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1. ffcft incorporation and distribution of radioactivity from

~14C~ ^ueosaaiifie 

ir* growing cultures 0f

aubtJUis «^TJ i3<9 ^ 13 been investigated*

2. The laiil^octivity fit»n  >^^etl>a*l^ >i ^-4>^tieoMMlM i* 

iricc-rir>ratC'J ^  ; auid tlie rate of ii^orporation is 

independent of 'Ww oxtern;.d eonoentr^tion. The 

fron l-1^ iv 1'icosaiairte is incorporated raore 3io,.ly arid t!-e 

rate of incorporation ia proportii^val to ti«e extarfMU 

ov^r i ids range 3otJ^ eosaoon^ are incorporated wre rapidly 

in cells : . .A/A .in the ^r«««*se of amino sugars than in ceils 

pre«rOi« withoctt a&ino su^ar.

3« The ineatiMMrstiun of l^^C^v?|lucosaraine is greatly reduced My 

D»glucose» l>it verj iittle affected lay ^-acetyl~>-gJHicosami«e t

r^l-iH?luc<>«a«iirK? or fM*or^JL*j»glycosiBili» in the growth 

The incomorati^n of t̂ HKe^'l*i»1^-C)-'giticosaBilne is not

ty ;wpropiorv--'l-

4* Radioactivity from l-H^flucosafiine OIKI

gl .uooMitifie is ificorr^or.ited .mini into the hot trichlor^cetic
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acid fr *tioa and re»idue fraction of ^ffllllug ailttiJia. iri»erea» 

that fix*a i-14C   N-ieetyl-«>""gl xieoMraine is incorporated i^to 

all the frtsstiana.&tfidence is presenters tliat the acctyl group of

of the gtaeosam&ne s»iety. The distriiMt-on of radioactivity frai 

label le<i agaim> -  . ~. tn j^cttcrlfiftla gull i« «oaw*fmt 

from tfut otitained iu ,...

5. vtfoen the fnctlotvi olitai!)(Ml fro» Bcills ^jt>UUs gitiwi witfc 

j.~i^>d~.;licoiaBint or

to .ciu hy .r^lvoi:-, a iiigli prypartitm of Wa raai^-activ tly cu.i be

in c^x^ouml' befwiviftg IJUc ^uttOfftf^i ^ f gal^ctos^tlut 

snraniic acld$ most of the mmntie acid is f>re»ent ia the 

residue fraeti,-*** The ovei^oll ratios in terse <^ radioactivity 

are : &hico«ffiainc (14) : gaiaetosamine (i) : mirwdc acid 

Mditiv i of 6*axauraeii to the grov^tl: raediua results in a 

increase in amino itugar-co itairU^ «*atcrial in 

fraction of the cells* 

7. . 2»aiaino- 7-.; ^ y->-gl'<c se-6- 'tmt 

lu. iGia-«-l* deftrainaaa) and

r^droiase (Aa^^nj-S-P deacet vlase/ are 

An Bac i I hm .aqjytt smd in Jv

coli. ixit not ly msajy stmcturuliy relatetl - dno sugars in 

subtil is.
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aoinotranaf *!*»«, K»C.2.6»

synthetic) is renre«scd fey ?f-^c-tyl-£M;l»««wraljyj in 

and Sscterlchia coli a =J by

and 3»for l'^*gl!icosaBdne in

subtil is. Other structural!/ related mmno sugia-j .^iv> fonnci not 

to repress this en?y»e in Racilijts subtil is.

9* All the satino sugars which pitKiuce control effects are raeu»tx>iis 

by the growiri . cells; a grat \ituu« inducer or r«f>resnor was not 

found.

10. If o-giueose is aduea ta a culture of Raciilu^ siibtillst growing 

in ttie fn-fcsenea of ^K^etyi-^-glucomafaliie, ttie induct! n of 

GKV-G-P dcafainase s.'td that of \c »m-6-P deaeetylaae are re t iced 

from 2O»1C) fold to 1-3 fold. ! ikewiae tlie repression of 

synthetoiie is recfeKJed from tenfold to tssofoia. If 

is added to a culture of BaslHus. sttf>tilig growing in the 

presence of o-gl»jcosa?JLaet ^*for*T/l-^>^iueoMHine or ?H>roniom*l~ 

D-glacosffiaine, the reprea«i0i) of Gr}~,-P synthetase is a

11. Glucose has a fwch smaller efff2Ct on tf« imfciction of O»-6-I» 

iteominase ad W^-e-r- Oeaiietylase by '^-acetyl-4vgitjcaaaaine 

in ^ciherlchia coll. It *toes f ho ever, reduce the rate of

of r^acctLVl-^-gliicosamtfie firwt tne

the rate of .-rowth of this or -.r.tniso on ^eeetyl-<>^luco. 

as sele nitrogen sou ce.
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12. Benzyl penicillin, 2,6 (Uiactho^beosMWrtdD penicillin an*

have no apfyreciable ffect on tlie specific 

deemlnuse, -XD^a-G-f* duocetarlauw or ~> ::- t' ata e in

13. hen -lOv.M beyoa- the end of logarithmic phaae in tooth * 

gltftcMBte rscdium, the specific activit of Gm-6-P deamtnase 

in Sac ill«is «rt>tili9 is increased, if ;l«icose i« present la the 

medium, this irKrrcasc is not observed, but infttead Mm 

behaving iiice an MQriated amino au^ftr accutail^-3 it 

the jorrowth  edli«.

14. Methods for the pat^tial purificatl» of HRN$»|* deamJ-mse from 

§egillqs gubtilJ8 are described.

15. L-vaiihe-afttt\ li-ase (^MP) f K.0.6.1.1*9. was sh^.^ to IK pre««nt 

in cti-cjcts of Bacillus gutitilis. Attxj i u> to Oeaiunstrat 

incorpomtion of radioactivity frosn l-^^C-iC-valine a?Kl Bynthesls 

of Orn-6-P deaodnaMi in a cell-free gustos wero unsucce»srul.

!   Xinases responsible for the ffhosphorylation of D~gl»ico canine 

and of N^acetyl* - -luc^aaniine were demonstrated in extracts of 

Bacillus aufo ills and Bj^hnriift^^ fljH^ The prockicts fonaeii fron 

radioactive amino fl**?mr« \y aiclllu^ gubtilia extracts were purif ie<l 

and their prepertle* ex»tinod.



17. In nacU both kinaaea are induced toy

and by -~>-g! coaaalne, mherena in 

they are eonstit itive. I« batii or .;uni^as t

D-glueoMMine appears to to Mparate fro« 

ptaoftptanrlates .^i-ac

The of CoA

!*~ae<?ty 1 transferase is aii^htly lower in extracts of

gQlA sro -n on >i-«cetor l-o-slucosamine thdn in extracts of 

grown on D*giucoft«. tins activity of i>-gi;x: se-G-phoar^ate 

ketol-i»OMer<i»« E.G. J. 3. 1.9. ia tfte sasie in both extracts

i
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MISSSS3S

3U Nature a »d oc :urivnce of amino

Araino sugar* aay be defined at sugars in which one 

or a»re hydroxyl groups are replaced by amino groups. The 

commonest naturally occurri ig amiiio sugars .re i>-giucosu ine

acid (2-anOix>-3-<>-.2^artK»^thyi;-2-Hls«H»-l^^^ and 

netiraci dc acid

acid). The following are leas widely

distributed t 0»ftico»aoiine (2-ar9irK>-2 >6-<iidoo.%y-O-;Ivico«e> 

occurs in a iipo?iolysaechuride of <^rc^rk>buc^eri«^.. .violaceuty (i) 

eMI in a poiys^accltaride produced ly a strain of aacill-ia subti.lls (2) 

a 2,4-diamifio-dideoi^-hej6twe mixleh occurs in the same strain of 

p. subtiiis (3) ; taiosamine (2-amifK>-2-deoiQr-taJose) in a

of cho^droitin sulphate ft tun tracheul c,u til^e (4, Jf«)« f 

aideoxy-L-^aliACtos« and a-a^niao-a^-Udeojor-talose in 

polysaeeharides (7), a 4*^ino*4t6-dideQ9Qf esugar (as 

the TW> derivative) in Eacherichia .coll (8), and a variety of 

iiimsiisT 2 9 3y4t and G*emino*0^1eo^y sagun^ frequently 4- 

in bacterial and fungal antibiotics (see reviews by Foster and

This nay be an artifact of the isolation 
procedure.



Horton, (9) and Outcher (1 » ).

2<^mino»2*d«0)Qp~i>*hexuro:iic acids have rcce*itly bo »n found as 

•tMponcnts of bacterial polysacchorides * 2-^nino~2-deoxy- 

jflucurotilc acid in SPA polysucch iride of

aureus (Il f12) and in tfce type-specific substance of

influenaae type 0 (13) i 2-^nano-2-^eo^-4)-^al^t*ironic acid 

has been identified in the VI antigen of |» coil (14) and 

2-<indno-2-HJeo3QM>-^aftnunmlc acid has been found in a cell 

polysaceharide of MferocQaeus Ivsodeifctlcus (15).

In ania&^ls ; a lino sugars occ<tr in the structural 

of connective tissue and in polyraers present in extracellular 

fluids (16,17,18). In bacteria, amino sugars occur in polymers 

of the cell mil, s ore coats and capsules (19-27). They do 

not ipsrasraily occur in storage polymers like starch and glycogen, 

and the polymers which do contain them usually contain other 

*qpf*f aaino acids and iipids also, although two howopoiyiaers 

of amino sugars ( chitin and colominic acid) are known, Polymers 

containing both amino sugars and amino acids are known as nnee- 

polysaccharldes or mucoproteinsf and those cofitoining llr>id are 

known as lipopolysaccharldes. The amlrio sugars of most of these 

polysers have substituents on the litrogen atom j the commonest 

is aeetylt but PHrlycolyl and ?*-suiphate grouf* also occur, in 

slalic acids and heparin res^octively, In certain cases the 

hydroxyls bear acetyl grou])8 (28).



Tfeft poiyners of bacterial cell walls which ontain 

Bay be divided into four ?mtn types s

(a) Polysaceharide* with no araino acids, lipids or 

phosphate groups attached.

(b) Telchoic iicicis, consisting of chains of glyceroi or 

ribitol rrolecules linked through the terminal nydro*yls t&r 

pfeesf4iate $r up0 9 and bearing sugam, amino s-igars and 

reaiOues on the free hydro*yl groups of the ribitol and 

(29-32).

(c) ^tcof^Dtiue, .vt^ich ccmsists of a backbone of 

DOiysacchariOe (alternating N-acetyl-D-glucoscuaine and N-ocetyl 

auranic acid residues) with short peptide chains in ester linfeage 

with the carferayl of the rwiramic acid. These may link two 

flaieopeptidc cl.aina togethart or they $&y link a eajco^ptide 

chain with aiiother polysaccharide (23).

(d) Complex protein«poly3«chari<te»Ilr)id polytacrs and 

liponolysaccharidcs occurring in Orsen-negative bacteria (26).

The nature and relative amoonts of these constituent* 

varies considerably between different species of txicteria, between 

different strains of the same species, and even in a given species 

growl under different conditions. All bacteria appear, hemBver* 

to contain a basic network of nuramie peptide which is responsible 

for the rigidity of the ceil wail and which is broken down lay the



8

fcaetorloiytic emyme, lyaojyne (M«ecetyl Mttramlde glyeano 

hydrolaae E.C- 3.2.1. 17. ). The other constituent* containing 

araino sugars are generally found associated with ceil wail 

arterial when this is prepared by necrmnlcal disruption (19). 

However, they can usually be extracted into solvents such aa 

trlchloracetie acid, formaaidc or phenol under relatively lid 

conditions, which ati®jga»t* that tltey are lintoed to me^eptide 

by ionic attmction and t\ydrogwi Ending only (23) although in 

one instance there is some evidence for e oval en t linkages (33,54).

The «*ork described in t^iid thesis is mainly concerned 

with the Graw*p«*mve teet^im, B. gubtU^B, although sont 

experiments have been perforated with the Gram-negative S. coll. 

c^taina the following r^lyaers in the ceil wail of

vegetative ceils (35) i

(a) Mueopeptide, containing 0~glttcosarnine § 

0- and L-aladne, £>^lut^'dc acid and ffleao«dia«lnopia»lic acid (20).

(l>) RiMtol teichoic sacid, containing o»ribitol f IH|l?icose 

and O^alanine (36-33).

(c) Teichoronie acid, a jvlyaaecharide containing equimoiar 

amottnta of N*acetvl-4>-gliico«amlne and D-gl;jcuronic acid (39).

(d) A protein fraction (39) comprising 7*10 > of the cell 

wall.

(e) A rxOysaccf aride c ̂



Ill the ratio 2:1:1, ami small anounts of a 

diamino mx®& (40,41).

Teichuro Uc acid has not been found in all strains of 

E»9ubtiUg (42,43) and the amount of the other sjajor components 

is variable. B.gubtilis is a §pore-fof*ing organ!** ami fch» 

 pore walla contain a sueh higher proportion of protein than 

the vegetative ones, although all the Components of roucopentide 

are present (42). the following table shoos the percentage of 

the aajor ami »o sugar components in vegetative walls and the 

8'ore coata of B. sabUlia t

Tafrle I.
coats of

ll walla ami 
a trains sff B.s«btili3.

* ". X» vjll

Anino sUc'jtf*

0""§lliCQ3a5&JUUi

D-galJCtoaaraine 

\%iramic acid

tageitgr weight) in the ceil

Ref.42 Ref.44 * 
(four strains)

7.3,7.2,7.0,8.71 

4. 7f 4, 8,4. 2 ,2. 7$ 

4*15: 7.1,7.2,7.6,8.7^

in the

tef.45

L

«a9e(tQT weight^ 
spore coat.

Ref.42

1,^ *

l.l/^

Om and Calm not separated.
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Diagram 1 (page 21 > susm&rises the fenm-at pathways of 

amlno sugar metabolism with special reference to micru- organisms.

IU»pt,l<)nr...I (iU on the diagram) is catalysed toy a kinaae 

specific for i>^ueo**aine ( AW i 2-cmirK>-2-deO3iy-D-gliieose 

pho«photransf erase, £«C,2,?.i.6.) in certain aniiaal tissues (4@§47) 

and by the more cofinon but less specific eft^jm ATP: i>-haxose 

6*p»>osphotraftsfera8ef E*C*2«7*1.1, in bacteria (4^*90) and

other tissues.

Reaction 2 (R2) is catalysed iuy ATPt 2--acGt^ lanlno-2«4eo3Qr- 

&»«luco9e fc-phosphotronsf erase, &.C,2.7.1.9. ami has been atu lied 

in extracts of S,coll CS9) t y^^obrj^ j^iiua ...casg4 (51) and 

a dJtKils (52)*

3 (R3) la cataly»<5d Iff O-^jl icose-6-pho»phate

icetol-lsofneras«, R*C.5. 3,1.9. , uttich la widely aistrifeited in 

living tissues*

catalysed tgf t^^atsBiiine!l>*fri«tose-6* 

amlnotraasf erase £.0.2.0.1.16. It has been trifled

frea E. co j 1 , ̂ nrQ^iK>ra   cra^i andl rat liver(33) f ami has been 

in Baclll 13 cei^i> '-'. Ivaodelkticas oxA

(54) j ia .: > trQotttpocctta .. haeiaolytijg^, (SS) and 

(36) and in the Us aes of many iil^her 

will not replace

with the purified enzyme (S7) f altltough crude extracts fnsqientiy
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give more activity with G-6-P than with f-«-4» (58,59). 

There is some evidence that the araino group is transferred from 

the amide group of L-glutaraine and that the products of the 

reaction are OnHM* and glutamic acid ( 55,55). Neither

L-ospera&lne nor asiuunia can replace L-glutu: ,ine, and no c of actor
 »

requirements could be detested (57). Grara-positivs organi«aa 

ummlly contain lorjjer anoonts of the en:^ynm t^an 

(34).

tion S (R5), is catalysed by 2-ss«l«

. and has

bean purified fro« y..coll and hog Kidney (60) and tmaan bmin (Oi)< 

It aiflo occurs in B.subtUis ( ;C). The reaction is cwersibie, 

with the equilibrium iying on the side of <Jea«inati >n } 

nevertheleee a sigtdficant rate of eawersion of F-6-P to amino 

can lie obtained ^ coupling the synt^tic reaction to

(^acetylation). The bacterial enz^ae lias no absolute 

requirement for cof actors, although H-acetyl-o-^lucesamine- 

f^pheephate stinulates it by ik^creasing the K^. The avehanisoi 

of this 3ti'Vilau,iy effoct has been discussed (60,82) ; it 

appears that AcGfs-4-T is not an intercalate in the reaction 

originally soggeeteii (6S).
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(^6) has been demonstrated in aniraal tissues (68, 60)
and in Clostrldiiffl t^ivveri (70). It is catalysed by acetyi Co 

aryl-amine N-aeetyl transf erase E.G. 2. 3. 1.4. and fcy acetyi Co 

2-8B-ni to»2-dcoxy-4>-gluco«« N-acetyl traiaf erase £.0.2.3,1.3.

