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 INDRODUCTION:

oxldame

?1;2 2 z‘za Glyc:.l.n
'Joh.E 3.; G1yc3ne‘dehydeggnasa

‘B;osynmheulc reaeblans inv01V1ng élyelneﬁ

:leclne fbrmen%atL‘n

BEERE

gf}wlgs;j : rowth of mlcraarwan:wma “on Cgmcampounds;

T \i;3;5§;;Grewsh 01 hscherxohln c011 on glycallatog

'.5}@4; J: TLTRAEYDHOP@LROYL&ﬁUf;aA B AND T 1~Fééh'
B 3 1‘ Aclﬁn Pt@ cumpaunas - ‘ S

'1 ) o

\'4 ?a B .9}39 ,Clﬁ})()()l

“fi'p  INOORFORATION OF C,-UNTIS INO CEILULAR.COMPOUNDS =~ <~ . .o

) f: 13).J,G‘Tha nurlne rmng
‘ }eg 2.‘5Thym1ne

1 5. 35“

vaathionlﬂe

J:1,6; PBOLULTION or ClmUNIT TN EbCmelCHIA oLI

1 6. lgh- 1wunits for’ Lhymlne meuhylwwroup hlosyntheals_fv

.(.

ulQGQE. Eormablon of leunmts from & 1ycin@ R




li'gfgluooee«ammonlum aalt medlum mupp]amented w1ch_[2~-%

Sl ouimEaL, TNeROBiGTOR

P TIS S

Escheridhi&fcoli”ié-a Gramlﬂe@étive eubac%éfium“claésifie&

‘”affunder ﬁhe famlly of faou&»a%xve anaarohe%, the Lnterohacba?1aceaegﬁi-

i

5:;"1y01n0 or sorlne f@r ﬁfowbha

Pscher¢ch14 cdll PA15 geowing 303arithmlca11%

iC]mlyczne,

o 1ncorpowdte¢ the’ 150%09@ 1nto callular DNA, RNA andfproteln.aﬂ 

: Isolatlon of these materlalp 1ollowad by Speci 10 degradatlonsy
j}shows the Pr&nclple s:tes of incorporablon to be: (1) uhe 6-2,‘a

: C-g and 0m8 9031t10n5 cf the purlne rlngm of the DNA and RIA,

ff f;(11) the %hymlne memhylmcﬁrban of the BNA, and (Al&) the 0-2

i (Cronble, 1958)

”;scherlchla 0011 PA15 ls an auxotrophic straln requﬁrlng alther :;: ;fﬁj‘

lﬂ & 31mple.'.;;?fﬁﬁi

’fgof uhL protein gJygLne and tho G—E and Cw3 of the prohein sarln@ ‘fff:mu

“hls pattern 15 cons;stanﬁ w1th two pathwaym of inoorpor%tlon.,
:ﬁifzrstlyg direcb utlllsabion of glycln@ fov the synth931s of uhe ‘

T purine C~4 and b—g,'vndﬁfor.the<serlne.0-l andvc—eg ueeondly9

clne Cm2 o a Cl—unih followed

A:thls unlt inﬁo the 0-2 and 0—8 pasxtlons of

' uhe 1n1t1&1 eonver31on of the

“'by 1ncorperab10n o

*f?the purines, the thymxﬁe mcthy] carbon and the 0-3 Of serlne.

T

Agcordlng to Nakada and welnhause (1953% “the 0x1dat1ve Sie

—f:etaboll&m of glyclnc by r&t llVGL oan be represented hv the

5 ;eqvatlona

WH, . GH,,GOOH s GHO,GOOH - —>" H.GOOH 4. CO;

Y




the difuhiﬁ formate being,dériééd from the‘gl&cine C-2a

‘Thlb Dabhway though, can only be a parLlal explanamlon of

glyclne 1ncorporah10n into the C -pusit:ons 1n>Ebch&richla coli, ..

1

for”cells*grown in the presence of L1 C]formate.extensiVely

'lncorparate the 150%09@ into the (=2, and C-B posltlens cf the
;puylnes, but not at all 1nto the ﬁhvmlﬁb methvl—carbon (CrosbieS
~gl1958)whexeas [2— d]glycine i 1ncorporated 1n§qjall these

;Cl—pozltlons.

“mHydroxymathyl—tetrahydiopteroylélutamate-%ﬁyArQXymethyl - .
HAP‘EG)9 a Clmunit'at the oxidaﬁioﬁfiqﬁel:of‘forhgldéhyde, ﬁaé
‘suggested as the immediate pracuraor.cf\tﬁe ‘thymine methyl-garbon
‘Frieakin and. Kownberg, 1957; Crosbié, i9$8). Oxidation of

‘ hydrcxymeﬁhy1wﬁ PG to the ox1datlon 1evel of formate would

4
provxde a suitable precursor for the C=2 :and Cm8 posltlons of
~ the purines. This would neoassitateza further step in any scheme-

of the type proposed by Nakada and Weinhouse;'Viz:'

| NIL,00H,.000H ~—3 CHO,CO0H —— 'H.CHO' 4 CO

2
. . - .\I/ 1 T .
" 'H.COOH! ——. H,COOH
Oﬁherwise:an alternative pathway ﬁust be proposed.
The major purposa bfythiS'work was therefore +to elucidate

the anzymlc reactions concerned in. the conversmon of glycine

Ho Clmunlts in Escherichma coll PA15, and to elucldate any

possible role of glgexylate as on intermediate in the conversion,



T S GLYCINB HEIABOLISH

Cl.2il. 'Sﬁﬂiﬁv HYDROXYMREHYLTRAN FEHA %

!

Glyclne 0an be omltted from The culture medla of nearly all;, L

'bacterla and 1t im readlly syntheslsed by planﬁs and by mosL

anlmals. Aehahollcally 1t is closely relatcd to serine. ”hl

;;wao flrs° shown by Roepke, Libby and nmall (1944), who JsolatedLZf'ﬁﬁx”:

- gn,auxotrophlq mutant of’ ] bcherichla 0011Awhich,requmred"elther‘”"
.-glycine or.senine3fof£growtha.
 The reaction;

CH.OH ' .H¢000H51

i ‘ L T ‘.-;'i':',_' :
CHQNH «GCOOH NH «CH .COOH R

2 . A 2

was Suggesmed (Shemin9 19&6) and subsuanﬁlated by akami (1948),¢ P

‘13

.who muolatad LI- Cy 3= 140199rine irom the liver pfoteln of.

rato fea w1bh [14C]formnte and Ll C]nlycine. The in v1tro

&noorporablon of L c]formate 1nto serine: was shown by olekevitzvj;“l o

.and"Greenbert (1949), u31ng rat 11ver homogenates.

The exacu naturu of thc Cl-unat anolved was que&tloned

Lhough, for suitable pregursor of the °er1ne Lu3 were found at'-'-

aaseveraT Qxidahlon lcvo]s. Nor exaﬁble, the meuhylmcarbon af

meuhionine (Slehevib/ and hreenberg, 1930), the mebhmeca?bgns
-ffof choJJne-( akdmm, 1949), formeldehvde (M:toma and Greenberp,‘;fj
1952) and ;ormata could all he 1ncorporated 1nuo serlnc C-3.

:;bormaldehyde eppeared to be the mosb effectlve source.. -



FIG., 1.2,1.A.

serine (-1

thymine
methyl carbon
e 4
N
H,CHO P A hydroxymethy1~H4PtG
ATP, Mn°?
H‘COQH H4PtG » formyl-H4PtG
\""*;\
\\.‘ . ‘
purine
C-2, C=8"

Relationships between Cl-unita and H4PtG in serine biosynthaesis

(Kisliuk and Sakami, 1955)



-ﬁ*had an reduc s ablllty Lo 3nuarp@rat ] N]nerlne Lnuc Lhe Wchlne B

ngo&ety of hlppurLc auld. The act?ve form ei fol@te was

'-;ﬁgntifigdta$AH4¥tG {ﬁ1ake1y, 9)4; ﬁ 1uh and udk&mlg 1)34)

L—uér‘ne aﬂd formhte doubly 1abe11?d wlth deuberlum and
_mamacmve caf‘oon ( 4(‘%01{ f‘HNHPJ‘QOH and lze,(,ooxa} wero used
.ws Drecmr&or of the thymlne methyl«group in Lhe n1geon..i;5 apd”

,O 9 aﬁnms of deuterzum acc@mnanled the labelled carbon atoms

3 repeotxvely. Thls su geqted Lham fcrmate was not an intermediatéf

'“ﬁ_wn the productlan of Clmunit¢ f°dm sefiﬂe suitable foﬁq%hymine

- mcthylmgroup formatlon (Flwyﬂ and Smrinsong 19)A) 1ng plgeon

llver extractq, qukely (3954) 5howed thatb L2—f L]serln@ lu

farmed From LEm\ C]glycine and unlabelled serina in the aresenc

3 < ,.‘)\
\1

of H Btbn b rmaldehydo and . glyctne are converted to aerlne by

4"

-Dawex«l treate& aiweon 11ver extracts only on the dddltlon of

Pmb hut ﬂTP, ﬁnef PuG and a source of reducgd pyrzdlne

4 4 ,
\>-nucleot1des (eub. NAJ HADP*#&nd glucoseuémpho phate) were

B , B

~‘requ1red fcr the converalon oi formato and g1y01ne ﬁo SOPine

‘3(&zleuk and akaml,@

The relatlonﬂhlps batween forma dch;y‘de9 formdue, H ILG,I}'

4

ot 's” 'r

%

Wf@rmuldued by K;s]rukff;iq




"fwgﬂlemlng and Cronble (1960) reported the convsrslon of \Em

19579 Blakél&? 19(0)‘

Therolmaonor 1s N«) N«lO«methyl,nem AA

H PtG (see qectlon 1.4.1 ) :;yrxdoxal phosphate (Pl?), whlch

4 NN

is fl@mly bouna tc the enzyme, and Mn2 are ncces»ary cofaotorb.
, The naﬁure of th‘ P*in hydroxymethyl tranbfer 13

;Lahtrxbuted to hh _ ;‘wtlc ch;fi habe formcd between

the aldehydemwroup oi Pl?ﬂand,the amlnomnroupTof serine (hnell

’1960; Eraunste1n, L960) Thiﬁ“allows electronlw¢thdrawal irom

'“qgthe Cw? C-3 bon& uhus 10wer1ng the actlvatlon energy oi the

“ciaavage reaotlon.‘
S PP, s
serinewg 0 *H.Ptﬂ_ ———— Nw5 anO-methyleno~H4PLG

w4 |
4 glyclno 4 h2QH‘.'~' f

1.2.2, GLYGINE = GLYOXYLATE' INIERCONVERSIONS

S 1.2.2.1, Gi?é;hg aminofréﬂéferaée. fé“%;nﬂénz&mié?%}‘ .%; %»§$tm
.5t£ansam1nam1oﬁ bétweénnc@rbaln amlno acldh and glyoxyldte, ﬁndef,t;i“;
phy81ologlcm1 coéditlonu of pH and temper&ture, was. flrst islgifx
-:iﬁT@POﬁﬁed by Nakada and Welnhousg (1953¢)s but the imnortanca of s

ﬁ:non»enzymlc, memal ion cdtalysed ﬁransamlnabmon in the special

;Wcase of glyclne:and glyoxylate was not reallsed for ‘some. years.»ll

14LJ

}‘W1yc¢ne and unlabellad‘w

IYOX31aLe tO & mlxturp ox \2 14(ngyéihe‘3%
2*%0;;%?[5;=*;£,: S e

and L&- *d]glyoxylaie in the preqence of Cu




FIG, 1.2.2.1.A.

H
1
HO.C - C = NH + OHC - COH + cu?t o
2 ; 2 2
H
' 0
NI
Cu C=20
H » '
| !
HO.Q —~=- C —— N =—= CH
2 <~ \
H +
H
H E
HO,.C - CHO H.N 6 ~ CO.H cut
Loy, 2- + 2 : 2 +
H

NON-ENZYMIC AMINO~TRANSFER BETWERW GLYGINE AND GLYOXYLATE
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G*‘AET

s, i, coon "’c;m..é;aorvl_ — _‘M(}}im',,{:ocﬁ 4 Ny, GH,. GOON

Thene 9uthor& progoscd a mechanisa (Fago 1¢25251o&) similar
to that &escribed by Hetalar” Ikawa and Sneil (1954) for the
non--ensyaic trmnaaminqmian between alanlnc dnd pyfuvate in

uhe presenba of PlP and matal iﬁnﬂu“

Thé;eas@ with which'glyﬁinﬁ"ﬁnd gly§xy1éﬁé,dnderga
w%faﬁéam;ﬁaﬁioniiﬁ:thé;presenéé of %raoélamounta of certain
‘ meﬁél lons mééné tnat ranarﬁq of @nzymlc eﬁnvaralon { by either
i mlyuina ﬂmlnotpanq3era$e oY o glvaine oxidese type of resction)
of glycmne to|WJy@xylaﬁo basad on prerlm@ntb 1nvclving
b}glycmne~amd a ne@l QE glydxylate es an isotope itrap

mast be tr@uted with cdutiong unless the nan»en&ymic ?cactmon

hgc beon axecbive1y blocked . alth~$ﬁ@ﬁ (Fieming and Or ehbia, 1960)

Clyeinex?moxoda%d aminotransferaqo aauiviﬁy has not baen
demonamraied ccnalusjvaly in thg glycine to glvuxyla te direatien,’b*
that is ﬁmdmometrlo zormatlan of & coxresponding amino acid |
“han’ not been Shawn when glyoine is converted o glypxylat@ in -

the presehce of a keto acid. Bachrach (1957) though, presenicd

evidence that the metabolism of glycine in Paeudomonas

aewugiﬂééé ?racaeds viamglyoxyiéte and the is&eiﬁrat& Lyasea
 (section 1.3.2.). Glyoxylate waé me£ébo1iﬁeﬂ by cell-fres
@xtraeﬁﬂ in tha~gr@a@hc@ of &ucéiﬁate, %g?* and glutaﬁhiéﬁeo
G?yaln@ was net m#tab071sad at all hv Eh@he @Xtvucﬁs? excent in

%h&~presence of Emﬁxeglu%&raﬁe ﬁTF and P1¥, whﬁn iﬁ was

,_readzly convarto& ﬁo*nlyoxylaseo The aunthor sug geﬂta the ramctlon



isfbioﬁéht;aboﬁtgﬁy‘g?éiyéinelamindtrathéfaé@;
" “dWe reverse reaction on the other hand, has Héén well
‘ dodumentedgﬁﬁéistéfg‘Sober, Tice and Fraser (1952)$$howéd %he\
_COHVBTmlon of glyaxylate to glyuine in. rat 11VBP cxtraota in
‘.she preaence of glutamﬁtc or glutamine» Campbetl (1956) reported

amino acldaﬁlyoxylate aminotran ferase acnlv1ty jn extracus

of Pseudomonas QRGG 1, aud utewart (1961) demanbtrdﬁod thpl

‘fconver31on oi glyaxyla%e wnd wlutumaﬁe to glyvﬁne aﬂd Emoxom

-hiw3utdrafé

i

wby'exhv@@ B of dehprichla celi Pﬁlﬁy 1n bhe presenca

_\‘

‘of FDTA. Phe cnayma glyclne amlnobrdnsferaso (glyelne Jvoxo«

T

:WIutalate &mlﬂQ rpnsferaua, TaCoa ? Ge J 4 ). has been ndrtia?ly ’

A,.purifled irom Sonlc extrxcts of Yscherxchia 0911 (Cvc sbie, l962b5.‘>

N

1.&.2 2.1 lecine oxidase ' Glyclne ox1dase 1s 8 flavam

protein thau occurs 1n thv livor and kldney of animals and

' fOQHVBrL& glyeine to glyoxylato and ammonla (Ratner, Hoclta and -

u};;Gre@n, 1944), The ac%1v1ty of the en&yme is }ow and Graenberg

f(19;4) has dloputed the blologaca3 saanlfrcancc oflthﬁs pathway.

_'v'

1 2424 3. -G yoine dehydrogenaﬂe : Goldm&n-aﬁd”Wagner )

(1962) have shown the preaenco of &n NAD dependent §lycine

dehydrogenase 1n aellmffga ewtracts of hycobaoterlum tubereulosms..

;“The equilzhrlum of bhe roaction favours %he reductlve aminatlon
'4of wlyoxylate to bive wlyclne. The authors su<§est Lhu reactlon
may represenb a significamt alterndtlvc pathway far the

g—compounds in ﬁhe absence of trans-

3

formatlon of glyclne irom C



amination, .

Twa repcrts conoerning 1h@ oxmdammve degreddhion of gljclne

‘"':'ha 10rmate and 00 uL,est the inlhldl convewswon of - gzyeTne”

2.

tc glyowylatep but nelthuf Jdenhlflas hh@ mechanlsm (g)yclna

.?lamlnotransfezaue 07 glyewno ox1daqe) by Wthh hhlﬁ ocuurs.

.Nokada amd @emphou%o (1953b) mhow@d that alyoiy}ate vas

'tha 1n1tga1 proouct in the- Qxidauive dewraddt;on of glyc;ne to

tormate anﬁ 002 ‘‘‘‘‘
’ '1‘ \ : NHB T
L, .NH2 S, oHOL - H.CO0H -
e ey N

- COOH | COoH ™ * + 00,
Théwéﬁig@ndefwaa based on a trgpping'technique. Unlabelled

2

xgiyoxylate wagiéﬂded tbua syatém oiidisinwjLfmlﬁb]glycinelﬁn‘

' formate and’ 0029 and 2t the end of ‘the 1ncubation the remaxnmng RS

vglyoxy]ate was Lsalaﬁed ag tho 2 4md1n*t ophenylhydrazonesx“
Beductlon of the hydr ZONe by ‘the WOlffwﬁlSChnOT nroeedure
gave acetahe.which was fufther degradod hy a modified uchmldi
JiReactlon 0 ghow that uhe glyoxylaue Ce2 was ac ive and Ehe
A{Cnl 1nactive. Tha'auuhOfs b@ll@VGd tramsaminamlon p]dyed uhe
magor rcle in this niocess, buh Wlthouﬁ measures being taken -
' to Drevent the nonwenaym1c conversion of glyoine to élyoxylate,
1t is dlfficult to assess Lhe V&lue of these ob&ervatlons..

1(Fleming dnd Crosbleg 950)

hxtmactq of Dseuaomonas QHCbul aluo convar wlycine $0.



“~ to formabe and CO (Campbel1 1)55)

. -

) qt:sssre,pa:ncm.

CH_WNH, poesIGHO o 60

ri*f?;y L SR AN SEN

et

R ) A 1)) S ‘H:cqcn

uthampbéil did neb determlge\%he made of conversxon offglyclne
?lto élyoxylate, bﬁt 1nferred thatrdn oxidase was 1nvolvcd. In
i_contrast to. the Nakada and Welnhouée scheme thﬁ-formate.was |
'lt;derlved from the wlyoxylate le This was shown by isolating
leIAC]form&ue froﬁ a reaocion mlmture supplemenued w1th

“'Ll 4C]glycine. The formaﬁe uas 1dent1f1ed as the pmbromom

phenacyl ester (m,Pm. 140 ) 1nd caunted ey 331400 sfter

. 3 «
‘14 “ 14
oxldauion 0o GO ‘hen [2- C]glyclnu Was u&ed, the fermate

P .

;-wab not labelled.

TthL obserVamlona thou h are dlfllcu?t to rocenolle wzth

the repoTL of No;sh ﬂnd Lomleux (19)2) that pmbromophenacyl

| Formate has a ﬁ Pt. of 92 (cr 97 5 . 98 3 section 2 6 6 ) -
';Whlle pmbromophenacyl &1cohol (formod bv hydrolyu:s of pwaomOw
; phenqcyl bromide) nelts au 142 . Grosbﬁe (1962a) suﬁéeuts this .

o puayllng d@gradasion should be relnvesﬁlgated behause of ﬁhib

all@ly ﬁnd:Dagley (1359) deﬁcrlbed whe conver81on of

:glyclne to glyoxylata ws the 11?&% step ln che pathway of

j~jﬂ”glyclne uti?lzahlon by a Paeudomonad grown on gtyclne as bole

"“é ;ﬂcaern souvce, The mechanlsm or conver31on w&b thoughu ﬁo be .
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FIG. 1.2.3.A.

N 002 : glycine !
\ | ,
) N ! /
N | 4
A ° TN N
aspartate . : o ~ /l\
v / N-5,N~10~anhydro~
-~ - - - - T 7 4"“ N | ‘ c formyl«HAPtG
/ (]
N-10~formyl C R
A __7.\‘ e e B e e e - = -
«-1141>t(} , \N/ 5
’ glutamine
(amide N)

Bilological origins of the purine ring atous

= st m—— i = s




the sane as that #epestod by Campbell <'1955, soe ° ghove)

 ‘ krlbht (]957) J%Qldued a mutant Qf the mould Neuroapera

"craawa which would grown in a minimal madium supp]em@nt@d w1th
'mJyulne, gtyoxylate, glycollate or: serlne, whlch sug)aat

Smele mat bolio relmtionah&p between thesa compaunds.ﬂ’

1.2, 3, Bto YN'PHW""{C 17 AC‘J‘]ON INVOLVING GLYCINE - .

Glyélne 1s 1ﬁcovperan@d aa suoh 1nto collular prntein and
fflt is utlllse& for purlno ring bxosynuh@slﬁ. I% also‘condenses
'wmth aaetylwcun and.” BmcclnyJuCoA to ive-cemnounds which .
3*decarbazyiaﬁe formlﬂw aminoacetone énd pwamlnolaavulinaie

. KeSpectlvely{%_“

The roae%ions.1nvalved‘in pﬁfin@ blosyntha81$ ‘are we11
:”established. Gm4, C—b and N-T axre.derived from leGlnbe G]ycine
reucts with Smphosphorihoﬁylamlne in the proaence af ATP o
;gzve élycinamide ribonuoleotlde whlch is Iurﬁher coﬂverted, in
-f‘several stagea, ia inos1nxc acwd Phe bnochemlua] oragzna of

‘ all the purine rlnﬁ atom3 are: 1llustr&ted 1n Plg. 1 d.3 A.

X;Q Phe condenbation 0£}g3yciﬁe‘w1th éﬁylmbﬂﬁ.is shewn 5n

'”;Elg, RS 2 JeB. The. L?%% reautlon of thls typé to be r@cordcd,
“ﬂlnvo]ved su003ny1wGOA ( hemln, Ruqaoll and Abramshy, 195A) The;ﬂj 
:prpduc* of- decarboxylaulon is gwaminolacvulinate, two molecules
of‘ﬁﬁiqy can cbndenae ﬁc form a;pygrole aeflvatlvdg;porphom‘ |

bilinggéﬁ;
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FIG, 1.2.3.8B.

R R R

1 ) 1
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€O -« 5 - Cok co co

1 +
—>
- CH - NH2 CH,‘, - ’"(2

CH, - NE COOH +

P2 2 + HS - CoA

COOH . &'.!O2

Condensation of acyl-CoA with glycins
and, aubsequent dscarboxylation,

Acatyl-Col, Sucoinyl-CoA, R = !:I-I2 - COOH
COOH
[}

- COOH

cNH, - WX, ] OO0 GooH
N CH = NH )

h 2 CE. - WR CH - WM,
CO =8 = Ced [++] 2 rd |c0
\ . h
cH, CH, * cn
on cu, CO = 8 - GoA 3y

2 \ 1
coon COON GHJ
0,
One~C
uwnit
. CHO + I‘PSG + K3-Cep ?12-"2 &
1
o ‘ o
¢ i 0 + BB -Cer oM, = W,
on cx, ‘ ¢
Ve ' o0 co
o, - c‘e h . [
P % ! [+ L
coon - COOR 3 -3
The "swaninate = Ane® eyele, (Shemin, 1936) "_M‘L‘_‘:;._—.————W“"“mﬁ"——m




the<f0rmat;pnyo:ra_C

from the 2«0 -0

o8

onamin (19)6) showed thaﬁ adm:nlsﬁration of l5m“4015wam1n0w3ﬂ

)_ ;1aevu11n4te to animuls Jeads ta the 1abe111ng of farmate, dnd
Sof eermneg mafhlonlne angd puvlnea 1n the Clwp0u1tlons9 &nd has~

g‘ fper0 sed- thai %ne “succin&tam 1yclne oyole" (& hemln, Russell and :

3i:fﬁbr@msky, 19)4) could acccunh Jor thesc obse*vatLons, Thls

wultgrnabive pathway of glyclne metabolism whlch prov:deu,for -

qunlt at nhe?9x1dahlon level of formapg,

‘lycine, is shown in Fige 1.2.3.Ba

ThéCCthéﬁaatian_of.ﬁlyCine wi%h acetylévéﬁ‘ Basédfbn an~

analogy. w1bh tho ra&ction Just dehcribed, was postulaﬁed by

_*Namaﬁh Rusavll and uhemln (1957). Fllnotﬁ (1960\ Laolamed an

.~aminoketona thu& was synthesised from glyclne by :aaphvlococcus

aureus, wlih properties Lndi Llngulshable fr@m amlnoace&one.'=iﬁh

This conflrmed tho sug eumed con&enaatlong and by furﬁher A

_'anwlogy Blliott proposed an "ae@tatenglycine" cyele whioh “galn

allows the formatlon of a ¢ munlt frem glycxne G 2. (Fig. 1. 2.3.B. )

1

192,43;:ﬁ3§g$NTaTXOK“OF~G§YGINE¢.*

'; ulyolne Js reduogd to acetaua and ammonia in GTostridium

str&chJamdli (b&ad%mmn and Elllout 1.956) by a farmennatlon

W ,CH*.CODH v P,

réh coupled ho he 0x3d8310ﬂ of Ouh@r amino aclda (RdbanWi%Z, 1960)

xtracts oa%aly%o the re&cﬁicn in uh@ preaance of &lthlols suoh

\
as 1 Bmdtthiolpropan01 &ﬂ? and orthophomph@ta.

27"t T '=i5wf ﬁﬂ?P~3+ R(5 H) . CH3 .COOH , + iy

g + R(S5)



‘ ié?iﬁ%érestlng to note bha _ﬁhib reaation;ia*aﬁ:aﬁparentgwm

| example Of ATP iormﬂbiﬂi b@lnwicoupled to. xaduc 1onl( téﬂﬁmanf'"w

and ?lllaﬁt 1956) Further purLflcatlon of %he extract howed

"
- the.

"‘eaetlon to he stimula@e& by NAD 3 PlP and igg

&nd Iour moles of>ATP;to he iormedipar mole Qf glycine I@auceda

These febu]tu are axplalncd in Lerms of A pos 1ble phesphorylated

1956);

idﬁermodlatrf(uﬁa&‘man, Ell‘*btiand Tiemann,

glycmnophv1VS (Barhew‘ Vqlqan-' ndibardon, 1948) Acetate g*f\?‘ o



131 Giimwl‘!ﬁ o1 'P.&I(:Ro‘é:idmifar;% 011‘ (.; ;-ccjé\ﬁ'»oumﬁ%{ B

T

The %rloarhoxyllo aula cycle uerforms 8, du&l Tle 1n many

i

?i‘bacher al,aoll - energy is provided by the Oﬁldaﬁlon of

R

aaauy]nboﬁ, and the qu“cu intermedla as of the cycle form

‘a pf:mary BOUTCE. of carbon mks1@tans for tna synthesxr of

s

ccllular mauer;al.l o §€qr:f

f'} il tha uycle JQrVQG cnly &s an cnergy source, oanoucetaue et
ana mhe othcr Q4~dlcarhoxylic aoids &ro regeneratedg but if
1n$ern@d1ames are dra}nad awwy by anabollu processe° %hey musﬁ

nac@ssarlly be rcplaoed by dnclllary vcaculons, 67, the oycle will

' V%fall Under conditlons where CO .acaepter molecules ( Cofle pyruvate,"

2

phOBPhOPyTHVate) oxe vavallableg ~intermediates may be

,4

r@generated by . 002 flx&tlon reaanlonu. ﬂicroorganlsms though,

grown en acutaue, ier exampEa do not hava a, rcq&y sunp]y of

N

,auch CO? acPePBO? maleculasg so Lhe %ynthe is of oxalcacetate-
and othor compounds contalning more uhan two carbon &Lomh, “must -
.be-explained diﬁféréﬁtly.

evcral mechanxsms whereby amskeleton might he lengbthened

have been proposedsm '(i) condenSatién of acetaté &ﬁd CDé to

givs A, Cgsunlt (e g. in EOhGTlGhiQ 00119 Roherts,‘ﬁbelsong

Cowle, Bolton ana?ﬁritmen9‘195)), (iw) the ox1da%1ve condensation

of two moleculem of acebawe 0. F?ve su@clnato (Thunberg, 1920),

}..
Ly



= (111) uhﬂ ”01yoxy1%%e ovc?e“ where two molecules oi acenyl-ﬁoﬂ

iiyenter th9~ovlce w1th tho neLJ prcduction of one melecvlc of .

'“Qfsucclnatem(ﬁornberW“and ﬂa&sen, 193?), (1v) conden ation of

;two moieuules of g Jyoxylahe with- thc ellMln&bIOH of LOE to

Bmunlt (Kr"kow and Barhulma, 1?)6) wh1oh i :bh@

‘ agzve a C
”precurber of py;uvauc (Kofﬂbbr? &nd Gottoﬁ 19)9) (v) the.3

“d

conden%ablon cf 51ycxne ana,g1y0xylate to U:va 3mhydroxyqspartate"”

(Rornberg and: Vorvis, 396;)

Thé impﬂgéénce_afwihgﬁfirs%f%ﬁpiyea&fioﬁé ﬁﬂiéh areit
sﬁéculéiiva, ih?ﬁicid&fgéﬁiam§5Wréﬁﬁaén'Cz—cémpoundbﬁ ‘bhas been
‘questioncd (Ajl 19383 hornhergg 939)p but the 1ast ﬁhree
"rea@mlonb Whlch are well founded Qn 1n viurn enzyme atudies

- ‘-_ R

- sahislaﬂt@fl]y exp]axn thc mynthabio Lequlrgmontm af mWC?Ow‘

! oiéanxsmo grown on aﬂet%te (Kornbevﬂ and Krebsn 195"{‘)9 glycoll&te
~(Karnherg and GoLto, 19395 Kornberg and Morris, 1963)9 glycine
J(C&llely and Dagley, 1959) and oxa1ate (guayle and Keech, 1959},

? '&catate is utlli,ed via schemo (111), while glycollateg g1yeine

and oxalate are fxrst converted bo gTyoxy]aﬁe and util:sed

via schemes (iv), and (v).

S la3e THE‘GLfSﬁYLATE“CYbBE

mhe cleavaga Of inocntrmte bo suculnat@ and lyozylata by
A-uh@ enayme 10001%?&&0 1V&ae (h miaeciuraﬁe 1yoxy1atemlyase,
B Co 4;3 3 1 ) ﬂ@porocﬁ by seveval authors (quq Smlth and '

Gvnsalus, 19)4; 19)5)9
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FIG. 1.3.2.A.

acetyl - CoA

CoA
oxaloacetate citrate
2H
maléte isocitrate
CoA
succinate
acetyl - CoA glyoxylate

The glyoxylate cycle




LOOH
.

CH. (,11(01})‘ coon
| g

”CH d SRS 7*?39?COOH ;;

Hgﬁa he 10?mat10n thmalate ngm dCQuylmCQ& and ulyoxy"mge hy

fﬁ*malabo an hctasé (mealate glyoxylaupmlgaSQ, hogq 4o 1 3 2.’ R

A)‘:.l,;;‘\vOH{J"'atltl A']j'? 79536) T

EAOW wboﬁ

e ;;gj:;jo'n qcﬁp - .,;:-g: : G, g@g ,‘c}z(gn)f‘, Qﬁéj"c('} Qﬁ Hs-Con

+

4
84

bf;QHEfmﬁlﬁdﬁle.gfﬂ

1 ;‘3_.; 3. THE Gmomww

ifﬁfiﬂ form GO'2 irom glycxylate houh derohicale dnd anaerobically




exuraatg dld not Qdei o glyox@la%e aerobxca1lyg hub under

' dnaeroblc condLuions approximauely'ha3f a mola oi CGa’was'w

2* an& thmamtne

| Jlberated per mo?e of glyaxylate addeﬁ. e
‘fpyfophchhame (TPP) added 11-3 exfraets partially purmfled by

o prnductlonovf'

. _@mmonlum sulpvhate fractlonatlon, Stlmuldhed GO
Krakow'and~Barku1is;suggesﬁé@*ﬁhejdécgrboxylation«pfj A
"glyoxylats,produéédva Ci;unit‘at %hélokidaticn.leﬁéiJOf-

;tﬂfovmanghvdep Gcndensaiicn of ths un1L wihh a. furth@r mo]ecule\v

of glyoxylate to form a 03-compound prl&lned the ohsarVatlonso

: 2+ S
Cilo o . ‘lPPi i"..o A (E}Iio I‘»"f‘..,.‘ ) LHEOI{ - |
CocooH B o ?EOE N %0_:; +o 00,

GOOR-- cooH
© & keto acid, idontified as hydroxypyruvate, was isolated from
ﬁhe“féactign mixtuﬁe.

A_partlally purlflea @xﬁrdct of lecollate gvown P&eudomonas

g% ovalis Qhebt&f houghg in the presenco of. NADH, TPP and ng ?

