyl alcohe
Non- 2-Hydro 3~Hydro
substituted —Hyaroxy - xy
Benzyl alcohol 100 63 59
2-Hydroxybenzyl alcohol 100 57 55
4-Hydroxybenzyl alcohol 100 5T 53
D,L-Mandelate 100 67 66
4-Hydroxy-D,L-mandelate 100 69 61







Table 13, Values for the relative velocity for various
benzaldehydes obtained using extracts of
bacterium NCIB 8250 which had been grown

on a number of compoundse.

Bacterium NCIB 8250 was grown on each benzyl
alcohol(2mM), 4-hydroxy=-3-methoxybenzaldehyde(2mM) or
D, L-mandelate (5mM) in turn! as s0le source of carbon,
harvested and a port;on of the cells washed and disrupted
-in O,08M=godium pyrophosphate buffer pH 9.5 as described in
Methods. Each reaction cuvette contained 50 umoles sodium
pyrophosphaﬁa buffer pH 9.5, 1.5 umoles NAE#, a benzaldehyde
at a concentration of 40uM, enzyme and water to 3.0 ml..
The reaction was started by the addition of the benzaldehyds.
Values for the relative veloclty, expfessed as a percentage |
of the veloclty obtalned wilth benzaldehyde, were determined
from Lineweaver-Burk (1934) plots as described in the text,



Enzyme substrate

Benzaldehyde

. Growth
substrate Non-
' 2-Hydroxy 3-Hydroxy 4-Hyad
substituted
Benzyl alcohol 100 9 68 4
2-Hydroxybenzyl '
alcohol 100 6 65 3
A-Hydroxybenzyl
alcohol 100 6 63 3
4—Hydrox§—3—methoxy—
benzaldehyde 100 6 69 ] 4
D,L-Mandelate 100 T T2 5
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Table 14, Rates of oxidation of various D,L-mandelates
whon added elther singly or in palrs to

extracts of bacterium NCIB 8250,

Bacterium NCIB 8250 was grown on SmM~-D, L=
mandelate as sole carbon source; harvested and a portion
of the cells washed and disrupted in 0,08M-sodium
pyrophogsphate buffer pH 8.5 as described in‘Methods. Each
reaction cuvette contained 50 pmoles sodlum pyrophosphate
buffer pH 7.0, 0,2 yméles of 2,6=-dichlorophenol~indophenol,
the D,L-mandelates at appropriate concentrations, enzyme
(230 nge of protein) and water to 3.0 mle.. The reaction was
started by the addltion of the D,L-mandelats. Rates are

expressed in mpmoles substrate oxidised/uin./0.l mg. protein,
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Table 15, Rates of oxldation of wvarious Benzyl alcohols
when added either singly or in pairs to
oxtracts of bacterlum NCIB 8250,

Bacterium NCIB 8250 was grown on 5mM-D,L-
mandelste as sole carbon source; harvested and a portion
of the cells washed and disrupted in 0,08M-sodium
pyrophosphate buffer pH 8.5 ag described in Methdds; Each -
reacﬁioﬁ cuvette contained 50 pmoles sodium pyrophosphate
buffer pH 8.5, l.5 ymoles NAD+, the benzyl alcohols at
appropriate concentrations, enzyme (375 ng. of protein)
and wateor to 3.0 ml.,. The reactlion was started by the
addition of the benzyl alcohol. Rates-are expressed
in mpmoles substrate oxidised/min,./0.1 mg. protein,
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Table 16, Rates of oxidation of benzaldehyde and
3-hydroxybenzaldehyde when added either
singly or together to extracts of

bacterium NCIB 8250,

Bacterium NCIB 8250 was grown on SmM-D, L~
mandelate as sole source of carbon; harvested and a portilon
of the cells washed and dilsrupted in O,08M-scdium
pyrophosphate buffer pH 9;5 as described in Methods. Each
reaction cuvette contained 50 umoles sodlum pyrophosphate
buffer pH 9.5, 1.5 jpmoles NAE#, the benzaldehydes at
appropriate concentrations, enzyme (l.65 mg. of protein)
and water %0 3.0 ml.,. The reactlon was started by |
addlition of the benzaldehyde. Rates are expressed as.

mpmoles substrate oxidised/min./0.1 mg. protein,
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Table lﬁ; Specific activities of the L-mandelate
dehydrogenase, benzyl alcohol dehy&rogeﬁase.
and benzaldehyde dehydrogenase from
bacterium NCIB 8250 after growth on a

number of compounds,

Bacterium NCIB 8250 was grown on a number
of D,L-mandelates (all SmM), benzyl alcohols (all 2mM)
or 4-hydroxy-3-methoxybenzaldehyde (2mM) as sole source
of carbon, harvestsd and the cells washed and dlsrupted
in O,08M-sodium pyrophospgate buffer as described in
Methods. The specific activities, expressed in mumoles
substrate oxidised/min,/mg. protein, were determined as

described in Methodse.