Reaction 7 (R7) is catalysed ly acetyi Co A: 2*^nim>-ai»oxy 

oee-6-p^os^Jute N-acetvl traneferase K,C.2..,. i 5. It has

dttnonatrated in extracts of yeast t X.cr

haefwiytic streptococci, E.eoli. and higher aniinals (61-64). 

In some eases the true sutetrate way toe oC-D-^lticosii^ine*»i- 

phosphate fanned from the 6-phosphate try React iv»n 12 . Attests 

to demonstrate I^ocetylation of u--lucosu i «-H>-phosph ite in 

extracts of B».sit^tili» were unMMMtssful (56),

React it>n g (US) and Reaction 9 (R9) hove been deacmstrated 

ndth extracts of PseudeiMiiaas ierugifiosa, S

and S.coli (71). These -iay be catalysed by a single enzyiae \vhich 

will be referred to as acetyi Co \J2-amino-2-deoxy~o( -i>^a^cose- 

l-j>Ho9p^ate N-acet 1 tfansferaae (abbrev. G»n-l-P N-acetylase).

fteacticm 10 (RIO) has been demonstrated in extracts of 

various bacteria including B.catfay*>ris» streptococc is faecal i^ 

and several strains of R.c.uA4* ?he enzyme which catalyses 

reaction will be referred to as 2-acctyla ;ino-2-leoxy-i>-^l'

hydrolase (abbrev. AcGai deacetyiase).
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Reaction 11 (RII) has been Jeaanetrated in crude extracts of 

pig kidney (63) and B. subtil is (56). the vaym will be referred 

to as 2-acetylitfUno-2*^l«OJ^-i>-^l'JC(>se-<>-p*iOiSphate ff-acetyl 

hydrolase (abbrev. AoGte-6*? deacetylase).

Studies on the disstoUatiun of N-nicet^l-iH^ucosatiiiJie in vivo 

suggest that it is degraded to glycolytie intermediates, aanonia 

and acetic acid (73-75)*

Mac lion 12 (R12) has been studied in extracts of rabbit 

auscie (76)* Xt is catalysed b an eraome which appears to be 

<^-4>-gli«e«e-l,t-diphc«^uite:c<-IHUiKof3e-i-^

£.0.2.7.5.1., but the activity is several hundred tJUnes leas with

witii i>-«iliicoee^-pliosi)ate as

substrate. oc-u»^i ic05.0-1, u-^il|^osr«hate stimulates the reaction 

at low concentr ti^ns.

BaacUtfi 13 (M13J is catalysed by 2-«etailamLno~2«d 

glucose*!,6-diphos?>hate phosphotransferase 8.C.2.7.S.2., 

requires oc-i>- itico >e-l,G-dipho8phate or N-acet(yl- 

1,6-diphosphate as a eofactor. It lias been studied in extracts 

of N.crassa (77).

Reaction 14 (R14) is catalysed by tm eraymo v^ich ainiears to 

be im>: oc-4>f4ucose^'»ptto0phate urictylyi transfemst E.G. 2.7.7.9.. 

It has been studied in extracts of rat liver miclei (78§ 79), and 

cell tumour (80).
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Has been d&aonstrateci in extracts of

fig, acruflL^pfa. E.coJii and $« grls^ia (68). 

glugowAine->l~pho0p*^t« will not replace 

pnetptvjte and the substitution of uricliae triphosphate for 

ttymi&ine trii^fcosphate results in a feeM-foid reduction in 

tl« rate of reaction.

JLJ C?*16) ha* fegen studied in extracts of call" 

ye »st (o2> f «lieep iarain and the

desert locust (67). la tft$ case of calf liver and 

it WUB partly separated froa Ul

a aucti

Reaction 17 (&17> has been deimmatrated in extracts of 

rat liver i$A) an^l XegJCtlon 18 (HIS) is

ti> e^U^oct^ o

Re >ctlcai !;> (M9). tfce reaction of urldine

with piK>»plto-^nol-pyravate to give

tseactiaft 20 ill^O) to urioiiie 

acid have teen atudied in extracts of s.«.aarug*
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will not rupiace irillne diphoaphata

In Reaction 19, 

aeactioo 21 (R21). tt» addition of maino acids to uridine

H-acetyl mra*r,lc aw id has town studied JUi extracts 

of S*3*irmi3 (89t80). The reacting popti le chain differs from 

->rotein« by the presence of D-ardno acids, the fact that 

acid l& joined l^r the V-carbew^yl to the nel^touirlng 

L-lyslne and the fact that two J-.xla liiies arv ad<Jed as a 

dipeptlde anit. &i <Uatlnetlon from protein synthesis this 

reaction Involves the conversion of adenosine tiiphos^iate to 

adanosine diphospliate arid InoiTtailc phosphate.

teaction 22 (R22). The Incorporation of N-acetyl awraailc 

peptide fron? uridlne diphosphate i*-acetyl auramle peptide into 

a particalate fraction from S, atire;-.^ has recently be«n reported 

(91 f92)« It requires uridine diphosphate ? 

and appears to represent the addition of 

and N-aeetyl nkira^dc peptide units to ?>re-existing aueopeptide 

in the particles.

Reaction 23\ (R23A). The synthesis of cbitin fro» uridine 

diphos ...^.j N*^cetyl*«c«i>-gl^JK!osamine has feeeo detnonstratod in 

extracts of iV^crassa (93,94). The enayac is parti^ilate and 

reqdres a primer (chitin or cfiitodextrin), aiicJ r;-ucct,. i-;/- 

Ine stimulates «te reaction.



16

fceactlon 2Si (R2»). The synthesis of tcicf ic acids has teen 

studied in a cell-free attract of s.aureus (95)* An enzyme which 

Catalyses the synthesis of polyribitol phosphate from cytidine 

diphoaphate ribit*i,and engynes utOcti add ACOrn units from UDP AcGra 

to give N-acetyi glueosaraine-polyrifcitol pttasphate containing both 

at and f linked Ac&n units, wem denk^nstrated,

fi 23C(R2"Cjl The syntliesis of hyalur nic ,'jcid has been

dsmmstrated with peirticles from grotip A haesjolytic streptococci 

(96-69), Djpiococctig metgsoniae (100) and &HIS chicteen sire ana (101). 

An unidentified polysaceharide (oosslbly a heparin precursor) is 

synthesized from oridine diptios^hat«H*-acetyl<*-0  giucos^aJUie 

and uridine diphospfcat«-c^-4>- liiC'iivtvic acid in a asast cell 

(ICC).

Reaction 24 (k24) f the formation of free N*acetyl 

fn» uridine diphos^ate^^*^eto^rl^<<H3-c^iin0sa?idiie occurs in anisaal 

tissues (113), aad its phosphoryliition (Reaction 25(R2 .j» is 

catalysed ly an engine different f rum those wfUch catalyse Re^tian 

1 and 2 (106).

Reaction 26 (R20) has been demonstrated i ejitnscts of 

Aqroboctar c.k*ic-&m Clogtri^iiiiiii !>erfrioaBnf and k.coll (97^103-103).

is a i&y intejr.ieiiate in ttie 

syithesls of s la lie acids in WKmLs ( 106-108) f and the ensyme «hich 

catalyses Reaction g.7 (R27) has been purified from extracts af 

liver and satomaxillary gland (108,199).
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This mgw h,.B not be<jn reported in fcaeteria, bat Reaction 38 

(&28), the reversible reaction between n~neztyl~ or ?f-giycolyl 

0"«ttnnosamifte and pyrjvic acid, is catalyst by an enzyme found 

In extracts of E.jgo^ aia U.oerfrirNtens (107,110,111). 

Afeiaseri .rr:ltt1^s contains an en^ne which 

neara.uinic acid fro® Ni-acet^l-O^aa^inesi

pynivate (112), 

Raaction 29 (R^9>, tlie conversion of the sialie acids to 

their eytiitine mono^i^sDfrato derivatives, and feeajtiafi 30 

ttieir incorporaion into the pdlymsr colcalaic acid have both 

d^nonatrat^t in extracts of S^coll '< 335 (103). 

Little ia Known about the early reactions involving

se, There is one report of the phosphorylatitm 

of ffc-acetyl-O-saiaetosafidne in rat liver extracts (52) 

extracts of t,casei gro^n on ;;*i ^tose cantuln an 

ccawerts 0^^li*ctoaamine-0*|)ho3phate to 

(114). 

i31 (RSi) h^8 been de*aon«trate-J i« extracts of

fluore^cens (11:5,116), ami an uniiesitified 

has been isolated tuhich degrades i>^5ltico«afci ilc aci4 

to 2~keto-3-ctcr>xy-i>-:iliiCi)nic acici and amIxmia and con thus
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grow en f>-gltjeosa»»l«ie acid as sole car!*>n source (111).

Reaction ^ (R32) ia catalysed by extracts of M.IvaodeUctiona 

The significance of t?us reaction is not clear toot

aci<t-8-f*K'flph(ite and a conpoimd believed to be 

uri'line dlrtK,sph'ite-^-ocetyl-Ei»4i'aifiic rtciJ-C-p^osr^at^ hatve seen 

isolated frtxo L,easel (37).

The synthesis of a thymidine cLl;Thosphate""4'»acetylafiino*4> 

G-lideosy sugars fr»#a ttiymi&liw t;if>lwy.5^,te-<^-"i->d!.ico»e has

with extracts of 5.,.CQ.U and

iberc Uoslg (118,1X9)* The sigr.ificdrv^e of those reactions 

is not yet understood.

Sene eviderce alx^Jt tite nature of the «etal;oiic pathways 

operating in vivo hus bsen obtained by labelUng experiments. 

The gliicoeassine of hyaiuroaic acid eppeare to arise fro 

glueoeo without 93 las ion af the Qarbon chain (12O423). 

HirasJic acid in the cull waJU of ^tofe^ill-*.g Mfi<to 

pennsylvanicus beeenes labelled ts^en the ceils ere grown in the 

presence of l-i4>i-n3thyl-l^acet^l guicoeamlnide (123) f and there 

is some evidence fron work on sta jJiylococci that the lactyl 

chain can arise fraa substances like n!<*ninQ* nyruvio acidt 

dtfpartic acid ami lactic acid, v»hich i*iy ;;ivo rise to 

enol-pyruvate inside the cell (124). There are several reports 

of the incorporation of labelled glucose and glucosamine into 

nwcosubetaxces in anii^il tisaues (125-129). Incorporation of
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fiueeee was stimulate by L-glutamine in one case, tfhich suggests 

t**t Ration 4 s^y be operating* when l-14C*!V^!uco3aaln« and 

!f«eeetyl-l-14C-4>-gluco8awine were injected Intraneritonrally 

into r ts, labelled AeQa$!»f UDPfteOfc, and UDPAcGalm were foimod 

tat there «as little or no labelling of ttexases, name phosphate* 

or U0PQ (130),

tlw rate c^f mt^ny '?nr^r>K;-'italy»e4l reactions is 

specifically c ntrolled by th« metabolite on \vhich the 

acts, or t^ the ^rodtict of the reaction, tttis control raay 

achieved In t^>* v/ays : l*5f altcratlefl of ertsytae activity, or U f̂ 

changes in the rate of enzyme synthesis (131), A Todel for the 

latter effect has teen proposed (132)$ it i* wiageste<l that the 

controlling aetsfco litr interacts with a nacro^olectilar 

cyt^T>ld^mie "rerapeasoi** ivhose function is to slter the rate of 

tra iscrf. tifft of the enzyrae-co jing genea into aweenger 

ribomicletc acid. TJiis in t*irn alters U\e rate of synthesis 

of the en^yne, if the result of the interaction is to deactivate 

the cytoplaamlc represser, the rate of transcription into 

tteseenger riboreicleic acid and hence of eti^y^ie synthesis 

is increased : in this case the nietabolite is tensed an "indueer**
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If the result is to activate the cytoplasraie reprcssor, the

rate of enzyme synthesis is docremsed, in this case the r»*etabolite

is terwed a ^core^ressor"*

Certain tf-?*r^ dative 'stti^iys cure also controlled 

the c«~*ne«ntr*tic.n of c&tabclic interrelates 5 if 

in ayurtdance* tine enzymes which 

(Mlot ^-ilno acid*, purifies, 

ars r.; ^-c-; .cd. This phenoe3?.noa h^s teen tenaed

repress Ion*1 (Ji-'yJIj anil its relation to th® specific 

control effects ascribed i« the previous paragraph Is not yet

1ft certain cmses 4egr^i1atlve patfwusys are controlled 

specific «n^*product8, *yhich happen to be eaeily interc^iwei ti&ie 

with otter carfxm ^nd energy source* (134,135). 

In the case of £-ga!actosid»s* synthesis in g»caii there 

evidence that cat^bcflite repressloi does not act on the 

of tha gemwe which art r^sramslble for tha structum and 

induction of the enzyme (136)* Catabollte repression -loos,

to rea«aft>le theother form of repression in-so-far

ft* it acta by ixjduciris the rate of messenger ritc«ucloic acid

Only a few i^tancea of t!ie control of aalno 

metalx/lism in me re-organisms tu?ve been Ascribed. AcCte 

(Reaction 2) is induced ly ^i-aoetylHO-giucosaiiiiDe jui Asrx? rsUlqg
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parasitical*

fc&r ii-^iocjil-ii-^i-jc^saairw in B,3ubtilis and Gra-«~P 

is iratacsd ('33; ; Uia letter e^^rae is 

on

is imfcKedl ^y NT*acetyl- D*siucoouotine In

, i-ivc t^gat long 4e&Qribed in uda tUft&is oai a 

af U*^ *vcrk on tt.subt41l3> Fart I a^seri^s the 

incorporation of radioactivity from iubeiie^ -iu,i,vo sugars into

'j of t^e cell, and ^art II describes iNiae farther

vjith
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Lam with special

reference to micro-or anisaa.

Qluco93r«a.nic -<- R31———Om 
acid

JF^ipP^^W

I^Pynivlc 
acidR28^ 

I

UDPAcCalm

R29UCTP
Y

COLOMINIC U:ID

R2&

R23B
CKOTN 

TEXCHDXC
R23C

R22
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PART I

The income tloaef radioactivi 

by Ba^illgg subtil is NC1C 1379. and its rtl3tributlcn anoMt 

of the cell*



24

Materials a;vJ Methods*

t*)• Source .and _______ __..__________
»t D-glucoae,

ft-fructose, D-bXannose, &«g^laet«o0et sucrose, lactose* 

&-riboset acetic anhydride iml sodiien acetate were obtained from 

the British Drug Honaeii Ltd. D-lyxose was obtained f rora 

Pfanstiehl Chemical Compar^, Illinois, DtonailC acid was a gift 

from Dr. &*£* strosi§&*

liMea^ejaliiBj* and
«ere prepared from a-^l*«oeaaine HCl

and the appropriate acid unfy dride by the method of Nahn and 

kiister(143)(aee page ^. N-fonnyl-4>-gIucosaniine naa nrepared 

lay the aethoa of Meyer zu ReckefiJorf and Wanner, from o^lucoaamlne 

and ethyl formate (144) (see Page&).

1- x^-i>-!?itico3a Uiie B21 wus obtiincd from New gngiand 

Hiiclear Corporatiun.

-i- C-o-giucoaaiaine ne» prepared

glucoaanine HU lay the ^tTtod of Kuhn and Bistx-r (143), 

a ten-fold e*eese of acetic anhycU-ide. rvhen chrooatographed in 

solvent A it gave a radioactive peak containing 90* of the 

radioactivity coincident witli N-acetyi-*>-giuci>9amine and several
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Minor peak* nearer the solvent front which raay have been 

0-«cety luted derivatives* The product w&s treats with inethanoi 

»at*irated with wRaoni* and leapt at rwm temperature overnight! 

it then gave a single radioactive neafe coincident with 

N-^etyl-^glucosamine (when ehrcxBatograpned in solvent A). 

the ammonia and rnethanol were removed fcy rotary evaporation. 

1- C-w-acetyl-iJ-gltiCCttwaiae \vus similarly prepared from
14 D-glucotmlne ICl ,md i* C-acetic anfiydride (oiytainad from the

Caitret V¥?r3ha«>; ii\ this case the gi^cosortine 

pres -nt in e?^cos». The pro&ict was purified oy : 

i) adding a tenfold ejicea:, f Auter, mid heating 2 iin. at 

10D°C to decos^iode the acetic at^tlri^e*

II) passing through a colunn of ^osberlite 1^ 120 (hydrogen 

form) to resncve glucos^Tiine.

III) passing throu^i a coluon of Dowex I (chloric foi-m) to 

remuve labelled acetic acid*

the product &*ve a *ir<gie radioactive nc.^k coincident with 

authentic N*acetyl- — Tlucoaairdne wh«m chra^tographed In Solvent A*

1* C-&odiuwi acetate ms* obtained from the 

Centre^ .
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(b). Pa;>er. cfyya

no.l paper was U3«lf with the following solvents* 
(descending) :

A). n-bmanMV'pyriain^'Wtei - 9 6/4/3, vAA (145).
B). n-butartoi/aeetic aeiu/watei t Vl/5» vAA (146)

CK ryridloQ/ethyl acetate/acetic acid/wat/^r, 5/V5/i, vAA (147},

E). i*-^uUi.KJi/rt«pro'c ^noi/*«etora/formic acid/trichloracetic

Solvents A-0 were used to sepau^ate augaj^s a>vl ^tiino sugars » and 
solvent £ «M tised to &v:par«*t6 sugar f^hospiiatea and nucleatidea. 
All the»« solvents required 20-24 hr*. to obcairi optlau» separation 
of the relffvant co-'iKwmds, tksi.igpapers 43cn»» i^ng.