,convarts two malem of glyoxylate Lo one of 5lyoe?at@ by &
:paﬁﬂway not 1nvolviny hydroxypywuVaheg oxr any compauﬂd inr‘
vre&dy equillbrlum with hydrexyﬁyruvatea An unmdentified

_ 1ntermud1&te fcrms a d@r&Vatlvc wluh 2, 4 dauluroyhenylhydﬁaéin@ =
lwhlch decarboxylagea te the ﬁl%wz 4“&*n1urnphemy1hydrazqne of |
glyoxal on the ad&lblan of alkeli (Kornberg and’ Gotbo, 1959)..
 Tha 1nterm@d1ate 1& probably tartronic semlaldehyao (Krakow,

Hayas hl and Harkulisg 9595 harnberé and &otﬁo, 1961)




FIG, 1.3.4.A.
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glycine l-hydroxyaspartic
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210 . COOH [:‘m}] & ?Hz' COOH
clyoxylote C0.CO0H
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Tricarboxylic acid
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THE 3-~-HYDROXYASPARTATE PATHWAY
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FIG. 1.2.5.A.

8lyoclaldehyde osazone

002
J?pd—DNP + O™
3 KH,.CH,.COOH fcHO . CHOH. COOH]
’ N
glycine 002 tartronic semialdehyde
NADH
6H C
3 CH,0H.COOH —?__ .3 3 CHO.COOH Wap®
glycollic acid glyoxylic aoid
CH,OH,CHOH.COOH
3 HQO 2

glyceric acid

3 HOOC.COOH = 6H
oxalic acid jj“\- ATP

CHB.CO.COOH

pyruvic acid

HS.CoA NAD'
HS.CoA f’<rﬂﬁ\\\\\L co, NADH
fuon.cooa CH,.CO0.S.CoA

3
CH._ .COOH acetyl-CoA
2.
malic acid
cell constituents & tricarboxylic acid oycle

Pathways for the synthesis of cell constituents from Cz-conpounds
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" CHOM-
COOH:

g™ TPY
R

ol

"‘C) £

yco]latp @& sole carbananuraea

-Ygﬁhe 3wnydraxya partate D

'to regiacc u'lbmrboxylxg-“jjgf '

BB

'ﬁyﬁﬁhébLus The»;caem
eyclic: conge

of o #

14345, GROWIH ok Lucmni(

- and gatheredﬁtogéther in-F;gwﬂt 3\4.'
To p?OVlde enargy for - eell 5rowth;ovidatxan of glyculldtp
_fmust 5@ coupled to reduc%lon af pyrldins nuclecuxuus and the -
producuﬁon or nW? The: trirarboxylic acla cyc] is bhe magor’

route For' Lhe termlnal oxmdatlon oi cetabeg but C mc@mpounds .

T_r

at hlﬁher OTlddMlOﬂ levels afe Ode“ A0 cl,‘iftie'_r‘ena,l;\f"w

A cyclic pathway, the dicarboxylxc &Gid cycle,,was




2ba

FIG. 1.3.5.B.

CHO,COOH

glyoxylic acid

CH,.CO.SCoA L HO.CH. COOH

3
acetyl coenzyme A » | éHE.COOH
[/ malic acid
2R H.SCoA
00? - coenzyme A
T 2H
CH3;CO.COOH o fO.COOH
pyruvic acid CHZ.COOH
““-_1?;,__.—f’ nxaloacetic acid
002

THE DICARBOXYLIC ACID CYCLE




‘ﬁproposed for the termlnal oxidnbxon 01 glyoxylate and of

|2
_'The “Jblo is Lllu‘"vaued in }lﬁo 1. 3 ).B. It . differs from the

C wcompoundn which iovm wlyoxylaue (hornberg and Sadler, ‘960),

urmba:boxyllc WCLd oyole in onec. 1mportdnb aapoct e 8 carbonyl
compound condcnses with agauylaooﬁ 1n both, buu duetyl«UoA is
;egenerahed 1n the dlcarboxylwc acld cycle wheroau the

carbonyl'compound is regenerawed in the trlcarboxylxu acid cycle,

Wheseﬁpathﬁa&s of glyéxyiaﬁe metﬁbblism_can explain the

SynthQulc and.’ enocgy requlr@menbs of ﬂucherlchla cold grown

on glycol3uta, for g1ycollatc is read#ly o naformod to

glyoxylate by4mhx organlsm (Kornberg and adler9 1961),

1.4s < T]TRAHYbROPTEHOYLGLUTAMATE AND_THE G, ~POOL

1°4fii;iﬁ1mu f (168 LOiPOUNDo,i;.g'”J
)96 T, Bdnebrahydr pta;oylglutdmdte (H PoG), tehxuhydrnm

'fotaue oxr coeuéymc I is the actlve fo;m of uhe vitamin, folic
vaowd (Huonnekenﬂ and’ Ouborn, 19_))9 Rablnowlﬁz, 19603 J aunlchc,
| 961) ln Lhwb iorm, oxr pOb ;ibly as one of 1t pelyglutamyl
oanjugaten (Rab:nowltag 1959), 1ﬁs maaor 1uncL1on is conumrnéd

“with the mutaboljsm of Clnunluﬂ a’b varlous oxndat:on lovelu;
E 'ViZ% iormnte (formmiuaPL&), formdldehvdﬂ (hydrowymethylmH P?G);

_:“nd mehhanol (mebhvlnﬂ4p%h)

ﬂour dliiercnt types of rewctlon, eﬂch cutulaued by

-apQO]in pteroprotelns (Huonnehens and Omborn, '999), havé




Ne1

H, Pm »

”'HJPtGTl~ "H CHO™ —s QHEOth

't,nou-ﬁ '%G ‘\_—'__———k_
Y 4 .

L totr&nydfololuho 11gase (nﬁP),

':”Tue proteln has been Lsnlat@d i

_;clostrldlum cvliﬂarosporum (Himc f@n

iNm5 NulO mebhylenewﬂaP%G, the snhydrg ;. brldge form Qf

‘accapuor‘fﬁ

-

+

@o¢eptor

6hé@ﬁhacc ptor

4 u”gi' S
e T ¥ "}14§1'F9,

\iii)‘ Lnterconverblon ‘of

(1v).-methyl group formaclon,sf ‘- -
= e } ;aéceyﬁdi" L
5 ma@ceptor"‘

CH OH.&H4P1}(T “A = _‘,‘:".' B,
el | -g{:H'PtG

6;3 4'3 ) concerned in n

rﬁiclpabxan of ATP &nd xgaﬁgf’?

iormwte aotlvaﬁion, raqulres thﬂ

a;cfysﬁa;lin@ form frpm g

1 Rabinowits , 1962 jii

bR’

. [

Efg

U ».1-;.:‘6(:;‘_611‘ 4 I 413 e

ﬂct;ve formaldehvde can be formed nonmenzymlcally (Jaen cke,:V*

]956 Blakely, 3)60) am& enaymLcally (Hu@ﬂﬂekenmp stozn 1nd

%hlteLey, ]9)8) frcm free {‘crmaldchyde9 and &180 enaymlcally

from the Gm3<9f serine (bection 1. 2 1 3 The product 15

N

7hydr0xymethy1mH4PtGa

r coor{" —-—> QH @)}14131;_(;;__ ———————+ : Qﬁbl;agmepiﬁo'xj W H PG




FIG., 1.4.1,A.
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K H
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N |
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R
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" | n l
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] ]
K R H,0 R
H PtG LR R >
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H,0
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N
e .
R o — cH,
R
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Interconvertions of activated C, derivatives




Nm5 NwlO methyluﬂomﬂiPtu can b@ oxldlzed hy an NﬂDPn

'denendenu enzyma, N5 NwlO,meﬁhylenemuetrahydrotolate

: dehydfogon&se, $o- ﬂmggﬂmlO,methenyI»H4P%G, .w),NwlO mehhenylm

H PtG can be revey51bly oonverﬁed o, leO farmylmﬁ Pmu by

,mathenylmu@jgahydrefalaﬁecyclohydrolase (5,10mma¢heny1netraw o

hydrofolate 5-hydrolase (decyclizing), B.C. 3.5%4;9;)if

(Buchanen ‘and lavtman, 1959), and it is Tormed from H-5,formyle

Hd?tG}inkthé;pﬁésence bf-ATP~(?e%é§s'andyqre@ﬁbéﬁg,‘i958)a'
These re]am1on hlbs hetwaen the 01WH4PtG @érivatives are
repreaenﬁed 1n Ti e l 4 1eﬁs

144:2. THE cléyobh‘

: There unpearﬁ o be 8 vaady equ111br1um betweea the many
carbon atoms that Gdﬂ be met@bnllcally llherated a& 51nﬂle‘

units (exoept perhaps in mrowinw LSOhSTiChl& celig seculon

1.6.1.)e Several examplos 1nvolvin& thls lnberchangeable pool:

oflblwunlﬁsfare qﬂoaed in section 1.5

Le5, ‘INCORPOBRT10N~QE“clmumxmo INTO C“LLULAE COLPOUNDS

when the nature of the Clwpool is realised, it is not

surprisxng that many sources have been reporté&-in the

llteraiura of G -units which are inco;por&ted~§?§§ PULines,

thymine, serine and methionine, However, the syrihesnes of

thes§ 5b@pDunds"d5 not'dépend’on,the\origins of the ¢, -units

1



3.

L R

,but on1y on. - hhe naﬁuyg of che o uH PtG deerBtvaS dlrepblyl.
.lnvolvedo Tho,pr&marv saugees of mhe caTbon at@m% w111 théreforéf

'vnot he dtmuuqaﬁd in, thl&y e"*lon whieh LS ooncnfno& wncL the

.%ﬁ'ﬁutilxamtlon gf o mu it

7 tﬁ'anaBOELQ ?TOQQESOv;

R LaBel. %&INEE’Q:

T , Tha oathwa 05 leS nshe ls on tho urlne rlnw 1n01udes
: D

A !

‘thr@o %tepa whor carbon anoma are added - slngly‘.‘hgéé»reac%ions,

leln ovder, ;ncorpgrate carbon atom° for ‘the C 8 Qwé dnd =2 » 7 ;5?;

",;5; pos1h10ns, dnﬁ the reqneci&ve donors are mathenylwﬂ PtG GO,

4 2.

4?tG,.L.e. 0-8 and c-a arc dvrlved frgm the ©

”(ﬂ&V1&gon, 19)9)

ﬁPOOl

- and farmyl—ﬁ 1

¥ i *

The exact nauvre of the ¢ -douors and the, ﬁrapertle@ of:

1

.the enaymea @onberned in mhe tran fer regctzons‘in‘chicken
'»iflivqr‘haVG baan elncida%ed hy Havd mcm9 ﬁuohanan ana co»wQVk&vs.~

- The res ulhb have bcen ?cvaew&d by Buchanan nd Hartmam (1969)

The'glyoinamide ribdﬁucleo%ide‘will accént férmyl groups

\

lidhly from N-5, Nm 10, methenyl~H4PtG, and. uh@ Qwam1n0w4mzm1dazol@« 2 C e

AP G, These -

 ‘raaciJons are vevy &p601f10 und were, ldenﬁlfued us ing ngyme

EIearboxamlde xlbonuoleObid@ anly from leO f@rmyimﬂ

‘“lpreparation* fr from meuhenylmte%rahydrofolate gyclohydralase

“;;7{Buchaﬂan"andﬂﬁartmang 1959; Séctioﬁ'lqéal.)a“ﬁ”

Cnans

R
AT

1.05.,2;;‘ 'vHYaaIﬂz

* maainamee

o




Synthesis of thywidine-5'-phosphate

OH OH OH
1 t 1
c c ¢
VAN V4 \\C CH RN
F ?H - CHzoﬂ _ H20 T 1 - 2 ? i - CH3
—_—— —3
0C CH oc CH oc CH (1)
. v 2 ~ 2 N/
N
R : R
hyrdoxymsthyldihydro- thymidine-5'~phosphate

deoxyuridine~5'-phosphate

OH OH
¢ ¢
N PN
N C - CH, - R' NADH : N C - CH
2 3
t 1 > ! I (2)
oc CH . oc CH
- . 7
N
R
H4Pt0 derivative of thynldine—5'-phosphate
thymidine-5'~phosphate
L I, ‘
(R HdPtG)
on OH .
c C
2 N\ ZON
N CH 5 10 N C - CH3
| L] + N°,N -methylene-H4PtG » ! It + H2Pt0 (3)
oc CH oc CH
~ ’ . ~, Vs
N
uriline-5'-phosphate thymidine-5'~phosphate

FIG, 1.5.2.A.




;ﬁlgeneraliy aocapied te be N«S N-=10 meﬁhylenemﬁ

- )”UOQLtlon is a. aaep ln thym:n& blorynbhoaiﬁ »hlch has proved

:difflcult_to fqrmmlate?f
.‘_H PHG was 1mpllcaheu (Lrledkln and Rob@rus, 1956) and the

4

veagtion Wiie uhown Lo bake place &ﬁ‘thc nucleotlde 1ovel

: (Fr-i eakin and mrnbarg, 39571 ‘Phe imrnedia’te leionbr-is

4Pu6 (Rablnowjtzyy -
: :1960) | |
2

e l- 1\?;5‘,_-1-1«:10gmethylénemﬂ JFIC > WHP PG

The praduction of mhyde;newﬁ'mpho phate from uwridine-

- ’»

r’%pho;phate and Nu)phmlO,methv]enemﬂ4PmQ accordiﬁg o this

’ eqna%ion, renrasent& & xudueilane This addlt:on of 2H cauld
1uke place in one of severa? WaVso (1) the initial formaﬁlon;
. f dthlepyTimldinpg dddltlcﬂ of a nyﬁroxymethyl« STOuP, 108Ss -

¥,

_hfaf wmter mnd vearrangemenm* b}gq 1 De2e A,9 bquatlen 1 (Qroon
'f and Co}mn9 195?)3 (11) mh@ vaﬂdenqayion preducﬁ of. dUdP and
methylenawH4PL& cleaved reducﬁLVQIyS Plg. 1. 5,rou.9 GQU@ulQn
-3(??L@dkln and harnbern, ]957)$ (ijl) mcthylaulon of: dUJP hy

mobhylone~ﬂ PG to TmP thh caneomltant ox1d ﬁlou of the

4 o
‘ tomrahydrepyrazine ring to glve dihyaroytsroylglutamate (H PtGE

‘fFlpg 1 Do2ehiay cqu@ulon 3 (Humphreys aﬂd Greenbnrg ]958)

U%xng a thymidylate syn%h@hase fvom ;ﬁchericﬁia coljs

;“}Mahba dﬂd Brzedlin (1961) fe3]owed the formaﬁlon of HzPu&bx

‘spectrophotmmetrleally and shawod the 0x Jdatwon o“(T4Ph& to. be

_equ:molwr w1th thymidylato ﬂynth651$, ,



AT RPN m

2

) , Bt L
. Ay ‘ . . ‘
auny 4 ?\Im ) 933’ -v-,! () b me ‘i;hyl (:,:nem-} I !‘P‘ttj : s TP o+ H ! 66
. NADPH: R
11 Ptﬁ ﬁ?ﬂmx?=%“ 1_H Pﬁﬁf -

4
These thGTVaLinn& warw @ﬁ&@ntz lly ooni:rmed oy ﬁﬂe

ohaarvationg. £ QDOugal “ﬂd Blakﬁ?y, 1961 -arking wi%h_&n

enéym@ from E%r&puacooeum fecaliaa bxhydrofo}&u@ Tedugt
(Oahorng }rcumnn and Huonnakeﬁsg 1938) reducvs AEP e bo ﬁ ?LG

~odne the n?ebence Di Wﬁana N ..Lﬁ?l

1.5.3.  SERINE

- In manmalian and plant C@llﬁ géﬁiﬁawc&nfb@ formed fiom
glucose via 3mphcaphbglyﬁeratm; 3wph0$nhohydroxy)ﬁruva%@ and

“pﬁ@sphﬁﬂﬁrinea n?yme s%udéﬁﬂ thu %hawﬁ that thzh “ou%Q mny

]dpera%e in 5 che richla cell, bun bh& nresancﬁ af isocitrato

‘Lyasm and glyexne anineﬂransf erase” 1n wlucoaa graun Inoheriohl

*

ca] b 1? ( nd other glycgﬂe - »é?iﬂ@;&ﬂﬁﬂhrﬂpﬁw) sug}asted

mhaﬁ an al%sm

snve maﬁhway vta 1sooimrau39 glyowykaq@ and
nglyaine?maifbﬁLéﬁﬂgame‘importamqéV{Umbargetg’1961);
The {ormauian of sbrine fram glycinﬁﬁia discussaed in

section 1 ? 1

16554.‘f4mw910N1g@'

“Phe formgtinn:of nethionine in exivects of Becherichia

‘coli frou homooysteine dnd serine regquives the presence of

‘H PG nd'a'ﬁroﬁein bound acbalamin fﬁéﬁor;*ﬁhis'fac%or isfpossibly

4

}concerned in the synihas;q of an nctivﬂ pﬁaruylglutamano derivative,




probably tetrahydrapuefoyltriW1utamabe (H P10 ‘(chterggévjl*:ﬁ

3)f'

'ka TGJQTlﬂ% and ﬁoodu, 3961)

&E;‘E; Wllmann&, Ruokor”@nﬂ Jaenloke (1960) propo%od a mech nlsm

ﬂfer tne methylatlon of homovystelne in exiTact& of pig 11V0f

gPt& aa uhe acwlve donoxe A me%hylated L

. iarm cf weduced ﬁtelaylgluﬁamdte has also bcen 1&1011%@& by

:’EAiiwnlch 1nvolvod hmggmethylmﬁ

‘-Larrabe and ﬁuchanan (}961\ from &n Rschérichn& co]i qystem

\4Asynth631q1nm meLhJonLne 1rom hompcyotelno &nd methylenewH PtG,

- 4
~Q_ Guest and Noods (1}62\ suggasb uhe lmmodlate donor is Rmﬁ Nwlo,,

\,methylcnewﬂ Pth in Escherichla 0011, 50- nethylanion raquires

4

’ either aoneomiuant formation of H “LG (c:.0 tha Frlodkln scheme
:far uhG mebhylatvon of dUMPg gsection 1 5e2s ) or the coupled
oyiqst. on - of some unspeclfLod hydrogen ca?rlex, and the"
f11bef ion of unchaﬁped HdPtG Anlnonﬁerln Tails ﬁOlAnhlblL

the methylatlon, in’ uhe pre,enoe of eatalyuic amount of

CH PG, but inh*h1ts ccmpletely the vegenoration ‘of Hs Pmu from

4 4
']HQPLG. AGGOlen 1y? Guest and %oous po&tulate the, second
;ﬁ‘m@chanmsmn;
- 106,  DRODUCTION OF C;=UNIDS IN BSCHFERTCHLL COLI
o 1e6il. o <UNIRS BOR THYMINW METHYIL-GROUP  BIOSYNIHESIS

Eap
beveral comnoundsg'anludlnw iormateg g yoino and abrlnﬂ,

‘-cwn supnly ih@ 0 wpool which in %urn is u%eﬂ extenuxve1y for'xy*

callular &yﬂbh6518 in hsoherluhma 0011 gro w1nb in slmpie medlao

Coewr




chsbse (3)58) obﬁervod" (1) serine G=-3 is uﬁiliéédf-} f

'quaﬂﬁxuativeiy,Jor thymlne mebhylmgroup forndtxon by a vouheg

:ﬂ-thatudoes,nbtsinvolva glyeine* (ii) glyains CwQ'is,utilized-
ok o an extent thau dapenda on its *xuracellular‘eancentr 1bion
"(of, Koch 19)3) and bv a route mob an01v1ng ger1n99 and

til(LLl) lormate ip not;utlltaed at all,. but is 1nc@rparated

into iheipurlne C:‘ and (-8 pas&b;onma N CI

ey

., the fivet 6Eba§vation_can be eﬁplained (Boction 1.2,1.),

RO

ufbum the roubc whcrehy lyeine C=2. is converted tcvﬁlmunits

1s‘unkn9mn,51p imxdjffxculg o reconcile the third observation

hwiéh théﬁﬁi@fﬁre.cf.é mohila_clmpoclPﬂThe ﬁature of the‘ﬁlbck

‘-in”gTOWEnw)Eﬁéﬁ@richia coli}'preventing the produculon of

;mehhylonewH4P%C fvow iormyl deravablve, remains une xplalned,

except-;n?£e$m$Q0§}chp&?tmentaﬁion%

U B

- Leba2e i.”ﬁ'c.n:ezl:rrx..'.‘c_“:zicm m.s“,,clame'msa RO GLYCINE

Tﬁree wpy5‘0¢ converb1u§ glyoiug Cm o afhimuﬂitlcén
be . considerad,‘j(l) via g}yowvl@te Lo xorm&ldehyde or iorm;te*
'(iJ) via ﬁhe wcetatemglyn1ﬁa cycla-. (111) vla the succinaie=
g]yclne bHClL ta Iormaﬁe,.BecauJQ 1ormdte is not utlllvﬂd fcr
@hymlnn meuhylmgroup bLObyﬂbh681& whjlo glyclna G2 1u§ mny
pathway pasiulated mustgallow for the formation of "active
fcrmaldehyde" (0”05b169 1958) None of thgse three h?VQ ueen

&hDanﬁxpGTlMQanllJ, ta do th%a ﬁlnale, the” canvers10n may be

‘fvia & new pathwoy nom y@t formulatcd,
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2,11, lentenanca of ovganxsm

.j241r2.‘ browth of Qrganlsm

2.2,
» f%.?il‘ ~Alunina grlndlng

2;1;3. Nutriﬁicnal faqulrements

PR PARA”ION 01" CHELL - }X‘J.‘RAC“‘“

2@522., %onio osclllatlon

- PRACTIONATION OF CELL DXTRACTS . -
2.3;1g}“Protamine'SulphateLtféé%menﬁ '

‘2.3;24‘3Ammonium sulphate Ffractionation

2¢343. ‘Acotono ffaetlonwtion

- 2e3e4. . Dialysis and ephadom treatmenhk

2adho -

245, : .
. ‘”“2.5.104 Ffacfibnation of éell'DNA- RNA and protein

ENZYHE ASSAYS

2edele ‘Glyéiﬁé amihotranéfsraSe

D 2444026 Glycinemspl1u%1ag ‘enzyne

2ade 2,1. Carbon d1ox1de produc%&on
2adla26c20 ,Formaldehyde produchion
2:4;2;3, Anmonia, produci;on

2ede2+4s Benzyl vlalogen reduction

ISOLATION MBTHODS

2e5e2e Purine and pyrlmnﬁlne bgaes
2eHe3s Anino acids '

29544  Keto acids

2eHabe F5+maldehyde
2aHebo. I‘ormate .

2¢5 T Degradatlon of adenlne to plyclne

37 .
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| 24047
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2 4»D1n1tr0pheny1«amlno acmda :;
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G]yoxylatewE 4mdln1trophanylhydraaone‘
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o 2’:?0

RTe2.
.:257f3i:

 2,8.¥
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FIG. 2.1-.2IA.

TURBIDIMETRIC ESTIMATION OF CRLL

EA 50

SUSPENSTONS

k N i

0 ed 0«8

mg. dry weight cel]s/ml.

Fomogeneous cell suspensions of E. coli PAlS were divided into
two parts. One part was diluted 1:100 and the extinction of the
diluted suspension measured at 450 mp. 1.0 ml. of the second
purt was heated at 120° to constant weight., 1/100th of tiis

weight is plotted against the correspondlng extinctions at
A50 mp for various quqnenﬂions.

jos]
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241, 7 ORGANISM i LxCHLRILHIA GOLL. PAL;

"2.1.1,tlmaxﬁwﬂﬁﬁﬁéafowéﬁkchwism o

bSCher;Ch;dl001l PA15.wa% ob;ained irom Professor Do;bo Woods.
'1t is an auiotroéhlc sgralﬁ requlrlng elther g1y01ne or - berlne
'”qfor growtha otock culhuras were maintalned on’ slopes prepéred
from Ox01d CI4 Table%s (Oxo Itd, Pngland), subcultured monthly,

PN

“tgrown for 24 hra at 37 and stored at 4 » CE

2.1.2. ndnowwﬂ OF ORGANIS!

Bgsailmedium §bnféineé\(é:/ls)o kH P04, 5 43 (LH )9 4,

<MgSO 7H‘O ‘C-Ag- glucose, He O; glycinc, l O° brought to pH. T*0

4"
with 5NmNa0H (cf. Dagley and Dawes, 1949)

.Fof‘bhlk-growﬁhfthe éells were trained by‘inoculéﬁinél
6200 ml. basal modlum from a shock oulture, and 1ncubaﬁin at
37 wzth aeratlon. bells grow1ng 1ogarithmloally (20 ml.

suspen&ian) were subcultured 1nto 1 0 1 basal medlum. This. 1n |

. turn, after incubablon, was used o 1nocu1atc (200 . suspension'_' “

. per: flask) five 10 1" ilasks of basal medium w1th logarlthmlcally -
'Tbrowzng cele.‘Growth was followed turbldlmeurlcally (extlnctlons
of cellmsuppensians ﬁere measured at 450 mu, Plg._2 ol 2 A, )
) du%lng 1ncubdtlon at 37 with aeratlon. The cells were harvcsted

.in late 10%."::{)‘11'3.893

2.1.3. NUIRLTIONAL RUGUIREMINDS OF BSCHERIGHIA COLI. als

» Eéchériéhi&“coli-PAl5 will growfin basal medium under

.........




Growth (mg.
dry wt./ml.)

1

01

glycine (g./1. medium)

- Excess glucose

De?

0-3

40

FIGQ P.lo}oAn

Growth {mg.
dry wt./ml.)

- (]

“

A : 1

10 e

glucose (g./1. medium}

Txcess glycine

ESCERICHTIA COLI PA15: GROWTH RESPONSFE CURVES

Curves were obtained by incubating 25 ml. basal medium containing
excess glycine (N+5 g./1.) or excess glucose (3:25 g./1.) and
other concentrations of glucose or glycine (respectively) as shown,
at 37° with aeration, until full growth. Growth was followed
by measuring the extinctions of suspensions at 450 mp. Extinctions

were converted to mg. dry wt. bacteria/ml. with a previously constructed
calibration curve.



_aerobLG and anferoblc conditlans‘ ) é'ylelds (sta i

ﬁ?_aﬂe 1@2;§n§1

3T g ddry oel]s / 1., T ‘pectlvely. z w“

. Tha gfowth response curves for g?yclne in the presence of
A,cxcesg W1u0008, and gluco&e 1n the presence of. GXGOSh alycxne

are shown in I"le*a 20 1 3-1:1-

] The 1dentlty of thﬁ s»ra aa a Grammnegatlve or?anism

‘”'frcqulrmng751yeine for:grOWLh‘ ,s‘checked regularlyo

U.2i% .+ PREPARAPION OF CELL EXTRAGLS

e
R

LF A

- 0@11 cultufes in late. 10@0 phase were coole& to O ‘énd

44iﬂ,~

“ ‘,Qenurlfuge. The oallh were waahed iwiceéwith O OG?M—phoaphaue o

fbuLfﬁr pH T 0 aﬁ 0

2.2.1. ALU&INA"aﬁINDINGA

ro.

Packed oeils were érouﬁd at O ’in a chllled wlass moxtar .
thh enough alumlna (gvadn 3/50, slow cuoﬁmng Pcllwhlng Alumina,
Grlffzn and George Ltdo, &la&gou.) to give a dry paste '
(ﬁOIlwajn, 1948) qOTG dlumlna was addad to mglntaln this
obnsistancy &s calls ‘were rupﬁured. The mlxturet was . stlrred

'Wlbh icemoola O 067Mmphosphabe huifar pH 1+0, anu centrlfuged

at 20, OOO g. Tor 30 minn The supernatant was termed the alumxna -

“’-).‘ PR

~crude extract’




5?§‘}max1mum act1vmty (blg. 2 2 ? Aode The supernatant, alter -

yre

202,2. ,SONIC OSCILLANION .-
Pﬁbkéﬁ‘ééi184Wére;sﬁsﬁéhd@d Ht‘O in’ O 067Nmphosphate
- buffer - pH ? O and subaeotcd LO high frequency v;bration 1n a

fz 50 w&tt 9 Kc Ratheon Magnatostrlctor Oscillator; cooled by a

rapld flow of cold water. 10 mln. was iound to give extracts of j“'

benbrlfuglng at 20 OOO g,_for 30 min', was Lermed Lhe'sonlc

Z_crude exﬁract*

2.3 FBACTIONATIGﬁ‘bF CELL MXURACTS -

2;351‘ PﬁOTAmINﬁ ULPHAiF TH ATMPVT

1

Crude extrae%s woro treat@d w1th 1 protamlne sulphatc’

solutionizn O 067ﬂmphosphﬁte buffer pﬂ 7 O at O til) no

LN

: furuher preclpltatlon occured. After oentrlluglng atb 20 OOO 28

ior 20 mln at O the supernatantS‘were removed‘and termed the
protamlne sulnhaﬁe exﬁracis'. The rntio of oxﬁlnctlons ?gﬁm

» ) : 260 . ‘
',weras orude extraatss O 5) tc Os§9, pro%amlne sulphate extracts, o

0092 Lo 0o 99.,

'2.3.2. AMMONIUM‘SULPHA@E FRﬁCTfONATION

Protamlne su]phato extracts were fracblonally preo:pltated
" with saturated ammonlum uulahate at pH 7»0. Proﬁeln,frac%ions
at 0“25w 25~500 snd )Ome saturatian of the salt were

0011sctad, dlssolVed in 0 OG?Mmphosphaﬁo buffem pH;7 O and

‘dla]ysed at 0° (section 2e 3 4 )e The frucbions were %crmed




‘respoctlvely, the O 25&,ﬂ 25~)O@ and 50”7)m ammonlum sulphate

\exﬁrao$s' :

2,343,  AGHTONE FRAGDIONATION =

25%50%‘ammonium sulphate extracts were fufther fractionally

’43- £ ¢

preoipihatod w1th acetone at pH ? 0, Protein fractnons at OmEOp,.“j

20-404% and 4O~603 acetonc (v/v) vere coll@cﬁed, disso]ved-in‘
“:O OéTMmphosphabe buifar pH T+0, and the acetone rcmoved by a
second ammonlum sulphaﬁe preclpitatmon at SOW salt vaturatlon,.
The protein ;ractlons vere red1ssolved in: buffer and: dialysed
_ (secﬁion 2e344. )‘ Tha fra ctions were Lerméd re%peuﬁlvely, the

soaeoﬁ,.2of4om_gnd"40760ﬁ acetone .extrachs! .

23040 bIAﬁYSIﬁ~AND‘S§PHADiX TREATHEND

Extract\ were dlalysad in 18/321 Visking Tublng (H m.c.g
London, J.l ) at 0% with stlrrlng for 18 hr., agalnst,zoo

VOlumes Qo 067ﬂnphesphate buffer pH 7 O._

5 x 20 S olumns of Sephadex<G.75 (Pharmacia, Swedeh).

- were used to separate bmall ‘molecular weight m&tcrjal (i Whe

S<<F<:40g900) from the*larger proteins of the extract The oolumnsv

| wére élut@a"aﬁ'b with 0+06Tii~phosphate buffer ph 7+ 0, and
\ﬁ ml frdctlons were COIIGGhed. The distribution of the single
_ proteln p@&k uab d@tarmined by measurln& extlnctlons at

3t

‘280 mu.




Qadhe s CENAYMN ASSAYS

WV

g Q;ZZ;Q prYCINE AEiK&THAEéFEﬂASE“”
ﬁlyemne amlnoﬁmansierase wias ussayed by following
(1~ 14 6]glyc¢ﬂe fo?maulcn f?am gluhamaue and {1m 4@193yoxylatea
Af&SQéﬁ mixtufas‘coh%ain@d; féxtraeﬁg ilm“+dlg1yoxylgte,
‘2-0‘umoles (33 nb/mmmole),n glutama%ég' ‘O‘pmnléég P1P,
Oe1 ﬁm9]e°' LDTﬁg 2 «Q pm@?asg in a total vo?ume of e O ml.
, Oe O6f@mphosphate buffer pH 7-05 After'lncubatxng.for 5 min.\v
t 37 5 the reactlon was ﬂtopped by adding O 3 ml. formlc ao1d -

acetic acld mixture (lﬂﬁ formlc dOld, 315 acotic acld in wamer)

ﬁcidlined reactlcn mlyﬁura ()O pl ) was dlspenSed for

elacﬁ“ophovesns (40 v/cmo) in a formic acid - 1eetnc acld snlvent .

ﬂ(?ogﬁ farm1¢ acldg T8 ac@t:e ucld 1n water) an Whaﬁman No‘ 1
»;papur, for 1 hr, The g?yczne wasA1Qcated w1th a Geigermnuller
fltmndmwindaw tuhe dnd ratewmeter‘ ha achxve areas weﬁe eluted

:}i" ‘O m?. W&LG? overnmghb, and the glybLn@ plated at inlwnita

‘;fyhinfess for counting (SeGuIOH 2.? 1 ) Amlnetransierase act1V1ty
 vag exprea&ed as glyulne formed (aat@l uountﬁ/mln )/hra/mge

“;protgino-

'2]2 4 2. “GLyoxmﬁééPLxﬁ@ING'EﬁZEME .
%ifﬁx 2 4525 le: Larbon Q1031d9 p?oduotlon 14002 liverated

 enszj¢a1iV fram le 45151yaine was. eollected in NaOH ‘and |

L R ~'14
;~vcountgd &s Ba ﬂ03-w




FIG. 2.4.2.].A.

Modified Thunberg tube

cts/min. FIG. 2.4.2.1.B.
3000
1000
60 120

Time (min.)