Growth

ﬂubatrate .

-
Hendelate

dehydrogenase

. tested
with' '
Dyl i

Benzyl

aleohol - |

dehydrogenase
tegted -
Cwithoo
. benzyl:
-aleohol -

Benzaldehyde |-

dehydrogenase
bosted . -
with

-rbénialdéhydé\"

“ﬁ;Leﬁagﬁélaﬁaa

4=ty dvory-D, Tenandelate |

4éﬁyﬂﬁééygg*ﬁéﬁh§xyf
., Dylemandelate

“Bonzyl aldohol

- |2-nydvoxybenzyl - aleohol

4wﬁy¢rexyhenzy1‘éi¢ohol

ATy AT 0 LY J i@ EHOH Y~
benzaldehyde

e

237

‘:;fﬁa'94‘5f€;i;b xH
,i '§;m;:k? {:i
fiegi:;'liz‘

ggai“ 7

o

ﬂﬁ;%FK fA‘(
A

13

ok




g

e,

‘“3axamuh‘(? bl& 1}& %h aa ﬂumpaund ﬁﬁﬁ:

q gr¢ﬂ9e Lnﬁmgfiva'fmmilmaﬁ_ﬁ{

~aaemwﬁmuy hﬂ thm ubahxum@mhw,un th@ aﬂam t;a,rim&, aan fumyiy

‘&@ﬂ% mt: ﬂm am L—mﬁnﬁwi&oa, bunayl Mlpmhgltibwnﬁvlﬁﬁhyﬂag bmuaﬁaLa

’”»&hémp43hmhiye @ﬁ W&ll @@ élue&s @& 1a%oy, & benz wgl¢ﬁ?mi e'.Thﬁ five

w

fiamilz@ aye- tax ﬁmnmumhmtihmiﬁd, bhm Pmﬂyuraxg, émbyﬂ@ﬂxyg

"fg zwﬁihyﬁv ¥ &ﬂ@ 4»&3&% Kﬁ*medﬁﬂﬁﬁyﬁsubWblﬁutﬁﬁ Oﬁmgauﬂdqa Smm&ngﬁ’

o

;th@ﬁﬁ;ﬁﬁb ?anaa&Tﬂ Ve &Qpﬁmantlg nw pravxﬁumly hu%u ramnMLad to

W

upgﬁrL th@ wyﬁﬁ%"éf m&nw&av &ﬂmamﬂw~

ahad a&ilm,ax“h@ﬁﬁﬁxaum 5?13 @Q%ﬂ wuiem hmd Yoo pErown. on

sa&ﬁﬁﬂ&tﬁ 9%‘@utm¢@nh %va&ﬁ axﬁﬁmm@ﬁ 3&&&@&»1 wma 3,£mézh$dyﬁxv»

uaaa antv aﬁtér 49 Lg (9.55) @h ‘~L%ﬁ prm:m&&bly v ﬁrgammﬁaé

,,,,,

L%mg %%Q@% ?wr ﬁha w@shaﬁ cells 3 ymtumﬁiga uhv enaymes

‘.

.hm ﬂamalhﬁmg a%@mnbia pirpounds amiy“
:%in yreﬂumﬁblv uam oo bhe blwe taken
5 ?ﬁﬁh@” ﬂe L&u apnr&yr;&%a mzymﬁ %ﬁn ,im'ﬂﬁﬂ@§ fox bagberium

mg;: ggg LQ a&iimgﬁ &ﬁJ ?uma%ma aamyﬂunu &hg ba:&&x&&l cell aush |




yntheﬁlae ﬁhe naca ﬁary degrddatlve enﬁyme ?ha sltuation in

bmctprium MGLB 6?50 a@peara ta ba the qame a@ that 1n P. nuhzém




: equxv ient towuptakes of H'nmola Q.

htqnier et 1 (l966)v1n\$ha1r:‘







'Anc.mj.e,cmmﬁ cmmb he,

iﬁi}f‘ :-ii'?éﬁ,?s&g?a s ‘i‘h;z,fgs

“Hennaldebyde



\ffa;ﬂavaiﬁ of meanﬁ‘

G wmxld 1_;30 “be ai"

e $hgru seams

Viébﬁéﬂﬁ&i&ehydlg?'