Eedneing coaiwmids wore <Jetectcd by ^tainJuig with 
silver nitrate (150) and uailiije hydrogen phtlialate (1U), and 
•nOntj sugars «tere detected »>y staining with Shrlich'e reagent (152). 
Radioactivity woa assayed with a Radioactive Chromtogram Counter 

(Buircl and Tat ice k Ltd. ). In certain cases the coincidence of the 
radioactive and stained areas was confirmed by 
Ktxiirex X-r^y f ilm.
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(c). Growth and h *rvegt>ing of

Bacillus gubUUs NCTC 1379 was gram In a n«sdi*» containing 

1.3; H/V Uxoid nutrient broth, grade OH, plus 23 mvl sodium 

giutara&te, sterilise* ty autoclaving at 15 Ib./sr.in. for 13 rain. 

Other chemicals ^ere sterilised separately lay atitoclaving, except 

for LH?luco»amine and the radioactive a^lno stipirs whieh were 

sterilised IQT filtration throu »h Oxoid n^ibrane filters.

The cult;jr*^ v^re gronffi in Srlewaeyer ri^ks, shaken on a 

reciprocal shaker at 37°C for 10 hr», Growth mm nwasured on 

Sfesl. samples wdth an KEL lJnij,-uivo 1^?3e 2O nerttielameter, trie red 

filter (GR2) bei?ig in position ( to allow for the colour of the 

broth) and the persi^ex atandai^d adjusted «x> give a reading of 25. 

The bacteria \¥E*re harvested when the SEL reading was between 50 

and 80 t this correspond* to a range of dry weights of 20*50 

Big./10f> ml, of growth medium. Readings of 9CHLQO vt&re obtained 

when the c^ilture had irsached statiortary phase. The cells were 

harvested !# centrlf-iging at 5,000 r»p»m, for 13 Rdn. in an 

M«$*£. refrigerated centrifuge, cashed twice lay resuspettaittg in 

1O) ml, of (chilled) Q.S$£ sodium chloride solution, and suspended 

in 5 mi* water* Aliquots were assayed for radioactivity (section<e)) 

ar>d total protein (154).
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(d). Practionation of .the cells.

The cells were fractionated by the method of Roberts et ai. 

(15S) 9 slightly modified. To a snepejision of the ceils In water 

(5 ml.), 0*5 ml. of 50f trichloracetic acid was added. After 

standing 90 mln. at 0-4° C, the insoluble material was centrifuged

and the supernatant (*c1C4 fraction1 ) decanted. The pellet 

then extracted with 5 ml. portions of 7fipf ethanoi/2$?l water 

(*alc1 fraction 1 ), followed ty 30?? ethanol/50£ ether ('ale/ether 

fraction*), both kspt at 4CKK5°C for 15 mtn. ; then with Sfr 

trichloracetlc acid : three successive $ otl» port! 3ns kept in a 

boiling water bath for 1$ mln* eaeh ('MCA fraction* ) 9 and 

finally with 75f ethanol/25fwater again ( f alc2 fraction'). 

The final residue was suspeated in 5 mi. of water ( 9 res fraction* ) f 

and part wus removed for the assay of protein by the feittret 

method (154).

(e). Assfty of radiooctivj ty.

Sanples of the growth medium^ cell* mm®mto& in *?ater, and 

the Yarlous fractions ware evaporated on aluminium plarchettes 

( 2.2 cm.diam. ), an-J the ra^io^tivity asaeyed with a G.E.C. probe 

type Oelger-ftiiiJ er tube* fitted to a Panax sealer » or with an

automatic san^>le chanter (.Nuclear Chicago or Isotopes Development
*** 

Ltd.). The sauries of growth medium had a large self absorption,

* counting efficiency c. 2%; background 15 counts/min.
** counting efficiency c.10^'; background 7 counts/min.

counting efficiency c 2^; background 2 counts/rain.
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end it *us difficult to obtain en accurate measure of the 

radioactivity in this material , but the self absorption of the 

other eeapiee mm negligible.

(f). ilvdraJLvals of tftq .fractiona. and 

of thair

Before hydrolysis trie trichloracetic acid fractions 

extracted with ether until neutral (pB 6-7). The uopunt of 

radioactive raaterial lout in this process was negligible. The 

other fractions were evaporated to oryxes* on a rotary evaporator*

In one experiiaent the fractions were hydrolyse^ with 

IN HgSOji for 6 hrs. at 105° C in sealed tufces. The^r were neutralised 

Jitltt baritva hydroxide, the bariucs sul^iate centrifuged 

with water ami the combined supernatants re iiiced to a small 

volume by rotary evaporation.

fn another ex ^riiaeait the ctC&f hTO\ and res* fractions were 

hy<bnolysed with 1M HC1 at 100°C for 0,5 hrs., and the residue 

fraction was hyirolysed under the 9mm eonditu^ui for 3a nra* 

A snail anouftt of material ressained undissoived at the end of 

this time, but it contained m> radioactivity, and woe disearded. 

The hydreehit ric jicid ws« reaoved by repeated eva oration 

addition of imter*
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Th* tydrolyaed ffrictions \«re analysed for total amino 

•ugars (155) using fclueoaaadne as both internal and external 

standard^ arid for total pfcessfeate (196). Part m& »ubjectec& 

to paper chrossatograpl'or* u;ii:j m iveuts A and B.

The raajcr part of each Ix/arolyaate wus fractionated on a 

ealam ( 59cm. X 0.8 cni. dlaaeter; of Dow« SCXvxS 2gr t!ie 

of Garden (157). A^imiraately 2 ml* frrjctions were collected 

at a flow r*te of 4 ial./hr. fcy 3rop counting, using an USft 

fraction collector. The eiuataa *ar« a§aayo3 for omJUto sugars 

(15S) aad for r^Jiaactivitvy, tnc (KIl-c ntuining) aaa^lcs being 

evaporate4 on &Ufls coy«r slips embedded in ailieone srease en 

aluminium planeiiettas. ivt^ea 240 ml. af 0.3 N HC1 had 

;ht t;ic calunxi maa waaha4 wiUi 2^/5 ail. of 6 N id.
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1. ^j^pTDoratic^ of Ifltjoi^led. again o 

the rowth

a), c • •.'Qr>. u f L -
In seme initial experiments the bacteria were groan with 

^-glucose (5s$& and 1- CH^litccmamiiieUQ(o*al{ii^y O.2-O.a

in 100 mi, growth meOium)* lacorpCHt'ation was negligible under 

these conditions, Dut v^hen the glucoa* wsw omitted, mi

ineori^oration was obtained ( up to lo/ «bQit the 

was present for tite \^hole of tu« growth period. 

find tlve cells were grc^wi to 43oig. dry
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Table II dhonv the effect of variations in concentration on

the rate of incorporation of l- from the

medium*

c .:ne<r*trati^'ns An the

iniUal

. portions of broth + glutrsaate nx&iliwn containing 0.5

of It3*r and

t© give the ^eslre<l concenta^atlan

HC1

inoculates v4th

ms-saed for and protein

ae <le«eri!x»d mfcr Kteterlals and

Coiicaitrati<}n 
of GEE in 
growth medium 

(sM)

0.0(^S

0.01

0.025

0,1

0,25

1*0

5.0

Rucuojctivitar
Incorr»rate4

(/AC^

O.OSS

0.087

0*039

0.081

0.038

0*039

0.032

Percentage of
total Gtt 
incorporated

no
IS. 5

7,8

7.2

7.1

7.0

6.3

Protein 

(^
14,7

14.9

15.5

13.3

13*3

12.4

16.8

jjLJBO!?* Orn 
incorporated 
per aig. protein

a 0012
0.0092

0.0126

0*047

0,132

0*6S

1*^
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LVidently the addition of imlal«lied D-^lttec»a«ij» do** 

dilute the incorporation of radioactivity : in fact the 

percentage incorporated was constant over a SCO-fold 

e0fteentrati<xi range, apart from a vim] I peak at O.01 

In order to test whether ii-glucosamiiie affects U,e 

of ciuyaaa concerned in amino sugar ra^taboliaa, the rate 

of incorporation of l-^^C-O-^loco^aiaine and N-acetyl~l~ 

jcoaamine wa« atasured in cells program on

or glucoae~€ontairLlTOt aedia* T\e results are 

given in Table XXI.
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• The of fact of ^regrowth on on the

of

400 ml . of bmtti + giittwaftta containing 5 pM D-giucose and 

406 f*l. of feroth 4 fttutatM&H! fittntainiflf 3 nH O-glucosamine HCi

ware inoc^xlated with

ml* Th«y each

nd grown to ^ o*g. diy

^hc*! with 1.00 ml. feroth*

and r»9'w»>»ncte'l in 200 ml - <^ortions of broth + 

ni. !?ortifliia of e«5fi were trnato4 with lull

nir^ IfX) sal. 

(0,3.3 j*e->. 

a fitrtfxsr

the irs

and the protein

ami

Radioactive 
amino trt^ar

Cells
on t

Radioactivity
of total 
amino sugar

Protein laioies 
arnino sugar 
incorporated 
per isg. protein

O.OI9

a?
4*8

12,0 

12*0

10.9

0,068 

O.40 

0.040 

0.46
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It therefore appears that pregrowth on D-gitJCosaoifie does 

stimulate the ftttoequent incorporation of aminc* sugars. A similar 

experiaent mm performed with ehiora^iheaicol in the growth aeditii 

(at SO Jlg/nl» ) storing the iittubatioa with radioactive aaiao 

sugars ( iofti) to present the syntfeesls of protein and hene* any 

Change in emgrae levels during the second incubation (the duration 

of tfhiefi mm increased to 130 aa. /. The i cor >oraMon of ^^Da 

the glueoaamine-groiii cells was 5.5 tiaes higher than that of the

cells » a ml the incorporation of Ac1^* tgr the

ceils mm 4,7 ti.nes M;her thun that of Uie 

groim cells*

At a concentration of O.ui •uvJ ., the incortw&tian of 

l-140-t>-'.a.»Ga»aaane waul much iwre rapid then the 

incorporation of l-14CH>-glucosamine> and Uie majority 

incorporated in 15 stin. by a culture in odd*iagarithmj£ rtmse* 

TaMe IV ahosvB the effect of increasing c tcentrations of 

«Nlabcllc<i *e»fa on ttte rate of incorporation of
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Table IV. Incorporation of at

various initial concentrations in .the . 

1 litre of broth glutaaat* was inoculated and grown to 14
* dry wt,/100 mi.. It «as divided into 100 ml* portions ;

five of thftt* were treated with !

(0.4/ic.) and unlabelled M»3Getyl*D-gli3eoaamine to give the 
final ccncentrati ns shown in column 1. They were ircubated 
for tl^e period* «hown in column 2 and harvested, washed and 
radioactivity assayed as described under Materials and Met; ;ods,

Final
Concentration 
of xcOa in 
growth meUum 

(**»

O.008S

0.029

oao
O.JO

2.50

Period of 
incubation

(sain.)

U

1$

«0

00

Id

Radioactivity 
incori>oi'ated

(jAC*)

0.063

0.025

0.069

0.044

0.0084

p, moles of AcGm 
incorporated 
per ndn.

0*0069

0.0122

0.029

0.060

0.059

There is evidently sane increase in the incorporation of 

as the total concentration is raised, but the increase 
only 6.6 fold over a 300 fold range of concentration, 

whereas in the ease of 14&n it was 300*300 fold over a similar 
concentration range.
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Pregrowth of the cells en N-cjcetyl-D- lucos^aine incroaoas 

tha rate of Incorporation of labelled amlno sugars ( Both 

and *e*^9m ) about ten-fold.

c). Xncomoriition of i Ĵ
14 The Incorjioration of label from 1-

(O.COS a*i in the growth attdiuo) mm much slower and less complete 

titan that of a similar anount of

during 12-14 hrs. growth only about 1CT of the label was 

incorporated. After a period of contact with growing cells, ths 

radioactive raatei :-ial remaining in the medium no longer behaved 

litee N-vX:etyl-iV^lijcosaialne but was volatile and could be adsorbed 

on Dowex 1 (chloride form). After <miy 1 hc^ir's incubation with 

a growing culture (initially at a density of 7.S wg./ml« ), niore 

than 90?" of the radioactivity in the medium could b« adsorbed toy 

ttowet 1. 12; of the radioactivity was inconx^ated ^r the cells 

in this instance.

2» Competition between labelled amlno sugars anfl

cella.

Cells grov^i in t!x» presencs of u-irlucose plus N-acotyl-o- 

have smaller amounts of deaaiinasc than cells grow 

in the presence of N-acetyl-tKU-ucoeandne alone (56). it
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therefore of interest to exasdrw* the effect of giueoe* on Uw rate 

ef incorporation of th* aojuna jupu*. TaJHe V (tfOeh is <m extension 

of the experiment Oo«cribc4 in Table W) *how» tlift effect of gtaeose 

on the rate of IncorpNTttO^n of var^n«i co«c«itratJUrfw c>f

For ex^ 

five ftask* contaloiag 

tnciiteted with

tefcle IV. In a iaitl « to the

f arwtMr five 

plus i flft

Concentration 
of Il-^cetyi 
giueoMMtoe in 
tfe* nnnHH 

CflU)

O.QQ6S 

O.O29 

0.10 

0.50 

2. JO

the

0.065

0.023

o.cxw
0.044 

0*0084

in 
of the

in

io. )

0054

0*011

(b)
of

54

41

29



r&teoa tho rat* of incorporation of 

^tajie toy about JQ£ at low 

of AGO** on* tt*i» i* not ovgieonM» but is actually

increasing the conefmtratt ^ of  ^90ra* "no.3 increi^e in tho

offset ^t r»jyti oencontrationg of ^cQ« laagr fee became, 

*d Ution to eoMp^ing for aniafMygMit glucose reverses the 

eontroi effects «e?*rt«cl lor *eOa, ana tixis nrarentu it from 

facilitating Its o«ii Incorporation at 

( ec table

In viev of the» f a&t that ^i«ioo»e «CM» found to inm 

effect on the rate of irwor^jration of !«-acctyl-l- C-l>-g 

a vorioty of other carbon $etire«* ware t^tod^ in the hope of 

finally «nt wtiich protfiWNN tlit 'ciitabulite re-#-e*sion* eff^et 

of giueoso id.thtrjt af r^tii^g tt>e rate of iiicorporau.aa of

l-^^C-^-^ltic^HMmliio ( at a c*3nc«ntrsitl^)n too low to 

or TOpnHMi tlMi ot*^y*affid ooiioiii'fiiit In 

rowilta «ra givan in Tatol* VI,
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Table VI* iffect ...of various carbon sources on the rate cf
JUreoraoratioa of.. N^jcctyl^* ^*^>^lacoaijainfiu, 

This table summarises the results af several different 

experiments t in each experiment the cultures were grown to 

about 25 mg./ 100 roju , divided into 100 al. portion* and 

W-^etyl-l-^^-o-giucosamine (0*006 >m ; 0,25 juc. ) and carbon 

sources <3wM) ware added* The cultures ^ere locitbuted at 37° C 

for 15-2G mln. (viMch was sufficient to permit the incorporation 

of 10-40 ;• of the labelled amlno sugar), harvested and assayed 

for radioactivity as described under ^lateriala and

The results are exr>ressed as a percentage <riT the incorporation 

obtained in a control flask with no added cartoon source*

Carbon scurce Incorporation con^ared with 
that in the absence of

none

D-fruetose

100

40

40

Sucrose 

lactose

90

m
90
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Table VI

Carton source Incorporation compare* 
that In the absence of 
competitors.

IMUbose

acetate

AC081

FdOm

80 £

1.0 
ao
i.o

SO

None of t&e carbon sources ctl*ar than a^ino thus 
a vei^y ^arfeed eff«et on the rate af incotrioratlcn of

aJthoagfi all thoBQ vrfiich produced catcibolite repression,

namely glucose, fructose and sucrose (see table XW, pa«c 

also rtligfitly r>6Hkice4 the rate of incorporation, Tim of 

smino sugars < PtGm ami FcOm ) on the other f^and, reduced the

rate of incorporation almost as effectively as unlabelled 

itself.
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fable VII aHomi the effect of varying ttea

ratio of to

VU. tire

of r;

A SOO 04

100 si. isortions, antf

and ,

to 5 M&,/ 100 ml., dftvig&i into 

*%-a-glueosa*^na (O.Ointt, 0.15}lc.) 

at tJie stated

Tfce cudtur««

* waehed MM!

incubata4 «t S7aC for 3D

fnr radioactivity as

Pr3te 

(^

0

O.005

0.05

0§ 5

5.0

Radioactivity 
incorporated

(/tO

13.0

10.5

4.1

0.8

0.2

iTCorrwation co^^red 
with that in the
absence of ?zQi

100 9t

TT

39

i
1.5
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It can be neen froa this table that at the concentrations 

an Jux2 reuse in N-propiot\yl-i>-:|l icosaiiinc concentration

5ecn^ase i« tlie im;or|)oratl<»i of 

t that is, the effect is closer to

competitive relationship than wit!* glucose («ee Table V), 

The effect of !

giixscsomfne and N-r3ittyiyl-O*gl«c««a^Ui« on the nste of

of label from l-^-^-^ce^yl-D-giucos^tine ««« also te«ta4*

fhe ref?nlt» are sl^jwi in table VIII.
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Table VIII. Effect of a-iino 

of label f rcf»

<** the c incorx>raticQ

A 400 ml. C'Uttins 

100 ml. portion* and

<5«*1)

to 7.5^./IID nil,, divided into 

^lijcosamlne (O.OOS n**,O.5pe.) 