Variation of #*7C0O0 , recovery with time after acidification

of Na*”“CO” in Modified Thunberg tubes

2 ml. Na*'~“Co* (5 /i-moles) acidified at time 0 with 2 ml.
2N-H2S04. Liberated *~7"CO" absorbed in 2ml. 2N-NaOH (section
2.4.2.1.). Activity in alkaline trap at indicated time
intervals determined as Ba”““CO” (section 2.7.2.%



,.1;‘Q4§¥£1,§{.}

Asbay mxx%mees canbalneds ; extract~ le“ C]glgclne,

’ﬁf: °O ummoles (750 pC / mwmole), EDPA, 200 p-moles; and.addmuiénsi}‘ﬁu

4

~oi‘sl’l}? 0'2 u~moleg H PtG, 1.0 pnmole; NAD 1e O pﬂmole, in a
'totaE volume of 3 O ml 0 067Mmphosphate buffer pH 7 0 |

Phe mixﬁureg~in9bna legAéf a %wa—lewged Thunbefgktdhé‘

(Pig. 2, 4 2.1 A ), was inoubated for 45 mine at 37° . then L

'aacldifled by tlpplng 2 ml. 2NmH2804 fzam the gecond . leg. 14CQQ

was absorbed in 2 0. ml, aﬂmNQOH in the cap. hfter hwo hours

B whan a11 tha llberatcd “4002 h&d been ab@orb@d (Big. 244024 l B),

uh@ capﬁ .were rOmoveﬁ and 2+0. ml 0°2nmNa were%addéd.'The

2 3

C]oarbonabe wes preoipitaﬁed 28 Ba W60, for counting

B 3
o =(mcetion 2,742, )
Anaerobic assay OQHdlulonS were obba1ned by setblng up the
-tube% with no extract or HAPtG,;and w1ﬁh ﬁnaodlum dlthlonlte
~ in tha QN*NaOH After repcaﬁed evacuaticn and rafilllng Wlbh

nltrogen, the tubes: were 1eft overnight. The beract, t _.

=Tdecxy5enated by 81mllar mean&, and H, PG were added and 1mmedjabely e

T4
the tubes were evaouated and refilled with n;%roéen pretveated

kﬂwith alkalune dlthionlte. 240 ml. Ore em-mazuo3 wore added to

o the dlkaline dlﬁhlonite solutlon from the caps (after incubation

Iand %bsorption), ;071owed by 5 mla sat. mKInO 10 QX1d’ZQ the.

4

dlthionlte to sulphatea (Barlum dithionite is insoluhle and

14,

- 1nteraeres with 31 COj acﬁ1v1yy assaysg)

fTh@ Ogidl@eq sqlution; in one leg of another mcdified




Thunberw uube, WS& ac1d111@d wxmh 5 m1, ¢NmH2904 by tipp;ng, and 1}%%

4GO was collccted in 4 O mlg 2N=NaOH in the cap for

40

plating as Ba 3

Enzyma actiVities were expressed either as Famoles 14062
liberated / uY,. '/ mg. protein, or as Ba}4003 sctivity (at inf,

thickness; counts / min.)/ hr. / mg. protein.,

Note
'ﬁétivity Bat4co, at infinite bhichnes& (a° countq/mln.

Wy /-
C0,/

\mln ), and the qpaelfzc act1V1ty of a garbona%v sample can “be

3
is propcrtion¢1 to fhe specific act1v1ty (S counts /p«mole-Ba

determ1ned by platlng as Nao, 003 at infinlue uhinness. Hemoe‘
S

“the proporﬁlonallty constant (K) ‘can be calculatedz K H'K~1

Tn eachfaésay total“ACOE

are eventually diqtrlbuned beuween 400 nwmoles cavrxer carbonate

eaunﬁs Liberated fram Ilm Q]glycine‘ N

and Q5H uwmoles formed»@nzymigally, ioe. 4025 £ 0075“ pwmeleb.f
-A&cordlngly, 40? 5 »-totalﬁ 100 (countu/m1n ) 31berated

0°T5%) .

402.5.0 (<0. 5%)

i+

by the wlvclnewaplltting enzyme (ta within

Hi

o total 4CQéfliberated'ensymicaily

i

: 402;5 KA (Z0. 75?):,;iﬂ

Thejactivity,off3g1400 ot 1nfinite thlokness (A) ms %hereiore g

3

>‘proportioﬁa1 tosihé tatal 4&0 1iberaﬁed enaymlcally, and .can

2

be used ag. an index of enzymlc act1vxtv.

If ﬁhe specifi@ actLv1ty of hhe orlgnnal [1 4C]g1y01ne is.

o S (counts/p«mnle/mln.) then the oPSGlfTC activity of the 40




KN

derived from the glycine G-I must be S, counts/pmole/min.

23 .
Hence, the amount of CO, liberated enzymically = (ﬁQﬁ%ﬁ;&&) X 0-75%
5 Sg ‘

nmoles.

20do?42. Fgfmaldehy&e prdduction (M) Pormeldenyde
can be isolated fram reaation.mixtﬁres conﬁaininga extracﬁ;*'
f2m14d]gly¢iné;14n0 pmoles (1,500 pG/mémole)g BOTA, 2-O’pmoiesg—
and addiﬁionﬁ éf;Plﬁg.OBQ pmql@é 34 |
in a total volgﬁé of 3e0}m1; Oebﬁ?ﬁmphosgpate buffer QH 7‘@.
After incubéfion at 37°“fér‘45 min, the mixtﬁre was
aoidifiéqswiﬁh;é;éimla 2NmH2864 and 1°0 ml. 0+03 3=Formaldehyde.

was added. The formaldmethone was prepared after steam distillation

of the Hrmaldehyde from the mixture (section 2.5.5¢) 0

Note

3565 X {specific activity fl4d}fofmaldmethbne) 2 is
' equivalent'to"theJtotai [14G]forma1dehyde (counts/min,) formed
enzymically andApréganﬁ\in the reaction mixture at the time

. of acidificatién.-(of.lsection Pedu2els)

2,4«2;3. Ammonig produciion Pree ammonis present in

$he supernatants of veation mixtures specified in sections
204.2.1. ;nd 2.43?.2., acidified with ammonia-free acid, was
aetermined“ﬁ# ﬁhe method éf Pgul,(l958§ section 205.2.);
Engyme aéﬁ@vi%y was expressed as pmoles ammonia, forméd/hr./mgo

protein,

2ede2e4s Benzyl viologen reduction The oxidation of

(PtG, 1°0 pmoles NAD®, 140 jmole, =
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EXTRACTION OF DNi, RNA ANL PROTEIN FROWi ESCHERIGHIA COLI

{Each washing: 20 ml./1 g.)
At 0°

1, Wush cells twice with water

- with 5%=17CA (containing 10%-acetone)
3. twice with 5%-TCA
4. with Ft20 (+ sufficient EtOH to give friable ppt.)

5. Repeat 1 to 4.

At room temp.

1. Wash with EtOH

2. with EtOH/CHCl3 (311)
3. with EtOH/Et,0 (331)
4. with EtOH
5. with Eto0

Digest remaining acid-insoluble, non-lipid fraction for 18 hr.
at 37° with N-KOH (1 nl1./100 mg.). Adjust to pH 2 with PCA at 0°.

A
e —Y

Supernatant contains KNA. Residus contains DNA & protein,
Adjust to pH 7 with KOH ‘1. Wash twice with 5%-TCA
at 0°. Remove ppt. at 0°. 2, twice with Etp0 (+ sufficient
Reduce volume, EtOH to give friable ppt.)
KNA 3. with EtOH

4. with Eto0

Extract twice for 10 min, at ?OO
with N~PCA (1°5 ml./100 mg.).

L
L ot

‘Combined extracts Residue containg protein,
contain DNA, . 1, Wash twice with 5%-TCA
Evaporate to dryness, 2. with Eto0 (+ sufficient EtOH
DNA _ to give friable ppt.)
3. with EtOH
4. with Ftp0
Protein

PTG. 2.5.1.A.




.:glyclne by thc glyclnemsplltbzng enﬁyme odn'be coupl@d bo tha
'reduotnon of ben?yl v1olo&en under strlctly ana evobgg

#jcondlﬁ30ﬂ6¢ o 5l;? B S ff;h:- w117{ i
Aségy\mi%ﬁurgékééntaiﬁéda‘ﬁgiyéiney _AO pmales; PLP,.

02 ﬁmclég NAD g 10 pmaley: beng yJ v1ologen9 50 pmolee,

in o Eatal volumo of 3 0 mi O OG?ﬁmnhomph&tg buffez ‘P T0.

Assaye wera perfcrmod in 10 X l?D mme oubss desi gned for the

.Unlcam‘mP 600 Spoe%rophoﬁometevg raa}ed with rubbe“ tubing @nd

a sSQerew cl&p,_and rspeatedHy evacuated and iillad w1th nlﬁrogono-

Oxygenmfroo extrachg HAPEG (1 0 pmole) ana oﬁh@r addlulOﬂS as

1ndlcated in %be text, were made: Wlﬁh hypodcrmlc syelnges bhfauéh :

the rubbaro :_;2:;

" The reduchlan of" bun&g] Vwologen WRB followed at 37 by

measurjﬂg the lncruaso in ext;netion at 55) .

2.5. - - - ISOLAVION MEIHODS - -

RV

24541, FRACTIG&ATIONVOF%GELLTDEEB RNA ﬂNDf?Rpwﬁlw

The procedufe for the fractlnnation oi celL BBA, RVA and

of bcthdb and'Taunh¢user (194)) and Ogur and. Rosen (1)30).

E.Technzquer for Lhe‘geparatlon of nuclaic acids. from blalcgical

ma»ezlals have been reviewed reoentlv by Hutchx&on and Wunro (l961)\§af£'

24542, PUNTNE AND PYRIMLDINE bASﬁS;,1

The purine and pyrimidine nuclegtides from:ﬁhe RNA}hydrolysaﬁe
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o (Fige 24 )._uA) woru further hydrolysad to uurine haeea and’

?”5@yr1m1d1ne umcleotlde w1bh Nthl au 100

ior 1 hl. (Smlbh &nd

ﬁarhham, 1990) anu the DNA (Flge‘gojl Lele ) hydrolysed to

purlnc and pyrlmldlne bases wiuh

-{« o

72% perehlorlc aczd at JOO

for l\hrf (Wya,tu9 1951) The RNA hydrolyaate was evaporated to

dryness over‘ma01 and KOH and Lhe residue dlssolved in a

} ?swall volume of water. The UNA hydxolysdte was neutraliseu with

, KOH the prebapjtate of potashﬁum perchlarate removed. at 0° and |

: Lhu suphrnatant evaporaﬁed Jo. smdll volume.

The‘baseﬁ”and mucleotideQLWGTQ separatéd_by two-dimensional

.=;thomatggraphy cn Jﬁ&tman Noqnl-P&?ére

aolvenn 1 (asoendlng)

. dcl (sp.‘nr, 1 19) and Wdher %o 100 ml.',@—

’ Sqltént 2 (d?ggendiﬁg)z

65 mlé'iéﬁpﬁépanol

_(&Vatus 1953)

8645 nubutanol (v/vf in,water,'wifhk ﬁ

35 ammnnla (sp,. SE o

'“  added (marhham and

-Rg valuess

adenine
'glié,niﬂé- o
o cytos1ne :

Lhymlne e

Solvéhtﬁl;

0.38
0.23 .
047

.76

‘16;5.mla.cohcs-

0+880) Dby vol.

&mlthg 1949)

Solvent -2

025
Q11
024,

"0 35

‘ tThe basas w@re locatod by lnsgectlon Ain v.v. 11gh% ~out out and
eluted: in 5 20} m1 0+1N-HCL overnight. . - "




2,5:3s  AUTHO KCiDS~

(1) Gell proteln wvas hydrolys ed with GNmHCl in a sealed’
tube at'IBO ‘overnightgfand the hy&rélysat@‘evaporated to
drynass ovem Caﬁlg and KOH. The amino acids were converted %o

%he 254mdinitroghenylédé;ivatives (bNEwderivativeé) by the

method desoribed by Sanger (1945).

200 mg. amino acids and 4003mg@'NaHCO in 5 ml. water

3
were added to 400 g e é94¥dinit$of}ﬁ§rabenzeﬁé in 10 ml.
methanolian@ %he"migturo‘lefﬁ i§'£ﬁe dark for ?4,hro‘ﬁ;th
. occasiénalléhaking? Mgﬁhénoi'ﬁés ronoved by evaporation under
)reduaéd preésura andkthe uﬁréacted 294wdinitrof1uorobenzene,
o :reéovad‘fraéiﬁhe<aqueeu° hicarﬁoﬁaﬁé Bolutiﬁh with ethylj
‘aceuaﬁo. Thé DNPw&mjnO acidy %ere %&traot&d? aftgr acldlLlcatlon; n?'
- With ebhyl acetate und beparated bv TVOMdlmentlonal ahromatoggaphy .
onfwhaﬁman Nogvi paper (Koch and Weidml 1)36) | |
Salvent"i{Caseending)z nmbutanol &ahuraued with O 15 NH,

olvenﬁ 2. (desoenaxng} L )ﬂmﬁhasph&te bufxer DH 6e 0

'(Mmﬂa32P94 + 0-5MmN&?HPO )
Ry values: oolvenm 1 ’w“solﬁenﬁke
D P-glyoine 030 027
- DHPéSQrine L 0y27 o 0440 -

The HNPeamine . a01d gpoms were . it auL9 aluted in 2 ml,
““”1% ﬂaﬁﬂos ovornighﬁ and eKtTdQuGﬁ w1th cthgl a&gbate after

,acmdlflcatlenq Tha ehhyW ac@bauu sojutjon wa% washed w¢%h water

DR




‘3fvom %ho Planchemtes 1n 3 0 mi Eﬂ NaHCO fur assav (SGthon

2’6.4.') ”.

xjchPOﬂtography:

2

“acid snotulwave developed w1ﬁh ¢enule heabing and

<by Spraylnb wiLh satur& ed én&O

’ ethyl acetate. Afber acidlflcatlcn with QNwH

lthe solutian’wag evapqxated ta_smgll volume]aﬁ room.ﬁemperature: o

(on Vhauman Ho0 1 paper in nmbutanol saburabed w1uh Qe 3 j'

H

and BVaporated ﬁo SmallKVGWume in vacuo. Afber plﬂtlnw and

Qounbing (ﬁeubmon 2 7‘1 ) uhe DNPaamina aclds were eluta&

NS
B

3. .

Amiﬁéu

Glda Wero. alao heparwte& by aacend;mq fff*

.%Jhauman No. 1 paper in phﬂnal/xater (80 20

~6
"""" \>

”_w/w) Tﬁe phenol was, rcmoved by was hlna $he . ohrom&uo:ram in eiher

before d&npzng 1n aeetone contalnlnw 1% ninhy&rina\Tha_amino

A

!;re sorved

3

1
. glhtaﬁio écid 0;27;3“

5 A.X {MWQ Aczgs'“gi i t;ﬂ R

keto aclds viere isolated as ﬁhe 2 4mdin1Lrophenylhydrazones
(Lemo dGLdeNP ) O 1 A»Dlnlirophnnylhyd az¢ne hydroch}orlde

in 2Nwﬁbl was added no thc keto acld solutzon. Alter 2 to 3 hra

wjthe keto auideNPb wore ewtraoted w1th ethyl ac@tate, wnd from

tﬂld were %aLen into - 1% NaHCOS thch was wa hed twmce wlth

2&01 %hc kemo acldm

ﬂNEs were . remexuragbea 1nt0 othyl’ acetuto and waahod wzth watero"j"

T

Thc Leto aCld»ﬂNP& were &eparaﬁed by ascendlng ehrcmatography

s ) o : . - "Cl'l




. R, valuess

: ? wlyoxylate»DNP (tranbmisomer)'. GQlBEA
E glyowylate-DNP (clsuxsomev) : '0@35i
pyruvet se~DNP (bransmisomer) N 0026
.pyruvano»DNP (cls~1somer) f?”’0545'
'znoxoglutar te (both 1somors) ‘.‘, 0«03_fA

25050 FORVALD HYD* -

54

Formwlﬁehyde'Was-isolated from goidified reaction mixtures’

by &team dletlllabmon, The first 50 ﬁl; distiilate weféi,zu
collecﬁed (cqﬁtglnmng~more than 95“ formaldchyde i?om uhe
reéctioﬁ“miifégbjnandibo ml . O 4% dlmedon solution wer‘ added,
,Lfybtalb oi formaldmethone separaued overnlyhm and were

,rec$y5$allised three times f;om ethanplfwater (M.Pt. l8865° -
189.5°%)%
Formate was 1solated by whe%m dis %ll1dL10n irom dcidllled

-;reaotlon mlxuures, purlfwod hy co1umn chromatogrnphyg asshyed

‘ by tltrdtlon and oharactcrlsed as the pmbromophenacyl ester,

O m uO was addcd to a vifcrou&ly stwrrud Bquensxon

2 <4 .
of" cellue )A5 1n eth9r (8 O mln ac1d/10 8o cclite\, A water
'coolcd oo1umn (A) x 1 cma) de yauked with dCidiil@d Qel;be.
. A solutlon of bhe sodlum salts of tho & team’ volatlle aclds was

evapordted o O 25 ml, mlyed w1th aCldlfled ce}jue (to form a

~dry paste) and acndlfaed W1Th 002 mls IONmHQ e

« After appllcabion

to the column, nhe orgdnlc aczdu were eluted w;th ether saturated



TABLE _ 2.5.6.A.

THE PREPARATION OF p—BROMOPHENACYL‘FORMATE'

Method of M.Pt. of Activity of

preparation product product

(cts/10 min./pg.)

Vogei (1956) or

111° of1)
Judefind & Reid (1920)
Neish & Temieux (1952} 97-50-980 93«4

(1) count indistinguishable from background

p-Bromophenacy?! formate was prepared from sodium formate
(00123 pC/pg.) and p-bromovhenacyl bromide according to
the methods indicated. The product obtained by the methods
of Vorel or Judefind and Reid was identified as p-bromo-
nhenacyl alcohols M.Pt. p-bromophenacyl alcohol (prepared
by the method of Judefind and Reid (1920)) - 142°%; mixed
M.Pt., with product - 141°.



i

‘s_&ith,§}5ﬁzgéso (Phaﬁés;&ﬁj§£;§=19ﬁg)e'g

Abafmio acid 35 eth@w valﬁulle, 80 5 mla.fractwone with
5 ml wa%er added, were 1mmed1%telv tltrated wmth 0«OlN-NaOH
\(1n@1ca$gr” pheno3 rod) 95q9§%_iprm;a acid was collected in
fr@éﬁib@é«o{ta 1éi? o

Tné)purlfumd {ormatg wéi‘aoncenif@tad and the p«bromOm

1 T

pﬁennoyl o%ser nrepared accordlnﬂ ho the method of Neish and
Lcmlcux (1)52) The fgrmate solution w&s-ma&e.Juét‘acid o
phenol red wit h 0 IN-HE undian exacﬁly equlmalar quantluy of
pmbromoyhendcyl brcmldg 1nhetban07 added. Aficf rmfluxln for
J0 min, thelgybromaphgnaqyl iorméte;was recrystallised from

‘équeous ethanol5~m.?$., 9?;5?“98?;:' | ; L co
Wheﬁ the»dérivative wés pﬁepafé& aocorﬂiﬁéﬁ%é the method

~of ;u@éfind aﬁd Beiév(l920).o& Vogel (1956)wth3‘prdéuc£ was
-indis%iﬁéﬁiéhasle from:pwbramophenaeyl aléohel}’m:P%O, 1410
ﬁubrcmophenacyl brom1dc &ppeavs bo be hyd*aly ad to the
aleohol by exﬁen&éd rﬂfluxjur (1 hf ) in the QTGmGﬂGG of

eXCe8s iorm@La (&able 2 b 6 A Ye The colqurlesﬁ needles of the
alcohol 5;9 £ sily dlmtinguished from the coiourlasg plaﬁes of

gybromophéﬂacyl quma$e,

f2m5¢7, DFGRﬁDﬂTION OF AD NIN TO bﬂYGKBE-

The adunina spcﬁé;frbm six chromatograms (section 2.5.2.) of

nucleic acid hydvolysates were sluted in water and the.combined

eluates concentrated. The bridge carbon antoms were liberated as

N



\ glyclng by heatlng _1Lh cOﬂCa Hcl in &, sealed uubg ab 180

ﬁQVGTnlghbo Th@ content oi the tube‘were evapagated‘to dryness

~over KOH and GaC}“‘ﬁnd DNPngiyoine_prepared (sectioﬁ 205e30)0

2.6 e e 48 AY m}TH01

206410 AMINOACETONE

Aninoacebone ﬁgg estimated by the method of Blliott (1960).
(2.6.2.  AMHONIA

Ammonl& was. det@rm;nad using ‘a,%@dified Hass%er's reagend
(qul 1958)

Reagentss-— . I od&ftcd NessJer's Reagentg 3 5 g. Zum
acacia in 7)0 mlo water? added to A O 8o KT and 4 O e ﬁglz in
25 mle water “nd the " 10%&1 volume udgusbed ho 1 0 1

Alkaline Neauler'“ Reagent; modlficd Nessler 8

rea&eﬂb dnd ENwﬁaOH freshTy mixed in uhe ratwo 233.

50 mla alka31na Nesa]er's reagent were addcd tc the ammenma
(5a5o Ngo N) in 2 0 ml Qo 4-H soéo Afuer 15 mino‘the extinction
at 490 mp wbu measur@da . qtandaxd ammonnum sulnhate?solublon

in Q° 4Nmﬁ (lO O ug. N/ml ) was hreated ﬂLmnlarly,

2,603, pnﬁROhﬂPHkhnbYL yORWAT?

prroméphenacyl»ﬁormata éasrestimated specﬁféphetometrically

at 256 mu in nmpmopanol« Tho cxulnctlon oueffjgment at the

abﬁorptlon maxwmum (?56 mp) is J°79 x 10? gwmoiﬁ};




]

"2@5;4;“ 2; 4»DINIWRUPHPNYL~AHINO ACID .

DNPmamzno ac;ds were estu

a% 360 mp 1n “% NaH?O3a The exblnc bion- coefflclanﬁs aﬁ 360 my

'viareu DNP»glyclne, 1&70 X 107 ¢

.“‘
o)

‘:: 2 ) 1 . - ' - ‘ - ‘ ' * -."
lzcm ¥ mol (Gf‘° Rralg<l952);' e

2,645, FORHALD%ETHONEsZ

Formaldmethone wab estlmatad gneotrophcuomeorlcwlly aun

2 56 5 mp in ch&ﬂﬂla The ex%inctmon coeiflcienb at% the .

@bsorpﬁlon maxwmum (236° mp) 1s 2-57 - 107 cm1; mol =1

' ”he formaldehyde 1jberated wheﬂ Q\bQSS ninhydrln reacts

W

nquantiﬁau1ve3yﬁ

}1bh mlycine can bhe emtlmated usmng chromosroplc

aolda Th; mehbod 18 a modlxlb&blon of tha procedure of

)

‘"lg;exahderg Landwehrign& ellgman (194))9 who' is oldted the

}ﬂ ﬁormgldehyde byyategm”&istillatidn before chromoﬁrapib acid

v
S

.”%;ééimentg"' B CORE S
, Reageﬁﬁésm‘ 1, Pho&phhhe huf{er nﬁ 5 591 add . 3+5 g. K3?04
ff$¢3loosml;f20% YH2P04 T SR B

anhydrln reagenmu‘ lp“édlu%ibn:infwﬁter,

Chromov?ﬂplc acjo ?9&&9&0» ‘ﬁissolve 02 g,

'fchromoerOIQ acld 1n 4 mlo water and make up to 100 ml with

15Nmﬂ 4

10 miliﬁubes;wiﬁh Ciﬁig}ééa:Stoppggs,wereMuseith1jcine“'“
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CALIBRATION CURVES

570

0.6 |

7 10 15
glycine (ug./assay)

w

*1450

~

0-4 | ~

/
o

L — R A R \
15 30 45 60 75

glyoxylate (ug./assay)

Assay procedures are described in sections 2,6.6, and 2.6.8.

Glycine estimation FIG. 2.6.6.A.

ek Glyoxylate estimation - FIG. 2 6.8.A.
./
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FIG, 2.6.7.A.

CALIBRATION CURVE

570

0.4

/////// Glycollate estimation
L

3 \ 1

5 10 15
glycollate (pg./assay)

Assay procedure is described in section 2.6.7.



."€(4 20 990) in 1.0 mla W@tar;w&b added to 005 mle phosphate-
; bu£x9r Qﬁd 0 5 mle ﬂlnhydégn xeagcnt, stovpevca f:rmly and
iplsccd in a bolljng wabtexr bath for 20 min, Aiter boollng and
addln 1 O ml . chromoﬁroplc acxd:reagent and 2°O»m1o concar
‘"‘HquOﬁ, the ﬁubes were qulgkly réstopne?ed and replaced in the
ﬂjbOLllng\water bath'for 45 min. Tha extmncﬁlons of the stable:

‘ fpurﬁle solumwons were maa&ured atb 570 mp The - callbration

"4curve is shown in Fige 2, 6. GGA.

20647, GIX COLLATE

<Glyecllio acid'ié 6xi&ized B& hst cCONG, 2904 o foxmaldehyde

whleh can be determlned thh chrometvopls &Clda Thisg as say

s based on, the procedure of Ddgley and Rodgevs (1953)

Reagentss-~ . Chrdmotropic,gcid reagent; see sechion 2,6.6,

LO wl, tosumbubeb Wnth 014 glaﬂc %toppers wére used.
‘CGlycollate g4meO pg.) in 0«2 ml, water was’ addod to Qo 5 mle
_cgromotropié acid rgagent and 5¢0 ml. cong. H2&O4 The flrmly;
stoypéredt%ub@s.wefégplacéd in g boil;ﬁnga$er‘ bath for 1 hr.
'when ogols'thé exﬁinéﬁidﬁﬁ ﬁefé measured at 570 mp. The

"f”célib:aticn curve i8 shown in Pig. 2.6.70As

2.6,8,  GLYOXYLATE

Glyoxylate was estimated by ‘& method based on that of

~~H'Friedmaﬁ and Haugenv(1943§‘for keto acid dsterminatibﬁé{ﬁgn

\VReagentszw _.,2§4mainiﬁrophéhylhydramimo resgents -G?lﬁnin:




ON=HCL

ﬂilf6peraﬁionsjwefﬂ$Q&rried‘dﬁt at:QSOJ 10 ml. 2, 4md1n1trow::
phepjlhydragine;reaéén% Qa aadaﬁ Lo 3 O ml° gloxyla%e solutloniiy.
: (1m20wp /ml Yo Aftel 20 m1no, 5o 0 mlg 1oBN-NaQH were added.
:Tha ordﬂge coTaur produced is unstabl@ and the emtlnbtxons at:
J'4)O mp were méasuved between 10 and 36 min, after the addition
nf th@ mlkallg whéﬁ the 1nL0nslty Wa% W1Lﬁxn 2% of the maximum,

The callbration_curve is shown 1n~f;ga 2,6.8,A,

26649, GLY&KYLATEazg4;DIE1TROFHEN§LHYDRA: ONI

Glyoxy}dtemDNP wae estrmeted speotrophoiometrlcally at
‘fj367 mp in 05 haHGOBu whe oxijnctﬂon coefficient at the

. absorption maximum (367 mp) is 2@02‘>§ 107 cm?g ol” }

2.6.10, PROVEIN
The protein concentrations of cell exiracts were measured
using the Folin phénol reagent and. the procedure of Lowry,

~ Rosebrough Faf?:andxﬂandall (1951);;:'

26,11, PUBIHEfAND PYRTMIDING BASHS

Solutions of purine and pyrimidine bases were assayed by
measuyring the,éxtinciion8~at the absorption maxima and -also

‘at another chosen wavelength (Crosbié;ﬁﬁmellie and Davidson,
1953), Standard'?alues ([S ) of hhé differences in extinctions

£or the bases . (10 0 Jigo/ml.) in 04 3me01 awes -



0z L

Absorptwon maximum ~ Chosen wavslenéth< ‘f5f£xSt
: (ma) . - 0@1) S -
asdenine - v 262e5 290 00935
eytosine 215 co290 0 00546
thymine . ( 264 o 290 .7 0e533 ..
‘guanlﬂe (in 106Nm ‘7 o " : R 520
CHCL) H249. R ° 3§9

L

26,12, 5969?@8@TETRRHYBROFTHROYLGLUTAWATE

a

1y

Qs OGTMmphosyhato buffer pH 70 cont&LnLng O OlmmZWmercaptoebh@nol; ;

?ﬁG \as eqblmatcd Gp@ctrophohemctrlcally at ?97 mj 1n

'Wh@ exulnctlcn coefflolenu ot bhe 1bscrptlon maXLmum (297 mp)

is 2e 71 R 10i %. mol } Heas uwcmentﬁ were made Ln stoppercd

ouvettes iﬁ the absence of oxygeno

24T e 1S0TOPH qaaﬁy TubHFIUUDS

2eTole ASSAYS AL £N%ImT“w TIINNES

Rédibéﬁtive determinations were carpiedfouﬁ.using a micé,
endnwzndow counter oﬁ‘r”window«less géémfiow.éouﬂﬁmé (Eﬁclééi.
Chicago xutamaniu Countln& Unxt) &nown quanﬁltles of mabevlal
were pl&t@d on anKLl planchettes {effectlvo area le 8 cm” g) at

Jinfinite thﬂnnesaa Dle@renu dmounts of the s me COmpqqnd were .-

- plated to chelethe-abSean of salfwabaorpﬁionéf‘

Samplesfﬁere;coumtedvfom a %ime.suah that»tEeT“95/lOO",?”

'

erroy wos 193& Lhdn 5p9 1¢u¢ 95% oi ﬂhb measuremen%b ior )

. given dmple had an swror of leb& than 5% (sec cqlV1n,f?



FIG., 2.7.2.A.
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cts/min.
4000 e . ¢
A /{/’.
®
2000 |
/‘/
005 6.10 0.15
3314001 (m-moles plated)

-

SELF-ABSORPTION CURVE FOR Ba14001



FIG. 2.7.2.B.

AT-ATIVAr APTARATUS FOP Pla/ACO
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:*Heidelﬁéf gyg Reld Taibevt ‘and Yanhwlch 1)49)

1.96./fCE = Bgﬁ} €'zoo)¢5
Ct - Bgd -

y
i

Vﬁés/loo" a@fé& o (

2.7+%. . CARBON DIOKIDE

14002 collected from aciaéfi@a veaction3miy£ufes jn ’N«NaOH

waslyreﬁipitaﬁéd aé~8a14d63 and Lountcd at- Lnflnlte tnlcknes&. L
‘The platlng apparauus is shown in Flg, 2e 7 203 A flltev

pannr (a-O Cille dlamcuerx trappcd behwecn the sclntergd dlBG and

tﬂe castlm 061190ted the prec:p1mate on. 8 01rcular urea (] mzfif'

. -,acgurately aeilned by the pollshed stalnles wqteel 11ninw of the

.a».:tle o

0+5 ol elkallnc O 1mwﬁd? 4003 was sdded to 3 ml. Ba612

.()a oolution) in the castle, and the precipitated Ba14b03'
"-_fliterea by suctlon. A %Qtal of 1-5 ml, O°1M=Na£]4uﬂ (0 15 m—mole)

T fﬂiwa% pluucd hy repuating the operatlon twtre. P?BGlpltd»lﬂg a]l

- the && 4003 in one opexahlcn caused the p]ate ta crack whan dry,

procmpltailon 1n three 1ayera prevented bhls, ﬁfter‘wauhln wjth

N S

‘acetone'bhe fxlter pane; ﬂna preclpltate wore removed ES a unlt

G} ‘dlledg aﬂd the. act1v1ty determlned w1hh a mica endmw1ndcw counter )

.to ‘8, “95/100“ erToT level of les& than )%;

Figa 2 7 QeAe 1lluatraheﬁ the self«absogpilon curvc for

14

1ngreaginé amounus of Ba 003 piam@d this wayo




2,703, FORUATE

[14C]Eorméte was oxidized o 1480? with Pirie's Solution
(Pirie, '1946), 8% Hgélg, 2% sodium acetato and 2} acetic acid,
) _ ' ) . 1 )
using the techinique described by Sakamii(1955); The "'4(202 was

. Lo C
collected in 2N-NaOH and counted as Ba“4003 (section 2.7.24).

2.8¢ o RADIOAUTOGRAPHY AND PHOTOQGRADPHY

Radioautographs were prepared by leaving chromatograms
. '14 | : KN N ' ¢ HT 1A A TV N —a
of [77C)compounds in contact with Kodek "Industrex D" X-ray

film for three weeks,

Contact prints of chromatograms were made on Ilford

"Contact Document HOUM paper, exposed with ultra-violet or

visible light.

249, . . MATERIALS

2:9.1s GENERAL HATERIALS

© wAD™, WADH, NADPY, NADPH, acriflavine, bonzyl viologen,
g}hxomophanacyl bromide, folic acid, platinum oxide, protsmine
sulphaﬁé and pyridoxal«5'~phosphate were obtained from -

Britigh Drug Houses ILibd,

Glycellic acid, glycxylic acid and‘ﬁDTA‘were ob%aingd from
L. Light and Co. Ltd, | | ‘

Ninhydrin (i#danetrione hydrate) was obtained froﬁ prk;n

cand Williems Litd.
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FIG., 2.9.2.A,

1-0F

3 1 'y

250 300 350
Wavelength (mp)

ABSORPTICON SPECTRUM OF H4PtG AT pH 7:0



’fGompoundo 1&bollod;w1th radlo ctlve czvbon ( were‘

obtalned irom bhe RBleChCMlbal Lennv , ﬂmer hqm? Qqand..