-
‘ 2
T, 1

5

o L

1.,



'banzyllﬂieuhnl, Bmhvﬁrafyhenzalﬂahyd@, zwhvdroxynﬁnvoate:(fﬂble 3)]anﬁ

aﬁ%ekal." Th@ pathway Gf oyiﬂaﬁmen af ﬁhase Qamgouu&siMay k@ 1 S ;fﬁf

xag:@ anted* L

to b@ﬁvoaie.'

balls r@wn ongﬁwhydroxyhenw ﬂué?noh'onq

'cataahalg aﬂ'wnuldgbe‘e&peated if the @bove p tnway'wera corract,

hut alqm 1mmedxata1y oxmdiqaﬁ benyaaha. @hiﬂ ab&ervatmon contrasts

- e

with the findzng that ceiiﬁ grcwn‘nn henzo&ﬁg Qxiﬁi e& 2~hydrcxy~

benédate only ftar a l@g (Table J). ﬁearin ﬁn‘ﬁinﬁﬁﬁﬁéfiimiﬁéﬁioﬁéﬁ







hgnzﬁg & an@ ?uhydra*ggww m&hw (K) ﬂmtﬂ g infncer for the bengoate - -

'@giiiﬂiiﬁ.gfﬁﬁﬁmxx

":AGUQﬁtz . - indueed by 2ehydrozybenzonioc.

,H%gi&éamﬁﬁkhy b@%%ﬁ&%ﬁg

g &mhydvmﬁghmﬂmmahm o SO

V—\

_inb@rmuémaha @@b%bﬂa, l

y@wazybammﬂa a&d ha

aa' nﬁuvaa by elthor

ﬁﬁ@ﬁﬁ&&%@rﬁﬁ Seliydronyhienzoate.

)3a Tﬂﬁu Jbensoate is hﬂuVﬁmt@ﬁ b E hg maaﬁ%‘@ftaﬂmg%itutiVQ ?ﬁymm&y

Lo b m Bhe -a’hm‘r& 1 LS gg;rm ,;, cons L:i,tw E:.i.'irm _ Fm:z sonke yould then

i

L wmﬁne@ Lﬁ, a%ﬁ mhyﬁfahgh&n%a&hg waa]s 1@&@@@ Pz'an&‘&&e

Ao Th&% mhrrfnxvh@maawﬁa Qilﬁ”ﬂ@ mﬂﬁmuycﬁﬁiés 1&y.mxiﬁi$@@
ﬂﬁ@%@@ﬁ@b

i

© ﬂa&h ﬁh& .a} Wi?g mi 3hw fox el ym@ bf&imaﬁ,aﬁd mmm unwn@wg Hﬁ%ﬁ?ﬁ e

_a# mha 1n&uaa ﬁia o8 %a%wmem hmﬂma h@ ar mhvﬁyﬁxybaﬁmemt@ ané

‘,ﬁﬁtﬁﬂhﬂi (p¢ &) wmulﬁ wHkG 1& z&wmmmly ﬁ%ﬁ“iﬁnit tm cﬂéﬁbligh Wmaab,A:

¥

- ﬁf‘&mya oF the ahove hypumnwfa:?im @mrrﬁgt. ﬂ”ﬂéﬁﬂ%? h&a been IRRF

excluded from tha ?&ﬁbﬁﬂg a% @Aiuatzun ﬂA Emﬁyé ax;bunmﬁ be sigce



»‘

}yghna@aa @ le@&h@ ?r&m Jﬁ,aﬁﬁmmaﬂé& BPOG

P T

r%ha fwhgar
wﬁﬁcmﬁ ravavm 1b'xah Jlgﬁ wbéﬁ”ﬁﬁwﬁ;vﬁbflﬁ @3 (ywob¢hiy babhuw%wm

HeTH 82 ;@) e:»mgm e_,ﬂ%;:si»:wely 5

?ﬁ%héw.ga either Gmﬁ@&ha},wg&—gmyyaﬁas

(whi@h ﬁﬁllb& Qm%a&hal o ai&m@ anmnﬁbma%a pa 2) or @i%@@ha} 2y 3% -
.Dﬁfg@ﬂ% 36 (wh@eh Mpﬂit~ eatmghﬁl L@txw-y&waxyma@@ﬂaa &@m%&ldehyﬁas
ﬁa 2) Qﬁﬂﬂnﬁ ; ﬂ the . aaﬁu @, 'h Lnéuaaf (h“ t} ﬁ@ﬁwiguaﬁgx=‘h