The cultwee imrc incubated 

and as^^ed for radio-fca» €0 »Jn. at 37°C in«l

activity an de^cribud under Materials and Methods, The radioactivity

in t£x? ^s»diT»n (after incut^ticm) was assayed before aad after

tbrwj^h a ef*l«»rt of I^IIBK I fchlorl.'le form) j 

to the nianahattey to i*rarwr*t tiw io»i of

Competitor

naM

nte
MM

»**.

Hs^llc^tlvlt,
incorporated

(u«* % }

0*0063

0.0006

0.0007

aum

incoi^ration
ccenpaped v*'ith
that i« the
absence of
comf^.ltor».

100^

10

9

97

gall&aetlvity in
growth i

Before
r^fcfr.- iri ir Y

Q.W

0.51

0.^

0.41

tfKtltBB IM.C )

After
Do»ex I

0.0$

0.30

0.27

0.05



an*

«InecMas9iitie b&th the r >tc af tneortwrstt.lon of

-ite of s.- to

Hat
either

Since tiie incwrporatloti of

JU nat to the extant IQT

and , it

<Hff«rwit and t^ert^ore aiffferont r

emrbon f roi

siiores the respslt of an «KperliM»tA to t«wt

45
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Table IX*

An 800 al. culture wa» grown to 22 mg./lCK) na., divided 

Into 100 ml, parUonn and i^^4>^iueo*amltte (O*CX» m, D* 

end caru>n ^mrees (5raM> *fj4e<l. The euituree mere incuteted at

37°C for 0O Aim , harvested, washed and assayed far

deaeribed tinder sat rials »id sfetttods* The incorpoi ution

in the control flask eontaining alone was 2*7

of the total added.

Competitor

none

U-glticc>se

0-fructose

fi&3m

0m
no»
FcOn

n-B\jO«

Incorporation caa ared with that in 
the abs^ncf of crometHor**

100 ^

s
93

100

170

100

too
too

In other experiments* inhere the mid competitors

prevent throughout the ^onth neriodf gi**coa€ retiiteeri the 

Ineorperiitiun of labcd to less titan 1 ^ of the control value, 

and rnictoae, nannoee and »jcrose also had ap rociafeie
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while the P*«acyliit«d amino sugars ha* comparatively small effects 

(less than SO % reduction). Even when equal concentrations of 

glucose and *-*Qm (Snftt) were used, the redaction of incorporation 

try glijcose was greater than 95 ;.

In an attempt to locate tlie site of competition between 

glucose and giucosamine more proclsely, the following exnerl^ent 

was performed. Cells gro*m w\ broth + gluta^nata were harvested 

and res«ispeftded in 3 ml. broth + glutamate (about 6 tDg/nil.) and 

treated with l-l40-4>-gliicosaraine (1,2 n«f 1,5 juc.}. To 1 ml. of 

this, glucose was added inwediitciy (final cone. 25 sH*} and it 

vKiS incubated 30 mJUu at 37°C. tlie otf^sr 2 ml, were incubated 

5 «in. at S7°C | 1 f?vl. was washed and harvested immediately j 

the other was treat'Xl with glucose (25^) and incubated for a

2S nan. at 37°C« All three were washed Uth IO ml. 0,88 |l 

un chloride and assayed for radioactivity and protein. There

at least four times as much radioactivity in tlve

S min. wiUiout glucose and 20 *in. with glucose than 

in either of the others, this suggests that in the first 5 min, 

l-^-tf-f'lijeosatBine gave rise mainly to diffusilile products which 

cuiild be washed out of tlte cell bgr N'aCl -olutlon, ond -U'tcose 

prevented the accjpwilation, but not the further ?3cuilx>iism, of 

s.
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Jau

amlno pugar and labelled act;te.

In wrier to investigate the nature of the labelled compounds 

incorporated by growing cultures of fl+aafrtiUs. the ceils were 

fractionated by the Method of Roberts et al.(153), Hie result

are ;iv«fi in Table X «

Table * ojUtalned

acetate,

Labelled coBpoyndto (Ac14«^f 1/te«t 14AoOHi ami i4Ac), plus a

lixculura, were a^Med to 100 ml* fflcdiiia j after 1O hrs. gro^tlt at

37° C the cultures ^cre harvested, vmfshed and frv^ct lariated as described

umter Materials and Stethods. In the case of

30 ,, of the added radioactivity was l?icor?^ rated j

in the case of the other comjxwnds, o^iiy

eaef* a* m

total tr*e «*rjr or

are ex >re*aed as * percentage of the total viry 

In a aepurate e

(determined

Fraction

tfhole cells

VV »\rfl' »

VV^t^M •

Me/Ether
MlM^^^m

A1C2

Res

dry i*3l$ht
/••

wo£
15

15

I

54

5

30

14«_ , |gc<^wptlon
AC Ifcl

100^:

10

I
1

65

I

19

*^»

100 %

12

2.5

1

60

I

25

*«*ACGffi

100 f ;
3

58

14

14

13

19

*^AC

100 £

5

35

12

10

11

27
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tne proportion of radioactivity in the cTCA. fraction could 

not be increased a- reciafciy by increasing the extraction time 

to 12 lira* or by inereaaing the tanperature to 37°C. The majority 

of the radioactivity froci n-sjcefc^l—l«**^*4>»glue0sa^iir*e and 

l~*^«4)^Ayco9aruiite HCi is thus incorporated into the MCA fraction, 

with analler quantities in the res. and cTU* fractions ; the 

pattern of incorporation was very similar for these two amino 

sugars* i- 0-sM-ucot^yi-u-^i^ieottKtine and i-^'^C aodiiim acetate, 

en the other hand, show a different distribution, with the highest 

ii«corr*>ritu»n In the ale. fraction, which sugyesta that the 

radioactivity stay be ificonxirated into iipida (133)*

In one experiment the di8iril)titi<m of radioactivity 

the particuiate and supernatant fractions of s^rticated ceils 

in W\e presence of i» iS^H^iucoevimiiie «KJS examined* The celis 

to 17.5 wi./lOOfal., treated with i-l4e-o- 

c.) and inc tbated for a fitrtlter 30 mio. at 37°G.

were tKirvi;3tcd, «a«hcd twice with cysteinci/fi^TA .isedium 

•oaiciited (see Page 13 ). the sonicate was c^ttrifuged at 

for *> mi i., and the pellet and supernatant assayed for radioactivity, 

40 f of t^«e rv^liuactivity was present in the supernatant fraction* 

The supernatant was then centrifuged again at 10tS90 Og for a
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further GO tain, s only 17.3 $ of the total radioactivity 

now present in the supernatant. At least 80 £ of the radioactivity 

Incorporated into the ceils under these conditions is tiserefore 

present m,or attached to, mrtieuiate material.

Since 9HK!etyi<^H|iae€»samine induces the degradative enzymes 

Ora-6-P deaainase ami AcOnMi-P <fc,*etylaae, it might be ex^octed

cells ffre^rovm with PJ-acetyl-a-giucosienljie in the groiarth

would allow a different pattern of i;»c0rf*>ration from those 

pregrom with glucose* In tl« ease of *%n incorporatiofiy however, 

this was not so s the distribution of radioactivity v/aa identical 

in cells i^regr^Mii on either SUM glticoiHS or isJI N-*cetyl~i>- 

gioeosa«in« (altiKHij^h the rate of incorporation was about ten 

time* greater in the cells gram on AcOm (see pfi^B 37 }.

Attarapts were made to increase the proix>rtion of radioactivity 

in the cTC-\ frjction by reducing tfie period of contact of the 

eslls with labelled aadno stigmrst but it was not possible to 

obtain any large accumulate -n or to detect i iterracdiat/,^ such as 

amino sugar phosphfttos by the analytical tectmiffues 4e*erib<»d on

57,
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rractionatlon of .co.ii

Since firm negative orgsy-dtos ore km^wi to differ from Gram 

positive ones in the stricture and components of their cell 

the distribution of radioactivity f ro» ttaino sugars in g,culi

d, Tli« re ^ilts are given In Table Xtf vnhlcti Includes those

of Table X for

Table KI, 01<trllmtlo:i

200 ®1* of518 «^s gix>v*i to 38 

minimal tiediUK containing S »M. gluGOAft. It ^u§ aivided into
4

100 91* portion } one received l-14C-i>glacoBaiine (O.ODS afit 0.25/jc.) 

and the other NKic tyi-i-14C-i)-«lijcu»amine <O»uQS nftl. fo.25^c. J, Both 

cultures wire ahafeen for 3Q mln. at 3?°Ct harvested, mtffhe 

for radioactivity as described tmder Matertala and

Fraction

—
fthole eel is

cm

AlCi

Alc/Kther

W0\

*1C2

ft**

Ineor

IOQ$
10

5

I

U

I

If

poratlon of

100*

34

11

I

I«

I

IS

r^ooc^vit,

IODJE

12

2.5

1

60

I

as

Horn

100*

31

13

I

IS

i

36
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It can be seen that »re radioactivity enters the cTC\, alcj 

and res* frations with ^«coli than with B.gabtilig* and 

less enters tne KICA fraction* As in the case of a.siifrtilis, the 

distribution obtained with **Qm mm similar to that obtained ,1th 

the inconrH>rati«n pattern obtained with R.c.Ql.1 grown in

mtAtom was similar U> tlmt obtained JLB Duvia minimal

from

B«9.ibtiU3 grown in the presence of l^balied ami?

the celis vwere presro««i on a glucoeanaine-containijv? medium In 

order to obtain ffiaximal i;«orix>ration. A 200 mi. cuititre containing 

ft-glitcosamifie (SaW) mis inoculated with B,.fflji>tii|§ and grovm to 

abott 0O m^. total dry weisht. ftte culture was Starves ted t washed 

once with 2 *J mi. of broth + <?iutar?at« and resuapendad in 4OO oil. of

The culture was grown to about 360 «g. total dry weight, i^rvested, 

f fractionated, hydrolysed and analysed as sjascribed under

and ^ethtxlfl. Trie cTC\, hTa\ and res* fractions tagetJic*r 

co»vtainad sore than 90 , of the incorporated radioactivity.

Attempts to separate the cornponenta of ttte crude reaction 

aixture by parser c^itaaato^ra^'hy usif^ solvents A and B
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unauccesnful since the afcino sugars frequently gave ?aarc than one 

soot, (cf.Cruflipt0n(130)), The alternative method of 

bv chrcMttto&rar>ty on Oowex 3D waa therefore employed* 

4 preiirainary lowest ijption of t*¥» separation of 

fHpklactosaiiifie and maraftic acid on HCHHSX 50 as described 

Materials and Methods had atouvn that <3» and Gal are satisfactorily 

separated from each other, but that narasilc acid and Cain are nut. 

The saiaples of hy<JroIysute were tlierefore mixed with 2*5 pmol«s 

of tmlabelled Om and Gain Markers lief ore chroma tograptjy. Graphs 

1-Hl show the .'.iatrib'ition of radioactivity and acaino augiu* in the 

effiusnt fmetlcmi obtained «H«n tlie clCft, h?C& and res* fractions 

v»sre tuiaiyscHJ liy this o^titod. It can be seen that the two sain 

peaks of radioactivity in each fraction coincide with the marker 

ss&w sugar rxsaks. These raaln peaks were evaporated to irvfwss 

on a rotary evawrator, and re-evaporatod several tines from 

aqueous »ol ition to remove !C1. Port was chromstc^r«!^e4 on 

paper using solvents At B and C $ part was acetylated ty the 

•ethod of &ihn and Sister (143) and chroraatograp ed In the same 

solvents* Tt*e ciwowitegrw^ were stiiined with silver titrate (ISO) 

and a^^^red for radioactivity as deserlhed under Materials and 

Methods. Solvents 6 and C iiere found to separate Galm and RMramic

ae£4 asitisfuctorily and thus isermitted resolution of tlie SCCO.M!
jt 

peak (graphs I-LU). The res dts of Uie imaJtysis art shown in

table XII.
* pages 134-136.
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Table Kit, attribution uf reluctivity

their comments*

fractions

Cv*%itifi^T\t» Of oCiu
hy *ii t>iy 5**t-*j

GlUCt>34'''lilt6 -'

Ctal nc t oiWitnn *

Muramic acid

Material not 

column

Other radioactive 

eluate of culuew

€N IC1 wush

Total radioactivity 
added to column

Total radioactivity 
recovered from colunn

^Pi«\m. weight (tug.)

^fcaliK) sugar (|«vJle«) 
cale* as Gnu

Phosphate i^wioles)

eIC* fraction

O.O95

0.016

O.028

0.005

0.019

O.O4S

0.39

a a

•UIOKUV1V (^C. )

mUA fraction

0.42

0.038

O.CH5

«.
oae

0.60

x«

1.33

Res fraction

0.20

0.003

0.13

0.011

0.025

0.24

1.40

0.61

Other ffleaaurements on the acid hy^roly sates

39

1*33

IB

.«
10.3

450

M
7.9

S

* Gffl aiki Galm are not aifttingulslMKi fraa 
respectively, by the analytical ffletJ^Kis employed.
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40-50 /' of the radioactivity added to the Colon* 

could thus be recovered, and of this 5TMJ0 JE was present in 

identifiable anino sugars. The ctCA and hTC\ fractions contained 

aftinly Gmf with trailer amounts of Gala and ouraiale acid* 

tint tea* ffuclon contained a :»ra*iamt«ly equal aatounts of 

and nuramic acid, but practically no Oalm. Very littie ra-.iooetivity 

preterit in the early fractions frt»a the column where neutral 

might naive ojuved, aithonth these fractions did contain 

t^rial vvMch moved in the region of D-a»lactose when 

ehromato^raphed in solvrfit^ A and 8*

A t«ich larger f«r€)fiort,ion of the radi«w«rtlvity was f>roscnt 

in materiiU ^jich MM wore strongly adsorhHI than ttw? omino 

and eluted tfith 6N ICl. iO-9f> ;' of titis mterial was 

it v«as tiot adsorbed by itowex I (chloriOel at neutral pH and less 

than 2$ £ of the radioactivity wus converted to a volatile for® 

when it was treated with niiihydrin \y the method of Stoffyn and 

Jeanloz (148). tvhen chromatO5?ra r>hed on paper in solvent A, the 

Majority of the radioactivity remained at the origin, but If 

hydrolyaed ^ith 6.^ tCTl at 1 »°C for 24 hrs. and rechromatogra^wd 

IA solvents A and ft the majority of the radiinactivity ufas found 

in the region of Om, Galm and nmramic acid mailers, the material 

eluted ly 6N tci tlms probably consists of s«nall fragments of
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the original poiyn^r* which are pe*l»tant to the conditions of 

hydrolysis ori^iaully used,

nmijil 11 1 of the amino sugar peak* from the column «er* 

treated with ninhydrin as absve, cftrceatographed on paper using 

solvent i>, stained with silver nitrate ami assayed for 

Less than iO / of the radioactivity originaAiy (weflent in the 

araino attars was now ^resent in the regioa of lyxo^e a?*! 