' mo&mfacatLon‘of 1e method ubgem ed bv 0 Dell Vandonbplt,‘f:

) nn la&lw]‘accm1c mcld (laﬂ nle ) was

.....

ihydrobenated 1n whc pfc ﬂnce of hdam = cahalyat (hvdcﬁtoa plea Liﬁumfilulff

90xi&09f15O mgé). 9)p of ththheovattca] hydr ?en uptdke (21 b m1¢

*raw ?60 mm, Hg and ib ) was vucordcf'iﬁ:Z@Imin‘ Aiber 3 hr, fﬁJQ_ﬂ

hyd?ogonatlon LhL acetic acwa‘soluunon wae 5epar\hcd ffom Lhe

o camqu t by syphonlnw Lhrou&h ‘al °Gintared wlaSb ?Jluar undcr

nlbrogenq=wud 1yopho]yae&. The palo buff vowdcr Wos, sﬁored 1n

vacuum uealed_ampoulev at ~75

The dbsorptlon spectrum of H bufzer pH 7 O

PtG in phosphou,

4

(contaln1ng O Old-E-mprsanuoothanol) wau detormwned in uhe

' aboenoo of oxygon (sectlon 2 6 12) undllq 1llusnrahei Ln

- Flgn 2 9 24 Ao The abhcrpu1on: thmum?lﬁ-‘ _297 mp, waanWLtZ

| (1950) qUo‘tcd.‘ 298 mu;f_f,,

2.9 .“3 . "f‘_;z 'f(é:i:ENci;rim'!;Tbm il

AmIHOQOPtOHG’W&u prepared by Lhe phthali@zde method

Fu(Gdbflcl‘dﬂd Go1mm19 1902)

F
N

v;;,;Pot? ssium nhbha11m1de (10 g ) and chlnroacotone (]O m3 )

, wbre hedtﬁd at 125 in xylene (10 ml );;or“l hr :mhe solvent
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"_‘an& excessﬁéhibfoécetgﬁciﬁéreE%emoved bv:gteah distilla%ion,
'Thé u@etony] phuhalwmid§ wes pUTlfled with cnazcoalg 390£y Lﬁiiiééd '

'_ fron watcr and throly;od by b0113np w1th 50 ml, QPmHCIQfor.4 hz,

‘ﬁiterﬁcoo;lngg.ﬁhe phyhallc aqldéwa_ romoved by flltrahlon

.anﬁ the éminoacé?on; éolgﬁibg“evgﬁﬁfaﬁed to dryﬁess at(37 ;&R

ovéf CaGl?‘aﬁd KOHo.The_TQSidue'wés dissolved in warm éﬁhaﬁol,

the NI, CLl removed by Geni qu@ablon, and Lh@ crude produco

4

rccvyguallised from euhdﬂoimobher. Thu colourle.&u producb had

no. deflnlbo melniné pomnt and was vory deliquescent, nmlnoaoetone

‘uoluenempmmulphonate wa” nrep@ved (Openbhhv9 19%5) to churectari;e;_;’?T

the productg WePho. 3°6w129 3 L)lJotm (1960) quOued 1.30-5°

294 fo-t4) GLY(.()? IJAT“

L C]&odlum glvcollate wa.s prepared from ol 5],od1um
bromacatate and purliled hy uho motnod described by

Jayaﬂuriya (1956} .
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RESULTS

[ e r*v

GLYCINE AMINOTRANGIERASH

3‘91019

Jelole

351034

o 3slede

303

3oloBe
3.1.6.
3ekaTo
3,1.8,

Tréﬁﬁing'exparimanﬁs with formste and. ”lyOTylubm
&lyc:ne anu gly@xylate dissimilasion by oﬂu@e
QXtT“Cbb

Glycznﬁ‘aminotransfarase

Ny app1nﬁ expoeriments with aﬁﬁLVG &xhra@t

_Altornamive meuhods of exitract preparﬂulou )

Conversion of LO« {]wiyc@11¢to o LQ« Q]g?Jane
Radicactive assay of glvalno aminotransferase
Transamination coupled to glyoxylate removal

reactliong

INGORPORATION OF [2~ %C]GLYCTNR INTO GROWING I, QOLT PAlS

3.2015
36202b

Dilution of incorporation with glyoxylate

Dilu%idn-of incorporation with smincacetone

‘GLYCIEE%SP TPTING BNAYME

30302
3,320

363030

3e3ede
o PiP and wap®
. 3 03i5'

30386.

Gonver%aau of -glycine to f@rmaiﬁehyde and GO,
i [N
by whole cells

Conversion of glycine to Formeldehyde and (O,
\ : g7 ; yae o

by cell-free extracts

‘ e 14 U
Quantitative assay of F002 producition Trom
[1m14d]giycﬁne :

blysjne catabolism by crude ex t“uotus ‘eifoct of

Futification of the glyoine-splitiving enzyme
gysbem ’

Gonvers;aﬂ of glyclne to formaldehyde and QO?

“hy p%r%lally puvlfied exﬁracmsa effect of glyoxylate.
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The stoichiometry of who reaction

L9
Q
LS I 8]
2
o =3
<

B ‘
bt

-]

- Sephadex troatment

.
°
(OS]
Q.

D
®

Glycine exidation cqﬁplad o bensyl vicologen

... weduction -

3»3;1Q¢flnhibi$ion of NADH éxidases“anaerobic conditions

S of assay -

3+3.11. Flavoprobein noture of the glycine-splitiing ensyme

3.3,12, Inhibition of the reaction by NADY



\Jdnﬁ the donor of the thymine methyl and the serlne C-3 is

-.3Hme%hylene—, memhenylwu and N=10 formyl-ﬁ

a2

When F. colj L 'arown dn; a glucosemlnorganlc salt med&um ;Qﬁfc»’

‘L(ged1um A° Dagley and D%wes, 1949) supplemented Wlth L2~ f\élyclno

1~pos;tlons of mhe purlne rings thymzne

a;and sarlne are ex%@nsmvely lqhelled (Qrosbley 9;9), but when

>or 13- 14C]ser1ne, the G

the medlum 13 supplemented w1Lh [, ﬁlformate “the purine

G npoaitlons are 1&belled wh1le the thymine methylncarbon ‘and

1
the ser:ne LmB are not (Del]uva, 19_)3s Koch and Levy, 19)5;

.......

 Lrobbie, 1959) The labellln patterns are shown in Table 3 (1) jr ,

Thexlmmedlate Gl-danors af the purlne C-? and L~8 poaltlons

:;are V—lo fommylmH Pt& and N—5 Nn]@ metheny1«34mPtG respect:vely,

4

.nrN—g,leO methylen@-ﬂ PG (section ﬂ,5 ), i.e.,p munlts at

4 1

"ﬂ'the ox&dat;on }evel of formate are required for purlne

oynthesls, buﬁ ab the oxldaticn level oi farmaTdehyde for

“'?\thymlne and: serlna synth631s..

Anparently then, glycine G 2 and serine C=3 can prov1de
PuG, whlle formate’

4

can only supply metheny&-and leo formyl-H4PtG in nrow1nb

B 0011.“ 
hoch and Levy analysed the distributlon of. act1v1$y 1n the ‘

purlne rlng when L. Goll was grown in tho presence’ of \_ C]formate

and found 79a ln the C-B 9031t10n and only 3o 5% Ln the C=2, The -

blcck preveﬂtlng incorpar&ulon of formate 1nbo the Lhym1ne~:

,,,,,,,




.':fianr1ne“ﬂupplemanu : o

‘*»ﬁtuﬁézwonlne ’ 3 _.ﬁf 6 3mli~;

~g{$dun1no“

»ff4(230 mge, added in logs phase);

DABLE 3;.'(‘1) : e

plaLRINw ANU C]}Oﬁmﬁi

1@~0 hRQWiVb B ooLt

[2 461g1yclne _,13+lﬂg]seriﬁag;iJfﬁc]fbfmatéj-. o
m‘“"i‘mmnon .. Ancovporation  incorporation

'specsfxc acth lVlthu (Qt /péméleyﬁin.)

'a;Glyc]ﬂG uupplem@n Ea?QOi : ‘f-73%  L - o ,LX - _h41 g
7 900 5,100 -

V“RNA adonmne . 6,000

,higképQAi:,f§ 1 L

fguanlnd; ‘ - 0
Cvg ‘G .

65 and 0=b 2 19200

q‘hyﬂl’! ﬁ.é' ):' ‘ g : | ".‘ . SR e R 500_

Cytosine T'?f . 0.

3i_rrotalﬁ glyblne | 2,600

”~5Pr0$ei$-gen1@°'

“Protein alanine . . 0T e 00

1 1501@»3@ as gly01ﬂ$ (eectlon 2, 5 7 ) .
2 | isolated as 4mnuan3d1noylyoxa3in@ (nunuer- 936)
3 .:auzorddLow‘anhwc @vlueuoaw R

1 0011 rrown far 24 hre at’B?o in 1 1u glucosgm Lnorganlo galt
1§med1um (ﬂedlum Ay )agley and Dawes, 1949) supplemcnted w1th R
el Cl glyoine (2)0 mg. ), - [3--4 C]sor1ne (250 .mg.) ow [‘ C]formate n
;Bases ‘and amine .ad¢ids were - - o o oo
~ ibole ated. and nssayed as des crlbfd An-section 2. Specl?Jc &GﬁiVltl@“t-a“
‘AEXPT9§m€d ab?O W@?Q 1nsmgn1fzcan ly dlfferent xrom habkgroundg e

Bl coli
‘ﬁw' 00]1 6386




methylnoarbon muai occur therefore at the N-S anO methylenom

‘ tetrahydrafolate duhydrogenaee step...

AT

- gerine, C-3

~ o | L neth;
‘methi HOPEG ethyl-
: E mgtpylene H4qu; -3 thymine (carhan )
- glycine, C-2 ' '
g ?ﬁ-.
methenylmﬁ PLG..— purlne, Cm8 -

4

~ formate iy NelO,formyl-H Lt <. purine, C=2

'g'mhe reason. for the irrevcrsibility oi thi reactlon 13 nob

PhG with slow reduction to methyl@nemﬂ PLG and

4

"i‘;oi metb.onyl-—H4

T4

1@undersbeod but may be explaxne& by poetulabjng rapid utillzatloni

wapid form&tzon of the lattpr compound from albernatxve sources{

i or bv uompartmentdtion (e veiled berm referr&ng bo unknown

_ kln@tlu phenowena).

He 0011 Pﬁl) is an auxotroﬁhle 5mra1n requlrlng enther :
ijglyclne or serine for grnwbh and wheu grown in basal medxum

‘-_(section 2 1 2 ) contalnlng glycine, the wlyo;na C-2 is used

, quanﬁitatlvoly ior ﬁhymmno methyl-group synthesiﬁ (Table 3.(1). )'; .

.xvaFor thl% reason the organLSm was ohosen to mtudy the mechanism {j

by whloh glyci1*§

of formaldehyde.az

is converted to leunits at the ox1datlon leval‘
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Nokada and Weinhouse (1953) adduced evidence for the
engymic axidaiion of glyocine to formate via_g1yaxy1a%e in rat

1iver; vigs

WH

£

& o,

JOHGCODH =2 CHO.COOH ———sH.COOH >

2 e
The conéluﬁione of these aﬁﬁharsg bused on fsotove trappling
tochniques; wmay have besnhviﬁiat@ﬁ however by the demonstration
of a facilé non-engymic transamination betwesn glyeine and
gl&oxy@aﬁe in the presence of trace suountn of c@rtgin netal

ions (Fleming and Crosble, 1960).

This scheme though, cennot explain the incorporation
' : . 14, b . ' : '
pattern of [Qm“&ﬁ]glyeinadlnﬁo growing B, coli without sliberation
b0 allow the forastion of o G =unit ay the oxidation lavel of

formuldebyde; vizs
R, GH,0 COOH == CHD.COOH ——s "i{,CHO" —s H,COOH

The formaldohyde need not occur frec, bui only as an H,Pi0

_ , 4
derivative,
3anke amd T&yaniha1 (1937} ﬁamonatfutﬁg the formation of

“ glyoxylate from glycine by washed coll amﬂyeHSLQns of E. coli,
and this conversion héﬁ be@nur@yurtéd'in-ath@r'mrganismgh
«(ﬂﬁﬂﬁiﬁﬂ'iaQQZo)q far&%&ky ol Worknen (1356); using extracis
 9£ hehromobactor, showed the prgﬁué%ion‘og forasldshyde from
_'Ql"cinag and sssumned ﬁhat'gQXOKylat@ was an:intarm@ﬂia%e,

decorboxylatiog to give formaldehyde. Hydrogen peroxide was

3




.-pzoguced~alé6,_aﬁdfthié oxidyzed the fdxﬁaldehyde to Tormate.

Krakow wnd Barku]i% (1956), whi3e studvln& the glyoxylate
ﬂAGarbollﬂa@c reaction (sechlcn 1.3.3. ) Ln B, cali? su gebted a .
* by tho desarboxylation of glyoxylatc, and this cauld then condenso

munLt at Lhe oxmdaulon level of formaldehyde mmght be fovmed

‘ @1,.wi%h a further molecule of glyoiylate ﬁo form tartronic

"“Q’:semialdehyde or hydroxypyruvate.tl

",‘glyoxylate iﬁ~0

 Porx these~rea80nsiitlwa8 @eaided_ta evaluate the role of

nunit ﬁrodﬁbtioh*frdm-glycine in @. coli PALS,

.,?

-1

H‘u91ng o experlmental procequre 51milar to- thﬁs desor:bed by

Nakada ana Welnhouse (l953é but w1th sultabla precauhlons to

_‘Lav01d the ambigulty caused by nonwenzymlc tranaamimation.»'

TS T P TRAPPING;EX?ERIﬁENTS Wimn FOREATE AND GLYOXYLAYE

If a cell~freeé system oonvertb L2u G]blyclne to
G]forma%e an added pool of unlab@l?ed iormate Should mix
\€ 4freely w1th the labelled product, and the dctivity of the x
formate when isoldtod at the énd ox Lhe experlment should he

1ndlcative"of.the extent of the enzymic reaction@'olmllarly,

- i*#f glyoxylate is an interm@dlaue in this reaution, added.

- unlabelled g]yoxylate shoulu trap acttvity hnd dllut@ the

’ ”factiviby r@covered in the formabe 9001'

[2 4C]51yclna was Jngubﬁted with an alumxna crude extract,

.‘YDPA and pools of 10fmate, or glyoxylate and farm&ﬁe. A% the
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PABLE 34T01.(d)s

.cbm;ams:oﬁ or [ 14(,] GLYCINE, 20 (m*.(cz,,{mm'w AND WORMATE BY
- EXERACTS OF B, COLL PA15

Glyoxylate— B‘ormate-—v BaCo

f:Ad&i%;ons(:, ~ specific . - - specific vabﬁivity
fabthltl@S‘~ act1v1t1es - -
) (emgfn mo]e/}O N, ) . (ots/20 min;j
'o rmate, BDTA "i@: o - gi 3 170
~blyaxy]ate, formate EDTi" 6] o 19 ' 85
01y01y1ate iormato EDTA(X)V,:"46 R 24’ - TL
G;yoxyl&teg formate - "rfd1295 . ‘ ~ 1295 91
Glyoxylatc, fQTMahﬂ(X)' fw'iilaj  ' g 78

(=) ,ex%raoﬁAhéated to 1000.f0r 15 min.

FETRN

Rua@t;on mlxhurcs in ]0 O mle 0 Oé(h@phosphaha buffer pH Te04
containeds~ alumina crude exivect (9°2 mg. protein);: '
[2--14¢) glycine, 0°5 .m-mole (10 pﬂ/m—moie)g and (as. indicated)
formate, 1:0 m-mole; glyoxylatey 025 mmmoleo-?DmAS 0+5 m=mole,
After incubation at 3T° for 2 hr. the reactions were atopped
by adding 2 ul. 5N~HpS 504 G]yowyldte was isolatod as glyoxylate-—
DNP and formate as pmbromophenacyl fornate and assayed by the
methods de seribed in section 2, Formate was alsp oxidized to

-GO0p ‘with merouric: chloride, proclpitateﬁ a8 Ba003 and counted °
at infinite mhlokne 38 (soctlon 2 753 ) :



énd ‘of the incubation the.pools were isolated and the activities.

’ dO'i. éfx‘mlinéd,s :
éﬁyéxy;atgiwés added-%g tgé'réaééioﬂlmigture:as theagbdiug;”
Sa;t'éhd ié9ig£$ﬁk9s the 2,4;dini$20ph¢nylhydrazoﬁ@ (section B
25 4s)e’ | i '
1 Formdldehﬁdelinuoracts wiuh proueins and inhibits enzyme‘ff
é_rggcflop j 80 format@9 added as bodium formate, w@s used-as Lhe
?i;unifw3r393 HoWever, formaﬁe;?g'difficult to reooyex in a
puTe foﬁéféﬁ@fafgomewhatjcompli§gﬁédEisaiatipn Qroggdu@é”hai :ri
to beuadopted. | ] o |
The ste&m d:stlllates from the incubatlon mixﬁures,-

:“doifl@d thh H were evaporated uQ small bulk and the

49

ste&vaelatlle c;ds separated on celite column& (Phuf@ﬁ et alg,”fgixq )

i

n;195“* sochlom 2e b 6 )

ﬁormlc acid was eluhed as a &iscrete peak, estlmated hy
tltratlon wiﬁh 0* OleNaOH9 and ﬁhe neutrallaed solution .

w ~concentratsd Part was converted to %he pmbromophendcyl

"“*;deeriVahive (seomlon 24546, ) and’ the rcmalndar Was! oxid;ved o

‘002 by boiling wyth Hg,Cl2

»cxidation l“ speclllo for formate, The 00

in acotia &Gld (Plrle, 1946) The
o was collactad in
' ,ZNmNaOH aﬂd counﬁeu an Baco ($@Cb10n 2 Te3s )

Tha aCulvity of the lsolahed poola showed no evmdfnce

" for uhe enzymic conversion of glyoLne to formate ox glyoxyl

“KTab]e 3o 1 1, (i) ) The small background actlvitles of the  ,




€'791i;4'

“bfgiyoxylabe and formateg even. 1n the pvesenuo of }DTA and
a heabed eytraot, wera ]@tor accounted for as: L d}lmpufltjes
,in bhe \2— 4d}g1y01ne. Non«enaymlc tranraminablon e evident

in Lho reaotmonﬁmthures w1thou% LDTA, buL ohere wno not any A

»Jadlcabion oi en?ymzc formate productlon from the [2— %&glyoxylaﬁe

- 80 produced. S L | . - ‘
The.éxﬁéfimenﬁ was *epeated with a’ fveshly prepdred

aiuﬁzna o%ude oxbracb and eanctly BlmlTar rc&ulbs werel

.obtdined‘ BTemlng (1960) was unablo Lo demonsurutc iormate

‘Tor wlyoxylate producﬁlon from glyclne by rat 11ver extracts,

in the nresence of LDTA.

3;,1';2.' "GLchi"NE ANDS GLYOXY‘JLATE DI tl;,ITLA’DION BY cnun*'*‘mmcms
Thc'reoulus quotea above leave open bwo 1nterpretatlons,

h"glyolne bo glyoxylate and ﬁormaxc, or (Jl) the cnzymes are

© not extracted 1n an acmlve form by tho alumlna grlndiné process*

Qf Mcilwa1n1~_7;

To obsain ‘Some 1ndox of en&ymlc achiv;by,‘mhe rates of
glyclne and wlyoxylate d1551m11at10n by a]umlna -crude; extracms

were measured.g

leclne es tlmdﬁion ﬁiéﬁaggéig‘Landwéhr and Seligmen .

 :(1945) deécribed;a epeciﬁic micfoméﬁhbd for the spectfophOtdm SO

metrLc dcbermlnabion oi 5lyomne. The Dro csdune 1nvolved bhe.

~’quant1bamive reactlon of olyclne w1uh axcess nlnhyd¢1n gt
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ol 5‘5; follawed’b&‘st@§m distillation of the 1ibefaﬁed

formaldehyde and- subseguens estimation with chromotropic acid.

The method was found to be tedious ana the resulits difficult
%0 TeproduoeABeﬁahs@ the steam distillation atop was rarely

qu&ntitativa.

Tho progodure wes modifiaed by mmi%tln the distillation,

‘ ﬁlnhydrln wiuhstaa& hemtln 5 in lSNwH 30 at 100° without

4
-1nﬁerfarr¢n& w1th_hhe fermald@hyd@ aﬂady, 80 1% @as‘90331ble to

_yerform both stagas of' the élexander~gi_g£ method, the'ninhya;in
treatﬁén% ﬁo'i*héf&te formald@hyda»and estimation of éhe latter

with chromotropiu wacid in lgkmﬁ 304, 1n u single él&mbmshopperea
tubea “he aptimum Limﬁa ior the ninhyd?in and chromotrooic

acid treauments were d@tcrmin@d by i;ial The ma%hod Ls

deacribad in sectlon 2.696.~an4 th@_calibraﬁion curve

(Fig 246,6.44) indicates the accuraecy of the determination.

Ii was ngcéas&ry to uéé]ﬁigh'initial concenﬁrqﬁi§ns of
flycine in dhe diﬂsimilation experiment so that the acidified
ﬂémples could be‘&iim%e&flsloé for es%imation; This ensured that
the extincetion of the solutions'waswﬁoﬁ unduly high becaus@.of

eharring\af.axﬁr&ctzmatéyial in 15N-=H at 100 .

2394
' GlyOyV1&te was assayed by @ modification of %hb Friedman

and Haufan procedure (maction 2 6.8.)0

Glycine, in the presence and absence of 2~oxoglutarate,

and glyoxylate, in the presence and absencoe of glutamate, were



Coen

., PABLES 3,1.2.(4) and (ii).

(&) GLYCINE DISSTMILATION -BY.EXYRACTS OF K. COLL PAlS

Ui U alyeine eonon.. (pemoles/reaction miax
Additions 7 ¢ yoine conen {n moles/feacﬁ;oﬁ_mlxbure)

O min, 15 win, - - 30 min, - 60 min. -

Bxtract, glyoito, WDEAT) © 28,2 - . 28.5 . . 28.3 282
thractg'glyclno, EDTA 287 29.0 - 29.0 28,5
DT R D .
Bxbrach, glyoine, ¥ HDTA, 281 2840 2861 28.0
Emgwogluua“ate ( ) ‘ o .

©(31)  GLYOXYDATE DISSIHILAYION BY BXTRACDS OF B. GOLL PALS

dditions - Gyomylate conen. (p-moles/reaction mixbure).

O min, 05 Win. - 30 min, 60 min,-
thract, glyox.,PDT&(x) 27f5 s 29y05“ _ 29.8) . .30.0
Extract, glyox., EDPA .  28:2 277 .  28.8 289 -
Bxtract, glyox., EDTA, 2840 2849 2949, . 28:0

glutamate

f(x)-ﬁéxﬁfacﬁfheaﬁéﬁﬁto 100° for 15 min,

_contalned (as Jnalcaned)sm' alumlna orude extract (10 1 mg.
. protein)s glycine, 100 p-moless glyoxylate, 100 p-moles;

EDPA, 100 p=moles; 2-oxoglutarate, 50 p-moles; glutamate; S
7 50 }J.-—moles° 0+l wl, samples were withdrawn at the specified t;me&,'
- dilubed to.10¢0 ml. (after the addition of 1 dwop 2N-HpS04),

and glyclne or glyomylato cstlmatod by the methods described in
‘section 2, ‘ : S



o ’“’34:,. 3 -‘Gi;’ict;iﬁim,f;x If\‘rorvmmrﬁm s L

e

hfpresent exoept 1n the mlxtura 1nolud1ng exuract, glyaxylate,
Tfthe same R

'wfsmall amounbsfof glycine, Ther@ was no simllar chromatographlc

R
¥

1.’mcubatednwﬂh BTA and alumlna crudu exuracts at 37 Samples

szwere w1thdrawn for glyclne and 1yaxy1ate a&t1mations ac

’iflnuervals (Tableﬂ 3 1o (1) and (11) ) ffﬁf,%ff

a' A . ; R - ‘e T TR

Nelther'glyc1ne nar leoxylato were founﬂ to be dms 1mil$§gﬁ5;’

\'bo any Blgnlficant extent under theae ccndxtlonso T

The heto and as 1matlon of Erledman and H&ugen is not

rfizsp001fic for glyoxylate and in order to check tne validlty oi

:

2gfjthe mlyoxylate &1ssim11ation experimentg,&,4~d1niﬁropheny1m
fﬁhydrazanes werb prépared of the keﬁo &Oldﬁ presenb in ﬁhe
‘ reaculon mltture, at the end of the j.ncubation9 and thesa,

"lwcrc separ&ted ahromatographically.v

i

GlyoxylabemgﬁP was bh? anly 2 4«d1nahrophenylhydrazone

3gluuamate;an& DDTAg which bontalned a trace oi materlal with _

Re | as ?moxoglutaratewﬂNP A chromaﬁo&ram of the

amlnc acids 1ndicated the presenoe in ﬁhe same mit%ure of

‘-;¥ QVLdence for the‘enzymlc formatlon of glyoxylate from ﬁ1301ne

”dﬂé 2moxog1uba ate ln the corr95pond1n uube from the glycine.

o

disqlmllatlon exparimenﬁ.,

A fuller invesﬁxgdtlon us1ng chromatographlc analybib

nconfirmed uhe presance, in alumlna crude @k%fdﬂt%, oi an amino-

.3

' g@rghsfar@se”Which*¢onv6rted wlyoxylabe and glutamate to mlycine

v

Comase




£fTO. 3.T.J.*. »3

CONVERSION OF OLTOXTLATE AND OLUTAIUTE TO Ol.TCINE AND 2-0XO0-
GLUTARATK BY ALUMINA CRUDE EXTRACTS

# « o
HH#t##HH #

7 3 4 oly

Amino acid chromatogram

HHEHHE #

2-0X0 2 Glyox.
glut.

K#to acid chromatogram
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e :”Fhe companeﬁ _f.thaésygﬁQQSQShpwugihjth@tthbmaﬁggramsj R
- {?1"°m S o ‘i,'__:_ . T TERe I s R .

L glyoxyla %my g}utamauop 6% trdﬁtos U A
ﬁglvawyldsug glutamate, c&trﬂ ug'TD?AQ A
;‘giyaﬁylatgq glutamate, - s O
,i%W1gaﬂjlaoc <WBUbam;%69,F§£A
'J;g‘ubamauopuaytraci EDTA.
glyoxylete, extract, FD A =
1yoxy1ahes glutamabas bozlea etﬁr ctg ML"Aafff

. The T@acsion mlxtur@ Sin 335 ml° O O(Zmehoaph to buflo}
<§fﬂH T 0y LDHL&&HS& (as LQQWOQUQQ) = - godium glyoxylate (70 pmmale&),
'%odlum wluuama e. (40 p-moles); EDTA (70 p-moles)sy extract -

: (LlHMlﬂ& orude extract, 3°8 mg. protcwn/mlvmuwbﬁ After_A,_ 1-_37
Lincubabion at 379 for 1 hr. the reaction was stopped by ’
adding 05 ml samples to 065 ml, thanale Afber: aenaflfugaulon
50 vla were d1gpenseQ LOT vh?cmqtouraphy asg d@acrxbbd in
T}gtctlon 23. . at '




“3f~ana,amoxa~1uuar ta 1n uh@ preb@nce oi WD”A (Plgg 3 1 3, A ),

«m-lgbut nhe ﬁame te@hnique% were unable to demonstra%e tho reverse

"jre@gtian;‘

The nonmenaymlc tranoamination betwaon glyoxylabe and
*W'&lutamate (Vakada and Walnhoubc, 1953@) was oompletely e
sugmxs @& at pH 7-0 ¢nd 37° by the nresence of EDITA (Blée 3. 1. 3o, ), |
*fbut 1f a, mlxture of elyoxylate @nd glutamate were dried on the
. 1hase;lino oi a ehromatogram w1th hot alr, nonmenzymlc
t‘tr%nsamin&tlén took placeﬁoven 1ﬁ ;ge prehence of LDTﬂo Thel
Bé}uﬁlons applled 0 chromatowrams wer@ therefore dried with
%éid atﬁ ueneral non«enzymlc tfansaminatlon between 2-keto écld
and . 2~amino aold mlxtures drled on iiltar paners had prevmoﬁsly
‘ ‘_bée£ obSaf§0d mt temperdmure& 1ﬁ ex0ess of 80 but not at

- ‘all &t 280 (Giri and Kalyanher 1953)

“evérél’meﬁbods were tried-to convert:the.éﬁrématogréﬁhig :
\,analys1aiint§ a éuanﬁitatlve assay ior tr¢nman1nase actlvihy:
. (1) tha glyolne Gpots were elu%ed in 3 ml. phosphate hufier
ipH 5 ; and the glycina oonuentrdtion of the eluate determlned B
"gwwnth ninhydrinand chromotroplc acid, (i1) afuer dlpplng the' -
;chromaﬁograms 1n acctone conhalnlng l nlnhydrin, the amino

'acid Spons were developed at 37° for 2 hrg ( optimum time and

}.

temp@rature for mailmum colour'develapment‘ as determined py o

f"-tm.a.l) and eluted in 3 ml. 5% ZnS0 o The oxtinctions of thie -

4

f«@lu&%eu wera measured at 48) DB (the, bsorptlon maATmum)a

oy

g,(lzi) the glycine spots were developed $0 maximui: 1ncen31ty
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CHROMATOGRAPHIC ESTIMATION OF GLYCINE

Glycine solutions (20:0 ul. containing 0-8 ug., glycine)
ware applied to Whatman No. 1 paper and the chromatogram
run with phenol:water (80120 w/w). After washing in ether,
the chromatogram was dipped in acetone containing 1% ninhydrin
and dried at 37° for 2 hr. then sprayed with sat. 2ZnS04.
After drying the chromatogram lanes were analyzed in a
recording densitometer with an automatic integrator (Beckman/
Spinco Model RB Analytrol) which gave directly the areas under
the absorption peaks representing the glycine spots,




FIG. 3.1.3.C.

GLYCINE AMINOTRANSFERASE ACTIVITY: CHROMATOGRAPHIC ASSAY

Amino acid
concegntration

A

-Wiath
EDTA

Without
EOTA

|

Nor -
- Enzymic

22cm? 19em’ 5¢m?
3 ‘ =3
glutar;uc acd gly‘cmc glutamic aca ql;cmcz cn
t v 1 '
- fnzymec
9cm' 12em*

-

- ¢m along chromatogram

Reaction mixtures in‘5°0 ml. 0+06TM-phosphate duffer pH T-0,

contained: sodium glyoxylate, 100 p-molesj sodium glutamate,
100 p-molesj and (as indicated) EDTA, 100 p-moles; alumina
crude extract (1+9 mg. protein). After incubation at 37° for

1 hr., the reaction was stopped by adding 0*5 ml. ethanol to

0+5 ml, reaction mixture. After centrifugation, 30 nl.

87

supernatant was chromatographed in phemol:water (section 2.5.3.)

After treatment with ninhydrin the spots were developed by

heating (see text) and treated with sat. ZﬁSO4. Cromatogram

strips were analysed with a recording densitometer (Beckman/

Spinco Model RB Analytrol).



f with n;nhydrzn and heahlng (au in ii), Lhen sprayed with .

ﬁu&turdbba énoO .. ﬁfbcr &rylné, chvomamogrdm lanas vere

4
an@lywed 1n ‘a recordlnh denSLtometer w1th an aubomatlc
1ntegramof (Beckman/opinco Hiodel. RB Anwlyﬁroi) Wthh gavw

direcily the areas undur the abmorpt1on peaks representlng ﬁhé
; émlno a01d.spgﬁs. o ) o ’
£Mchodé:(i) ana.(ii) did no ?i#égégﬁccwdan& fééﬁl%s‘for
f‘reéeated demevm1naﬁions, but mathod (111) gave aureﬁrg&#ceabié;
:s»valgh%mllne c&llbraﬁlon curva between the llmlt% 0. and 6 ug.
glyc;ne per spot (Plg. 3.1, 3 B ) Th;s methe@.was used to
estimate the amlnotransferase“activiﬁy (Fig. 36143.C. )0 In

“the presence of LDTA, Lh@ rate of glycln formation from |
';glyoxylate and . glut mate by the amanuraﬁéferase was

023 pmmole/hx /mp. proftein (aluana crudc extract).