L*aﬁ&?mﬁ\ &nd %V&l%g l96£)¢ @hos@ auih@? %H£ xﬁﬁ ﬁﬁa‘,@ “th Ly )“”

[

{L;fﬂéﬁyﬁ@‘ 2EE. wwa aﬂéuﬁmﬁ mv hhmzﬁabug “in égxa mﬂn% ﬁ@hh wamh the 11 @mﬁ

.aé)g mh&la% Gaba@hmi 2 g Jeed xygena G WS,
,'ydfuwyﬁca eate 18 an
bain a@il o {@5

e
‘3

cb}i%hm& in hh

\e?elu&&valy in® 1hu g&uhwny Qf Qﬂuﬁdﬁlﬂn Qf ml me s]mueéﬂate‘whighaiﬁ_‘

liurﬂ iﬁ %h@ Py a&u*t 5¢ eaﬁ@ehgﬁ EQ@V%gm hv t&@ 1,amah m@ﬂ&‘

'if(ﬁ bbanﬁg 196;) ahailum wﬁl& 8?"0 ﬁvawm on ﬁmhvdxoﬂyb@ﬂza 50,

‘ﬁﬁhﬁfﬂiﬂ Qg almg%ﬁ cerya’mly eaﬂﬁﬂ@ﬂ&‘ﬁh@ mg?wo@yg@ age mnd 0oy ﬁlq@9~‘

aﬁgoraif“ bo &Wifflﬁﬁﬂ @ w£§ (19uﬁ)g Qon&aan tha égdmaxy @ﬂ&%&eAggﬂﬁyf

pf@lﬁminn o expar&maxo tm ﬂ&uabb ih@ ? %m@ﬂyﬁﬁmqw@ hy Bhe ﬁy@i L@ﬁb
'&f Paahh& £]96§) %uxm ﬁ@uy hawe&ey émeaasszula¥gif ST ADoKy - u\ﬁ

,j@éﬁéééﬁe gan i 1@@@ ¢ndu@o haﬁh em:eﬁhui BK&&@Q&% VTLA mmght @?ga
f@n@ue@'nat aﬂiy %La mwhyﬁraxgb;nf@&ﬁa«————ﬁ}@w%eehm1 ﬂyguam hut alga

} ﬁhﬁ %Qmmu&ta————f>-a&tﬁ¢hmi ﬁyquema er&h&r Wﬁ kol ?oaulved o




.{ i) ,{yf?;)'fﬁ

RCH

AL Tt e pd i m:}g‘(}gﬂ- 4 ..? f
e e ,mammn S
wlbion in D

fnhaéuaﬁiuu




CUGogH T goom

Aﬂﬁydmmf :

;laehol to banzaa%e. It ir

benﬁoatws that ﬁhe pathway& amff@r., Benzqgﬁe

*_:(”ahema ?) The uigniflcant diffarenge, ﬁhercfore, iﬂ the pathﬁays of




' ﬁh@

a

mzi equ,enma fmm La«mcmﬂela be ’ua bem;a 'tm T

ﬂo- -%1

I



I,:a;s;m.,;u yLitad

-‘ﬁ:‘& .lik

yak%}ﬁm m # ;; i w ey

rm’w imf} AR ?:’Efa?z}’g;fﬁ:{}ﬁ?:%i)’&;

wm
h 0= {, i

fioni gsﬁeﬁxua&ﬂaw‘%mwz, s Ehox Feedset ;L_gliz&l’sii"%;fﬁ%’ aE ..mw»

‘%’;éfgﬁ;f;%iﬁé}?;‘ }é";fi'i.i;et%h dor dote! 3,} L5 hmt **:a 3,,, »di

o




praviousx"ﬂescrxhe&.v

‘turn :nderycea rlng cleavmga o

'*yarallel to ﬁhe sequanca farm me ndelate'to benzoate. .}7

3ﬁéiéiléli$miin;#§éﬁpmﬁﬁﬁaygr6&"bﬁfﬁ@fiﬁﬁfﬁ@yﬁﬁﬁaﬁiiﬁ*ébiiggﬁd‘

< related. compoundgs

'in Schemé 3.




OXIDATION OF MANDELIC ACID AND RELATED COMPOUNDS BY BACTERIUM NCIB 8250
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