Markers, vthich indicates that rafxla&ization of the cartKin ctuin 

not occurred*

In another experiment in irttich ^-aoetyl 

used in nlace of 1-*%H>- Uucoatiaa^e, w>»J the

with f^^CH in piaee of WCi (see Mtterials 

f ft diMilar dis rib'Jtion of radioactivity wifi otttatne^i.

l«cor> ration of labelled amino

An «cct»ol<itic>n of amino »«fl?ar derivatives Ims bee»

in ttit pre«e«ee of

This inhibitor u»* therefore used in an atus^pt to obtain 

•OOunuiaUon of labelled intenieUiatea in B.aiibtlAjg growing 

the presence of radioactive amino
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6-«wuraciJi (Son) reduced the grant** rate of B.^tbtiUs 

by we than 90 & A culture of ft.jmMI.Ua **» grown to 7 aig 

dry weigfct/lO) ml, in broth •*• gJUitanwte jaeaiutt containing 

6~a*aurj>cil (5nM). it w»« treated with N-acetyl-l-1^-^ 

glueo»*»irte (O.O1 *&ja*8 pe) f ii«cnl> tea for * further 00 ala. 

ufc 57 C ««4 tu»fv^*te4 lit tlw» utfuaJl w^y. Z5 >» of the

tteen incorporate* ty tlte cells, and of this au*it 2O ^ 

pr*s«nt in the cICv fraction ? otherwise t**e distrll^itlon 

m* rK»n»ai. The dtSA fraction wa» extracted with etl>er to

txlcolor^cetic acid, evaporate*! to a smil voitms <>n a 

eysr>orator an4 ciyrcxaato.'ranhea on pomr it^inf solvmit & g 

it wa» «i»o subj«cteci to Da->cr cluctrophor-esi* in ().

differ pi! 5,6 far 5.5 hrs. at S^JO volts. Amino 

raartosra wnre added, ufut detected with aniline 

spruy. flie majority of th^ ruclioactivlty raaained 

the ori^i^ in !>«**» cas^B, toot a »«w>ii ammmt awv«?d in 

of the amiw nugfir fihnf«f>hat«», tin* swmtnt w*« too 

to idtiiitiry further hoii^verf ana i*ttrani>ti? to obtain a larger 

incorporation of radioactivity in tite cTC v fraction were not
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Ring labelled tH;l*JCO«dwlfi« atvi Nkacetyl-O-tf* .tico«a; dne 

are both taken up frum the moJltm fcy grovftiig cultures of 

Rr »ubtUjs. This reason nftgr the aaauunt of l 

Incorporated Is proportiunai to the sector***! 

over a v ry v.lde rstfige (tj&Me II) «Kiy tsa tltat $

a; the rate*l limiting step in the uptake mgehaftiam I* 

ijr«te4 osily at a tUgh external concentration «f slue«NMMiiMit or

b) that gliicosagtine facilitates its a$n i^curporation at 

cwitratA n», by imiuction or stliaiU^Uyn of the 

re»jx«teiblc of the uptake or Lry injtii>itl jn or

of the ernyraes niiicti fifcike aiiino fla^am from ot^ur csurboa 

(ass i;airig uiat t^wt t«aivaf«f patlwiKJty of k«;ar9CK%ir4.nn from 

free a*itino sytgar c-^apetea with the mithway of sy;ith@«i0 f row

The fiict that cell* prn~r<*** with

more rapidly than enllff piig^r^wn with sjlocose (table III) 

tends to auggoet that the «oeun4 altar>mtive (iftei*jctio»» or 

r*fwr«««lon) my be operative. f^vld«nc« is prefNmte* In vmrt £1 

that glucojamine i:vj«ce« a itinase vuhich *>hosnherijiate* 

glaeoMMine ami that it rej>reaa€» OKHS^ ^ynthetase. the 

incorporatioti of iM^etyi-i^^^^^liicoeaadnc (talkie IV) i«



59

Much less dependent on the external concentration of the amino 

sugar, but since In this ex >erifl>ent the incorporation wm 

•ensured for a short period only, usi «g ceils lit the nii&Ue of 

ia*» phaaa, any control mechanism such as repression of Gro-6-4P

wutilct not have taken effect. 

file behaviour of ocety ̂ labelled N-acetyl-i>-^?l«JCOsaiUne

is consiatent vith the ^vrw thesis that tlie ac^tyi gro^ip 

is lil^er^ted into tii® grciwtli medium <iuri'tg incur- oration of the 

glueoMuaine aoiety, and the fractlormtion experiments susseat 

that the cii&tritaJtiuii of tlie raaloactivitcy which is incortx>rate4 

that obtained ^iUi ^^e rattier titan that t>i>talned vdth

«iUi

(162). it is uniikeiy Uiat ^e@n la simply 4eaeet<fiatea at th« 

«urfuc« «^ the ceil .*id tiw :?iuc^*^-^«e ioolc:ty fty>»otiu<ntly 

i'*c or: crated, suice the label ti\m /^c^ kiia is i**con*orate«l more 

rapidly than that fr^a 1^ai taici ^i;jcuse inliiblts the 

of i^CStai more trion that of Aa^'tau It is not possible to 

frcM the available data uftethcr uctiiul at-acrty lotion occurs, or 

whether the acetyl group is si^tply exxshanjpMl with free acetate 

or the ac tyl of otfvjr iicetyiated cow?<Hin<l»*

The c*xai>etitiQa ex^ rlaenta (tables V-1X> in iieate that 

greet ly reduces the iiWfparation of 14Gm ixit not that
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of ACGm $ FrGm and MIft greatly reduce the incorporation of 

AeMon bit not that of *%» ami 0» <joe* not coMpete with Ac*^a»* 

These observations arc consistent with the hyr^othesJU that 0m is 

incorporated by a pathway different fro® that used by AcGm, but 

PIG* ami FoG3a asay be incorporated by the swae pathauy as 

The kinase which catalyses tl^e ptv^phoryiation of 

is different frotn Uiat vhlch catalyses the pho@r4H>ffyiatl«m of 

Ac0ft In sciverai ^icro-or^ail.3o» (4S-51), but it a v ears to be 

identical with a non-s *>cif Ic heacokinaMi lahich also acts 

giocase. If gltiease and jji'jco»ataine are f^osphorylated by 

•ana JOnusc in tt.smtUJg ^hile ^C0mt ^rSte and Fot3m are ail 

phosphorylated toy another feinuse, t^en the ccK^mtition effects 

WEMila be expiaitied* Alternatively, thci^e maty tie cooipctltion 

for penaMBMW, since ^igar penaeaaes in bacteria are active 

systems capable erf* acidulating sugars a^aitot iarpi 

eonciHitraticm dirf ei eiices and are $ter@osr>@cific ana subject 

to inhibition by str ictttraiiy ^l;ailar co^xstmds ( 163-1 65)* 

the effect of **i<3m o?t tl»« incorporation erf" Ae***Q» 

to be competitive (table VII >, the effect of glucose 

on ^c^^asi incorfx>ratidii is not (table V), which stir^'ests that 

glucose nay not act at the saacr site as From and FoGra. it 

act inter in the incorporation path&uy, at a ^tage uNrre tho

of the inetiiboi ites derived from glucose and

AcGn is i;i,jcpemtent, or nearly im^pcndent, of t^elr external
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concentration* The fact that PrGte ana FoOto reduce the rate

of label fnsa i4AcO» and the rate at w ich acidic

oaterial, ;,rotx;Lly free acetate, is released into the 

(tattle VIII) suggest* tUftt tfc« caapctlti^n between tfea** 

oaeurs before tfte removal or exchange of the ucetyl group. 

The distribution of radioactivity in B. sttbtll fes grown g«

X

s?t» that tht majori^ of trsc radioactivity 

of M Th snolecuiar flight. At lca»t 3O v could 

be recovered in itientifi^Mc acsifio ««g8rs s i t>etter recovery

:iifte<3 if ««?re drefltlc c^>r4itli>n» of 

tised (see (35) and page 55" } % t^e presofiee of 

and galfti&Maiiiit* in fycirolysat«« «f ^N» cTC^ aiKi IffCA fractions 

s^i-^.;'?ats that a n^lysscc^ari-- 3 '-* ;juch as t<*ichttiv*u.c acid (39) or 

tiwt described t& Sh^ron (40) nny be ?wre3»ent. The reaajrj w!iy 

fleet uf till* oatcrlal aprx:ar«I in the cTC\ rtithrr ths« the I«TC\ 

fraction n^^ be tftst prior rcsuvol of pri>tei!i (39) ms not carried 

out* the residue fractions* ^ich cotitalno<l ai^roicisBat&ly c<iual 

** imts of late lied glucoaufldae ana muritiiic acid, r 

contain awcopeptidc (106). \ comparison 4th the 

of amino 0ag*r» in trw cell >ralls of other ^trmins c»f

(table I) indicates that 8ft^abtiriis. NCTJ 137® way euttain mare
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and leas sal*ctG»itfAine them usual (as^aning U*at all 

the gaiaet€w«iifie in tfce c«il i» syitthesised f r<am the 9am early 

ia tea as giucosamine* »o that £x>tft uaiad su>g*rs *fc*ve the 

activity, *^en &• -riveJ f roa ^Oa in the si

to ofctalit an acetwulatlot! of amino sugar 

and «cc.l^tl<!e~llnl:ed aninci «t^ar« fegr tw&aciaf t!» -eritvl of 

insusat ion ^vith the labelled ml^ stigar or ly if^ibit-lnr;' *,-: 

later stage* Dgr addition of ajsmtraeli «ere only partly

of the

and MQ» in ..i with that ofeti*ir.«i4 in i

the fate of t!ie incorrx?ratc<l mf*im> sugars 1»? t*«*

is protehly different, am! this is consistent with the 

fact tiiat Gnaai positive cell «O lu differ coiwi^cratKly f ro«

*> tet^t&tive ^' rr^fi for tftc i^-tafcoliat of anlno s*j^jsr» In 

jjL«abtilis. iiTcUttiing the onvyne control n«eli&^lsn» Hscu«»«d 

in port II is on^cutca in i>ittgmt IX.
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A. study of

to their control fay
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(a) jnd of

(•ee al0e part I page 24 )*

and were

prepared from i^giiaeosamine HD1 and the amyroprlate acid antpdrlde 

fey the raethod of Kute and Sister (143). T!*gr w@re purified 

addition of acetone (1O vols) to the reaction ?nixture in

tier, and the precipitated aoteriai mm r«crystailiz«d 

tioes from acetone«-v»ater or matha«oi-i¥iit€f aid , ^iher 

passed through a colurm of Aaiberilte IR ISO r$slfi (ry4reg«n fwra> 

to remove truces of glucosanlne (which «a« detected by spotting 

on filter pa^erf ©^rqying with nintydrin (0*2 f in acetone) and 

heating at 1OD C for 5 oin. )* the properties of the purified 

products are ??iven lieiow ( tl^e eleaientol analyses ^vere performed 

&r* A. Berrthardt).

PfOffl 

n^uQa

iso-WJra

m 
found

105 C 

206 C

228 C

• pt« 
iltorature

177-8 C(169) 
(for rona> 
209 C (168)

Analyses 
Found 

C 8 *

45.9 7.2 5.9 

48»2 7.7 5,7

( * ) 
Tlleoretical 
C H H

46,2 6.8 0.0 

48.4 7.2 $.6
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The »uccdm «&a difficult to crystallize and mm still 

yellowish in colour after rotated precipitation with acetone 

and possaaji through Araberlite, All four products gave aixxit 

the same colour yield as AflOtt in the amino sugar assay of 

Reissig, strooinsjar and teloir (167), and no appreciable 

increase in colour yieid was obtained fcy acetylation (135)*

N-forByl-t>-giiico«amine na^ firepared froa &-glae*esaifte 

and eU^yl formate ly the netnod of 3u Reckendorf and Banner 

(144). It was pasted through Aotoerllte retiin to rmove free 

glucosamlne an daserihed above and recrystailiaed fro» 

nMthanol. the malting fioint of the ?>rodttCt mm 154-8 0. 

It ^ave tl« same colour yield aa ^^cCkn in tl^e amino 

and this was not increased af acetyltitaan.
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converted to lAdfts i*y treatment with mstSw^~taB*wte as 
for the conversion of tri-n>ucetyl-H-acel#l-4^e^ 
to deAcGn. Srtfc pro&tets were finally purified 
on ntot^n $Jl p*per using solvent A (see part I). The 
were located tig? staining narrow strips with silver nitrate (13O) 
ami elated witli uater. Itiis ptirification iMhocedure raaoved 
traces of IAC&S present 4ii the deAcOa. Saae properties of th» 
prodnets «r« giv«» below (the elemental muOysai 'were performed 

flr. A.

r observed

1 literature (169)
^glucose in solvent A
Analyses (?) 

(theoretical values,
in brackets)

C 

If

tf

I

ttttta

2O2-3°C decorap.

21O*1°C deC€»^>»

1.75

46.7 (46.8) 

7*3 ( 7.1)

7*0 ( 6.8)

I \cOrn

1^171°G

-

2a
28*9 (29.0) 

4.5 ( 4.3)

4*2 ( 4.4)

38.2 (3S,4)
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loth *KftiK» sugars fev* abo*it tits sav* eolour yield as AoCfo* in 

the ami** swrar assay (167) althou«£s the colour developed at 

different rates for the three compound*, m increas* m colour 
yield was obtained 2gr prior eeetylation (155).

was

a) as the barium salt from ftotriUonai Siaeheaieals Corpn. Tfti«
•MI di*aei*@d la O,O1 N !C1 9 the tartan precipitate fcy addition 

of a saali «ne«ss of sodlm ^ilph^te^ and in cc rtain cases the

•aterlal naa father purified b chrcxiiatogrei^ on a col mn of 

Oovex I (acetate fora) (131), tiling a gradient obtained by 

feeding **XOS Pl^^eetic **cid into a mlx*.^ vessel containing 2QO ml 

. Coloured iiapuritits were reM¥ed in this way.

t>) U&1 ayntiiesiff from O-glueosamlne HC1 and \TP in the presence 
of ^rifled yeast hexokinose (Sj^pia Chemical Co., lype ril)(171). 
the product was purified Igr chKSBi»to^a!*gr en ffhatMBn 3 *ii paperf 

using iso&utyrlc ocid / 0.5 If atonnia, SiS§ and fcy paasas* 

•hrm^h a colupwi of ^oritc A to remtive the rweining U.V. abftorbing
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eu of

*a» nre pared by 

fcy th« flBtKotf of
and Bi0ter (143) ami r*irified t$r ads^rntiors to Dowex I

(chloride fom), from vtfUch tfie 
if »t:i.

WKIS aluted with 0,

and

atMt the

from

aci(t afil^itrtcSc In the
Th« pirity of ttese ainlno

{135,

ptwspttatwi «f53 ohecko* 

fn the ea®e of tite 

phosfifeates tfto colair yield irt the 
presence of acetic anhydride wan equal to ttiat obtained in 
its absence. 'Hte plia^plmtft content of the 0»-6*P and 
prepAratlon« waa aeaimrod before and after ashing (158) 

before ashing it waa negligitile 3£Kl after a>hlng it was 
equivalent to the amlno wigar
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OL -D-glucosaroine-i-phosphate was prepared from D-glucosamine 

ly the method of Maley, Waley and Larcfcr (172) as stwwuriaed below

CH2OH

acctyl

AcO )Ac - / Br.diphenyl
/ phosphoric acid

NH2V CHOAc ^ ^

CH2OH
AcO 

CH2OAc H2/

HO

OPO 
(O phcnyl")

OH
NH3+ 

Itydrogenatlon was followed i^y the disappearance of the U*V.

absorbing >eak at 235 rop (which is presumably due to the presence 

of phenyl groups) and the identity of the product chocked

(a) by appearance of free phosphate and material giving a positive 

amino sugar reaction (155) in the theoretical a'nounts after 

hydrolysis with 1 N 1C1 at 1 K>*C for 40 min. j

(b)try the optical rotation :
(found) »+90°(c.l.98 H20).

(literature »+100°(c.l.98 H20). 
(172))
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(c) ty acetylation in the presence of AcCo* and E«coli extract 
(sea «aj$e in ).

Poljnriswl s tl-^hate was prepared fron po^yvlf\yl alcohol 
(L.Li^ht ami OCtttd.) ^v tJhe method of Hunara, Hosada and 
Kishlaatra (173). the product (after dtalyals) gwre ft positive 
t*»**igne ts-^t for stiipfuir* «a» procipitated frvrt aqueous solution 
ty cctyl-*ti'lT^t!\yl-an3ac>nlum brocilde, was stained (nink) fey thlonine 
on filter paper sud charred on filter paper tvhen Heated. The 
alcohol gave non-? «,f these reactions,

l-I4C-45t-valine was otitalned frota the Radlocheaiieal Ccnti e,

^clcnine dinncleotide (reduced fora) 
nlcotinaaide alenine dii^icleotide pf^osiphate (oxidised form) were 
obtained from C.F. Boehrii^er and SosJm,

CalcJUw pl^splwte gel m» prepared by the faetltod of Keilin 
and Martres (IBS) and C^aluBiiria gel was prepared ty the «Rtt«Kl 
of Dau^on and ttagee (186).

Poiidase «o» a gift from Dr. P. Juhnson. Gi icose i>hosphate 
laoaeraae ('crude') *a* obtained fraa Si^aa Chemical Co..

, ATP : pyrtfv«^ pho»->hotransfera»e £,0.2.7.1. 
oxidoreduetase £.0.1,1.1*27. «vere obtaineu

frcw C.F. Roehriftger and SoeUne.
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in f cultare @n Instil glutarutc 
aa deacri&ed In ijesrt £ Cpag& *7 >. The culture* 

iiorvested, waaJie*i with 100 ml, buffer (see ftalow}* r,,., i;-: ; 
a**4 ml. buffer and diaiiipteti by sc.iiCiiUui, tt«j Fnsich

re»uepende<i In

or the
»oitic^tion ttia cells were washed

7.5 i
lauf fcr* )» A «ull ira
of 10 kc / s<jc. ^«is uaoa $ moixj ^iua jX) f

ut a froquenqy

was us tally
obtained in 1-2

For disruption 1^- t?».c Freoali Warn the c«lla were
and aaepeiMtai in

7.0 or in O.01
lutffer, lii O.07

7.6
ttie

Co. Inc* ) mas

inserted m& the

in ice«t water , the

of the air by
tlie piston -Iti^ the needle valve open sral tliws 

cell Inverted s this is eaoentiui to minimise frothing. The 
needle valve ma elosad, 3 presmira of 9,'»o ^s»i, ai?ixli«4 
with a vataftii iQfiSrwillc -r«9»» ami the valve and *re«3ure adjusted
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that the cells were forced Uiroogb between 39ODt> and 9,000

For disruption in tt%ft ffaghe* !*r««» tha cell a* were cashed 
ptMiftfMftfed in 7i\i3~x^«,»t4»~«Ui;tfioi buffer, m»a Use b 
cooled to -25°C before JjuserUng the cell suspcnsioA. 