The enéyme Bdta1y21né thla transaminaﬁion Was deSigna%edt \
glyclneog-oxoglutarate am&notrdnsfelasa aveﬁ though the- forward
Taaotlon had not been. demonétrated, fofban engyme- of . thls name,
:roperatlng in thg dlyectlona, had prev10usly been ident;i;eq in
crude.ékﬁfédts 6f barleyyioatgvmung be?n?aﬁd whiﬁe'lupiﬁe.

seedliﬁgsf(Wilson; ¥ing and_Burﬁ;ﬁ? 1954Xo

3.,1.4L - IRAPPING EXPERIMENTS‘ WI‘I‘_.H ”AN??,ACT‘—IV»E ,EX&?R‘ACT
The ehromatogrdphlo and1351s tochnlque provided a measure

of the amnnotrdnsfernse aotlv1uy in th@ &lrecmlon glyoxylate to

n glycxnep buL falled to uhOW thc reverse feactlon, The r&dloacilve o




TAEL 3 1, 4 ( )

GLYO,YLw?ﬁ bQRMATEOm FROﬁ \g ‘C]GLY&INL BY XTRhéTﬁ{QFQ?
SR h,‘COLI ?Al) N

&lyoxy?dtemspeclixc dCLJVithS

A@@?Flgﬁﬁ (ctb/pmmo1c/10 nin, Y i

0 hr, : . ".‘ 3 h? tﬁ

So=o g oL oo 3190
CEDRAC. o w1900, 1917
Extract - S 1900 o 3662.
Exbract, Wi o 1900 e 2025
Bxbra eu9 RDTA, awoxoglutarate 1900 o 1972

R
Redculon mlxwures in 5 5 ml. O OG?Mmphosphate buff&r pH Te 0, :
S containedse Lgm L]glyclneg 25 pemoles (1 ypC/yi-mole)s. glyoxylateyk-“"‘
25 pmmolas ‘and (as indicated) crude alumina. extract (4 2 mg -
. protein)s HDTA, 25 n-moless 2-oxoglutarate, 25 pemoles, ﬁfter
4incubation at 37° for 3 hr. the glyoxylate was isolated and
‘assayed by the methods des seribed in section 2. The: glyoyylatbm
spacaflc aco1v1iy at zero time (sse section 3,1, 1,) was’ measured
in a reactlon mixture Lonhqlnln glycine and élyoxylateo'




"trabpin. pracedura (saeu10n~3 lal ) w&s more Bens 1ﬁlv fbu%

L

S

w“‘_ Whe Lwo meuhodsﬂwere Lherefore comblneﬁoAAn eyﬁrac shown

to havo wlyclne amlnotraanerase acuivity (glyomylaue to glyane\

“”qby chromatogfapth analys;sg w s 1naubaued Wlth [2- C]Qlycine,

extrac

v&howed dOthl.y;Lﬂ the reuerss dir@ctlon

_“fhﬁgoﬁheré soi'lyernatlve method¢

wer@ t?i@dﬂtoﬁinqrggse the reécﬁion;!f,

way oo Y

(i) glasqmgrindin Packed cells xer‘llrouna‘at 0 wlth glass

,to tha alummna

prepared by th

The dry powder was




(113) sonic dlsrvptiona_ b@31ﬂ wore' buspended in O*Of?ihphomphﬁt
hﬁffc pH 7°0 (O°J s wet prghk/m] Y and Aisrupbed by senic
gec;il&t&on in a h@hhoon Wapneu@smrlctar Onbllldhor (uectxon

,}.2 ).

Extrééts propared. these w&ys, and an alupina crude exbract,
weye as ayed qmal&taulvclg by ohromatoquphtb analysis. Glasse
@round oﬂd aceﬁoncwpawder exura&ns showcd ]¢tule aotmvmtya

Alumina'g$ound‘and SOnic extracts. were equallyfactivex

N o | G140 a
331064 ‘"VM”J.OJ o1 24 CLYCOLLATE 70 E%]GLYC};NE

chrometo raph;c evidenca quga_@ d that gly@xylatc was
J‘_conVthed to - glyclne by an amlnotransf@raaea unequlvoca]
ev1&ence wa%*sau shit UU1 4C]g1yexyl@te preparhd enzymlcallg

:{rgmiﬁm 6]61y0011%t6a‘

gix 0011 Pﬁss w111 grow 1m a sod;um glycgllaﬁeélnoréﬂﬁje
sait‘medlum upplumcnbcd w1Lh glyclne ( tewaru9 1961)
Glyomylahe ylays a central role in. the mcmabollsm oi such
cells (sectlon 1.3 5 ) dﬂd glycollate is Tapldly eonverted mo )

glyoxylate byisonic;orude extracts.

[2m14d]Glycollaﬁe was prepared (4 pmméles/mlag 5 pG/pmmolé)
14 a0
by the p‘oca&ure of JayasurFa (1956) from [2- 4dl£mbromacetaﬁe
(section 2,9.3{); ' |

Sonic crude extracts of glucose and glycollate grown
cells were incubated, separately and fogether, with

2mldc]glycgllaﬁe, glutamafe and EDVA. The incﬁbation products



oA
e L

:ﬂﬁﬂ@tid@s e - .'jé&§$ﬂfﬁl'G0ﬁn$$ | . ;
‘~¢5 1;Ba§é“line'_ - Glycine ‘
Glycollate exb?act ey s 2e
Glyﬁoliat«a exbract + oiig R
o V1uco extract. _ _93\9¢ - ‘Sﬁ‘s 2 . oA
Gluﬂ@ﬁo GX'S‘)TaQt | k » :” -'. e ' B ‘99¢ “2’ % . ) Oa 3 -’!h Lo S . “

o

“buffer pH 7 Osm glvcallatag 2.0 pmrole% (; pC/pmmale)ﬁ 5
glutamata,‘?oo p=moless EDTA, 240 p«mo?oﬁg and " (as: ndicaued),
sonic crude oxbracﬁ glycallute grown celle (6°2 mg probcln)
.sonic orude emuraCD blucose Srown GP]lb (3 9. mg. prc%eiﬁ)
Aftexr 1ncubatlon at 379 for:.1 hr,, the reacltion products were
ueparﬁiod by hlghmvelhagc alectrcpheesis in a formic &Gldw
 acetic acid solvent (section 2.4.1.).. The glycine spots, - o
=1oc¢hed eith a &blgermﬂmller end wxndow tuhe and rdtemeter, SR SRR
;‘anu the acilve spots remamnlna 6n the base line.were- eluted - e
fln 5 Q- mka watev, and leh@d a% 1nfln1he thanneum ior counblnga




'»TTABEEa3-157Q(i)‘ 

-y

JINOTRAV TLhASﬁ'APTIVIWIE \CN UXTRACT OF

GLULOQD ANﬂ GLYCOLLA”P GIOTW ﬁ%.ﬁﬁ&i QA;S‘“

. .Additions .. . Glygine formed (botal counts/10 min.) i
- ”fgfggﬁﬁ"“i ;5'7)‘“;"Alifi 401
Glucose 6?bfa6t ‘f“: ) 9,500 .

Glycqllahe ox hraet RN _.7 908

Redculon mi%tures in 1 .0 ml Do Oé?mmphosphwbe huffer pH T O,
“contained:~ {1 14C]g1yoxylateg 2°0 p-moles (3% ne/m-mole)s -

- glutamate, . 200 p-moles;. HDUA,- 2¢ 0. p=moless. 1P g 00 1. pe-moles;
_and (a% 1nd10abed) sonic crude GXh?SOt glucose., grown cells ,
- (821 mg. protein)y 'sonic crude extiscth glycal]ace grown -cells
(6T mg. prote:n) Aiuer incubation for 45 min. at 370, the
reaction preducts were” separxt@d by hig hwvcluawe papen .
elecurophorasls An a formic aeldm¢eetlc dcld oOlVFﬂho The
‘@lycine, spots were eluted in 5+0 ml. water and the glycine
plated at infinite. Lnlnnas% for counﬁlng'(uhe.methqd is
deseribed in section 2.4. L Do - : SRR




. Wé}éiégﬁéraﬁéd by. high voltage elée%roph?feéis and {2414§]g1y@ins
1f§;@ati5ﬂ é$§a§edﬁés fdtgl counﬁsuigélated pew tube (section
oy : |

;Eﬁé‘élymolléte-extrac%iéhowed slighﬁ'gmiﬁoﬁransferase
activity, but the édﬁiﬁipn of the g1ucose ek%xa@t increascd

”{2;146]giyqine production by a factor of three.(Table 3.1.6.(i).).

3017 RADIOACTIVE ASSAY OF GLYCINE AUINOTRANSFERASE

;Later,”whan [lm;46}glydxy1ate became available, and using

morye precise assay conditions (section 2.4.1.), aminotransferase -

e art s e ' L
activities woere .assayed in the two exiracts. | 4G]glycln@
- i 1'4 8) o 3 g IR e . J
production from |l= Clglyoxylaté in the presence of glutamate
and IDTA wes much less with extracts of glycollate-grown cells

than with extracis of:gluéosefgrown cells;(Table'3g1,7?(i),).

3.2.8, TRANSAMINATION COUPLED T0- GLYOXYLATE REHMOVAL REACTIONS

- When §; 335; is gréwn aexabicallyleﬂ glucosé the cells
_chnﬁaig'&aigie synthetase but virtually no iSOGiﬁrate 1ya§e
(Re@?eé'&ud Ajl, 1966); Di&éngﬁgarnberg and Lund (1960) failed
téis&éw feversal pf’ﬁala?e syn%hetasé (ieeo ihe»fargation of

- glyoxylat@\fram malate): the standaﬁd free energy'change of

the reacﬁian is ébout'w12,000 Qal; (Kornberg and Blsden, 1961).
Glueoseggrowh K, 22&& ?A15'pps$e§é.§ glycigez2woxogluturate
aminotraneferase and the quilibrium of the reaction is greatly
in favoﬁifof glycine produoﬁiog;ubﬁ@,the oellé have no souvrce of

\glyoxyiatei

94



De pluc ?ha equillhr um, if. QTyoxylate is not avalldbleﬁ ’ X
in - the wrow&ng cell one pos&jble functlon ci the dminotrdnsferésa
Gauld be tho Iormabion oi glvcxylaﬁe from glyéwnea Demonubra%ion
_]oi the TG&CLlQﬂ in Lhis dlfectxon woula augnor a sehemeyof

‘;Clﬁunlﬁ productlon from glycmne-;gvglvmng_glyoxylaﬁe.

'Attempﬁe WETe’therefore madé %o force bhe ?eaCtioﬁ in the

3*j{forward dl?GLLiOH in thé in V1Lro hystem, by coupling pessmblo

3

.'Q lyoyylaie Tormablon uc rapld and irr0Ver31ble Ulyoxylﬂte

thqromoval roactions, e.ga the »1yoxylate 0abollgase reacilon'

'fand nhe plyoxylate reductase reactlone

aﬁlvoxyiate carbclj asc-ai'Aﬁiﬁ@d éxtracts of glucoée and

BN

4"5W1ycollate grown celTs were 1ncubated wibh 2= C]glycinas
‘2moxo“1utarat9 and BDTA. A pocl uf unlabelled tartronic
gsemlaldehyde (pr@pared.enzymlcally.from ‘elyoxylate using an.
extract of glvoollabe grown E ‘6011 as égurce of glyoxylate

Zearboli aso) waa added at the end oi ﬁhe incubation, E,QmDiniixo;

:phenylhydrazine hydrochlorlde was addod and the acldlo
AmdlnlbyophsnylhydraéonPS (1soldted hy a method similar to

. that described in section 2.5.4.) were e@parated on an alumlnaixl‘ L i

-Goluﬁn eiuted vidth chloroform. Th@ orange~yellow produat |

whon addad to BNmNaOQ gave the purplg aglovratlion Lypical

Eof tartron:o semialdbhyde bism 4md1nitrophenylhydrazone

fﬁ(Gallely and’ Dapléy, 195)) The aot1VLty of the product was

lndlstln&ulshable from backwrounan'



FIG. 3.1.8.A.

30 60 90 120
Time (min.)

GLYOXYLATE REDUCTASE
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. §7'

FIG, 3.1.8.4,

" (legend)

COLYORYLATE REDUCTASE

The components of the systems illustrated on the graph
DO s ‘ \ S o

AR ﬂAD?H glyoxylate, exiract.

e - WA OLHq;glyainag‘@xtracto

A ~ NADPH, Z2=oxoglutorate, extract,

" Nﬂﬂ?ﬂy 2~axoglutedaie, glyeine, oxivact

o -~ WADPH, exitract. ’

The ?eac iion mixbtures in 3°0 mle Olit=tris buffor, pH Fe2, -
containeds— HgClo, 4+0 p-woles; EDLAL, 10 pe-moles; and (ab 1nq£ﬂ&b@ a)
NADPH, 02 pmugle glyoxyletes 10 pe—moles; glycine, 10 pemoles;
aéaynglutsxa sy 10 u-moles; 60805 amnonivg uu?phate extrag%u
The aixtures were jncubahed in gquartz ouveties at 37%, and the
‘reactions followed Dy. me &%R?Aﬁb’bhﬁ changes in. exmwnﬁtlan
at 340 mp. : ‘
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glyqx§late rgductgge ‘élyoxylaté}ié,xeducgé %é?éiycéilé%e‘
by e@llmfége oxtracks of L. coli, inzﬁhe ?res@ngéfaf;mﬁﬁpﬁgpahd ng?t,
Glyoxylato production from glycine and é—éi@@lﬁtaéé%éx(invﬁhe“
Pr@#énce‘of EDTA)”by‘ﬁransaminatioh:oan:bé‘followéd in such

a -system by measuring. the change -in extinetion ab 340 e

1]

Glyoxylate, and a mixture of glveine,. 2-oxeglubaraie wund

and extract, with

W

BUTA were incubated with NADPU, HgGl,

™

L ) : " A o
suitable controls, and the reaction followed at 37 . Only
the mixvire with -glyoxylsate present showed any significangy
decrease la exbtinction ot 340 mu.s where was no evidence fowx

glyoxylate Tormation by travsamination.



Tho gonvorsxon, by a ca]lwfvee vSﬁgi;ﬁbi lycine to

;aCugampounds whieh can be 130] bod and 8 vud ib an 1de&1

1

arr&ngement fop cﬁudy1n6 tho ¢01é of poq 1h1e 1nturmed1 tasf;

“and for detarminin the mcchanlqm of th ‘,eactidn, Lhe onTy

}Ltmcampound sujbable for thlS type of'"xperlment ;s fo?ﬂaheg

ationu

i “',\

Howover, BirnLe (19)9\ usin ulumiﬂawﬁronﬂd extracfé*of

. coli was mblc to bhOW WIMh diffmeulty iny vgry low 1avels-
of thymsﬁylaﬁe 3ynmhes1ﬂ from dUmP‘and‘aeriney an efficient

Clmdonoro Kis Jluk and doads (1960) demonsbra%ed ihu uynthssis

. of m@%hionine<from homocysteineﬁby extraqﬁsaaf Tie 33&% PAIS

with serine of‘glycine as G mdonors; The brdceduretwas,

1

peatved wlth a sonic cnudc extract of e ca]x PAlv, an eytr

‘of heated. orgwnlums H PG and: glycine cr serinea Tho .

4

methlonlne fcraed vags assayed mlcroblologloallv wxuh-

Leuconoaboc nes @nt@roldes (N C I, Bn ca%a105ua No. 8018)9

bormataon ni methlonlne Lrom homooyuuelne &nd “erine‘

‘wdonoT th@ y;el&

ZQP1 wa§ eamlly dmﬂectcd, but with glyc;ne as. C.L




. was too small - and variable for tle method to be .suitable.as
an assay of Cléuﬁit-proﬁuctidn;'é
" The one syéﬁﬁm.availaﬁle whcrc glvc:ne Lm? was ra»dliy”
and quanti%atiVe1y conve tod to CIMunltﬁ appsurcd to be .
B ccll ?AJb pr0w1ng in ba sal mcdivm,Aand this systemiﬁag'
~revorﬁed o in. an autemnt fo elucldame the- 1ntermdeate& ol’
%he,GOnversion?ﬂ» )
sInterwediates in a synthetic scheme are maintained by
the” cell aﬁ_aui#abi@ conoenﬁrations,for furthar reactlons,

and.these.intermediate '(eerautabl i th‘hort eXPOSUTC"

to cold BY "MCA - Brmtten and n“Olur 962) af@«COllgétivély

-named»%he,9601_cf metaboliC;intexmédiates; or more simply,

the 'pool’s

iYogLnoﬁ ccmpounié'thch:pefgﬁéte.bgétéfiél cell Galis
argicften oonoa@fraﬁmd witﬁiﬂﬁﬁhéiéellgbbu£$the ultimaﬁé
 dhemioa1rfa£es of the aé cémgounds may vad°”Eéronu fram uhQBGlJ
of" Jdentloal compound Vnthesized by Lho 0011 and constltutlnw

‘the"pool'o
‘MQCIure an@jBritten (1962) dpmonsﬁw@ed exchange between .
he pool' amino se Ld Cof B. gg}i an& amino acids in the.
mod?um, even in, uhG abs once of an energy sourca, but the
rabe of ychan&a vns limlbed nnd dopanaenb ﬁnﬁﬁgﬁytheL; e

{ueytornal concenwrgtxon, but on Lhc pool‘ 51ze.v,

,p‘.

If the  incorpors Lonof aotj__@r‘i‘i;y. f:mmLza«fMnglyoinef ;
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FIG. 3.2.10A0

Glyoxylate
(p-moles/flask)

[« .
10 | e o0

[ %]
L4

Time (hr.)

GLYOXYLATE DISSIMILATION BY WASHED CELL SUSPENSIONS

Reaction mixtures in 20 ml. 0.067M=phosphate buffer pH 7:0,
containeds— washed cells (250 mg. dry wt.); glyoxylate, 1 mg.

Glyoxylate removal from the medium (® ):— 1 ml. samples
wvere removed, at the time intervals indicated, and the celle
removed by centrifuging. Glyoxylate was estimated in the
supernatants (section 2.6.8.).

Total glyoxylate dissimilation by the cells (@ )i- 10 ml.
samples were removed, at the time intervals indicated, and added
to 1-0 ml. 5% TCA. Afﬁar centrifuging, glyoxylate was estimated
"~ in the supernatants (section 2.6.8,).



into the Cl;pOSitioua of . thymine serine and the purine ring
is diluted in the'pregancelof an unlabélled upp?emont ‘added
to the medium,'tha‘ unnlomant is Drobab}y ohcmjcdlly 1dentlcal

L with;lor an immediate precursor~gf, ane 1ntermed1ahe in the

‘scheme of ¢,-unit formation.

AN experimeﬁtvbi ;nls type depeﬁds on four prem1s
(1) the supplementvdoes not inhlbLt 0011 ﬂrnwth, (11j. the
’ supplemenu cnhcrs tho ce]]m, (L]l) the nn?abelled supplemeﬂt
withln the oalls 1s:nsequ111br1um wmbh the 'paol' (iv) +
SuppjementALS n@t Gonvartpd to é1y01ne Whlch ib Lhen converted
Tt Clmunlﬁs by a“dtfisrenu pabhway, 4nd (v) ﬁhe_supplemen%-ls
not convertedjfo leunlts by an 1n&ependenv»paﬁﬁﬁay, thus

diluting inoorpcr tion at the C.-unit stage. Glyoxylate,

1

aminoacetone and 5waminolmevullnate are pOB%lbla 1ntorned1aues

suitable for this' type of investigation.

32010 3ILUTION O¥ 1NGORPORAT10N i 1T GLYOXYL~““

Glyoxylate added to the basal medium does 'not inhibit the

grthh of I, coli'ﬁﬁiﬁa “a hedmcell buspanglon ?emove
"lyaxyjabe from a bufferpd Salut10n° paxt of Lh] glyoxylate.
le TGQOVLred ¢rom the cells bv ettract)on wlth cold 5 TCA

(Pig. BgLQIEAn), bu%[tha}ramalnder_1s;metaballﬁeqa

'ﬁh coli PA15 was 5rbwn in basal med1um supplem@nted Wluh~.

fégAU] lycznc an& glyoxyl teo After 24 hv,;bhe cells weret

L
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b ¢ .

CABLE 302e30(%) .

DESST HILATTON or ”LYO?YhA”E BY GROYING B. COI T PALS

e e

Total keto acid 5 , y
o % glyoxylate % pyruvate
GQNuenﬁrgﬁion :

Bofore growth Qe 24 mgse/ ‘ml '_ 100 - 0
After gihowbh 0623 mg«fmiﬁ 5T 43

The keto acid concentrabtion. of the mediunm, hefore and after .
growth, of the inoarpora%iﬂﬂ experiment (with added glyoxylate)
described in Table 3.2.1.(ii), was measuved by the Friedman
and ﬂavgen PO edufw (section 2.6.8.).

@ue keto ac1d“ present in the medium at the finish were
separated by paper chromatography (section 2.5.4) and
the concentrabtion of each component measured by lpu;mg .
the spots in 3°0 ml. 0°5% Nal(04. The solutions were esbimated
spechrophotometeically ( section ? 649,), and the proporiion
of each keio acid present, ﬂﬂ¢cul¢mv&,

1



iNCOlPD&AT10M o La “*'1@L¥“*" Lri0 &RG;IWG L oLT 2415

N

”udf! 3,8 07 (31\

.JL Uhmﬁil<ﬁ“TWBQM4Hﬂmdh B

GOTlirQl (}Ollfz‘- . ells \\'}.bﬂ.

e Ep

L1yﬁﬁy13uc

Tl specific act

CLosupplement

ivities {ots/penolo/min.)

CGlycine supplomehd’s o 13,700

DA pdenine

'3239)00,;

eren

H <3R§1 adenina -.i31¢_12f- ' -2Q¢£OO 21 700
idenine bm4gcm5 I?%; S 14,100 16,200
Phymtne 12,200 11,300 |

.‘?Cybﬁblﬂo.’.; A;, ‘ . 'W?;f;‘ ) bi'ﬁ‘ 0

1L adenine Ge4,G-5 i aolatuu
. E‘l‘ 4 ) Lard

_}(qutmgnﬁﬁ,ﬁs{a

gﬁ call }A?5 b‘QMn tor 24 hwe

“medium s 11pu30nu33wad a14A=~L&m14L]gggr01nc (200 mg.).
“Bases and amino ‘acidi were isolated as des¢rived . 1n

as glycine

4

at 37° in 1 1. asal.

cseotion 2. ﬂUCll&P:ACuRVLE1C& expressod o ~3 wevu
inai@nifi(ant]y ulilojcnt from hao]rround, \

Glyoxylate (250 mg ) yas added to the medlum in a

"dunllcate experlment
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3,f TABLE 302610 (iii)e

lNCORPURPTTON O {2 JAG]GLYLTNL THTO GRUvIN& W« COLT PﬁlB

1Inbhmﬂm m«ayﬂmpmﬁﬁ

Glucouewgrown GlycellatGMgrown
cells: .~ mllc

apecific activitiss (cts/n=mole/min.) -

fiblyane'pupglement ’ 749QOO o - 714,000

:ﬂRNA adenine 75'. o 150@000 . ‘ 145,000
VIDHA adenine . . - - } 118;060 o "1i445060-7>
hymine G . 57,000 67,000

Cytosine b - <f*"w o . “ 0

e eoli PALS grown for d4 hre at 3? in busal medium
{1 1.) and o sodiun glycollhﬁu (3 75 ©#./1.) ~inorganic
salt medium (1 les otewart 1961) suyplemenbeu with

[omdd G]leclnp (200 mg. ) Baoes were isolated and mssayed
as described inbscction 2, nneclfjc activities expressad
cas 0 were-ins ignllic aintly different from backgrqumdr



-fhavvcsbeu and Lhe:DNA, RNA anﬁ nroieln 1solatea and deg?ade&

by the - mohhodﬂgde%crlbea in secu1on ao Tatﬂl keuq acids prcsent

1m mhe medlum at Lhe be Lnnlng nd eng of growth wero 0st1mahed

-:ﬂtha pvooodure of Prlodman and Hau en (Sectlcn ? 7 0.)0

-Cb*om&tOHTamS'o_ X kete acldw 4 dvnitiuphenvlhjdraﬂonps wcra

‘prepared and tha propovtlcns 01 Lho dlfferent keto acido

et

+

o pregﬂmb were det Tmlnod by a.mothod uimiTar to thaL deqcvlaed

in, decﬁjen 2 7095 Glyoxylato was pres sent at the beginn;n 'a d

‘aqual meUﬂbu ofygTyenyate &nd pyruvate were pvasenb au uhe

J;end (T1b19~, 2 1 (1) Yo

B,

The 1anvPovatj0ﬂ ci *he{[? ’b]wlyclne tho the C ~9051t10nv

RS

_wab 1ouna Lo ho vnaffectod by the prooence of extracellular

wlyoxyiaue (Table 3 2 1. (1x) )

Thu value oz Ghl@uﬂegablVL result depsnds on she vwlidity ;K
:‘g.of prcmlwe (iil) above,lloc. unlabcllcd gl;oxylata in the cell

mixaa w1uh %h@'pool' glyoxylateg and th@ra are no, crlterla that

'ean befuaed to gudge thlS¢ Howavear22 iurbher evxdence c an, be

:ﬂq@ﬂugéﬁlin iavnur‘of'a nauhway noﬁ 1nvolv1n glyoxylata by

_al':ﬁer;h mw 'pmmrtmm of. 'Lh ‘g“lyox:ﬂ abe '?001' :m bh@ %rO‘ffln";'

*tceli Thls{3”13'probabiy Lhdﬂg@ thb condwtlong govornlng

”“@|ﬁhe equl Lbrlum betwcen glyOtylaLe derlvad irom eX0 enou%

' sources &nd pool'.wlyoxyisuea 1 0011 PA15 will grow; in:?

‘ia glycallabewanTFanlc $alh medlum suppiemented with glyclne,

’T»ana wlyomyla»e pi¢yA a centwal rola dn tha metabol&&m of such

_chlls; A larwe fluonf glyoxylaue wlll qcbaralnﬂlv ua&% Lhrough'
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FIG, 3.2.2.A.

Aminoacetone
(p-moles/flask)

. s

30 60 90
Time (min.)

. AMINOACETONE DISSIMILATION BY WASHED CELL SUSPENSIONS E. COLI PAlS

Reaction mixtures contained in 5:0 ml. 0.06TM-phoaphato buffer
pH T-0 8=  weshed célls (10 mg. dry wt.); aminoacetons, 100 ng.

Aminoacetons removal from the medium (@ )i~ cells were
removed by centrifuging, ot the time intervals indicated, and -
aminoacotone estimated in the supernatant (section 2.6,.1. )

Total aminoacetone dissimilation by the cells (© )i-- 2 0 ml.
5¢ TCA was added to the suspensions, st the time intervals indicated,
and aminoacetone esiimated (section 2.6.1.) in the auperna»antm
after centrifuging. . :
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PABLE 302,24 (i),

INGORPQRA&lO\ OF [PmlAC]GLY ST 1??0 G uw}MG 1.0 COLL PALY

UTII. ?FDLUM UPPLEJ;FT uTTH AnYmUanTUN“

_ ‘ Cells with
Control cells aminoacetone
supplement

pecific activities (cts/pemole/min.)

- Glycine supplewent | : 27 OQO ‘ ETQQOO‘

J RNA adenine 68,000 " 68,900
Ihymine . C 25,400 0 24,900
jbytoslne . '_,-:‘“ S e 00

- Protein &lyCan.: B 25,600 . A 1?263100

7??;oteln ggrlna'ﬁ'»'  o 51,000 | ;3  ‘52,909"‘

| B, 0011 PALY grown ior 24 hr. at 37° in 1 1, basal
med:um SupDTcmenLed with [2-14¢] glycine (200 mm,) Babes

-un& amino . #c;ds were :solatud a8 . descrlb@d in oocﬁwon 2,

Am;noacoﬁono (SOO my) waq &ddod to the medlum in a

:dupllcmu& @XP@leenun¢:



Sthe: 'poolf.

B 3031 PAl) were g sown in a &3ymollaten1norganlc'malt

medlum (uﬁewaru9 1961) qupnlemenu@d with (Em C}wlyuwnos and

.}the cell& tr@ated as. ‘in tné preV1ou 3 exper lmcnt@ [>m @]GWyclne'

f7was 1n00£porabad wmthouu dllutlan (w&th respech to oe]i&

srawn in b arnlleT on glucose) into the Olwncsj tions of

'.%hymineg serine and the purlﬁa i nmA(Tahlo 3. Q.wa(lﬁl) } Phis Fftiff

‘suggests that glyoxylaﬁg 1& unl;k@]y to 115 on . tho nauhway ci

A

;,Cﬁeumitwproduaticﬂo

'a‘3;2;gﬁ‘ ﬁthEIOW OW TFLORPOHA“IG& WTTH AWINO&U Tbh&

Siﬁilar axperimen%S‘“;re periormed W1uh amﬁnoacobone?

Vo

' };Whl0h does not. znhlbl ccll growth when adde& So bhe baﬂal

medlumg and is r pldiy me%aballzed by vashedw6611 suspe@sions_

L of. E,‘cmlﬂ Pﬂl5 (Plpo 3 2 ? A )

;E; cclig?ﬂl%-Was,grownfin“basal\medium Supplemenﬁei ﬁifh.

fé 14 C]nlyolne an& amlnoacetone, After 24 hours the cclls

were havveotnd and ureatod as beforeo 73” of the amincacetone 7 .. T F

a
B

e

ﬁmsappoaxed 4?om the mﬁdlum durlng ceil grorth.

The p?&acnge 01 smlnaaoetane did now dmlume the 1neorporam10n"

S S v\.

'9%1L31}4f1g1yclne 1nt0 %ha Y mp051tlons (Tabl& 3 2024 (L) )

[

14 ‘0

2
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simpler system, and incorporation. studies in the presence of.
extracellular H=aminolaoevulinate were not carvied outs
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addition of acid,

2

water a8ssay
mixture

FIG. 3.3.1.A.

hypodermic water jet pump
syringe T
OV Y W
U U U L

2N-NaOH 2N-NaOH 2N-NaOH

L 9 "]

~

later modification
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C3a3ec 0 o UUHE GLYCTNE-SPLITTING BNZYME

ERRA COHVuRyION oy GLchNm TG*FmeéLnEHYﬂEsﬂND”CQq_BY.WHOLEaCEth

The producilon of 4602 Lrom{l C]wlycine p¢ovide& an -

‘ index~oi 1y31nu ca%abollbm bv w¢shadm0911 uﬂSQQﬁSlOﬁ of

“Be goli Pﬂlbg’whllo conourzent expsrimenbw with \ew Glgiycine"“" 
 wwere deslgnad in&gnfa}temptxto Show { L]iarmaldehyﬂe

E 5.,f®raducti§n5:k-:£.c»‘

“yhole cell mqitagin a: paol‘ of mstabolib 1nuermedlates,

‘:and ii was hoped thab Qells mehaoolmzzng Lg rC]g:lyc.n.na would

;malntain a small huh flniub Coﬂbbntr&ﬁLOﬂ oi \ C}formalﬁehyde : ‘ff{%-

(OT‘“OmP compaund whlch bOHld reddlly bb hydrulyucd to

C]fermaldehydeg e.ga hydrcxymcmhyimHAPLG) wh1oh cmuld be -

: 1501ahed by agld tyeatment af the C@ll&o

K . | For

. i A

;i‘T coll PAlS, f;eshly grawm, har agted and washed, wers.

 .&u%p@nded in. phosphato bulfer with' [lm L]glyclne er

L? 4b]glycjn@, and.sloW‘atreamq Qf Oo~mfree adr: were drawi’ & oL

'bhrough mha incubatlon mxxtures. Tho 13berat0d L4€GP was -

'?collectod by bubbllna tho outg@;ng alr ihrou&h ENmNaDH, Whe :K

: xperlmenﬁalrarransament 1s illust aued 1n Fxga j 3 l A.

'ﬁﬁfter the dddlbien of cmrrzar carbonate, the 1‘L02 was'countgdi_ 7"~

as 33460 at ihfln’ue th;chﬂa 58 (Sect1on 20 Te é )

3.




P

Jhdditions

PR U :
L [l@.ﬁﬁ]gly» nexc o S N
1 e slyeine.. .~ 563400 .0 00 s
[éml."d,'{}‘] glyoadetth. . o lae 0 o '

oM A T

gWycln@

NEN) s\‘;cellg h#ated $0:100° for 15 min. . Lo
, Eeaatlan‘mignureh An 3 O ml, O°067Vmpnosnhat@ bufier‘n e
oH ? 0y Gﬂnb&jnLﬂ*w{ wanhed cell SquenniOn Ly go}g}lﬁlb Traay
(41 mgo dry wpight)g and”(ag indicated) [L-14¢ -EYGiﬂn ‘
5+0 p=moles” (750 pb/mamalg) [2=14C) glycine; 4.0 pmmoles
(1,500 pC/mmmale) After incubation for 379 for 3 hr. -
(14000 collected as described in the text), Hhe - rexction
was %opgcd hv the aﬂdlblon of 2 oml. Zﬂﬂhgnﬁ4 The
flnbevaLed 1ﬁCOgS 4 pred 1n 2 0 ml. 2N-NaOH, was counted
Bs Ba»dbﬂj (scvilcn 2ale2s ) Phe : orualéehydc wa& L%O]&hud
- and ass ayca by khe method% &e crlhem 1n potion P2ohiu2.2
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FTP. 3.3.I.B.

CONVERSION OF GLYCINE TO PYRUVATE BY WHOLE CELLS

_ boiled boiled
glyo*. control ARRHy control

Keto aold chromatogram Red ioAutograph

The reaction mixture contained in 3*0 ml. O0*067M-phosphate
buffer pH 7«0i- washed cell suspension E. cgli PAl5 (41 mg.
dry weight); glycine, 4*0 u-moles (1,5%0 pC/m-mole).
After incubation at 37° for 3 hr.

the reaction warn stopped by the
addition of 2*0 ml, gN-H~SO".

Carrier sodium glyoxylate was
added (1*0 p-mole). Keto acid 2,4-dinitrophenylhydrazones were
prepared and separated by paper chromatography (section 2.5%4.).
f*4clketo acids were identified by radioautography (section 2.8.)



D aldohyd ib omldlzed 0 00

AL

i

acidifiéd, ghé 0315 romoved by cenwrifuglnw and the
suéern@tants d%;ldod’ln;o two parits. One part wos sbtean
‘dlﬁblll d ﬁfﬁér tho addltlon of carrJer ior§a1ﬁchy&e, an&
mr@atcd wzuh di@edonf The farmaldmehhones furmed ware - aurafxud
and as fuyed ior dGilVlbyoyThS cher‘parn was tradhed w“th

IQ 4wdinitropheny1hydra 1ni hydrochloride a¢tcr tho add:tmon

;of oarvnof’glyaxylame ‘@ﬂd*ﬁh@'l@u@ acld 2 4md1n¢%r0phenylm
hydrdzoneg @paraﬁad»hy pgﬁarkehromatqgraphy, ﬁcﬁivg Xeto acids
were idéﬁ£i§i§d3£édi§&uﬁégra§hicallya

Both wlyclnp G and G2 were ox1d1aed ta GO, by whole

2
.Qellﬂo The cellS mcaxbollan L2u le yclnc Qontalnad a
5ma31 wmount of &ctlve materlgl which could be 1%01uted as
{1LC]thmalﬁehyda (Table 353 e1o(i).)e The raﬂioautowfanh
(Fig. 3 3 1eB ) showed %hai no det@ﬁtbblﬁ quanmluios of
wlyoxylate were formad 1n the course of the oxldatzcn but
'actlvc spobs with the _same R values as GISm anu trang-

yruvanaﬂnﬂP were apparonm9 irom both uhe {Lw LC]pﬁyolne and

Lzm C]glyciuo 1ncubationso»_

The fe]lowxng pattern oi me%abolxsm was suggested*from

these observatlanb (1) & yclnc CmQ is conva?med to

;iormaldehydp (o *ome acmpound ‘which is bydro]yaau %0

v
vy

formuldehgd@ undef Lhe 101d uondltlons of the zsalatlon

3

procedura) (11) g]ycane Lml is PonveLted to . CQE, (Lll) formM

af( robably vza fornata\

‘(1v) icrmaldehy&e (or a. Q »derlvatlve of formaldohyd@) reacts
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BN

witq lecxﬂo tm ovm a ijun '{pTOb&bly-perine) which is

-;moﬂvaﬁﬁgd;%c 3 uvHue;.and (v\ gljnxvldﬁo<&aea~nat appear o T
5b@413vqlned4iﬁ ube PhﬂCLlOn uOhOMt . IR o

33,20 CONVERSLION OF G‘zﬂfcma; 10 ‘2{5‘0@,11&1;;} Y D AN;) ¢o,, BY CELL~

N TR EETR

=7

PR %é}{fmmcafﬁ

These n»i.hwa & could be furbher elucidated by two
&ppraachégs-(i)_150tapé-tTtpp1nw'aﬂd isotope dilution.

iachniqﬁes‘with po&sible-inucrmedl bes in the mnolemc 71A_
ystcm, mr (11) Jboldblaﬂ and pur fication Q£~a cell-free. -~

.

exilaﬁb uhich converts glyclne'tq furm&ideﬁyde‘aﬂd‘COhQﬁ
T A &

- WHe former approach suffered from similar limitstions

to th&ﬁgrowingwoell systen (segtiQﬂ~3sés}9 while the latter
Waa ﬁhé«fir 2 atcp tow srds lmG unzymc~mtuﬁ1389 and was

%Gcarugnwly trlod first.,

A major difficulty in‘the GﬂllmeLL system was b £inhd
8 uul*able ur&p to preqent further“metaboliﬁm of Glmdﬁmpdﬁnﬁﬁ
”_formad:a% th@ oxidation level of formeldehyde. The. orgnnisation *

of thé wholeAaell muintﬁins a small formaldehydg 'pOOi’?
prooably in tun‘iorm of an HXPtP derlvative, An the c011m

free sys%ém; C &uniis formed from giycine Will be enzymically.'

1

«cunpued by Hivmbg and 1n an owtract Lonﬁ&lnLﬁ only trace

amounts ot h4PtC there must ncccaswrlly ba rapid ox1d$%10na SR
traﬁsferlorgliberation of the Cl&unitﬁ o regenerzte mhe
H4P%Go If, however, a large excess of syntheticH PG is. .. - =




S 1eQ pemoles After incubation at 37° for 3 hz. ( 4002
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TﬁBL 3 3 2. ( Y. \;f

"‘,'1.

| LDNV} QTON OF GEYLIN TG POR%&LD&HYDE AND 60 BY ObLLmAH

2
FH&L LXTRACT

A ' 'ﬁafbaﬁ diexiéé.;f kFormaidéhyde

ﬁ“@*$;°n5' (Ba14603 - ‘)'.(cﬁsfpmmdle/

_ cts/lO mlne) ~ . 10 min,)

*“{“{ c]giycine9.Hékﬁé(i).jfga,;,tw14o*9; . | o

SV B Y glycing™ " v 2,100 14
{1 14d]g1ycine, H4Pf0 . 416,000 - N 68
-l giyoine, mee T4 10
,'i12 4C}gly01n9 e e 35

1£:;;(2m *c]gjyclneg WoPHE L. . 2,500 . 95,000

4.

(D) ”extréct.héated‘io 1009 for 15 min.

Reaotvon miqures in, 3 Q- ml. 0+06Ti~phosphate buffer

- pH ? O, uonbalaadﬂm alumina crude extract (125 mg. protein);
cand (as 1nd¢catcd) [Lot G]glyclneg 520 p-moles. (7)Qn0/m—mole),

[e2.l4g] glycine, 40 pmmo1es (1,500 pO/’mmmole)9 HAPHG,

collected as descrlbed in the text), the reaction was

fastoppou by the addiblbﬂ of 2 mle 2N=H,804% The llberabed
L 21504

002, orapped in 270 ml. 2N=-NaOH, was counteu as Ba 4003,

| t secbion 2.Te2.. The formaldehyde Was, i&olated and ﬂSbade

by the methods aescrlb@d in sechlon 4 2. 2.




" gollected as described in the,text), “the reaction®was

gfil?h L

Lo T MABLE 33426 ().

LONVPRQION OE FDHMATE TO CARBON DJOXjD DY bLLLnFPﬂG LK‘RALT“_

‘Carbon dioxide ~Formaldehyde

ﬁud?tlén?. '.?(Ba14003; : ”(cts/pfméié/
';Ieﬁé/lO»mina}ii 10 min.) .
None ..t T isg,900 ¢ 12
CEgpee o 59,400 o

- (%) extract heated td lOO°.for.15_ﬁih;

_ Reactlon mlxtvres 1n 3 0 ml . O Oo?fmphosphato buffar
pH 70, containeds- [1¢C]iorm@te, 3¢5 u-moles (3 pb/pwmole),
. alumina crbde. extract (1245 mg.: promeln), and - (as Jndlcated) '
H4PEG, 1. [} pmmoleo After 1ncubation at 379 for 3 hr. (1 4602 :
stopved by the addition, of 2 ml. 2N-H28040 Dhe liberated :“
4@059 iraopod “An ?'O ml ?NwNaOHg'waa counted as

-‘¥;3a1400 -(section 2,7,2.). The formaldehyde was. 1solated

%and as ayed 88, deseribed in sccuion 24 4 2 2,




added to the éyéﬁem,lblmﬂfPﬁG cdmpouhdgnmay acgumﬁlateo

OGIG crude @xﬁraots were xncuhatud wlhh [1w C] 1yc3ne

. 14 3 14
and [2 c]plyclne 1n ohe progenoe anﬁ mbsence of H4It6u CO?

'and { 40]10rma1dehyde were collacted and ao%@yed for aoﬁJV1ty

‘~A_,aq before»(Table 3 302.(1)4).

Highly actlve formalduhyde wan Lholdt@d from the reaction

mixture containiﬂ [2« 4G]g]yo1ne ahd H Pth whlch confirmed

4

bhe trgpnln" capaeluy oi this compouﬁdq E4PuG also 5u1mu1¢tod

) 14
“.th@ iormation'df *CO frOm ‘}m C]g1v01n® and from
' -L 0]?1yoinc (dovlved f£rom thc oxadatlon of formald@hyde,

“via formate ‘hxch 3& Tan1div convcxtod to CO, by xhesa extracts

2

Toble 3;332,(11)@) Which suggested that H4

cofinected with the 1iheratiog of_ﬁoth‘fprméld@hyde and €O,

frdm glycinoa o

fueh @Vldence ha _beon acoumulated againet the involvement

~of(glyoxylatﬂ in‘the C,~unit production scheme, and it is

1

unlikely that coé l;béraﬁi@n is H4PtG deperident in the

“tagetate-glycine! and YSuccinate~glycine'  cycles. It was
- »therefore tentatively suggested that glycine is eplit directly

' toVammoﬂia, formaldehydéland'COQP:

‘ VH0, =28 N .
1 : —_— . WH ] e 1
NHQGGHQQP?OH . HdPtG s ﬂﬁsv. + H,CHO _002

PtG'may be intimately _"

303030 QUANTTIARIVE ASSAY OF 14002 PRDDULTION rroi (1-Y4c Jaryerms

Fn order to determ:ne the oofactor requiramean of the

voverqll reactlon 1% was neoeasary to- deve30p a quantita&ive



T PABLE 353.3. (i)o ’ "7
SR mmzmmw 455 m op-mc PHOE)UC’I'ION |
' ‘;‘-ﬁétha_
A\‘fﬁ@ratlon tr&ln
 m0d1T1sd aerahlon h
: trazn RO s R :
.,m:’b og T]abkis | '-; 3926 | 388,) Chaie 3803,
oaiméd Thunbers o | :
,tubes % - 13 630 14 670_ . 13,921
o heaehlon mixmureb contaznedg in 3e 0 ml. Oo 067Lm?[ )
phoesphate: bumfer i Te Oﬂm sonic erude exbract. (j 6 mege
protein; 104 1. mgh1 robein in rodified Thunberg: tube .
n;oyparlmente) a-t GWmiyalneg 5e G‘ummolam ({)O_p?/m«mgje)y
HpPEG, e Ovp«mOTQ( PIP, L1e0 mwemoles NADY Lo 20 ja-mole,
© The experlmeﬁt were pepf@rmed a8 dasoribed in the text.
:14b09 wes: collected in QNMNaOﬂ &nd counteu a8 Ba34603 "
{ ectLon 2 7 2') T ok , i ;




LT e T _ 120

~assayo”Thé‘améunﬁic '1orma1dehyda LBQ1BLGG varle wiﬁh-the'

- efflclency ei_the nfap dnd a1 drge progort:nn is oxmduzed to

v CO? Giycznn dlsappearancc in crude @xtﬂocts mny ind;oatnf“

'effect Qf SGVeral'reactions;-Cﬁ' productlon from vlycxne O

1

g éppéarﬁ t0 ba: cxateﬁ uiuh C
W1ves a- quantlﬁaulve racord ai uhéxxeaeﬁigng which ‘split the

munjt iormaxiong and at leamt_

‘ CmP bond of wlycineu

le qumnaiuetch absay deCﬂdlﬁW dﬁ CO proﬁuétion must

}uch a way thd uotaJ cal]echion cf ¢0,, is

be ecnducuod in o

_ensﬁréda4@0,té3%:tﬁ1sg a, *emctlon mlﬁtuf@ oontalnmnb

Ptb and a seﬂic orude exiract WELE 1ncub@to&

4

,[. ]glvcino, H
in. erpixcaﬁa and bhu @bsorbud QO fafterfthe addiﬁian ef carrier

_carbonatex wa& counted aw BaCO The three r@buf%s WCTb w1dely

3
tgf scattered (Table 3 3 3 (‘) )

S

-“he experlmenbai rrangement, shown 1n Plbu 3 3 10-9 was

”fﬂ";~ modlflad oy the 1dd1t30n of Vo~ furuhér %uhe& of QNmNUOH in

serLesp for the GOllGLuLOH oF uﬂ? GO, and uhe amdluﬁon o{

2 A
2-ml, 2N-H ;530 (by hypcd@rmmc.ﬂyrlnge through Lhe xuhber'\ ~;Jﬂ 1??3

2

:‘ﬁubnnby nga 3 3 1. An) to each raaetﬂon mlwture ab. tne end of -

‘ﬁhu 1ncub@t10n perlod AuraiJan was eonblnucd Iur Threo hours

-”tb transfer anv~GO’ liberﬁ%ed by aaidifiqation fothe bnifered
:reactlon mlxtnreg to the alkallne tro pqo Caryier'éamhonaﬁe‘Wés.
- added to the comblﬂcu LD %raga qnd the acu1v1%y-e$timated‘as

“VB&CGBL ”he vasults oi an expcrimenu performed in %ﬂiplicaté;

Auhowed a reduoed scatter (Table 3e3°3e(i)e}9»but the va PlathnBV




. kel

-fuu?e 31¢11 un%ltJHDHGtOT’

B

s;mllar e permm%nb wa° uaLried out ﬁn thrco Jdrbur

-ﬁléskm w1th 614 01%59 %Loppor The centr ~Wb1l oontalned

'ﬁbeﬁ mlo,SEmNaOH, the main Gompa?tmant []n G] 1yo¢ne, H PiG
- and eXﬁradﬁp ani uhe eld warm, O- 5 m]. NmHa%UHn Thenflaskﬁ

were fil 1@& wlth nleOeen to pr@VenL dtmosbherlo OllddbLon

of H TG dur1nW'th9 caursé of the 1n<‘ubaL10ﬂo &Ltor 3 hrg, the

Cracid wasltiyppd*and iheffl&skgflc“i ovornlghuo &Lte removing

.

B

“the alk&li‘ffdﬁf%hewcentfe@well aad adding daxfier Qarbonateg

"m%h@-dctlvzuy was; yud (s BﬂldLOB The dupll aﬁibn.bf the

3

,¢%h 06, rGPulbu Wab Uood ( able Bani (13 \
H‘The,closqd hy&hon oi Lh@ Hprbur flaék hadwobvious? :

advantagesﬁéver the pr v10u memhods, but . the d681gn wns ‘not

-ideals Thunbeﬁ” tubaa,_madlfled ny the dddltjon of = ﬁecond o
-fleg (Pige. 2 4q2J.A ) had tho Sane advantag@u and - WETe. ﬂ]mpTuT
Lo mHUIUulﬁuGa An eiporimenﬁ in t“lpliﬂdtb (dct&i?s in

L. . section EHAQQQI})“shOWQd ood dupl:cablon (TabTG 3 3 3 (1) ),

fdnd Lhe tuh@s w@xof

14

_1ﬂepted iox furthe? QXPLTlant concerned?

with Mo, _p@bﬂpbtionngd

2

,:3;3.40 GLfCINM LhT&BOLiSM BY‘GRUﬁE;ﬁanACTSz-EFFEGT 0F PIP & HADT

Rat 1ivey'homogenases oonvert £l VGln to formate (from
‘m2) and CO (Irom C l) and OXLdiZ@ fcrmabe’uo CO (qunda and

" Weinhouse, 19)3, w01nhougo and Priedmans 1934)‘ The OTdeblon




‘:of glycine to 002

is‘decreased‘in liver homogehates from-»
antmals fed with a purlflod diet unsuvplementod with foll

acid, and 002 formation fTOm glycine, and from iormatc, iw

impaired in liver hoé@genafﬁs from vitamin Bémdeficient rats
(Bchulman and Richert, 1959). It would appear therefore that
Follc wbld and vitamin Bé are involved in glycine catabolisnm

‘LO (I:!”L‘.nl & alld (.IOEE

During-thé coursa'of thelﬁresén%"Stﬁdies, Sagers and
Gunsalus (1)61, showed Th@ reoulremont for 111 and ﬁﬂﬂ " when
PG, CO
4 4 2

anﬁ ammonla by extract& of the strict andarobe, anlocsnvus

g?yclne anﬁ H PG are converﬁad to hydraxymg%hylmﬂ

glycinophlluSQ These autbor ahowed that glyoxyl te was inert

in the system, and suggesﬁed thgtﬁhe frequant ObquthlOR of

glyoxylate mediation in aérobic glycine metabolism may reflect

' a difference in pathways of Gl»unit production by aercbic, as

opposed to anaerobic. orgunisms,

The cffects of P1P end NAD' were sccording ly investigated

with dislyzed -crude extracts of F.coll PALS. The reacmlon was

2

(section 2,4.2.1.) while concurrent experiments with

assayed quantitaﬁively by G0, production from [1{n Q]glyeiﬂe
[Emldcjgiycine showed any formaldeh?de prd@uctioﬁf(séétioﬁ
RedaRe e Ve Though the lanuer reauli had no quanfiﬁative
&1gn1F10ance, they demonstr.ead Loncnmltant far ¢1aehyde
\prqducfioh from glycine C-2 whon CQ? was libera%ed fron

2
glycine C-1,

122



TABLP 3.3 eda{i)e

‘,AOONﬁERSIONf6F7GLYG1N mo FOHLﬂhﬁhHYﬁL 210D bARBGN bIQXIDm.;;‘

F“F‘CT oF PYRL%QK&L PHOSPHALF

o Additions

arbon d1ox1de. 2Forma1dehy§é“
(Ba]4CD3§ " (ots/p-mole/
cts/lp m;no)' 10 min,g)

r’*Wlma CJblycxnes P, ylv(l) o ST00 s
l}“ 4 glycine, H PoG- Kh'f 13,000 -

- 46]31y01n89 PG, PIPC 105,000 'ul”ga -

e Q]§1vvlneg T PbG £1P;§%5*é,E£A%é ~"i. B 410

4
4
By
-3 4 R o
-t Flnljulno,'HA}tGg Lo el 108,200

4

1ﬂ31g 1ye1ne, H th, rir. "?]JM._4~$;.' 108,800 < .- °

v}f(i)' extf%cﬁ heated ﬁdxldpqlfor 15 ming

Reactlon m1xtures 1n 3 o ml Qe 0671wphosphate huLfer

VE:pH T+05. contatned s sonlc crude exbract (1led mge plOLOln)9>

'“;2341;@5

and a5 indicated) [lm Jelycine, 50 p-moles (7)0“90/m~mole)g' .
CToxt b]glvclne, Ao O;uumoies (}5500 NG/ m-mole) s HAPEG, 10 n-mole; .

‘"PlP 1.0 u«mole, The tubes were incubated at 370 for 3 hr.'f?f=u  S
. Calloctlan? isolabion and assav of C0z and fovma3achyde axre '

descrlbod 1n secticn 2e 4 ao,”




-'.;[

 CONVERSION OF

- daa

CABLE: 353,48 (A1), -

GLYLIﬁL TU FORMﬁLDLﬁYDL AND GARB@& DIOXTDE-

{f Lvrmom oF ﬁAD

AT

| Additions |

Garbon dibxidé‘ ‘»Forma'ldekiyde

(Ba,34t}033 e (GG&/_/U.-“HIO].O/' o

‘2ct3/j10 mine ) 10.miﬁﬁ)”ﬁ

EmlA

(,] 1;;rc ine 5

1“,.; L] gly cine

l

et

C] glyc ine,

I“‘J giyclﬂe '
(,] & lyo ine .

nglyclnos

WA

4

b))

w0 o e

R 305 oooi e

w8

ﬁﬁb+

o '_ : EE 3.()8 800 ‘
"‘ %f'p.f, 1g?i§QQEJQ

)

exbract heated *to

‘:“10_00, for 1‘§ nit,

The reachon m’ncuu:res and as; ay prooedums were thg,
same ad *bhose ‘described- for ‘i‘&ble 363ede (“L)u fixtures
contained:- extract, H PG P1P,. and. (as indicated)

(1w 14(,]5,15@11%9 [2 1530_]g,lyclne ‘and NMN (1 Q}x-—mole)




12y

FIG. 3.3.4.A.

NADH OXIDASE ACTIVITY

(Sonic crude extract)

E340
1.0
B-’—. ® ® ° ® P °
[+ ]
o
0¢85}
°
o
\o o
o o
L 13
5 10 Time (min.)

Reaction mixtures in 3.0 ml, 0-06TM-phosphate buffer pH 7.0,

contained:~ NADH, 05 m-mole; and, © - sonic crude exiract

(1-1 mg. protein); e - sonic crude extract (heated to 100°
for 15 min., l1*1 mg. protein). The mixtures, in quartz
cuvettes, were incubated at 18° and the reactions followed

by measuring the extinctions at 340 mp.




Cp1p produced a &ramaulc *‘;mulat36hﬁéfﬁ;4co “btoducﬁidn
(Tdbl@ 3 3 4 (1) 3 while wan* showed 1o eirect (mable 3 3.4, (11) ),
but in cruae exiracts where HAD*+ ) presant only in trace amoumts,

might be regenerate&,'ﬁhe 1atter raﬂult'is not very %1 nlilcaﬂte,

These extrarts, nn fact contained a very active EADH oxidase - -

(Plgo 3 3 4’A )

- :
RN

The reactions which convert: glycine to formaldehyde and

‘:CQE appéar‘ﬁo\ihﬁoiva"H4P%G:and,PlPa Ré@uirement for these
'-cochtov“ does: not cjarxfy the mechanism of convcrsmon A{both
could be 3nvolved 1n dny scheme pruvxm@y'ﬂuybegted) Purificatign

oi the enzyme system axid a Lhormuwh qu@ntl a%lvm ch&rautpri at1on

ﬁhe reaghion- ax requirsde

‘i3;395e FURIFICAQLTION OF WHE GLYCIVRE:- 1ELLTTIN FNZYﬂ& nY””

V- U;{‘:ii‘ig:"ll% 5

criteriunﬂfmr tha'ac%ivity of the enzyme sy# tem, &evaral

00, Formation from [1k “G]glycine as e q&anﬁitative

purification proc@du¢e were attemplted. The protcwn concentraflon
at sauh ﬂb&ge was maasured wlth the baljn phenoi reagent by'
. the mebhcd oi Lowry et al (1951) £11 Qperaﬁipns wore carried oub

“ab Q 3 unleas»a%herw1se stated.

Honie ufude gxlracts weve o?eatcd wlth protamln@ sulphate
( 4% &oluulon in O Oﬁ?ﬁmphﬁsphate bui for pH 7 G) t111 no

iurther nreclpLuatLon was deteoted. The preclaitabn was Tcmoved

260

by centrlfuv ﬂua The ratio of cxtlmamlon$ L?BO/M
1rom abouu O° 7 JOT hhb crude9 mogﬂbnuu'0°9) ior{?h@<proﬁamine

Lhdnb@d <f
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TABLu 3 3 5 (i)

- PARTIAL PURIFICATION OF vHB GLYPLRLmuPLT”TIkG EN%YMP SYSTEH

Fxtraot . Vol,‘ LGL1V1LY Potal  Protein Farity YicEa Purific—, ..

L (n1e) (omite/ - wnite G ) (untts (%) astor o
“md . ) (310 ) o /mg9): _ .

'~ig§;g a5 - 6,830 308 **¢*¢6;6‘ 608 100: 1:0
Bsetamitie oo e Tl T T
~sulphate - 95 -%3%;,' A %zf3' 'x)i4ﬁ -:7?- ivgh,“
o om25%:A | E s T
- no 12 - g0 5 218 L 207 2 -

. f§§5§” iz 12,190 146 . 10°1 1,205« - 47 20

;59“75& Col2 73080 4 - 13220 i .

'=$€5(¥H4)2§04' ER fyzn,;é%gw

Tha expor;maﬂba] detawlh for th@ dlfiereﬂ% OPQIdEiQnF are -
-deseribed in sechion 2 2630 -

The activity. w&s ‘measured a% eaeh ctapo by maasurlng 14gog
- production from. [1w% C]glyczno by the meuhod dObGPlbed in
. Bection 2.4.2.1v o ; :




SRS

-offﬁﬁefprqﬁein was.alpo ‘lost. in -

g

mhore wam 11ut iié&ﬁcﬁionméi the total .

1(!3%).-:0 _ o

Tsulphat@’axﬁfﬁgté;waréTfractionally precipitated.

. famméﬂium'sulph&iéy*?xdﬁein*fracﬁioné aﬁ'Qéeﬁﬁg‘:i

guturaLion ef Lhe -alﬁﬂweré lieste&

of thls, and the other purificatlon mobhnd59 are

73ect10n P 3 ) Ahcuﬁ h 1f the o Tjﬁiﬂdl acm1v1tJ -

Cwas -found: in . he 2rmr0; amm&nmumisul hate ir&c&mow and the -

yurifiqaﬁign aahlcved o8 about 2 iOldo

Tha quan % jVe deta1l$'of 2 ovnica] parb¢ 1 purification

1

501 thl nauurc are @ivenﬁln Tmble 30305 (1)q; pﬁesented

"ﬁgagcording' o thc formac recommendcd by Dixon ‘and Webb (1958).,

rouamine °u1nh&b@ oxtrauﬁg were‘tztraied' with caleiun

:phosphate g@l O 9, 18, 7, 36 %nd 45 ug. gel were addad ’_‘ if;l;ﬁf

e . jJi*;ﬁo 3 mlq 10% " 'extract lﬂ Q 067rnphouphata bufier DH e 0’«~~ fffh‘ :

*fafter*l@ MIHQ the mlyuu Wore- cenyrﬁlu¢ed and the sup&rnatanﬁsff"‘“

Ja%sa&nagﬁnr:proteln—coﬁccnnratlon and lyuinemsp31ttinm
: ,éctjv1ty@ Oﬂly tho flfbt fractlon, wlth no ga] ddo@ uhawed
”:act1v1tyo “iis cﬁulﬁ ha. due.LS*:(l) tehal absolptlon of
'.ac»1v1by an 9 Mg o gal (11) %epwratlon of the enzyme uySuem : 5“?1'

1 . Tan

"inbo iwo parﬁa, or (111} 1nachmvat1on of Lhe enaymc syatom by

-*foalclum,pho&ph&uao

balgnum phm%pah%e el (]8 mg ) was .added t0 a protamine

‘ ulphate extract (4 5 mmc pfotein/mlyg,‘and after 10 min,




UL UABLE 33305, (h).

FURTHPI PURTFTL&TlGN ov T GLYGIWJmaggx@TiﬁG NKYHE SY““hﬁ

Volufﬁﬁhii%%%y Potal  Protein PLflhy Yleld Pur-fzomi; f
(m] ) (unlts/ unlts - (mg yan ) unlts':j(%) : ab1on‘:fﬁ
;,ml ). (xlO ) “u,f";_/mg ‘

: Extract

donic - TR f." S _ ”f : R

' ) 10 ot e LE . [ T ™
erude = - . 10 19 242 e‘.E,‘tl - 8] 153 - 100 1:0
f'i’ro‘bamizié* R S o
Sul_p_ha‘i;e 2 e, 962 1175,. 5_7-:‘9 O ‘:,19‘2 93 | | 1e25.

(%Hb')/ "}0 b . 1‘934"2 67 & 4e6 C 291 54 - 19
0=20%
acelone

feiere T w2962 45 0 5900 36 3
:;(“H )2504u | " S - Lo |

The evpervmenhal ﬁeﬁall . Fow %hésdiﬁféﬁént"dgérd%ioné afe;’>f\', L
descllbed in segtion 2 3. "‘: sq '. - o o I
Yo,

-whe aotivmby was measured 1% ‘each stawe by esﬁ&mdﬁlny‘i 7o,

produciion from [1m C] 1y01ne by the methed ﬂcuurlbcd in:.
\::@Qb.!,()n 2 4 aalo Lol . . S




PABLE

s - \ ('
L mpBLE |
S . h .

YRR, GLYCING-SPLITTING ENZYUE SYSLHH

Carbon dLQNlﬁb

(a) . | . Lxbract

o (Bdi‘a(‘(}g ch&,/mlno) o _' s

S k02
Bxbract r‘GQQEmsybmalnu,{’ - o s 753’

TExtract

,A‘ ;:;‘.u..;.'b'gmeti(l ',~",' ‘ S (;‘}6

mx§ga¢t(§l

0

P Y

,(b\' T Humber ox~irce sing~ 1_0¢rbon ‘diowide

a(ﬁ¢14003§ cﬁs/mlni}‘

thawxﬂw oper aion '

‘L

“Onee : 7944
R 2 R ICHE  ;' L 7,005

S5 bimes 44557

Phe ass ag uenﬂltlons and emner&menu-T prou dure TS L
_aéscrzh@d in:.sbot Sion . 2ade 2o 1n‘23m50® ammon1um %ulnhat&f;,.”
foxtramt mont 1n@& }O 0 mgo p@otminfgln T

[

v
\'A

‘ “(a(é} ,bllxty Qi'@nagmg By tem &t j(

R 1f."{b) EC abilmhy 01 @nz?me to froe np and bthawing.
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the ml#tur; wasaéentrlfuéea, The pféclﬁlﬁaued gel was_eluﬁéd
wmmh abg amm0n1um su?pha e and miature @enbr1fmgcdo The 2)-50p
ammonium sulphate fraction was isqlatgdjfromwbo%h,superha%ants. |
. Yhese fragﬁioﬁstQ3@ asséged for prbfgin:CoﬁcentratidﬁﬁdhdL‘
A'élyéine;sélifﬁiﬁg achivity, separatély &nd Gémﬁiﬁede ﬁé éeﬁiviﬁyv5$1 
owas d@teefed‘and alborn tlve metncdﬁ of. purlflcau1on wofe'

investigated.

A 25 5OplammonLﬁm é%iﬁhéﬁé frac%iong w1th added c&ctemne
(O 1 molar) was iracﬁlonully preciplmatgd with aécuuﬁ;;'?roteiﬂ‘
fractions yere collectied at omzo %9 20»40N and 40m60a &meuoncT‘
»concenﬁraticn,-@ﬁ mSO,ﬁwlob and w15.frespecﬁivelyo’The
precipitates. were dlssolved in Q¢ OG?M"ﬁhQ5tht@ buffer oH T°0,
and further frao%idnated.with ammnnium*sulphaﬁe'précipiﬁation
“at 25-50% $a1t séuuraulono The threes frabtlons were ébsayedﬁ
‘,for pio%ein cqhQéntr&tion and glvclne»splitLﬁnw>activiﬁy.'Gnly
the OWQONAEGBbOﬂ@.fraCﬁiOn was active, The quantiﬁaﬁiVé
details of the f%&éﬁibnatién<%re“shdwn in Table 3:3.5.(ii)s

40-~Fold @urification was achieved. L

The acvax y Qﬁ 25B0% ammonium sulphdte iraot:ons, stored
at m15 g r@malned congtant 1ndef1n1telya mxsrgcts stored- at
0° were iqa¢tivéﬁaftﬁr tﬁ@ weeksy extracts kept af 37? iast
9Q% of glycine splitting acti%%ty af&ar 3 hr. (Tableé 3.3.5.(%ii).).
Extracts oontaanng O ?ﬁwsystelne 1085 only 60% of the @étivity
in»ﬁhis time at 370 Treezing and’thawing an extraet-éevéral |

times reduced the adtivity (Table 343.5.(iv).). hcecordingly,



- bulk'prepar nlonq of extracts were storoa in 10 ml 10hs QL

_;15 .

460

&1y0xylate o the Co

34346, CONVER: SION_OF GLYCINE 20 FORxALDFHYDV AND 60, BY

F&RWIALLY kURTlIFD %hTRACTuathF CT O% GLYOFYLATP

A. 5 ~50¢%  ammonium sulphaie extrach whvch conver g glycine .

to fowmaldehyde Bid CO can be used,to;asudy unamblguously,

2

the possible TéiQ 0f glyoxylateviﬁ Gy

éuhit pfddﬂa%iqnm
Ll 4C]Glyuﬂne was 1ncubaﬁed wluh &l yoxylaﬁ& and a

”5*)0% ammonium suTUhate oxtrscu in the pr@ ence of h4PtG EDTA »

and VlPo Th9 élyoyyiﬁhe wa% i&aTated a the 2 Amdinlfropheﬂylm

hydr@yone atb th end of thﬁ 1ncubamiong mnd aSpdyeﬁ fer

act1v1my. The . ]4002

d@scr;b@d 1n egtion ;.4 2. l

produced wa stamaﬁed by‘the method

This‘esﬁimation pro¢éduxe invq;véd the addition of 200

pmmoles oarrlar sodlum ca rbona'te9 SO“iﬁfwas.nﬂt boSsinle to

_ostimate the~sn@cifi ctlv1ty of uho enzymlc 1Tv Drodugcd .

2, but only the to%&l countsa

5

Tha'snécifié‘mcﬁiviﬁ§ of ﬁhc glyaxylate, iy 1% bdiﬂhd

L'dLL1v1ty fraﬂ uhe g]yclne 1n ch@ cour“ﬂ ai thu feacﬁlon,

and” 11 1o nlyoxyla%e was praduced from unlhbelled aourﬂeug

:wodl& rise t ;& Haximun ab the Pﬂd oi the 1noubau10n, The

'w,numher of countq thaﬁ cou]d b&ve been bran fprred from the

(..

5 caula sherefore be ealcu1¢uedo‘mt was .

bhe product of th@ maximun’ %peeifncfagtyvitv of Lho glyoxylate RN
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WABLL 3 3 6 (1)a &
Wﬁﬁh“ 6 (31)

U GONVE RSJON Ob GJYL’&B 0 FORHALﬂfHYﬁW ﬁN) UAR“ON DTOKLJL

BY PARTTALLY PURI&IVD mXTRAL““° FFWkFT O A-GLYQXYLﬂTL POUL

'%@eéifié“ac%i%i%iégwfj{Total‘oognts
(oL [ummole/sceﬁ {per sec.)
leiéc]glﬁdiné B
- Initial glycine © 41,300 7 - 78,600
Initial glyoxylate - '
- Final gly@x&laﬁe B V1:

Hax, @héofetioal - . IR .
COo counts Lrom. ‘ e 42
1y0xylste ?003 T ) ' :

Garbon dioxide T 36,900
@w140]glyciﬁ@a'

Taitial glycine . 82,300 329,200

Tnltvd1 plyoxylaue. ::}- o lOf'

Final glyoxylate - S 1

Hax. theoreiical : : -
HCHO counts from : ‘ ' ‘ 157
ijoxyTate pacl - : .