After -ilsintcgr«tM». t^e ottra»t» were ceiiuiii"ufe4 at 
101,000 x a in a refrigerated Splneo uiti acentrifu^, and

otheno&c ^-ui^-ti the mtpifttitant o Ov wjtn yotsd for the

from
aaeeMftr? t*r tine sasttfiod of Claris and Pasternak |5®),(
^fRthatase is saleetlvejiy >,- cipitr*ted ttitfc
and than re-«xtraeted v4th ^yro^iiG^iitute !*Jf Far}.

(i) Qifipd-^ synUttttatiC (H4> cm 4i«^ui X; m»s USB 

the formation ^f amino sugar from 

C

7*6 < 50;*30ie$) &i4 em^sie ( 1-2 R«, protein) in 
0.«V5 ml, (56). i%ftar Incubation, ar<>teln iwa« praeipitate4 l|f 
•edition of SO % trichlorJtCetic acid ( 0»Q$ ail*) and amino aiqpr 
in tfM? AitfN&ffiataitt *MWI 3^wwRf©d (1-S5).
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(U) Cte-6-P doamtoase C AS on iiagraa I) was nonwUv
aoasuring tDe disappearance of ardno sugar front

t« (0,2$ pM»l®0) 9 Tri«*-fi:i buffer pH 7.5 (SQpaoles) and 

(1*2 tqg« protein) in 0*46 ml. (56). Protein was iu oci; itated

and aaino sogar assured »« aeseribed

netrically bp coupling to (174) i

/
gluconie

The incubation mixtura was sidapt<?d from

and

( 1O

Gm-6-p < O.S
( 6*14 jsnoies),

in or*tical

intervals un a Uaicaia Si* SCK) U.V.

used by Itornborg (i7S)

, in 1 ol. : Tris*4Ci buffer 01 7.6

( 5 fig),

at 0,5-1.0

Crate extracts reduced

(

to a «oa1 1 extant in tb@ of

<tue to traces of 0-6-i5 or otlter

in the extract), the inctabation aixture was therefore

op without with the sml

antii the optical icn^ity «o» «@mitaat. then
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the rate laeaaurecU In the case of extracts with very

, ttvere w&wi an a*> rociable lag before the rate became 

; this rrewenafcly re ^r^tsents the time r quired for the 

level of intenatfiiatea to iatil<l tip* mm aajrifia* eaajfla* «M 

vied, it vm« neeeii«ary to add gluoote f^io»|tfiate isoraeraae ( 0*$ mg* > 

to the inctiDatioo laixture.

(Ml) i«e*»-6-.|» deace^ylase ( all on <Ua^nm I) was 

I*/ ^iaafif^cflrance of cjni.»x> aitgar from ACG»K>-~P ( a 25 

Niffer THH 8.5 ( 5O^oK>i<M> *nd ena^ns ( 1*2 mg. protein) 

0,5 *nl. Aeetgrlated amino fttgar was eatioatod (107) in O.2 -^d. 

titter rwwovai of protein as describt^l abovft* 

(Iv) The following Mithoda wm ttMKi in an attempt to 

mino ?w«ar kin»a»e» C R1 5H2 on aio^raa) X) f 

Uv a) Oxidation of P*AW> *y coupling to <>

Cto^-f* —5—v G-ti-P^^ > 6-*p*w>9pho ^1 jconic acid



77

(ivb) Oxidation of HAD ty coupling to 
jJiesphotransf erase B.C. 2.7.1.40. and L-loctate : Nft0 exidoreductase 

.1.1. 7 (176) :

.TJV /^ ^

a / \i»B»

acid

lactic acid

The Incubation iftlxture contained : Tri* pH 7.6 (50 moles), 
(10 jtftaoies), K2SU4 (IQpKioies), ATf» Upnoics), PEP (1

phoophotransfcrase
IHUftCtate:f&0 oxldoreductase (1O ^g), Go ( 1 jgmoie) and 
in l«l. MM> forfiaticm WM measured by the change in optical 
density at 34O fji.

(iv c) Precipitation of attlno sugar pooe^atas with zinc 
•ttlffcate end Ixarium h[ydroxiiief followed by estimation of the 
free amino sofpurs reaaining in tlie aarcrnatant (177). the 
inontotion mixture contained Tris-fCl tiuffer $K 7*5 (.^) ^nolesj, 
N0C1 2 (sjuraoies), 411* (5 /unwles), amino sugar (O.3-1.2 pmoles) 
and enaQfne in 0*5 ml* After incubation, the solution waa treated 
with 2nS04 (50^s»|«s) folloned ty Ba(uH>2 (so MBOles)

(iv d) Precipitation of radioactive araino sugar phosphates 
with sttriom acetate in ethanol followed by estimation of the 
radioactivity In the precipitate (modified from (178))*
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The iiieuftatlon mixture contained * Tris-HCl fcuffer |ilf7*9 (50

(S jjmolas), l^%-4>»siuco3a«*ine or 

(O.O5 pKies, 0*25 jic.) and eragpoe in 0.5 

After incmbettion^barlifti acetate (33O;n»oies} and ethanoi to a 

final concentration of 8Q $ were added* The suspension was kept 

on lee for at least 10 min. to ensure complete precipitation, 

filtered through an uxoid membrane filter ( Internal diam. 2 cew 

and washed (by filtration} with S successive S nd. portions of 

80 % «thanol and $ ml. absolute ethanoi. M*ter drying* the

on the filter uas assayed with a G.B.C. and window 

tube eonneeted to a Panax sealer* In some eases 

the sanpies were treated with 0.2 psales of Q»«@«P or AcOm-6-P 

carrier, before the adiitlon of bariusi aeetatet bat this «as not 

found to increase Hie yield of praeipitabie material. In the 

case of 1^5at the aero ti«ae controls frequently para finite

of preclpltable radioactivity s this is nrobably due to 

of l*Q& to the precipitated protein and atoasslne 

, Unlabelled glucosaialne (;ii>,-jt Sasl) «os therefore 

to the 80 ̂  ethanoi vnshas in these cases, 

(v) CJttHi-T N-acetyiase ( R8 in diagrasi 1} nas asasysd 

with the foliowtog incubation mixture ( adapted from 71) i
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Tris-fCl buffer pH 8.5 (30 jimolea), H&U2»(O»5 jmoles), 

2^%ccafvt0ethftnol (2 jungles), CteHt-P (0*2 jawles), aeetyl CoA 

( 0.2 jwaoieft) and enqpw, in O.O ml. Araine sugar in O*2 ?ai. 

eanplea wis aeaqyed (155) after hydrolyslng the i-ptowp»^t« 

with i N HJl at 100 C for 6 min. and fiwWing tricrdoraceUc x:id 

to precipitate protein.

(vi) In an attempt to «eaw«rc the interc wer^ion 

<9f Oa-e-l1 and O>-i-P the fol living incufeation inixture was used 

(adapted from 71) : Tris-HJl buffer pH 7.5 (3Q ^moles), 

(0«3 ^iraoleg}, 2«HnereaptO6thanoi (2 ^aoles), ai^l-P (O.2 

and enayme In O.5 mi. Amirio sugar in 0.2 roi. saiar»les

(1J5) after ramivai of protein with trictdoraeetic 

gives no colour in this assay.

(vii) Valyl-sJRl*\ synthet^se was measured by the 

method of Lottrield and Eigner (187) using the following 

inctttetiott faixtore t nalt-free !ttj€H pM 7.4 (ipOO ^lea)

(O.21

end en^^yme (3 rug.) in i mi. After i;icMbation at 37°C for O 

15 attA* and CO min.» O.2 mi. snipies ware rwaovad and appUbed to 

a strip (1.8 x 22 cst,) of Antoerlite anicm exchange paper, grade 

SA-2, (^odim font), and elated with O.05 M. sodion phosphate 

buffer pH 7.2 (a ce<>;if\'^. Radioactivity reaaining at the
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origin (vuinc tydroxmatc, fonaed by the reaction of 

tydrojQrlamine with the intermediate valyl AMP) ami radioactivity 

at the solvent front (free vaiine) were faeasorad.

(viii) In attemr*ts to aaaaare Ooh0*4» deandnase 

tarnation in a cell-free system, the following incntetion mixture 

adapted fro» Novel U (184) wa» tieed s Trin-f!Ci buffer pH 7,5 

(100 praolea), flagnesim acetate (4 >iraole«), manganese c!ilori<fe

f OTP,

(0.035 jog. each), 2-<x^rcaptoethanol (10 jwoies), Ojtoid casein 

hy^rcjiysate grade L 41 (20 /y«i«)» t^tryptopfean (2 m*h in 1 tal* 

(ix) The amount of protain twed in the anaorae aaaay* 

«ao fleasured either (after precipitation witli $ f trichloracetic 

acid) ttf the Biuret fnetfttx! (154) or (for dilute solutions) by 

the nfniiiipegient of optical denaltgr at 280 raji* (with a correction 

for the absorption due to nucleic acldsf estimated from the 

optical density at 200
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deacetv^ase and on

N-ace 1-o-giucosanine indues* en*ynee responsible for the 

dsejOnatlon of OkMMP and the dtaeetylation of AcQ»-6-P and 

represses the en^yae responsible for the synthesis of Or»-0-P 

in B»subtilis (see page *i )« These observations pose the 

following questions s

( i) mi** is the specificity of the indoeer and repressor T 

( ii) Can the control effects be separated IB/ using

different amlno sugars ? 

(iii) Are any further stages of araino sogar netaboiissj

controlled in a similar m»y ? 

( iv) Does induction or repression have any effect on the

metabollsQ of amino sugars ^n vivo ?

Question (iv) has already Been partly answered fey the results 

given in Table HI

Questions (i) and (ii) were investigated by fneasui pe ic 

activity of the ensy«es in extracts of B.subtllis \vhich had seen 

grow in media contaiAing various amino sugars. The results 

given in Table XIII $
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in P|j|ft|iU|ff|*

Aiain sugars were added to the growth median together witfc a 
saall inoculum of a.subtlUs and the cultures were grown to 20-30 og. 
dry wt./ioo ml*, harvested, washed, disrupted ty sonicatiun or the 
French Press» and the 105,OfJO * g supernatant u^ed for enzyme assays 
as describe! on pages i^-b; Go*-6-r deaminase was owasured by the 
disappearance method. The results are expressed as a ratio f the 
specific activity in cells grown wiUi a-iino stt-ar to the specific 
activity in cells grown with broth + gltttar^te alone (± standard 
error where applicable ; no. of -terminations in brackets).

AAiao sugar in

non***

AcGra (.S-10 gfii)

€!• ( * )

PrOte ( * )

FoO.( - )

n^kAai - )

4so-4NO^ " )

S5KCG«( • )

Gala ( * )

AtiBtM* )

i^d^tu * )

AcQca (0.5 ifM)

0»-6'P( " )

Aete^H * )
«te^i«Co.0 rti)
lAcffiB 10.8 oM)

r*»-6-i> dcamlnase

1.0

26.® i 7.0 (19)

2,C^ ± 0.70 (17)

2.02 t 1.11 (16)

l.m ± 0.42 ( 9)

1.77 ± u. 5i> ( 5J

1.30 x 0.35 ( 6)

1.03 a. 0.33 { 3)

0.90 ( 1)

Ot 72 ± O.2O ( 2)

1. >5 ± 0.4« ( 3}

13.0 ( 1)

0.0S ( 1)

i.i2 ( 1)

0.90 ± 0.15 ( 2)

1. >3 ± O.i*7 ( 2)

Ay. sp. uct. /.O
(mpjinoles/m' . protein/min. )

%^^g -*"l?^HMf %^^M?
f^F^t'v** il-<r \f^^^9

deacetylase

1.0

22.0 jfc ».8 (3)

1,31 j. 0.55(3)

1.34 i 0.71(3)

0.61

^tnet^e

1.0

0.097* O.CW6 ( 9)

0.112* 0.0 »2 (12)

O.23 i 0.11 (13)

0.38 * 0.14 ( 7J

1 01 i 0.13 ( 3)

1.00 i 0.32 ( 7)

1.36 ± 0.47 ( 3J

O.95 ( Ij

0.87 * >*14 ( 2)

1.06 ± > 36 (3)

1.27 ( 1)

1.13 1)

1,13 i 0.13 ( 2)

1.02 4 0.07 ( 2)

iu.4
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Afflino sugar in the nedion was measured before and after growth to 

check that a significant amount reaalAed at the end of the growth 

period, fthen initially present at a concentration of 5 lift, about 

ill % of the AoOta, a&out 20 , of the Ga, PtQm and Fouro, and negiigifcl< 

quantities of the other amlno sugars were used. Variations in 

initial concentration over the range 5-1O nfct aid not significantly 

affect the extent of induction or repression produced IQT any of the 

amino sugars tested*

The only flKtno sugar which mm found to give more than two­ 

fold induction of <3n»"6~P dearainase or AcGm-6-P deacetylase was A0Qo» 

More than 90 7 repression of GaiH8-* synthetase, < ti the other hand, 

MSjurred in the presence of AoGat PfOta and foQKu Ora ;ras .a-.x-st as 

efficient a reppsftsor as AeGm.

Graphs IV and V* show the variation in specific activity of 

Qm-o-P deaminase and GaHHP synthetase in extracts of B, subtil is 

grown in the preaanoe of a raa^t of concentrations of \cOra, Gto, 

PiOsi and fcOn. Gca-O-P synthetase was Measured in onfractionated 

iMpeniatant except in the ease of AcOrn-grow* cell3, which were 

fractionated fc&* the method of Clorfce and Pasternak (56), the 

results indicate that in each ease there is a range of aoino sugar 

concentrations over ^shich the magnitude of ti*e control effects 

varies with the concentration, tot that at high concentrations

page 137 **page 138
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of anlno sugar the qmyiae specific activities level out to * 
constant value* At the looest concentrations of antes auger, 

all that VMM added ma used up during growth* asid In eeati ease, 
tlMl lowest coneontraticn at which rtjpressicn of Q*"6~P synthetase 

was observed ooinciited with the lowast c^«entj«tion at sshieh

still deteotafele In the ^roiftli medium after

the redaction of Oa S*l» synthetase activity ay On* PrOs and 

is unlikely to be due to inhibition rather refjtaasion of 
the erasyoe for the foiloeOnf reasons t
(I) Activity is as low In fractionated extracts, in which all 

the Material soluble in 2 ; pxotamine sulphate Ims been raeoved, 
as it is in \iftole supernatant.

(II) ajben tl>e auperaauint fruit ceils groun in tho absence of 
amino s^sr is tataod ^dth sunerfiatant from colls grown In Its

it the activities are ac&iiiva.

Likewise the incroase In Gto-^-P deanlnase activity in cells 
in the prnaemaa of AOQBI is not due to traces of £«««eetari»D 

*e-6-phosplvite or other heat-stable activators of 

since the addition of ballad s^iefitttont frosa cells 

groan on taCte to s'iooniataat from cells groan wit!x>at a; .iiw

produced les^25 f stimulation of activity* Addition of
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Q»OS proles of A0c*a«6-P to the reaction mixture Aid not increase 
the activity of flto"6"P dea»lnasa In non-indaeed extracts (tout 
ace page % )* The induced enajm could be parified considerably
(see nages^-^ witfcout ar " ifej,e loss of activity. 

Extracts of cells imfciged with AoGn &»re CNwnd to
at 71 5E and ii«««tt9»HM^ at 43 J5 of tie rate of

2.

Addition of glucose to growth nr'lia ^ontaiatag AoGtt resulted 
in a considerable deerease in the induction of GOM5-P daaislnase (36), 
Oiocose also
frtws

the rate of incornorntiai Gf

(see cwans that it of foct
by the rote at uhich la taken up or

converted to tiie indue3r In3i4e tlie cell* A asarcft %ia@ 
for caHwn sowoe« ttiich -.vcxjid repress O»-6-P

affecting the rate of incorporation af radiasetivity 
for* AeMan, At the «w» tlsae tft® effoct of t-;;luco:se uiK 
carlnn sources on indeietion of A8Qa*6-~ * - tyiapQ 'aid 
of Ha'e F ggmtl^etaee h(f AcOm ^os e?eamkned, itie i-o^-ilts of the 
efti^ne assays are gtven in table XBM .mrt the reoiilts of 
radioactive work ins given in table VI)*
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Table XIV Effct of ana other carbon farces on infliction

Both amino angora and carbon souroea were present at 5*10 itft 

for otirar details see Table XIII.