Formaldehyde. - . ', ' a 22,850

kRG&LthH miztures in 3°0 ml, O*Oé?&m@hbsyhate buffer pH 70, -

containeds—~' protamine sulphatq extract (10°2 mg. pxotelnLiFDTA
P1P, 2°0 pn~moles; HpPiG, 10 Mmmolqu giyoxylete, 5 O,ummalea,
and- (&ﬁ indidated) {1~ 14G]€1yclue, 1°9 p=moles (750 ne¢/
wemolely - [3”140 élycjne, 4°0 p-moles (IQ)OO‘nQ/Hmmsle)c

- After ingubation’ (under Np) at 37% for 3 hr., the wreactions

were Jiopgbd by tipping 2 ml.. 2NwHQSQ4 Carbon leXLde

‘and formaldehyde (total eounas) were estimated as
'dasevlhad in gection 2.4.2. Clyoxyiate was isolated and
" assayed as glyoxylate-DNP (sections. 2.5.4 and 2.6.9.),
*Calculations b0 GbLaTR maxe bheo&eumcal couniss from w]y0xyla%ovzl.~
'“.paol are expl&ined in bhe Lext. ' ; -

.. ‘l~2
W




f i“~”“' Lmum amounty -

of glyavylauc bﬁ tmcould havn Bebn pr sent. (1 e, th initial

?numﬁérfbfgséumt$HWas’fav shont” oi the

amouﬂﬁ aduua) "Thl.

gtal couiits sobially. Tdolated : 1400«9;‘(Tabler?)-i@o.‘(i)o@);q‘

ﬁn ox&ouly alﬂl?ar &1tuah10n was iound‘

in the caﬁe of -

o _ i '; 140 Tn this

]fqvme]dehvde DTQduCulon irom LQ jﬂ

‘aneemmant, ?YGQS% HthG was usad to mram the formaldehyde

A L
o ‘ g B

"ngadumed but ﬁvan 80 uUmQ was Lurbher 0x1&1zcd5 8O Lhe

.....

ripur é hown fgr Lh _ C]formﬁldoLyde un at cuunts w0u1d

i

f.h vc huen even’ grsater 1f'uh1s ox1dat10n had not taken pJagea.  "

(r él.'blc’ )a Ja 6@ (ii)o) s

These regulbs, 1n congunculon w1th ﬁhe earller wovk

analldaue any abhemu ior %he oonver iion of w1yaino o

;_4formaldehyua wnd GG v1aJLhé 1nberﬂud1ato iornahlon of free

'~glyoxvlaten‘f

3,3,7, sp:m;-;m%omm fi'L‘}xY o Tm R fnm*;{oim -

G- .

N Befgro deszgnang ail expé' heﬁt;to.determina.%h@

\

'sbovbhlomemry of %he raautLQn, some oi bhe Eund mental“a”

propernieb 01 uhe system wera LﬂV@bo&g&budg vigy (1) bhe

ievts o? vamzoua comblﬂatlons of eofastora on %CO nrcduct;onf_ﬁ&»*v

. from [1m 4G]glyc1ne by a partlally pur1¢1nd Oxﬁrdcﬁ, (11) the
14

varlamjon Qi
}]A

1C0O, p?oduetlon w1th time, (iwm) the V&fl%ulOH

CO8 pvoductxon With Gnayme GOHQ@HtT&thn? (lV) bhe

l g§, varlat¢on of 4002 productian w1th l;m L]glyclno concentrmbmon,_:

Tr




e ,‘f7 TAPL 3.J 1. (1)

. PQNVLH 10N_015GLYLTNL RO oo? BY A- PQRTTALJY fURLbJPD I DRAﬁT%anwf

" LOWEO“OR REQUIthENT“

Cafbon dioxide

j?%}?$??2§ Yo (Bal4003s ¢ts/10 mine) o

Rl 0 oitie 8,200
E4Pféff‘- : o 51'2‘41515' ,
WADT =gf;;-\‘2f:i:"?§“? - qultf&#

g P]."P *{XTAD-i o l - 9)30«'{”",,
.ﬁ4?{G \TADI ’ "fgw‘i 2 4@0 LF

o PIR,EIPRG ff,_ ‘. <V:‘f;«~934Of¥
BT 30 H4ngg Nﬁj W "hgi: 113,530 0

.~7:Whe reactman mxzturab 1n 3 {¢} ng O 067m—nhoaphahe el
- buffer ‘pH T 0, contuineds— protamlne gulpbate~trsated . S
- extract (7.9 mg. protein)s [1m14c]giyczne, 5:0 n-moles
‘\Tbo‘pb/mmnole\g and’ (&s indicsted) BLP, 1°0 n-mole;
H P3G, Leo nsmoles NADT, EoOinﬂmolo; The tubes were
"1ncub¢ted at 37° for 45 mins: Collacttan “and d say of
4&0? are. des ovlbed in section ?.4 ? 1. ' -
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140, PRODUCTION FROM 1-4C GLYCINE BY 25-50%4 ANMONIUM

SULPHATE EXTRACTS

ots/min.

xlo'3

g

(1)
2 k
60 120
Time (min.)
cts/min,
)clO“.3
bt
2 t J///'
(i11)
1l L
\ \ \
2 4

Glycine conO.»(Pmolaa/aseay)

Variation of 14002

ots/min,
x10™3

(i1)

10 20 30

Protein conc. (mg./assay)

cts/min.
x10-3

53

pH

production with (i) time, (ii) protein

conoentration, (iii) glycine concentration and (iv) pH.

Assay conditions and 14002

determination procedure are described

in section 2.4.2.1., {(protein concns. (i) & (iii), 6+8 mg./

assays (iv), 8+1 mg./assay.)

FIG. 303'7.An
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and’ (v) the pH opbimum for g0, productibngﬁ

2
© The oofaotor'reguiraménts for the reaction, using a

25-50% ammonium sulﬁhate xtracig were similar to those

© . previously obs served uminw crude'éxtracts (Table 3.3.To{1).)

The r@action»ﬁréoécds5ét‘a constant raﬁé for more'ﬁhan
an hour (Fige 3.3 Te Aé) and VdTiGu dlreculy with the protein
conconLratLon of the QJMQO% ammonlum su1plzte-exnract (between
the 11m1tu 0 and 2A nee pTOuLlﬂ) The enzvme ig BabuP&LOd
with»rsspect-ﬁo substratg_at a glycine concentrati@n of:}
0°25 n-mole/mg., 25-50%"aﬁm§niﬁm sulphate extract protein

(ﬁj;)o 3039701}.0)

M~Phosphate bulfers of different pH were prepared.

[1 u1p3y01n¢9 GXur&0h9 } PG, P1P aﬂd WAD " in l 1.

4_

0067 i~=phosphate buffer pH 70 were added to 1<% ml. lots

of u~-phosphate buffer.oflk§hwﬁvpﬂ2 and the 062 production
ssayed in the usual way (eecﬁion 2e402,10). Whe pll of 10 ml.

. 0.06Tii~phosphate buffer pﬂ.i'o;gd&ed to 10 mlo'ﬁephosphate

Jbuffér pH 535, was 537,

The optimum pH of the reaction is T°3. T5% of the

moximum activity is rocorded at .pH T°0 (Fig; 303cTohe)o

further investigations could now be carried. out using
conditions where product formation was proporitional to reaction

rate, and where the reaction rate was limited only by the

absence of necessary cofactors.
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*@;ﬁ;;TABLE73q357a(iiii

CONVE RQION o &LIGIR’ 20 FOLﬁALﬁ?HYD@, @Nu AzroNIA-f
BY A PAFTIALDY PURI?LWD WRTRAGTG»STOLGHTOMLTR! AND
t,eb A(.:'I'Qh R}m mmfmm‘ 5 e L

EEN
s :

A Giycine Garban dﬂoxzde Eofmaldehydm ~Ammbnia

Addlﬁjens rr@maved ‘ Lormcﬁ f*ﬁf - formed . - formed

(pmmolea) (pwma1Eb) ‘f(ﬁQholeg)‘ (pmmolas)

bt ’C]&lvclne _ -Z;?Et , ;,L ¥ ;;: &8

PG, | p1P, Nmﬁ(i) S LA ,,, e o
T B O‘LV~5‘;1>“0;1" . S L ioe
pip Lo t1R8 168 )
5H4ﬁtG o Ll;:?f;@ 2<:f?$%4 -ggi“: J;?:J{}fyuik; 025
P1P, NADY . . 109 5oL 1eh ST e ",1-“":71-;*,1-&8
hdmug ;Izm* SO .-f‘{_.’-. 02 | .., 5 0e3 -

B I R R
1331-*9 H[me, IJAJT“ 3 8 Joleg = o 1.8

1

o [P G]glyclnb

‘"“’-‘;H,Lpi,u 3911) Nmﬁ(l) |
. - . o WWO:'¢f<'
“‘Plp H@PL o .~;gigg RSN TP R ;¢0v37 T8
P1P, }541%(, NAD 1904 T 0e3 e

v

fo:r S 18

(1) eworacb haaueﬂ u@ 100° for l) min,

RO“GEAOH mlxture 1& 3 0: ml Qe OG?ﬂwphosphame buffar pH 7 0,
containedi— 25-50% smmonium sulphate extrach. (698 mg. p;oueln)
- and (as 1nd5¢atcd) [1m146]g]yclne, 50 p=—moles (750 pb/nmmole)gf
o ore-ldgglycine, 4e O‘n»moles (15 mG/m-mmoJe)g PIP,. 30 memoley o0
o HAPHG, 1e0 pemole; WADY; 1e0 n-mole. After incubation under N2
C ot a Sf’ for 4% min. reaction stopped with QNNH45040 Asmay
N prqcpdurqa are descrlhed 1a sectlon 2ol 2. ana 1n the texta




73‘:'anct -CO

ﬁo de ermineg “the stclshzomeh?y of Lh@ r@%cuion7 400@
- [ 4

v

formation was measmred’aa.d@scribed in,section 2.4.2;1a and
"’14 q.2 . 4 3 : i, ‘A (Y N ~ "]‘4 .

| 77C Jformaldobyde as described in section 2.4.2.2, L C]giyclne
disappearance was estimated. thc achlvsty remaining in the
&GAdelﬁd reacixon mlxburea dItOT 5ueam dlmt131ataon9 neasgured
by plating known fractions of thg»total at infinite thinness
and hoting thanpxéportion of tdtal counts which disappeare&.
Ammonia was estinated Ln the aoxdlfleu rﬁactlon nixtures as

“desoribed in’ %ecﬁlcﬂ 29 °2 3e Th@’reuulﬁs axre eompilcd in

‘ Webl9 3 7o (xﬂ

”Far\aach mole%éf‘glycine‘%hat is metabolizéda~one mole

70* carbmn leTidG and on .maim of dmmonla are 1jmcfated

kN

T To TMdJuchvde 1s pra&ucod bORCﬂﬂLnujy? probably moTo LOT nole

”'hwihh %he COgg&HQPtG and PlP atimulata thg Tﬁﬂﬁhlﬂﬂy but NAQ+

whau no foQGts

03

08 fo 3:m<3] d,t,hy‘de and.

ammonla from g)yclne by thn gJvane qul tlrg enzyma systom

It agnears that uh@ l1beration GL LO

_denendb on - th@ nre encu of oo»h H ?t& and PlP‘ ir the overall .

4

f—readti@n repyesenﬁu o’ or more sLen y then thetfirsﬁ step,

liberation'bf CU% on 11bera ien of meOﬂT& would most likely,

by analovy w1th othev reactlonp “be PlP dopendent (of. snell,
"J3961)a Tbe 5900nd stepﬁ llbevatlon 01 ey Olm unwt would be

";H PtG dependont (cf Jaenlo} 1901) IL noLh ammcnla formatlon )

A4

formatlon are., dapcndent on H

2 oy

\V@ral} converszon of g}ygine Lo ammanlw, LOQ and a Clmunit
tﬁ.

PuG and P]Ps kh&n thu

e

-K“ﬁﬁ N : 139 -



U 40
R S ABLE- 3 3 8 (1) & |
- :,lr.'lff&BLM 3 3 8;(11)

-x_;camvrﬁaiaw OF iict ¥ ﬁo co ANn ﬁmﬁONLA ﬁY A bBPHﬁUﬁwaf’
’ ' 'm\wmm W TMGT mﬂs«w c}zﬂ 1>11> )

B

4 P1P supplement Oarbon d?ledL S Ammonla df)

(ﬁ%ﬁdiég) - : (B;14503;'Gtu/mnn \ gpmmo]en) t

) E‘d;i L miiem . oeer
090001 L 1 40?]’\;{ Ce Cle04
0401 ‘ C "3 92’%;:‘;' . e 134
05 e 2036

i ~::iCOer‘z¢ L0l 0T GLYGINE 0 (‘Dg AN .we@m\rm Bt ﬂt@%xpﬁ;{m-; ;

| f’ Tzzm'm;‘) LK‘DRMT ‘ w‘m}* or. 124:9-&;&»_,_

i

ﬁqfu& supplement “&‘ Uarban aiaxld@ ﬂé f ' ﬂﬁmenié‘» w0
»i #(Ba14603, ctp/m1n ) A.:Qﬁgmbles)ig AT

Lummales)

0 ;' ‘*V‘f:jis:-i;i‘.aef; S AT Y 2 R

ﬁfV}%OfDéol pﬁf‘&fi‘“f'i 259394%ffiuE?‘, - 1 éiv o

Foeol, et e gyo10 1
Cdeo oo T 3e190 o T3

e

?Reacmion mlxture& contained in 12340 ml. O OSIWfphosphaae i
buffer phi- 70, Gontainods= . semhadcxmurcated9‘25w50ﬁ ammonlum'“

A ﬁulnhate extract (10.07 mg..pxoteln)g e 140]% yeineg,
500 p-moles (750 pc/m»male) WADY, 10 pemoley and PIP, 1.0  :
‘ wmole HAPmG Le0 y-mole . (or a8’ 1nd&uaced)g After 1nnubatzonam
50379 For .20 minw, undor njurogcn, the reaction was :
Lopped by, Llnplnn 2 m], 2E"H2q04. Carbon dioxide and .

L ?ammonlh were sssagmd by mbe methgds dcscrlued Ln sectlon o
”Tﬁz 4 ?u ' SR : o - ‘
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whb be env1 aged as- a ulnyle ccmplow reaction. Tt was therefore R
impcrﬁaht 0. dotermlae thc exa0t 1 auuro of uhC 1nvoTvamenL 01

™

thema.coiaciors'in glycinefcat&bblimmigby purification of ‘the

4

“which partS'of'ﬁha reaction;havevgﬁ’absolump cequlromanb for.

enzymg“sy'. e - ifom-tr ce &mount ‘ PWP and H PtG and shqwing

s

both eofdctors, LS PR

303,80 u)"HnD AYTnyﬁrnaNm

25%50% Ammdnium'éulphaﬁafékﬁraét (lgimlo)’was passed‘
thfdﬁéh O x 1eH. vmo column paohed w1th Sepha dev 67), at 0°
f‘he prohc:n wab oluted wl%b O OéfumphObphdtQ buiier pH T°0,

‘aqd‘the-slnvle paah collootcd 1n 12 mla

Ty

The ac% ivit ies ofﬂihis exhraut were dutermlned wlth TeE pecn CL s

to CO? aﬂd ammonla iurmau:on 1n bhe pre:enco 0 eXCeBs HAPtGh
and*incrvn ing amouhﬁs;of Pl?,nand alsd'in the presence of

e '

.@kGO"S PIP and lnoruaqanw amounﬁ of H PLG The -experimental

‘ : AT
-q'deb 11* are‘dQSCribeQ'inxaection 2 o(oln and 2.432°3w

s

e »1wmeoﬁh 003 aud'ammon1 produpulon (opﬁnd on the concurront

ﬂf aano@ of traue an ﬁunn oi H, PLG and:PlP (Taule& 39).8 (L)

‘‘‘‘‘‘‘‘

.;_.,

e

- and 33 8 (11) ) Whe requlreme

'chasg'cofabtors probehly o ypla1nu th@ bdckground aobxvxty 6f AT
an extroct purified only tb ﬁhis exyent,_in»the absenoe‘of qdded

»eiiherfﬁ4?t6jor PP,

©3.3.9. GLYCINY OAtJumiom boUvLmﬂ‘ﬁo bﬁ ZYL VIOLOGEN RiDUCTION

Phe Gverall conversion of glycine to formaldehyde,: ammonia
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PIG. 3.3.9.A.

~nAnn OXIDASE ACTIVITY

B340 n '
(25<50% ammonium sulphate extract)

-e-o *————e ® . -
1.0

°
005 b

»
o
\\ o . . .
5 10 Time (min.)

3

Reaction mixtures in 30 ml. 0+06TN-phosphate. buffer, pH T+0,

- - ocontaineds- NADH, O+5 m-molej and © - 25=-50% ammonium sulphate
\kﬁiextruct (1 6 mg. protein); ® - 25-50% ammonium sulphate
 extract . (houted to 100° for 15 min., 1-6 mg. protoin) The

mixturea, in quarts cuvottos, were incubated at 18° ', and tho
f;ﬂ'noactions followod by measuring the oxtinctionn ut 340 mp.




Us ¢

;and*GOé.?eprP%ean an ox1dau10n. Lytractb of olplococcus

3

Egycinepﬂilua (Sag@fa*and Gunssiuug 19019 LTQanﬂd uahevsg 1962)

: uhlllﬁﬂ gly01ne as an elcctrom donow in th@ yrp&enc% of -

‘14Pth9 F]E “and NAB :,and a Law pomennlal dyo &uch as bunZJl

vlolawen. TIQ bcn&yl vxoionen is reduced whil@ the glyeﬁne is

cnnve?ted 1o hydv0$ymethylmH4Ptb an& LO

oot

Uﬂll»@ ﬁhe ﬂlp7000ch;751vc1nophliu% syétem, par%iélly_'
v 5pur1i1gd uxtraf;s ot«h; ﬁ&i& PALYH are hot dgpéndénﬁlon:%hé_
preg@?ée.éf added’ﬁﬂ? ‘forithé produétipn of QOE gndfﬁrmaldehyde'
fﬁéﬁﬂéiycingz(buﬁ thaﬁe-exﬁrao%s contﬁiﬂ an active Nﬂbﬁfdii&ase;%_
:figﬁ:303a9?ﬁ;)f, sa.:m more . 1ﬂformatlan about the nature of

& e

the oxi&a%ion accampanyinx gjyclne pliﬁtingg cxude apd

25 50y ammonlum bulphaie gxtracts ueve 1neubated wlth leclne, .

v

*benzyl vialogen and various ﬁombznaorons of PtG P}P aﬁd N&D

4
The pnrnle coléured reducéd;form of ben ,yl vwolowen is
pld]y oxidized to the uolourles fofm by atmospherib"

-pxyggna Accordin@ly@ 11 purt 'of’ﬁh@”reacﬁioh-miﬁﬁures'wére

eI e

{ﬁomwg@naaud under reduo&d nressﬁrGQ Fnd the lnﬁubmnméﬁa“
.perfarmed’under vacuum 1n;10fx_120 @@; ﬁubes desmgngd‘iéflth@_
ZJUﬁicam #P600 sPedfrophéﬁbmé#éf; sealed with rubserjﬁubing and
aAscrgwmglip.:'Aaﬂitioha wéfé m ade wltn a hjnodermlc fbinge‘
thfou;h ﬁhe;rﬁbbew The rpduutién of. benzy) VLOTO ‘:wéé |
fo3lowad at 37 by mu1°ur1ng uhshsncréase in ex;;nctlénxé

555 mF (= ocuzon 2adle s 4 )
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1-0
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1.4

1.0
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REDUCTION OF BENZYL VIOLOGEN

(i) ‘crude extract
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(i1) Sephadex treated 25-50% ammonium sulphate
extract
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FIG, 3.3.9.B.
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© REDUCTION OF BENZYL VIOLOGEN
' PR camp@nnnbh of the systems 4 iu %rmbaaain bhe granbb--f
L ATes " ST .

- mXﬁf&@ﬁg gl ycine9 NﬂD R P
. e o
= eRIYacT, 51;&Ln@9 WAD

axﬁr%ﬁégnglyaznab PIP,

oo Wb e b
H

= AL ’
:‘ﬁ;Auxxraaag CHAD S, FAP.
; i -%‘;eztraaa?fﬂﬁﬁ'e
y =" extrvact, glycine.

Tn@ fe Gtiﬁﬁ mixnur@a in 3“0 mlo G Ob?xmphosphat@'_
" buffer; pH Te O, GOﬂialﬂad*w" h%ani viplogen, De Q_pmmglaﬂv'
S and: (aq 1nu;naﬁﬁu) extract - (genis crudo, 125 ng..vroteins
‘J_w)mgd, Zumpnivm sulphate, 6.8 mp. protein)y glycine,
S °O‘Mwm@laag K, ?b? 1o Q‘gmmalbg PIP,. 2¢0 pemolesy MADT,
‘ag* ‘G°d‘ﬁmﬁﬁltuo'yhﬁ fiixtures ware 1&@uh¢%ei at 37° under

anaerobic Gonditions -and the. TQ&B%lGﬂS 1@110&5@ oy el
‘ wuauurlnw Fhe ehs nmob in extinctions 555 mu. The 0
odeta li% wre &bnc“ihn& 1n‘ﬁacben- °4 Rgde T S
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H4Pta;591P and NAD+ are,all‘feguired td’eouélé 6 oxidation
of glycxng o h@mzy1 v1o3open reduction m% thé-maximum'raté
(Eigu 3a399nBéJu When 1? is omitbed (Oﬁw)Om ammonlum uﬁlphdte
extract) the ra%é dééreaees about 10-fold. hen mAD‘
oquLed the r¢b0 decredaes about QOmfold und any fhrthe?

omis&idn causes the rate to f&ll almest to abTO;

s P TR N

Thls presenﬁs-a Ganiuslng su.‘tuatlone HAD is requirved for
the r@nofor of clectroms Frow ?lyblnﬂ to beng yJ violog ens S
but annarennly,_lm not requjred foy the ompleh catabolismxﬁ:

0 glycine to ammonia, CO and formaldehydgg

Py

343,10 INHIBITION OF WADH OXCDASN: aHA&ROHTQ CORDINLONS OF ASHAY

One immediate difference betwoen the assay of glycine
oxidation by ammonia, €0, and formaldehyde.production, and
« . p BHA LormnK _ P e

the assay by coupliig to benzyl viologen reduction, is the

shrict anaerobic conditions necessarily employed in the latter..

in o pard 3@11y‘pur3£Led wel1 dmalyzea @%b&ucu? %hé,onlyﬂ
'quanczb t:voly u;wnlflcanb elec%r)ﬂ aucentor &Vullubiﬁ 15

. malpcular oxygen@AIn the‘praseﬂce of hbmoénherlc oxywen

f}ﬁhﬁﬁ is rapidly éxidizea to.ﬂﬁb (les. 3 3 4 A dnd jeg ) Ao ),_

by crude and partla1ly purjfled Gxtractss

© The preces dlnw aszays of enkyme aﬁtivit"inv01Vihﬂ H,P4G

~had been carried~out under an atmd%ﬁhéﬁanoJ nl*“ogen to

prmtent the h4ft& fram 0?1d tion. The assay mixbures though,

had not been 1x@ed irom dis qolvadvoxyggng.andhthié oxygen

L




' *(about puma]e/ml )9 r@ﬂeneratlnw t wbalytic amounts of

e glyeine. oxidationy

A procadura wa %ﬁéref@f@-aﬂdpﬁeﬂﬁio_exclude al? oxygen -

1rom th@ rew ot on mmxtufcma The modlilpd mhunbar;ftubés wéré

.\_z

“set. up w1uh e mﬂ‘mixtures' duart“fxﬁm enzﬂme and H fi03 an
L T : S SO S

fLQBO len, EJmH Q ‘Lﬁ the othcv 19L<mnd ?le“OU containiﬁé

uwﬂodlum dJLqiun1uL 1ﬂ Lh@ cana The bube& wcra rene ted]y e
e, o evﬁcuuted aﬂd flil?& w;th Qxyyvnwlﬁee nltragen,\then left

OV?THI hb to al10w wny oxygon r@maxnln to_b@ absprbaﬂ hy

e

O -the» Lkallne élhhioﬂlteo:”

Tho eyurastg deoxvgenated under raducad pre bvre; an&

X
v - B

h PtG wefc dded 1n 2 faﬁld eperatlcng %o the Peébblﬂn m;xiure&

'iﬁ‘ﬁhe;tuheao The'tuﬁes wgre immeﬁi&tely évaCuaﬁe& and filled.

ey
e
v

’ w¢th nyganwfrv@ nitrogen.
{ th@ end cf Lne anuhatlan vhe re&otlon mﬂxture SWETe
'aclajfled by L&pplngs ifﬁp; iurﬁhcr twa hours9 ;arrief»

14...
4863 trﬂpai wh&ch

wcarhonat@ was” added o alkalinévdi }ioniﬁmp

X

: WETL then %raﬁ%f *“ed o one oi the leg ccmpartmhnhs of

furthéx modiﬁied Thuﬂbeng%ubesg

e "

: ﬁarlum althwunlte i Droclnl atad whan Hablzﬁ;s a&&ed“%og

dlkallnw-&o?utkon of bmdlum dLEthMltGp znﬂ 1L was therefdré

necess&rzltoysap@r Ve the dl%hinnlte and mha G rmmndtn beiov

‘greﬂigitaﬁiﬁg‘ﬁﬂe Garbonate'as theuba@ium;$alf for countig#?;'

[ -“'* L N

?tceSﬁ ¢@tufa%e& kﬁuO - was addedrto the mixed alkaline ©
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’FIG. }0;}-10..&. , o

" NADR OXIDASE ACTIVITY

'\(ih the preaqnéé & absence of 02)

350 -
1.0

S -y S

°
O-5r
0\
‘°M°——°--——°——O
5 Time 10 (min.)

Reaction mixtures in 3+0 ml. 0.067M-phosphate buffer, ﬁH T-0,

containeds= NADH, 05 m-molej 25-50% ammonium sulphate extract, (0+8 mg.).
o -~ aerobic ihcubation; A& - anaesrobic incubation; @ -~ extract

heated to 100° for 15 min. The mixtures, contained in 10 x.120 mm. glass
tubes (designed for the Unicam SP600 Spectirophotometer), were incdbajed

at 160,,and the reactions followed by measuring the extinctions at 350 my.
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CTABLE 343,204 (1),

' GOWV?R ION OF GLYCIﬂL TG LARBONHlOXTDP BY PﬁRTT&LhY PURIFIED
FXTRACT&, UNDVR ATROBIC ANB AWAﬁROBIb LONDT“IONu@ “FFwCW oF

) NﬁD
hesay "!J“ﬁﬁdiﬁions : Garbnn dioxide (Ba 40039 ets/min.)‘;

con@;tio%g - Fﬂpb. 1 ﬁxptg 2 iExpt;'S
S - 18,723 3,617 8,570

‘Keroblc - AL S A
wapt . 20,220 . 5,520 21,703
B - T,742 0 849 2,063
 Angerobic R N PR , T
WAt 12,500 . 2,879 . - 6,861

Reaﬁt;on m1quros 1n 3:0 ml Q- Oé?ﬂmphosphato buffer pH T-0,
anained*m»v 5m50p smmonium- sv]nhw%e extract (B°lmWTDi@lP

Bxpbo 1)5 i ephuduthfedta& proiamwne sulphabe extract (3°2 mge.
proteiny Expi. 2)s Bephadex—treated protamine sulphate extract .

(10+9 mg. proteins Hxpt 3); [1m140]bivc3neg 500 memoles

(750 ﬁC/mwmola)g P1P,; 02 pemolej HqPHG, 1- 0‘ﬂ~m030“~dﬂd

(ae indicatbed)- WADT, 50 u-moles. The assdy procedures for

Caserohlice and dn@GTQBlQ cand1tjonr are. described in section

2edalolas Aiqura% Weve Jncubdted at 370 iaﬂ 4% min,

'5» .
vt




dluhlonluemcmjbonabe so]utlons to oxldlze the dithionite to
wu]nh ueo The su]phqﬁewcavbonato solu%ion.was_gcidified by

2

in the caps. Thevsoﬂium carbbh@te, So*ﬁrappeﬂ, was gounted

T

tipping 5N?H§$OA9 wnd the 11berauod CO WS absorbed in 2N-NaOH

as chosras'défqriheﬂ in section 2.7.2.

.

~Tﬁépéa%efof'§ADH axidétién”§$zé525-50%:ammonium sulphatve
extract iﬁia d SOXY S enated reacLlon miﬁﬁure’under gxygen--free
nitrdgeni@aﬁ‘m@égured by fdllo@ing the decrease in extinctidﬁ
at 350 mp in a 10 x 120 ‘mm. ﬁvectrophotometer tube (cf. section
393,9§Athése tubes were desi ned far thb Unicam 61600
spectrophotometer which cénupt}be used at Qavelengths shortéﬁ
than 350 mp. The reéction shoﬁl&.ﬁave been-follpwﬁd at 340 mpa).
TheAacﬁivity-df the extractAuhdéf thes € cond1t10n89 with

respoct to WADH oxidation, was small (Pig.. 3+3.10.4.)

Thefglycinensplitting enzyme system was asu<ved under

anaerohicicunditions (as ezplalnod above) by measuring

J4C02 pruductaon from [1» L]wly01nc, Tha rata of 14“ ?

farmamion by‘a 25@50ﬁ ammenivia sulphaﬁg extractuin the

presence of JdV tG and P1P and absence of wmolecular oxygen, .

was Stimulated by ihe ad?ition‘of Nﬂﬁ+A(Tablg‘B,B.lO,(i).).‘

The weaction rate, however;;in4both’anaerobic assays (w&th

Sy N . o
and without NAD') was lesc then in comparable acroblc 2EBaYS -

(rable 3.3.20.(i)s).

Thé,experimen%'was repeated with,two different preparations

'of Sephmdevutroatud, pfoﬁamlne qu1phaue extraots and a similaxw



'ﬂ”“15;[j

:

“pattern wap obiained (% able 3o 3.10 (1) Yo In zddltiom, in
th@&a_experiméhﬁs +he addgtlcn é HAQ Qﬁlmulmtad 002 pr@duO%;on

under servobic conditions. Thisnéffect'had previqusly?been looked

for, but riot founds

L e :
It appears that NAD is lﬂVQlVOd in glycine oxzdatlcn by -

-

”parﬁia@ly,pﬁiifiéﬁ éﬁtrécts oﬁ“éoﬁubli‘Pﬁlﬁé but the exaét
nabure of the 1nvolvemeni 1% ﬁot cl@axo if'%hé reaé%iﬁn;weré

mely YAD "duppndcnt thé ddnmman o” VAD iﬁ am0uﬁ£‘equimolar
with th@ [}m - ]gljuine uoncentr ﬁnun; -should %110w mdxlmum
rate of Teaction wﬁuthar ox.. num bhe-syqtem is anaarob*bu-

‘AnaeronLv cond1t3on%s howevsr inhibix‘the-reaction? even in

the @resenCQ,ef gxeesg3ﬁﬂﬂ 6

3e3611.  FLAVOPROVELN NAPURE OF WHE QLYCINEw l] LEDING BNAY S

- I the eﬁzymg& o engyme syst@mygiS'flaVDproﬁein iﬂ~."
néﬁure and caﬁgbduplé"the oxid txon Qf wlycine direcﬁly»to

" the reducmion of mﬂleoular oxygengethh out uhﬁ medldblon of

~NﬁD dnd %ADH ox1dase, $hoen anaeroblc 1nhL01t10n af the reactwon

Hm .

\lln the. pr@sanne oF Oxc 286 ﬁﬂu ;'coujd be underqtoodo

vl

Prledmann and Vennoaland (19;6) purlfiéﬂ the enzyme, " . ty#*

dthﬂTOOTleG dehydre DﬁabP, from ﬁymob%c%avlum ovoulcum,
and gh&ract@r med mome of Lbs propermleuu mhe engyme 1is a
' flavonromcln Gontdlﬂlﬂg equal dmounts-or riV and FA and\iﬁ

ks

cmtdlyaeb the f0110w1n re&0u10n8='(1) reduetton oi orotuue

oy NADH, (fi)fax;@ﬁﬁicn of dlhydroowotatc by 1AD? (111\ ayzdaulen




P

a{“jTl 3 301-!. Li}

e

0_‘

LON¥“§L$« QF CLVC Ei TO O,z BEVEOT OF AEABLMRE

2
Ldditicns Corbon divxide
: (Baldcoys evs/min,)
\ s . 7 7 g 9’17
Atobrine | 7,630

_'Re&c%ion mixtures, in 30 ml, Q06Td=phosphate buffer pd T+0
gontaineds~  sonic crude extvact (106 mg. protein);

(1=l glycine, 5°0 pemoles (750 pl/memole)sz P1P, 1e0 pemoles
NAD*, 1.0 p—meleg and (aﬁ_ladlcayc&\ atabrine, -50 pmm@l B
The mixtures were incubated : 6 379 for 2 hr. under aerobic
‘@ﬂndi%ioﬁqo G0q Tormaition was mgsaycd by the method 6G9bribbﬁ
"in section 2, 4 2ol ‘




of dihydroorotate by molecular oxygen, and (iv) oxidation
of WADH by moleculsr oxygen. The authors suggested that all
these reaction were catalysed by one flavoproibein, or two
flavoproteins in very close association,

If the engyme associated with glycine catabolism in

Be coli PalY has similar propertles ito dihydroorotic

dehydrogenase of Zymobacterium oroticum, then the relative
A PSR C e s
effects of WAD and oxygen will depend entirely on the

particular rates of the reactions involived.

Ababrine {(mepacrine) im, along with other antimalarials,

a tlavoprotein antagonist (Mladinaveitia, 19463 Beinert, 1960),.
. Sy PRI v 9 s - 14 ;
but when added to assays of 00, production from (l-77'C Jglycine,
- - [

no inhibition was observed (Table 3.3,11.(i).).

Furthar_purification of the enzyime (especially from
flavoprotein dependent oxidation of WADH) would be required

before {lavoprotein propertied could be established.