AAUtlo* to grwrtfc
**MrfIwt

MM
giucoae
AtiGft

Aiflte + D-sloeoae

A*QB + d^roetoie
AflSm + O^gaiactoae

AttQn * D-mtHTno«6

AcGra •»• sucrose

A00n 4. lactose

AoOm 4* D-arobi;x>oe

AcOrn * d-rlbose

AcOi * todiun 
succinate

AQdte 4- sodiiw
DL-lactate

ACO»+ 0001UBI

AcG» + glycerol

te***
deamliiMe

1.0

0.83 ± 0.29( S)

38.9 ± 7.0 (10)

2.40 t 0.72(12)

2.15 t O.S9( 9)

Sg.7 ± 0.1 ( 2)

15.S ( I)

7.0 (1)

27.2 ( 1)

21.2 ( 1)

16.4 ( 1)

27 ( 1)

35 (1)

24 ( 1)

18.4 ( 1)

AflCte-o-P 
deacetylase

1.0

0.89 ± 0.15 (2)

22.O t 6.8 (3)

1.64 * 0.03 (2)

2.17 (1)

16.2 (1)

Gtx>-U~P
gtynthetasw

1.0

0.96 ± O.08 (3)

0.007 i 0.046(9)

0.48 ± 0,21 (7)

0.5S * 0.23 (5)

0*07 ± 0.0© (2)

0.14 ± 0.10 (2)

0.32 ^ O.03 (2)

0.12 (1)

0,06 (1)

(MJ8 (1)

0.10 (1)
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It can be seen that glucose reduced the induction of 
dsacetylaae and the repression of Cte^-P synthetase IQT 
Of the other ocmpoonl* tested, o iiy fructose ami sucrose had 
appreciable effect, and they both redaeed the incorporation of

to about the sane eactent as glucose* 
Graph Vl^shmw the variation la specific activity of Cfea«6~l»

rjeeminase and to-d-P synthetase in cello grow in the presence 
of 100 Btt giueose and vus i.vas eonccntrations of AcGni, and Graph 
VU^WwKi the v-ariaMon lit speeifie activity of these m&mm In 
cells grown In the presence of 100 tM fnictoae and vurioaa 
«f AeChD* ft can be seen that, a@ the oonceft^ration of M&L 
increased, the specific activity of Cha-G-P deaminaae and of <3m-0-4> 
synthetaae in the atlucoise-growi cellsf and that of Q»-6-f» 
ajrnthetase in the f njctoee-^'rww ceiis approached a constant 
limiting value } «hloh suggests that these effects of giuou^« 
and fructose cannot he overccxae a imply l# increasing the 
GOncenU-ation of AcOra in the grmvth nrdlura.

the induction of G{>-0-!-' dtearninase lay ^0Gai In the pittance 
of PrQm «as ais* tested t PiCra (25nft!) did not rf?duce the 
Inonetion produced ty AcOo (2.5 a9f>«

Tabie XV siKMMB the effect of giucoae and other 
sources OB the repression of Gto-G-P synthetase ty Um9 
and

Jt

page 139 page 140
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For details of ,-r^vth, disruption of the cells arid

see Table Kin ; both araino sugars and cart**! 

were present at 5-10 0ftt The results are expressed as in Table XIII,

Addition to 
growth median

Q»-6-P synthetase

none 

QSJ

OBI •»• O-S1UG03C

GB -f D-fpjctose

Gra > U-galactose

PrGm

PrGa 4- 0-gluco$e

FoGm

1.0

0.112 (12)

1.07 * 0.26 ( S)

G.73 ± 0.11 ( 2)

O.22 J= 0.14 ( 2)

0.23 ± 0.11 (IS)

1.04 ( 1)

0.38 ± 0.14 ( 7)

1.02

It can be seen that the regression of Cte-CMP synthetase by Ore, 

PrOm and FoGm was abolished by glucose $ fructose also re&iced

the repression by On while ffalaotose had little effect.
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In order to show that the effect of glucose and fructose on 

a»6-P deantaase induction wm not ctae to the production of an 

inhibitory an extract from cells growl on AcGto alone nas tiix,;u 

with en extract from cells grown on AcQn*&iucose : the

activities were additive. 

S* The ^Tfeet of penicillin and

sud 0» 0 P

It has beon shown that soluble amino sugar derivatives

•emulate in S.aarcua gro?n ID the presence of penicillin (179) 

aml in B»coli grown in the presence of e-assuraeil (160,161). 

These compounds \were therefore added to growing cultures of 

B> subtil Is in the hope that they isouid produce an ^ccnailatiofi 

of aralno sugar iiitem^liates in the absence of entiled trnino 

sugars and thus cause induction of (k>-G~f> dcomlnase and 

of Q»»6-P synthctase ifKlirectly. This would permit the 

of the effects of glucose wider conditions tihere no corn- 

for entry of Inducer or represaor could occur.

Some initial experinicjntB -.»ith bcnaarl penicillin indicated

****** ^attbtiliyS NdC 1379 is hi'-fdy resistant, and cu;s 

up to 500 ug*(83.5 i.u.) ->cr ml. could be tolerated, since a teat 

for the presence of penicilIinaae (15)0) In extracts of the organism 

gave a ositlve result, it is possible that t!^e high degree of
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resistance is (tee to destruction of the senJcillin. 
2 t6-ditstt»wJV-beiUttffiWe penicillin {CelDenin,or Methiciliin) 
was therefore tested, since strains of IfftifBlft «hlch are 
to bcrujyl penicillin ore sensitive to this derivative (181). 
It could be t derated at concentrations up to 10 jog* per %U. 
Neither of these compounds) was found to affect the specific 
activity of Gto"6~P Oearairuae or GteMW* syntitetase in the cells 
at any conoontr tion up to the maxinm tolerated ty the taeteria. 
It therefore appears tliat these c^iounds do not cause the

V

Indocer or rc»-jrr?",r-5or to accurouiate in significant

Likewise 6-aziiiH^cil at conceritratione whlcii severer 
the growth rate had no faoamiratole effect ort tlte en^ysjssf which is 
ooosistent with tJ^e observation that it dia not «enee a iajrps 

of Libelled amino sogftr derivatives in Vte cTCA
fraction (page ^ }*

activity of and Uie

The s^cific activity of many engymes in bacterial spores 
differs from those found in vegetative colls of the sane species 
(182,183). It IRIS therefore of interest to esanine the variation 
in specific activity of tr e cnzynies concerned in amine sttgar
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In B.fjfrtilis in statlomiy phase, vfazrv sjx>r« 

formation mi -nt be expected to occur,

In a preliminary ex^rfcaent, the specific activity of 

Oitt-6-P deaminaae was found to rise after 14 hrs. growth on broth > 

glotaaate + glucose (lOOnM). It «sas noted, homrer, that the pH 

of the otediun res* sharply in U^e etiltares grown without glucotje 

after about 10 hrs. gprowth, ^ile in the cultures grown with 

glucose it fell. In order to rile out the nossJMllty that the 

otwenrecl effects v«re due to variations in pW of the meditia, the

neutralised at frequent intervals in 

Grapti Vin 3hot«9 the variation in sr«cif ic activity of 

G«-6-P deominase in the ceils and in the optical density at 589np 

lor samples of the growth median in the acetylated ami K> 

aasqy (167) (\tton the cells are gnwti en broth > U .tamate 

alone.

Graph ix^ x shows the sane meaaurements n«de en cells grewt 

on broth > gl it&sate t lOQaM glucose* In the absence of glucose, 

the specific activity of Qa>-6-P deaminase rose steaiiJy f roai 

3 r^Bw>les/«g./min« after 8 hrs. incubation to UEaMOl-s/a^./min.
aabfUM ((^

after 36 hrs. The O.D. in tlte^airto sugar assay^ ;lv®n ty 0.2 zal. 

aliquot s of toe growth medium at harvesting did not increase 

with time, and the srxsetnia did not show tfw characteristic

* page 141 ** page 142
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double peak, with maxim at 550 and SW ap, which is obtained 
with aJjio sugars. In the prasanee of gl icose the spec! ic 
activity of Gte-6-r deam&ftase increased from 2 a»atolei/a^/min. 
after 8 hrs, incubation to 3 a^iaoics/^./hta after 33 hrs,

dccHfiatt^.
The 0.D. in the^araino sugar assay given by 0.2 sal* aliquot® 
of the growth v^iua at !urv ^ting Increased with tine between 
13 and 28 hrs. growth, and tiie sr^ctmm of this xitx rial sltoncd 
tiie characteristie ttaible peak given fc^ the a-J.no migars. In 
two other emperlaents the reaulta were similar except that the 
s xjcif ic activity of Crf>-G-P toaralnase in cells -?maft with glrtcoee 
aNnrod no increase at all iiriiig 36 hrs. inctibation* In one of 
these tite s >ecific activity of Ga-6-P deaainase in cells rrown 
on broth • fdutarxite i *creas«d to nearly ten times the banal 
level and the ar5eeific activily of \oflr>-<W» deacetylase also 
showed a snail increaBe (to about 2.5 times the basal level) i 
this was not observed in the presence of glucose.

does not appear to aetabolise CtaHMP or 
AoOB>-6-P vKhen these are added to the growth medlira (see page 
it is possible uiwi ino sopors do not prochice induction

*r

or repre-aion (Table XTII) because they Cannot penetrate t e cell 

nentorane. In order to sta^y ttie action of these c tn ir> rn ;
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conditions where the probieo of penetration is eliminated, an 
ait&apt was ma» to synthesize flto-6-P deaaiftase in cell free 
extracts of B,yibtlii3. using the technique Developed ty Novell! 
et«al.(U4j for the synthesis of £-galactosidsse fey extracts of 
BUcoli.

&oae preliminary work was necessary :
(a) to develop a sensitive and reproducible a > ^y for G

which would not be affected by the presence of amino 
in the incubation medium (the assay based on 

of material giving the amino sugar colour reaction obvia .sly could 
not be ufcdfl.

(b) to try to develop a procedure for the partial -urifieatictt
Crt-b-P

of|dea inas« with good recovery of the en^yao*
(c) to try to show preferential incorporation of radioactivity 

into the fractions containing GsHM* deansinaae from Mtiole cells 
which had been incuDated with l-^^Ot-valinc ami induocr (AoGm)*

(d) to <>wwfi3trate afliino acid activation, which is a pro*

for protein synthesis, in extracts of 8. subtil is. 
5. (a) Assay of

The method chosen m*« the specto >hotoraetria method based oa 
the reduction of HAD? (see page 1s ). Unlike tl»e disappearance 
asstQr this could be performed In the presence of AeGfe and AcGm-6~£> 

(on incubation \vith extracts of »» subtil is , .^cOni-6-P did not give 

ri«i to 0-<W> at a rate sufficient to affect the assay). Xt w is also
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to obtain a nwi&ure of the initial rate store easily 

and reprftdueibiUty was tetter. Bum at ruom taa^erattsre, , 

using extracts from non -induced cells, the rate w ^ easily 

measurable, and extracts from induced (AoQto grown) ceils gaffe 

about thirhj times this rite, ^.Ich is izt reasonable

with the result of the disappearance assay (Table XIII)

Cells grown (with forced aeration) on broth 

•adlaai (M litres) ccxit^iaiag 1.3 sM AflGA is^re harveste4t washed, 

disrupted in the French Press and the 1Q5,OLK> x g supernatant 

obtained as described en nage ~>3 „ !>art w^J froctian&tad -itii 

an,oaiiirn o\tl -rotate ( a saturated solution containing O..-,X)1 tt 

EOTA at 0°C) ; the precipitates obtained over a range of 

concentrations from O-9O ;' saturation were redissolved in cysteine- 

E;rr\ buffer and G&*6-P deaffitnase m» assayed by the spectrophoto* 

rj trie -^etlxxi. :4o large Increase in the specific activity iras 

obtained in any fr jction,

A further portion of the supernatant was treated with an 

equal volume of protaraine sulphate (2 %t pfl 6.7) (56). This m& 

fwmd to ^ive S~7 fold purification of Gte-6-P deamlnase, with more

90 % recovery of the
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further sanies of the suj>ematant «ere treated witn ; iciura 

poosphtoe gei ;*nd with Cy alumina gel. Both adsorbed tb* en^yae 

which could be recovered in an active fora ty extraction with 

0.05 II E^D4 or with O.O1 M &»««** mm the supernatant after 

protanOne fractionation »*j« treated with either of tbeaa gels and 

elutod vdth 0*05 SI ftg&V the specific activity of the 

daaminaae wia incraasod about f^ir-4* old, and 7C-9O f- of

airam4f f*artiy purified ty protonvine sulphate 

f ractionation and e.Uition f PUOJ C Y aiunlaa gei \«us further 

ly el; it ion from a column of USNS eeiiuiose. A preiittiinury 

•Kperioant indicated tnat at least 80 $ of the enzyae could be 

adsorbed and recovered fcy eiuticm with 0.2 W KC1. ^ colissn 

( 12 cm. x O»8 an* diara.) was washed and equilibrated witti O«OOSM 

Trjr3xci buffer pK 7.5, and the extract applied } s*>re than 90 % 

of the enayae «a» aO«orbad* The colivti m» «ashad with 30 mi. 

buffer and eluted with a gradient formed iy feeding 0*2 M liaCl 

(In 0,005 M Tris-4i:i buffer pH 7.5) into a mixing veasei containing 

iOO ad. 0.0JS M Tri3-IJCl buffer pH 7.5. .\boat 80 % of the enayme 

activity was recovered in a o ingle peok^ giving 5-fold pirification. 

Hit glucose phosphate isoraerase activity 1100 very low, but AoOa>*6"l»

activity was recovered in the aa*ae fractions as Ca>-6-r
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(although the r tio of their activities was 
constant* v^ish itviioatai that partial separation had occurred), 
The pH 0;iUnaa in Tris-iCl buffer of Gsi-6~P deaainase in these 
fractions m» 7.5 ; that of Actoa-W deacetyiase was bttneen 
7.5 and 9,5 (very broad)* When present at a concentration of 
0*2 jtaole/ml., AcGn-e-p increased the activity of 
daaainaae two-fold .in this purified preparation. 

5 (c) Inonwration

iiith

5 iitres of broth * gitttaaate uiere inoouiated with
and grow (with forced aeration) to 300 ag. total dry weight* 
They nere harvested, washed and rampanted in S00ni« of buffer 
containing Xa^ (%.)» NaCl (4g.) f MffSO^ (0*2 g. ), Qxoid casein 
hyiirolyaate «rade L 41 (5.6 n&. ) and £HL tryptophan (0.5 «g. } per 
litre. Half mid treated with AcGa (10nM> and half with gl icoae 
(ICwH and MBH received l-^'fe-o-L-valine (0.016 (*1, 5 ;ic. ). 
flit flaaka were alialfien at 37°C for 2 hrs., ana the cells hai-veate 
and mated* the culture grown with glucose had incorporated 26 > 
of tiie radioactivity added and that grovm -ith AcGm, 16 ; ; the 
cc.il9 were disrupted ty sc»nication and centrifuged at 105, OX) x g 
for 60 min. . xixxit 00 ^ of the total radioactivity incorporated 
«as in the lO5fox} x g supematait in lioth cases ; tlte specific
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activity of Gw-6-P deaoinase from the On-grown cells «e»s four 
tines greater than that fraa the glucose-grown cells. The 
ttpernat&its were then fractionated with protaalne sulphate as 
described In 5 (b) § about 2O ; of the radioactivity remained In 
Hit soluble fraction In both eases* the soluble fractions naere 
then fractionated on a column of f>EAE cellulose as described In 
5 (b). 85 of the radioactivity was adsorbed initially, and on 
elution several ppaiitf of radioactivity were obtained, but the 
large peak of damtinase activity In the Induced extract did not 
contain more radioactivity than the small peak In the rton~i!KfcNMMt 
one* It therefore appears that this simple tiao-stage [xirificution 
process C tsfcioh gave an overall recovery of 70 , of the enzyme and 
about 50 times purification In the oiost active frictions) Is not 
sufficient to distinguish bctueen CSoh-6-^* deaailnaoa and other 
proteins not specifically Induced ty AcCtou In view of the failure 
to obtain a biHJdficarst incorporation of radioactivity from 
l^C vail!V3 In cell-free extracts (see past ^ )9 the purification 
procedure was not Ueveloped further* 

5 (<*) Assay of

Cells ivere disrupted with the French JJress , and 
synthetase was assayed In the lO5 tOO>:> x g supernatant as described 
on page is . About tiiree tiiaes as asuch radioactivity was present 
ut the origin of the chmaatosrsKas after 60 sain, as after IS
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and omission of ATP from the reaction mixture redaeed the rate 

of reaction to less tnan 10 />'. the specific activities of the 

en^jffasa (ealeuiated from the 15 min. values) were : 0,60$ apnoles/ 

aa> proteiA/aifu for an extract of cells grcwtt in broth + glutamate 

alone and O.57 n^iiolesyVN ?* ot/jin/min. for an extract of cells 

grown on broth > automate * A00» (SnM). AS expected, the presence 

of AcGm in the growth mediun therefore dees not affect the apeeific 

activity of valyl-sRM synthetase.