363,12, INHIBITION OF THY REACTTION BY NADH

A'fufthex_explanatiﬁn, which céuld account for the-
inhibition éf:glyéipeucatﬁbclism-undér'anaerabic oonéitionﬁ
in the pfesgnca 6f_NﬁD+9 G&nlﬁe proposed if MADH reduéeé the
reacﬁion raﬁ@ by-some form of préduh% inhibitionn'ﬂnder
anaerdbi# conditions NADH willeacqumulateg'but not in

the presence of molecular oxygen.

"Egldc]glyciﬂe ﬁas‘incubaﬁed with a partially purified

125
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TABLE 3.3,12.(4),

CONVERSION OF GLYCINE TO GO, BY PROTAMING SULPHATE EXTRACTS:
NADH INHIBITIOW

713afbdn_dioxide
A.(Ba;4GQé; ¢bs/min. )

Additionsg

wap® | L 6,832
NADH, WADY L T9T
wapu(i) 6,

l‘( ) nrelncubabed nb 37 w1bh seration
(bcfevc the addition of [l-l4¢]lglycine
-and HyP1G) $ill %he extinction at 340 wp.

showed complete oxidation of NADH,

Reaction mixtures contained, in 3 O ml, O oérf-phcsphate
buffer pH 7e¢0i-~ protamine sujphate extract (81 '
protein)y - [1« 40]glycine, 5¢0 p-moles (750 pC/mmmcle),
P1P, 022 pemolej HyPHG, 1-0 pwmoleﬁqnd (as indicated).
NAD* 1+0 pemole; NADH,; 10 mp=-mole.- The tubes were
incubaued (aerobic conditions) at 7% for 45 min., and
COp produa+;on ggtimated by the procedure described in
sectmon Pallo2ala

The mixture Gontaining: extract,jglyoines P1P, HyPtG,
NADH and NAD™ was prepared in duplicate. One was
assayed for COp production (see sbove); the extinction
of the second (prepared with unlabelled glycine, and
similarly incubated at 37°) was- folluwed at 340 mu. The
NADH in this mixtuvre was complately oxidized after

56 min,




eitraé%ﬁhh#PtG PlP and ¥AD© - the pr*“ence and absence of

ﬁﬂ@ﬂli 13(0? pwoductlon va%'vcduu a by 90”.:hoﬂ DADH was

ndded ( ‘shle B.Jal (1)

\

F wceuﬁ Cﬂuttl dnd 3aplqn (19613 reporuud the presence of

i

inhibi%ia mqteylal LH commarcla? wrena 1L10n oi'&&DH,

'.m

eﬁpeciallyfafter'prolénged_s%Uragéo

“To overcome the p@syLbility of inhibition of this
nature, éﬁ%rae%g Pl? and NADH were aerated at 37
thﬁ extlnucton of the solution at 340 mp. showed the complete
oxidation‘of NxDH l 4&] 7ygjﬂe wnd.H BtG were then added
“to the rcau%lon mlxbure in a modlflcd “hunbgr tube, and ‘the:
rate oi LOQ prcductlan measuredo lhﬁ reactlon was noy

]nhlblbed by dny compounds remalnlng 1n uho reactlon m:xtur

dlier abx&ﬁlOﬂ (“ablp 343 12 (i) )




156




Tn grawing‘ﬁ9 &ﬂil glycine G-2 is converited to Cy=units

at’ the oxidation levels of formaldehyde and formate, whereas

under similar condiiions formate is wutilized for the synthesis

]
1)599 Plbbsgubowarb and Crosbiey: 196]) In the rat, on the

of C,-units only'aﬁ'the oxidation level of formate (Croshic,

other hend, forma]dehyde (Hamlllg Hcrmann, Byerrum and Tairley,
1956) and formate (TQ%%GTQ Volkin and Carter, 19515 Hannell
ond Kossiter, 1955) will serve as precursors of Clwunits at

both oxidation levels.

NWSQNmIOgmGﬁhenyimH PG, apnarent?y, is not ?odvced to

W5, Neel0, methvlenemﬂ PG in growing B. coli (section 3.1.),

4

80 any pathwayqu Claunit formaﬁion from glycine must provide

PiG by a route not involving

4

for the formation of methylenémﬂ

the methenyl derivative, i.e.

NH2°CH?°COOH —_— "H°CHO” —> "H.COOH"

Aﬂsghemé which,fulfils this requirement wos suggested by

Parebsky and. ”erkman (1950) to dccouuﬁ for the camab011 st of

slycine in &chromcbactero

NHTUHQ,'GGOH >  GHO.COOH —s HGHO —> [H.COO0H

The 1nmermod1ﬁuo particivaiion of wlyowylauc was sugaesied

‘WLuhgut the pupuorb of. oxvcridanta1 evidence,

The‘conversion of glycine to g Jy oxylate, however, ccéurs
w1d@1y Ln nouureg and undcr the 1n17uen » of soveral different

‘enzymeso Iin Lhc 11ver &nd kldney of anxma1 glycine is oxidized

57



b-i;and Wawnaf' 1952) I "C ‘  f”3"

to wlyaxyl&te bv the flavopvoieln, 1ycwnL Odeabe (Ratuﬁr

={¥0911@ ana GLeeng 1944) qnd a sxmila? prthy nrob bly

';apbr&uos i P Oudamonab (Gampb011 19551'Gail y and Da$3oy9

3 -

9)9) 1ﬁ ﬁvgaaabu@r1um ﬁuberculos;v Lh@ oxlda L broughY

ifiabout by +hc NﬁD dependem glyelne dahydfogen S (Ga?dman 1

L

1'wilgbng'Kiﬁ’ and PUTer (19)4) ropor ed tne presence of

a %*ybiuewfwaxaw}utarate aanQqun fora slln”drudefexmraCts

B

4 of pl&nu seedlingsa The exmvac%gg whlch als@ con &inad glyco]la

'_Qxidasef( ellteh dﬂd Ochoae 195%% eifogted the' ovevall
"1;$onverslon oi llw nglycellaﬁe (v1a_[1 4@]@1yovy1a e) 0
"1(1m1409 W] 1y01ne, in the preoongo a r )N]glvummdteg &nd

“c t 1 edi ne f0£m&b10n of [ 01 1utamate fr@m [ b]?—ox@n

ﬂglutaﬁa@e ﬁﬁi he p;esence of wlvblnen

.;“thy&igfﬁfans&miﬂaﬁion of gl&cxylgﬁe_amd'glnn&Maﬁe has

ﬂld)heen renurtod in rat liver bkuf&CbS (meluter 'uober; Tlca

'[:agd Frdéer= 19)2) and in Preudamon%s (Campbell 3956)$ and i

-?ah auwgebhedxhhat the oonverS@nn oi vlyp1ue to glvoxylatu by

&

a- ﬁransamlnauion ﬁTOQL 5, 18 the first uep in the a 1uau10n

1301&& to zorm@ie and GO hyviétiliVerﬁ(ﬁaKadajand

2
Weiﬂhou&eg 953)

1

Clmuﬂlbu ‘ave. fnrmrd i?om glyplne by uhe scheme of ﬁd?&dd

. ‘fand ﬁalnhouaog buu Lh pathuay C&nﬂﬂ explaln the ob QEVatzons

N

L,

L 33;13 un?eds & Luruhcr shep *s 1nur0duced -the".




EN

aoxidation,level_of formdldehyde \% e pa uhuay by 'then aimilar

to Ghat susges stod by Fa Peheky vnd e ;mano

[

" The: conversion of glyoxyl&ie:to fd@’qlﬁ@hyde and. €O, wea

2

l??

‘Qo %uTaLvd hy &ra}ow and“Barkuliﬁ g19)C) o explain the glyoxylete

canb Tjtx @ fQﬁCtLOHv Tho TO&OulOlzT d Jendent_qn'the presence

Cof thiamine diphosphaﬁe'(TPPF and'fﬁ ah@ln@dﬂs ﬁo v=pcetolactate

Lyeut

?ormahlou irom pvyuvn‘u by uhv py%uv¢up CLrhﬁllwqu of

A@rdba¢her aerogene@;z§

oH

_ . gpp o
‘2 H.00.C00H | —sp 60, . b H.C0.CH.
o L ‘ - ' ‘ I
¢ooH
‘ glyéxylﬁte, . ‘i 9.; tartronic seminldehyde
PP "
9 CH.W00,C00H  ——— 0., = 4+ _ CH..CO.0,CH.
3 : _ 2 . 3 l 3
o coon
pyruvate . . adeOuol ciate

Soma TPPmderiVQtives emxln ony vme bound throughout th» course

the Teaction, eogo-”active glydolaldéhyde“ aTLlLiﬁdLlP“
inAth@ tran k@h lage wanction, is noy 1nequ111br1um with
PT@C glyumﬁmloe vde. Likewise, nos b1b1e'HcL1ve fomaldehyde"
formed from glyoxrlaﬁé?vmay noﬁ'he:in oquilibriuh-with free
féymaidghyde or ﬁydroxymethylmHAPtGa

Crude ¢ xa?a te ol [, coli PAJ convert glyoxylate and

\meanyiian caesTs

glutamate to lecmn@ and 2e-nxoglutarate (in the presence of .



N
LR

ks

T,

&f1962b) Thi} redc%ion h@ﬂ Qﬂ]Y benn Sbudled lﬁ taa &iyomylwt\; -'

to glyclne diroutlonoph

Lo

o nzymzc‘b¢ansamjuauimntre¢ “‘ona) ﬂhé

St

lyclﬂe + 7 2-oxoglutarate-

E vouf .glyginejw?x-

[ A S P
L

éum o{ ghc aaﬁtlﬂr in vzcro,‘

»-:;haﬁf 115%»;-) ‘has

ﬁh@jrevérséldiﬁaﬁﬁion‘wiiﬁJﬁz ‘;aily purified 5

Y
.

ihér so 1n glyOyV}micmpwa? qnegixlc @¢u1v1my"

?9u;”or hhe nanmanuymlogmotdl c@ualyéed rcacmloﬂ (1n uhe
alyoyyl@hu.alraap cn) ham:bQGﬂ o 1aulmbcd by

m wllT

'~ﬁ}sécond3’lééé*acf‘

ve amlﬂourﬁnmfarab@ g“‘

im &l "] DT@bOH§
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iuuuﬁleb wxbh QGWmeree exbr¢ct& do noh dppL .tofsunporj“
a'scheméfoffc;muhiﬁAformation'f om glyolne via glyoyylatc -

'glyéine is not convérﬁed signixic ntly t0 gJowyluLo :wnd

o

glyo yimue 1% not oxldived to LOTM%%L@ ‘5",i§ﬂ'f“

‘~:,Howéver9 thé‘pfoperfieaaof-aﬁgenzymié'reé@tion studied

iﬁ XﬁkTQ do not alw@y reflect'ihékréle.of'ﬁhe yme 1n vivo.
Tha oqulllbrlum ot Lh@ 1&001tr3te 13 e reaciion favours“the”“

formation of fsphitraﬁe fro& sﬁccinate and. giyoiyiaﬁé‘(Z;FA;'
g keéla)g hutlﬁhel cucﬁlon ;nnguiona in. Lh@ revcr e dl&pctloni
“in the cell.

Jo gg%é_?ﬂlB,.gféwn)in'babwl mad1um suunlvm;ntod NTLA
\F“ @];lyclneg 1ncorpof&teq-Jsbﬁdp@iiuto.theaglapbg;ﬁiOQQ-
of thymine and the purino§a if5glyéxiiaﬁe:ié‘addedztojthe;-

v modiﬁm, the ihcéxporatioﬂ'p@ttefn_is undhanggd;

The in%erpféta?ioﬁ of f@sulﬁéféf_fhié naﬁuwé\ uikey
from'sevefal limifations wh;chtafeldatliﬁed'ih sodtion_3uén;
bub furthér avidence was a&duﬁed‘@n favour 6fjé‘route not
-anolv1np glyoxylame by 'v0w1n %ﬁe'drganiSm;iﬁHé glycoiiaten
inorganic salt mediuimn gubpl menued uibh[?m"C]g Iycine, The
o@nLr w1 position of wl?mmylaue in bhe mbudﬂollbm of such
Gells nocesserily require ; aflqrgé flux of glyoxylate molecules
ﬁhfough the giyoxylafe pbolo Even(undqr tﬁese conditions,

uhough, the pattern of isotope‘ihcdrpor&tiqn-?emains_unalteredo

"Phis last experiment suffoers from similar limitations to



_ﬁt}thsﬁﬁWO,r@églté"ﬁaﬁeﬁ*tqgéthéﬁgéggédrf“'

-'rlyoxylate does ﬂo@~ile on zﬁéipgthwggff*'

1muﬂlt fcvmabion¥fvbm blyoin@o ome Lorm of emfymﬁwhdghd>

"giyavylate" on uhO ouh@r h&nd,lnot 1ﬁféquilibriumﬁwiﬁh>

1yoxylau

;ffr@e

» vlycollabamgroxl ﬂ‘ Gali PAl ahowrd only

*S%éw rt (]061} &u &@Sbaﬁ ‘:;

‘ﬂle ng]yoﬂylabe (3ecn1uﬁh§;1u8 )

”l’bhat uha“r

c&ae@d ac ' 'y (wlth rebgecu Lo %he wluco&emwrcwa

T

"56113)3mayf§"1

ngg;ﬁﬁﬁﬁmail aﬁépgﬁsgin

' bwin regavbd’ffamq%na vs,ay by ?" %er-almevnahmvg r aobmonss
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‘iﬁﬁthé glygiﬁé;amianfaﬁéigﬁéso_ié‘pf'* n.-mn mly 30l iateé
: grdwﬁ:go'ggiigt@ﬁi¢h havo a\rﬁxdy ;upply of ]yoxy}au
7'f§r glﬁéimézpféﬂﬁétidﬁ} Lhe org antsm 5hou1d no . ]ong “bo

2 Qiybinefléés:mqfénﬁu The g}yelné reaulrcmCHUn of glyoal}atcm

wn Wo call PA", howevor:. 2re. 1dsnu1o 1gtqsthb$e;qf,thc

glucosowwrcwa 00115 (%acwnr J961\ a
| Dhe engyme is preucnt in extracts of cells grown eiiber
A $3C _(,nz;;uu ig plchm ) .--1_‘(Gz.o1r,t4 80T Qallis grovil eiihoX
~on»g] se 0T oil U’ycai¢ru but 1t 1u not, uviliged fow

the coﬁversion pf w}Jolnu to w?yovaab or glyéxylaﬁe %o

;,M Y Alad

lycvnt lL

--.

.diffiaglﬁ o e th&ge ﬁﬁgkpurﬁuse‘gf-suoh’an

‘qnuymc unlessfit ig.ebﬂccrnad“with-othérftransamination

reaeﬁions 'ithin'ﬁha callg-and'iSAale o aac ept glyoxylate
'aas',vhgtcauﬁ Ln Lho cellnfvn*,SXQtem;
in Lhe Jnoorpo rabion expeviments with B. coli PALS
| W U RV o .
grown in ue pzoucxea Of | D= 4clg1y01ngg the. ratio ol the
purine ©ving SpCQlilc activity to ﬁhe original‘glycine specific

"

aobivity shqnld-béuﬁa hecause h1y01ne Lu?‘ L5 incorporaied

intor the D=2, Lm% ‘and Lad positions ui Lne ring. In fact,
the raﬁivaarloa‘uetween-Q anﬁ:3gzaud dbpends‘on the

Cekbr collular iyclne vwﬁnenmrmulaa k\QCh 195 3 - On the
othor hand“ uhO thymire meth group and the the serine (-3

are always dOTlVLd quanti- auzvcly Tirom Hlvolne Qm

Thisﬁsuwge&t ﬁhdn rovmqvep or jO?my]wI¥ LG i& available
from gourcos obhe; ‘shan glygvne in wzovinglﬂg Golie.Fdrmate

nraduced LTDm nyruvate ior Gkampjo, wou]d djlubﬁ uhe



”inenroafhtwon oi dchﬁthy from glycima G2 inta,ﬁha'purine,
'V L1mn0%1L1oﬂs {mainly Bt md; Koch end chy, 1955), qu not

“into the tﬁymin@ methyl 0P merine 0-3 because of the hlock
4 4“

'Jprevenﬁiﬂg-the redu@%ion ot metaenylmi'PtG o me%hy7enemp PbG

(section 3a14),. Lﬂ gvow ng Be toli.

N

¢

'?hreﬁ poséihle;p ;h;é:n of glycine catabolism wete éuggestadfiﬁ
”;by Wah@dag Fr:eﬁmanm aﬂd Jeinhouse (1)3 g (1) via 1yg%§kgte'
to fawma%@‘ gl GD (wnown 3v mhe;e authors to operate in

rat. llvcc)g (11) ﬁiq seriﬂe o @yrgvxﬁe {Whicﬁ“can be_;“"
conﬁerted.ﬁo ycetat@ and 1crma e tin.1le colis Hire ck¢“$‘1951§,

(iii) via the A ucolﬂ hﬁw 1ycln@‘ cycle (Shemin, 19%6)

formate andLQGQ'(Hu@nnékeng and,OSbngg 1959).
, S e TR e VS

@ha aeboné pathway dQQb num ajlew the net prcﬁusuLon

x

ol Glmunitﬁg'and the fir 5% pabhw@y does not appear Lo tunouwon

Fugimeeni

in B coli. mhe4!sucqinaﬁe$glyoiﬂe? cycle (or ﬁhe‘mcet

glyciné?oyc;é) can oﬁly exp 1 elycine cauaballsu in
nga.eoll if GTwuniﬁﬁ~afs Ierwod at LE% oxidaﬁianlevel of

ioﬁmaldohydgn Whe Clwuni%a derivgd from these. cyc]e have

;1
b en characuertzed* P]Lormat is derlveé fron

-

i e
D 5lbmam1nmlaevt]1datc in the vat {Shomin, 19)6)9 but

formate may not be the initlial oproduct.

ﬂminoaseﬁonag'added to H. Géli'Pﬁl5 & ov1ng n g basal

',nvaluJ uupniementbd Wlbh Lam b] }ygln does not diluie the

,aﬁpeelflo actLViﬁleb of ‘he Clm unliuﬂ The value of this
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i

_in Eo Gelxw,i ausg;ther@*ig ng 9ro¢1saon ler id”ﬂ%7dﬂhyde

R
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s form njaohyd\

ec ox*r@a%gﬂf

S
N
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‘s
~a

enzyme, - The observations presented,in‘the'previous sectlon

SR

avour a single enzyme (or two enzymes in very.close association)

for 'hroe TAZBONG o

.

(i) Th@ anyme system has heon partially. ph?]llad ulubuuu.
golution 1nto parts. The maximum puriiicaltion achicved,

however, was only-40wfa1do

(ii} angsiblo.intarmediat@é ad&;d Ho thé:acﬁivé.sysﬁém
do not'paitici@éte~in the reactiono If tho conver on ooouf%
in moréxﬁﬁénnghéﬁgtepg an intermediate Lormed must be trangferfedf
from one .ens yméﬂﬁd‘the néx%o Prenciers of this p@ﬁureq ﬁnléss
the twé(énzymes-ara'very Specificailonrient&ted, involve
the 1Lbor1b10n of the intermediate irom the Tiret egzyme,V
Tollowed ﬁeacﬁion‘wiﬁh the second, & finite, s ucadﬁw' ate
ccncentrgtion bf_th@ intermediate will be present ih the

mediun o veact with the sccond enzyme.

Possible intermediates which could be involved in a
shepwise, Pil-dependent degradation of WlYCan are glyoxyloie

‘and methylamine.

ﬂeaminaﬁian.ﬁf glycine to give glyo rlate and pyridoxzemine
\pho phﬂte could b@ {Qllnwou‘hv 1eg GneTﬂbLOH ol PlP by

(a} transaminatidi with a suitable keto acid, ox (D) oxidation
{by‘pyriﬁoxaminuAphosoh&uo oyldasg (Turnwr and Hapoald, 1961)

This latﬁer enzyme could not be detected in crude extracte of

Eo colid F A]

preeey

Dauﬂrboxylaclon of glycine Lo gﬂve muthyiaw:ne and CO.,



L1067

‘could be follo;od by 04L&db10n OL tho mguhylpmxnoullP Schiff
base o ‘Qrmd]dn« d@,amMOﬂta and PJ& or liberaﬁion_of
‘methylamina.ahd-PlP followedrbykoxidation'of methylamineg 0T

A11hor"t10n af ?ovmdldohyde and @vrndoxaMJHO nho sphate followed

by oxidatipn Qf;py?idoxamine‘phosphaﬁeo:

Unlabelled{glyoiylaﬁévis not in ready cquilibrium with
-anv Aﬂmermeuéate of~,‘ G0, or $O]L0delﬂqhyﬂﬁ p"udugulon

C]ﬂlycxnon and 1+L]meuhylam¢n

.iram L1" f]gly"ga.
1s not roadlly convorted %o ammonia»qud L 5]f03maldehydg

by uhavglycinefﬁﬁliﬁtingianmyme sysbems

t

Lo et mhc oxxl ion of 1{ jlé‘(ﬁduﬁlhﬁ'?O benzyl

.Vipidgen“reductiOa). mhe pﬁoduahlon of LO “and tho- production

2 .
_qf mmmonlx 1ciaiifdepeﬁ@énﬁ qnltné'concurrehi pregonce of .

. T .
qutG,?PlP sind WA, T

£ the reaction cceurcd in several steps,
ﬁh@;fifﬁ%fcould'involve"ﬁue cbﬁdehsation‘of»g$ycine;wi%h'énéymeu'

A

bound PLB followad bv d@CdrbOleamjon or' aﬁzminﬁhtonolin

,eithexT.%:~

Btﬁ ncnlu b0<§hé gxpeqﬁe& cofa oﬂor,vesponsihlé’

fur‘tha ijowaLwou of Gamun1ﬂ and amnonia, jrom mo»hy]amine

"or-a.Glfunit'Anﬂ’CQé*f“om g.yoxyluteyhy a oecoud~enzyméo

Cthe T@Qll,l}lf;}mﬂil't ‘Oi o Bh cof_&cinpl.‘sé*l)luh N.’ﬂ} 5 for glycine

’Qaiabdlism sugEe ﬂmsg as &Ovthe‘bbher,observationSg‘&_Gonoerted

. reaction ou afgiﬂgla,ehzymeg'ov o 010 e?y bound o yme-éomplex{

glfoaggrs-and &unua]us (1961)9 ualng vmrdcmm ox D QJocgccuo

'_ggxgéggggikgia i 1 rued th oonvcvncon Qx gl neﬁaﬂd,H*PtG’

4
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CP1P and HAQ

'élyOkV1ubL was in orh 1n “she

no % %o

'The*o

&

he'an‘intormediaﬁou

ra&9 GO,

auphars

aid not

systen,

aﬂﬁ‘aMmonLa in the - prespnce of
suggoest a mechanism, but

“and presumed therciore,

Lichert, “ﬂbopw and Wilson {1962) demonsirated on exacitly

similar rveacti

Cﬂirhoil 33 mu

ate was _d-:j. =)
pignificance on grounds s

work with H.

R hypbtheﬁi

on”t'

deponaonu on the vrogence off ¥

oll PALS.

‘.propo sod by chhcr gﬁlg%

wo
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avién 1
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cal formulation of the rea
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aﬁfﬁheiréaﬁﬁiﬁﬁ”aénﬁréj“ o deilnuszhea

:

5&‘“%&&10 on &

‘”h@ p@*hw y uil 2

‘gna ammon?m3 ﬁ@cl 1n mvcxaorw&nLqu and L& anmn&iu“

The leu nenspllbu¢ng ens ym@ p??ﬂ@hi lﬂ @Xﬁ} ct& Qi

’f%'jgoli'P 35 g awn avrooloally mﬂd ueo;0b10a13da mh@ @i?lc“

.

wqbﬂﬁalﬂ;@?simila?*@nﬁyma{m}¥w

!hu ﬂxx&qulaw of w?ycmno %M_f a;mw‘vdu and amm@nlo bJ

oy

z

=w&¢gﬁ§n, 1910» e v pro *ed bJ

'-'Auﬂwumuha po (Paréuu“v anm

& velatﬁﬁ Qhale 1 OX‘}nib‘W&@>0n1 Ainfﬁﬁred %a be an
. \ i : :

ot pigﬁlivé : mslcsule 01 thclue

":fﬁéf@ibes§Tin ;ngiﬁéfwaﬁ'xauidlg noan:tou to nyfuva ve by S

'ﬁgandorcbc"ﬁx iaceccuﬁ vglnoph13um (% ers “and | &un I “6L)5~ﬂf

f;aﬂd chjahg duc? dud nmgeon Tgv (vagﬁvxg gmhep; and J1i as,»1962}f~»




R

"filvbr bllbeﬁg @nu th:s qcheme aypl;iaéé the obgéyveﬁflab 1L

g‘:;

: gf“isglat@d,glu%ahnt@ d?rwvs& fﬁmm Emoyo 1uﬁaraﬁ@fand the TOA

cycle “h@ e &uwhov 4 ugge&ued leomyimtb as aﬂ 1H10‘ﬂnﬂl%u8

Lin Qjmnni% pvodx 0ﬂ3 buu onlv hy dnalméy wiLb h@.@ﬁiigr

schos suggested Dy Yaka&a and Jﬁlnhouwo (TGV3)
A 31m11a? m@baboljc woute hosg oeen'alucidauw& by

0b.=”vaﬁaand md&s waih cell-Tree axcf et of lostridiu

-~

Sagﬁrﬁ,andeagkﬁ 1956) ©

LY-23

aci&imufiqiv(ﬁaaiﬁfgnd Barker; 1)53
accoumﬁ for»thejpréanctian of donbly Tlabellad acetato from
Em Qlﬂiyﬂined “h3~ e 0 clabelling has alsoe. bem

03

,‘oh served with cx rachs oi~ﬁiglceasdus 51y n@ph ?xb9 dda the

enuymic steps hava-heéﬁAbharaéterizédA(S¢£erb aﬁa Ituvnf 1961

14

Klein ,nd-Sgg ‘ 968) “1mun¢t ig forned from giycxne

0%2? which condens as wi th [ 2- %G] dTycine o give [2,3~""C]esenine.
_‘ _‘. -_ . ' ‘,\:'..‘ j“(‘}r‘ )

L233w~ u] serine is Qaamlnaﬁﬁﬁ‘ﬁo glve.{2§3w ¢l vyruvaie,
whick is, LOHVQMbCi in a numbcr of steps, probably involving
acetyl;xéi and acetyl phdsﬁhateg*%o'&C&taﬁeg’doubly Ll

_aud“CQ<u

By thix scheme, 2 moles of glyeine ave Termented with
J ! S Sk

e production of 1 mole of ncetabe and 2 moleon of ‘Q and

?5‘
o ballunce of 2 pairs of electrons arce liberatbed f&a@exa

e

and ﬂunaaluss 1961) The measwred fermentation ba L anee,

3.

“ho;eVer showe ho nroduguion of 3 mel@s of acetate and 2 moles
o GOE from 4 mo l es Qf.glycine9 With no hydrggan gas fo“maslonn

,_ﬁdgers and uun alus auggesbed Lhat the 8 GlecLTan& 31borame&

-
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iéﬂiﬂﬂurparate&ﬂintq‘both capbuﬁ Qi ahLL&bO by Pol]ﬂ o?--

e

Jﬂ 00oGCUS 11};1;9,5;,993?,@.51:%
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i

ﬁhgprllwcon tituenﬁgcox g;oudsmonpd (ﬂ),“grown \th »iy ine”

’,ﬁ -0019 oarbonfﬂoﬁrCQ; wermvgyntnﬁ@ize& iroh y]ydins_via

.

glyaxylate; t@rﬁxonié;sbmiald@hyﬁé} glycerate ahdf@yfﬂvdténm5

e gells al 50 POﬂboindﬁ malaﬁu; vnthc%a&ej;and theJSynthetiQ

ahemo is SlML]LF $0 nhat of P euuomonaﬁ bfown o1 glju011@1p ' -‘;5$

| (F-Lg" : 1°3;~" : e.

-Tna uvgsonc df-thq glycinéesPlitiing ensyuwe allows

R
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Loschede o

CLNE g Gl <cgol SRR “m) cu .mﬂ L

f/ffj r'lne

CH, }f(ﬂHO) . uooﬁ
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o
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S | GH4. 60,0000

pyvuvalo T
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mydrazones show the formation Oi

and L £

G]pyruv Vb 3x0m lel

4

glycine

+L]W1ngnm= by bPllciTOO Ox 0.0hs (cghe in uho

-éxperimentﬁ des ribed‘tﬂ ﬁwnlau 3 j 6 (“) qnd (IL) \ Thw»

operation of this pa%hway

on glycine as sole carbon source.

Qcailvmoh, but growth i

has net been clueidated,

Large, Peel axid.

meyle (1962) sugg

uhould a1low

mh@ OT“JHL“W @0 aeow

prcdlvnlon hos boen

s very slow. The rate famiuinm shep

1Qu the following

S@heme for the synthesis of csllwconatiﬁuentﬁ fron methanol by

I P K A PR I

uProudamcnab A1, prown on methanol

GH 01

~

unk HQWD 3nnormbu Lot

CH

% Bole. carbon source.

l

HOCHL,- ie

2

s glycine -

.. soerine

/
pyruvate
)

oty

coluuuon Liuuenup

‘,@argo and Quayle (1963) have confirmed paris of “the

sohe >me by studies of enzmyme

th_h&ve not identified

glycineg, X%

anabslic diroeo

actiyiﬁiem

in goll-fvec cxivacis,

the exact natuv of ‘toe precursors of
the glveine-splitting enzyme opervated in the -

iong an oyplanatJon could be offere@.fqr Phis

pary of the pe thwayo.ﬂﬁtempts to show glyecine formuLiOL Trom
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S H,PEG, PIP and NADH, in exbractecol Ti coll PALY, have so far’
<0 heen unsuccessfull &
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- 1. A review of glycine and glyoxylate metabolism:ia;presenﬁ@dﬁ

: EE.A'AGrowinglﬁs‘?uz‘ h1¢ goli PalS. 1ncorporat &l yﬂlﬂﬁ m-g into the

v

'm@thyl'groun oflbﬁﬂ thymlﬂo, ﬁhb Gw*'and Cm8 positions of the

. REA wnd *&ﬂ yur ﬂa rlﬂgh and thP bw3 pO&thOﬁ of pro t#lﬂ serine,
The pabhwuj whcraby glydine C=2 ieﬁaoﬁverted to suitable Ulmunitg
gt %he oxid&tion'levels of" for 1 #&a.and foramate, has been
Jnxﬂasl igateds: :

3 Cellfffé Lexirects gonve lgawylaﬁa and glutamate to

N

P
)
e
.

Cglycine and 2-oxoglutarate’ 'ransamina%iona\whe reéaction
- A ot inhibited by ..LJ4 which completely inhibits non-enaymnic

Ctrensamination under the conditions. used,

b Thc daba lndlﬂ&ue %haﬁ the rcvee @ reschlcn, the conversion

lyOlﬂP to “]yoxylaue in the prog sence of e~oxoglutarate and

>ﬁ$ﬂTA,.d08§.notjplay a-ﬁignificant_éole‘in glycine Qa%abolism by
éél;efree'eﬂﬁfacts. 

B | @ho"iﬁcorpof&ﬁisn va[QMIAngiyginé infd the thymiﬁe,
sarine and éurinaﬁvis unaffectec by the addition of gijcxylate
o émiﬁogc@tcné to the wmedium, and ﬁﬁe:iﬁcorporation éatﬁéyn‘is
nbﬁ chan@eﬂ»&heﬂ the cells are growﬁ on wlyomkiwtw inastead of
6;'?;W&éhe&40511 $ﬁépeﬁsioﬁs converd glycina ﬁwl o éaxﬁon

diox da and glycine O~7 o formaldehyde (or a compound veadily

 @§&?61yséd o fofmald@hyde) and carbon dioexide.

T An eagyme syqtemg ndrtlaily pUilf1&ﬁ from crude extracu¢9




1113;.4(?(,; .

converts 1 mole of glyeine to 1 mole oi carbon dioxide (derived
from C-1), 1 mole of ammonia[an&*a ijcampouud (d@rivedff?om

sz):whiéﬁ canfbé ﬁ*élauéd as tuvmaldehydu“ HAPtG{amd FZ?;ére

nocesmary.dofactﬁrss the woagﬁiun is noet @&pend@ni‘gn @a”él'

ions which a?é‘chelated.by'EDﬁéq The overall ?eaCﬁién.repfésénfsv

bhe éxidatidﬁ¢of glyaineé'wﬂpf Ls-the'ﬁrimary;@iacﬁxon acéepto:;
4o

but catalybic AMOVITE S can: ho z’cgg,on aved in the system by QI rqen

or benzyl viologen.

<8. i Wele) g’yawyl ve i&'ﬂob in equilibriﬁm‘wiﬁh Qay 1nueiludlqhe
of tho glyci nnmup?ittanﬂ rbactlonu |
9e 'CeliAf:eQ G#trﬂobm rea dliy owxu; ze formate To carboni'
diox%de?‘ﬁutfdﬁ-ndt convert Jyo&qube to forvmate in b;vnliicaﬂt

amounts,

10. A scheme for the formation of G -un bs from glyéine'ig

1
suggesﬁed, whioh-involves the eoncerted paride 1parion of
¥tG, P1P aad NADY, The LHTle] roduets of the rescbion

U4t , .
are carhon dloxide, ammonis, ¥ADHL and hydxoxmethylmﬂiPtG"
“ . . . N Ll o
{0z m&thylenemﬁﬁPtG)ﬁ

11. The metabolic ﬂLmﬂ1110ﬁﬂLG of the glycinee=gplitting

veaction is discussed.
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