Having eoavleted theae preliminary investigations, an attempt 

was awde to show ceil-free synthesis of GmKi-P deaminuse. S litres 

of broth + glutaeiate t^re inoculated with B.^ibtlJL^s* and grown 

(with forced aenitiixi). Early in log phase they Hera chilled 

rapidly try addition of ijape of ice, harvested in a Lourdas 

refrigerated centrlf'tge and disrupted bar sonieaitian or the French 

Press in a buffer (p« 7.0) containing Tris (Q.Oi ») § ^C12 (O.QI M) 

and cyatolne (O*O1 M). The resulting suspension w»s centrifivjed 

for 10 rain, at 3(€>X) x g, to reniove vvhi^le cells, then for 30 rain* 

at 2O,OOO x g to give a 'heavy particle f fration and finally 

at 10S tO)D x g for 90 min. to ^ive a 'light particle* fraction 

anda'su «rnatant f fraction. Portions of these fractions (c iit vi \ 

1-2 o*g. protein) were added to the incubation mixture
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80 ) in a total values* of 0.5 nd.. TO certain tubes 

2*5 jwoiea AcOa and 2.5 pinoles of MO* 6-P were added (as indaeer) 

and the tubes were incubated at 57°0 far 2-3 hrs.. Q»-«-I» Jeavtinei 

activity was assayed lit aliquot* before and after Incubation. ?to 

increase could be detected (witstAn the error of the assay, which 

is about 1O ^) with mixtures of 's«f»®roata-t f (from eel is grown 

with or without .xcQa) and 'light' articles or 'heavy* par? icles 

(frora cells grown with or without /vjt>*>. In a parallel set of 

tubas containing the sane inou&ition mixture and i-^*CH!L**valine 

(Q«21 ^oolest 1*0 >ic.) the incorpurtttion of radioactivity into 

«Btcrial insoluble in 5 trichlon*eetic acid was measured. Us 

iiicorporation eould be detected except in the tubes

'heavy 1 particles, and this May have been <iue to contami iat.1 n 

with utioia eeile. In further attempts to tieaunitrate 

of enzyrae and inconx>ratlon of label 9 the incubation 

«as aadifiad to include per ml. t 1821 (100 jjroules), glyeerol 

(250 jraole*) and polyvi «yi sfilphate to inhibit ribont please 

Ceee pea}» 1Z )(1.5 mg./, sit^ce these had been found to be 

required for the synthesis of cC«an^lase by cell-fre« extracts 

<** E*aubtiU3 (186). 99one of these wo4ificatit4i* nas successful, 

iw^ev, r. The failure to desjonstri&te synthesis way be doe to 

destruction of the enjqpass or polynucleotiics c -»ceniej
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protein sivnthesis, or to the fa*?t that neither of the 'indueers* 

added is identical ittu or can ft* converted to, t'x? t;rtje in&ieer.

. __. ..... ..., . .... ... ysg of the
(a) Att«»pt* to Measure ^lucosamlne ktnaae activity in extracts 

*!!&&&& >T coupling to G-6-P del\ydrageii*se 4 awthod iv a on 

page ^ ) wre not Biiccw^ftU, nl though $H09phoit)riatlon of Gm 

toiti4 be ahoon with purif iad yeaat he5tokin.iso aivi with E,culi

(b) No increase in Aj}p fcmaation (metlxxi iv b on pa^e 17 ) 

tie iletected with extracts of B.gubtlllff in the presence of 

Cki or AflOPB | the \TP-tww? activity of themi extracts was considerable, 

but «V€»n vyhen the latter was re<JU*ced ly addition of soaium f hioride, 

was no detectable kina#e activity. ST cojy. extracts shoiMoa 

, I jcotj.n-«rt3 ««i4 AeQn kiA«s« activity ivhen tested by this 

nethod.

(c) ui»a$H^ar«ne« of amino £u*ar from the supernatant after
treatment with ZnSOu. and MOH)^ (method iv c cm p^e 11 ) §•*§• *»
MMMhat erratic results especially with ntioosaaaine which itself 

tends to b9 adsorbed to the precipitate (IDO). Using the i05,QOO 

x g suaftfimtant obtained fn» a esititre of 8.3'ibtili3 ?ro«n with 

AcGta and disrupted in Tri«-fa>rcaptcethanoi buffer ty the French
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, it wa* possi!>i3 to atww fciaaso activity .«rith the following
sugars $ ACOrn, 1*1051, FoOm and t^lMCte^ (bit not i; o-JuG:n). 

(d) Xflcutet&ir- .'tl> iabfi.ll.etf arlins s t^ar followed tgr

of the aoaino sugar piK^phatos fcy barium acetate in 
SO % etfcanol (method iv d on oavjc 11 } I«QB the most repro<feicii>ie 
six! ^onsitivts of tl*e «K? .:.; tried. Using *^Q8i and AC^^Qte 
(ftpcciflc activity 1.4 to 5.0 pc,/jj.3oie) it mas poasibla to 
datact tfie fapsaation of 1 mjunole of ansino sug^r phosp^te. of 
the extracstien mc^ia tested, the «ost saecessful was Tris- 

aoi. lost of <^e awwwi «a« in the losfcx.o x g 
and the attract* i»ere ao»t active •..^••t tr-^ csii

' •? t ^3 *i<. 'h ..is ;x>.-;HJLbJ.e«

••**• tljac course «a» distained with oither
Ac 1/; -ate (Graphs 1C and Xll* and the yieid of praeipit 
able material reached a stable nuxinun when more titan 50 ; of 
the starting aaterial had been eonverted to ccx^oounds insoluble 
in bfirijBHctifeux)), At this point tl»e totai nonvolatile 
radioactivity In the imjobation aixtore started to fail. Since 
this only occurred when the yiel^l of fciriuro-etluinci
material waa hi f.v, it pro*at>ly represents da^radatioii of the

ts rati^r than de:jr;Mation of tlie Starting aotoriai.

* page 143
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th*

aoth kiu—-....; ^, -j cells srown on broth + gluiataate 

alone, ulth0ti£k the ratio cf the &st..vl%ie& '.*:*s raUier varlatte. 

/«c^:i kiiwae UK ...v.:\\,;e fuiiJLo wk; 22,S ami for OK kjuia...-e i/>e 

r*tlo «aa 1 >.<. tl^ specific activity of /\cCka klnase

0*3

~v.i th^t of C^4 klnast trtm AoGm gt^fli cells was 

^'i 0.02 ^J 0.03

C«ll« groArs en rlii:o3c or glucmraalfift gare hl^er 
thou cells gro-.m 00 U^Ut * ^V'tawrttt aloae

tlian cells grovti cm AcGn:, but t!ie

too yari^tie to perralt a quantitative dstiinatd of the ratios, 

ratio «f tlm activity oHuliKKi »ith (Sa a& the substrate to 

neii »«lth toGto as t!*e giiJtetrste was not c-anst^nt fer 

the uiffarc^t extr.ct« : tMs m^y tentatively be takea a» evidence 

that tlte t*» a^dno sugars are {rfMftptMMrylatcd 15* different 

Io4o*cettc .iclvi (0«O1 0 reduced the activity Ly e-K> ;

(0«Oi *-•) fvj.j m> 4etectal»le effect, jalsftion of 
^ U»e a?»ay d^*^Hv nNnied the activity 

than 90 ^ and ir t^ enAy«w «a» <iialysoa 
ethencl iviffer brfore assaying, there UMI no detectable 

coi oration In tlie absctice of RasneJluoi. Onlssloi of
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the other hand had less effect ; the Initial rate in the 

of AT? was almost as high as in its presence, althc »-h the 

reaction proceeded further in the presence of ATP than in its 

absence. Preineabation of the ensvfne at 37 °G or addition of 

sodlun fluoride (9.O1 M) abolished activity in the absence of 

added ATP and reduced activity in the presence of VR> to about 

half. Dialysis did not affect the ratio of activities in the 

preaence and absence of ATP.

In view of the fact that considerable activity was obtained 

in the absence of ATP some attempts were nade to identify the 

prodtttts formed in its presence and absence. Preliminary 

experiments indicated that they could be adsorbed to Amberlite 

Sl-2 paper (hydrogen form) which suggests that U«sy are anionic. 

When subjected to paper eloctroihoresis in pyrldinium acetate 

buffer (pyridine/acetic aci^yater, 1Q/1/8Q v/v/v pH 5.9) for 

6 hrs. at 14 volts/em. , several radlottctivc tends anving 

the anode were obtained, one in the region of C&>~6-P

(war the origin) an»J others in the rt?*ivi\ of G-6-P, F-6-P and 

AoQ»-6*P raarteers wlxlch .«re not sc^jaratcd corafdetely from each 

other. The products formed in the absence of ATP behaved similarly 

to those formed in its presence. In neither case were tf*ey
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converted to f rae aaino sugars by heating to iOO°C in 2 N HCi 

for 4 hrs. y which su^ests that acid labile l~phoapha%e* are 

net nresent in large amounts (aee page 109 )* Sojse degradation 

of the initial products appears to occur diving the incubation, 

(there was always tnaterial behaving like Gw-6-P after i'dibatio 

with Ac*^3» end notcriai behaving like hexes* phosphates after 

incubation with MQB) so on attempt was snde to minimise this 

ay using OB rather tlun i^cOm as the inducer, .^w by au..l ig 

anmonium acetate to the incubation mixture at a cancentration 

(0.5 M) at which O,>-6-i> deaninaoe is inhibited ay laare than 

90 ; , and ti>e kinases are inhibited try only SO ;:, A large 

eeaie inooaatioft was set un as follows s

Ten 6OO ml. portions of broth + gi-Jtaaate + .; 14 « 

inoculated with ft> subtil is. grow to 42 rr^. dry wt,/10Oal. , 

harvested, washed and extracted by the French Press in Tris~ 

Mtrcaptoethanol buffer. The res^iiting suspension «aa 

at 10S tooo x g f or 6O rain. .

four tubes were prepared, containing the following 

i cubaUon atixtire : Tris pit 7.6 (500 pnoies), MgCl:> (100

asnoniun acetate (Snmoies) and su/iciTiatant eaaQnae (40 og. protein) j 

final volune 5 ml.. Tubes 1 and 2 contained 

(1.8 ^raolea;! pc. ); tubes 3 and 4 contained ; 

%1 icosaraine (O.0 /»»les;2 ^c. ), and tubes 2 and 4 contained ATP 

pnoles). The tubes were incubated at 37 °C for BO min. and the
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amount of radioactive rvrod'.ict insoluble In barium itnanol w.:s

measured on a small sample. Th* rennjUuter mas treated with 2 nd.

of SO _T trlchloracetic acid, the preeioitate rumored My

ce .trifugation and the supernatant extracted with ether until

the pR was neutral (no radioactivity could be detected in the

precipitate or the ether extracts;. The supernatant* wera

lyophlllsed and extracted with 3 x 1O ml. p*rtions of absolute

etlianol to remove atvsanitM acetate (this also removed a large

proportion of the unchanged radioactive aaino sugars)*

5 f trichloraeetlc acid (2 mi.) mas added to each and the small

atwunt of imdiasolved material was removed ijy centrifugatir^i.

The supcrnattmts were again extracted with ether to rencrve 

trie hi or x:e tic acid, and diluted to SO ml. with water and 

chraaatographed on a col inn (4O x 0.8 em.) of oowex 1 (chloride 

fona) 20O-400 3nesh)(191), using 2 uaoles of Cn>-6 P and 2 unoies 

of \cOm-^>-f» as internal markers* In each case tli« eolunn was 

washed with 100 nil. water and eiuted with a gradient obtained 

ty fcc.di;ig O.OS tf acetic acid into a mixing vessel containing 

150 ml. water. Aonrox. 2 ml. fractions were collected l|y drop 

coiintr^, and when 15O ml. elnate had teen collected, the gradient 

was replaced by O.15 N fCl. Amino sugar (135) and radioactivity 

were assayed in each fraction ; for the ru,i< u:tive assay 0.2 mi. 

aliruota were eva > rated on aluminium plane he ties, (or on glass

cover slips enbedded in silicone grease on aluwiniun planchettes
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in the eaae of ttie HCl-c untwining samples) and counted cm the 

fluclear Chicago a itonatic counter. The resuita are ^iven in 

Table XVI.

Table xyi Analysis of the ^nxiuct-> f«>rmed wt^en ^.^^tilis extntct 

are incnbated with ^^Qm and \c14<aa to Jthe presence zM

of \TP.

Tot il radioactivity added 
to incubation ;Uxt?ire

Radioactivity insoiubie 
in bari«m-^t!ta 10!

Radioactivity added to 
colutm

Unadiorbed witcriai 
(free arnino »u;arj

Peak i (eluted vvith «>e 
O.O5 N acetic acid gradient

Peak 2 (eluted with O.15 N 
HCi)

i'«ak 3 ( " )

Peak 4 ( )

Tube i
Ham (-ATP)

(fK,)

i.O

0.078

0.iJ3

0.033

0.053*

0.064

Tube 2 
i^Oni (MTP)

(fie.)

i.O

0.53

0.38

0.075

ft»IM»

0.055

0.024

O.OU

Tube 3 
Ac14Gra 
(-ATP)
(fie.)

2.0

0.045

O.O76

0.0093

O.OU^

O.046*>

TulJft 4 
AC^^Cfea 
(+ATf»)
(fic.)

2.0

0.192

O.32

0.005

G.Qi3*

O.167**

O.OO44

• Coincident with
** Coincident with

autoer peak
marker peak
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the contents of the tubes corresponding to each radioactive peak 

were confined, evaporated in a rotary evaporator and re~evaporated

•everal times from a<<ueo is solution to remove acetic acid a; id 

hydrochloric acid. They were further analysed as foilo**s :

a) fcy degradation with the phosphatase 'polidase 1 which is 

specific for sugar nhos>hatos (192), The following incubation 

mixture was used : Sodium acetate buffer pli 4»f (paolea), polidase 

(25 jig.) in a biffer (pH 4,6) O.O5 ml.) containing sodium acetate 
(O.OI M) and *&?12 (O.Olfl^, toluene (O.O5 ml,) and sugar phosphate

•aaipie, in 0.25 ml. total volume. It was incabated at 37°C for 

6O hrs. in stoppered tabes. Samples were removed for naner 

chroraato^raphy in solvent A (page ^ ) with D-glueose, D-fi <uctosef 
O*9lueasamir)e and N-^cetyl-O-^^lJCosanirtc markers (located with 

silver nitrate (ISO), Authentic sables of G-6-P, F-6-P, 

and AoOo-*-P iiere c nvertcd ir» fiigh yield to the free sugars 

this roethod. H*e distribution of radioactivity on the chroraato* 

grniM of the degraded kiiiase products mm raeasured with a B.T.L. 

radioactive chromatograa counter. *'eak i frtxm the coltxan in each 

case was converted only to r^teriai having the same Rf as free 

glucoaaoine, and this aaterlaJ ^s c inpleteiy adsortwa by 

IR 120 resin (Hydrogen form). The other peaks fit)®* t)te coli&n 

all gave some radioactivity near the origin, vvhere su:.:ar 

phosphate* move, ami --« in tlie region vvhere glucose, fructose
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and AcG» awe, The percentage of count* in the latter region 
in each case was as follows :

Tube 1 ( *t»-ATP ) , Peil; 2 : •• %

10 JE 

SI

Tube 2 ( l1frHATP } , Peaks 2-4
Tube 3 (Ae*^a» ~ AH>),Feak 2 :

Tube 4 (Ac^Gra -*• ATP),Peak 2: 

This material wus not adsorbed iy Anberlite IR 12O

b) ly r^rdr-ol^-sis with 6N HC1 for 8 hrs. at 10Q°C. 

Portions v*ere analysed by passage through coiunws of Amberlite 

IR 120 (r^ydrogen form) before and after hydrolysis, the results 

art given in Table XVII : 

Table XVII. Anal,yai?* of.

after hyUivLysis with HCI.

^ radioactivity 
adsorbed by resin 
before l>y<irolysis

}*.. radioactivity 
adsorbed tor resin 
after hydrolysis

Tube 1 (0m - ATP), P«sk 2 

Tube 2 ( 14Gm * ATP), Peak 2

Peak 3

€.5

Tfcbe 3 

Tube 4

Peak 2

Peal. 2

1.4 

5.3 

2.9

4T

*9

12

63
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It thus ap ears that (apart from the third peak from tube 2) 9 

5O-70 % of the Material present in the hydrolysed material 

contained a basic group, which presumably was, or was derived 

froa, the amlno group of &luco3&aine. Hydroiysia under niider 

Conditions (0.5 N HC1 for IS rain, at 100 C) did not give rise to 

ccxn;->a»ds running in the sarae region as free sugars in solvent A9 

which suggests that none of them contained a significant amount 

of acid-labile l-?>hO8T*tate9.

In stsmary, it appears that \rl examine was converted 

partly to On»-O-P and partly to uni i<>ntifled anionic compounds 

of which 5O-70 f appear to retain the omino group of glucoaamlne* 

ttie proportion of O»«6-!> ^sas about tswo thirds of the total for 

the extract incubated with AW and about one third for the extract 

incubated without ATP. N-acetyl gl cosamine was converted partly 

to Q»-6-P and partly to other anionic ctujwtaute which • -.AV ^^ve 

included a high profx>rtlon of AcOwi-6-P, althou^i this nas not 

definitely identified. 6O-7O f of the nidioactivity was associated 

with mterial ^Uch stiii appeared to contain the amino gro-ip of 

glucosamlne (probably acetylatmJ in view of its behaviour on 

Oowex I) and behaving like a 6-phosphate rather than a 

on acid ty&rolysts. the proportion of Gm-fl-P WBS one fifth of
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the total in the absence of \TP and one fifteenth of the total 

in its presence. Since the material formed in the absence of 

ATP in both case* appeared to include the same components as 

that forsaed in its presence, it seems likely that the 1O5,GOO x g 

supernatant from B. suM, Ujs^ extracts contain* small anotmts of 

ATP or some other phosphate donor (0.008 juatoles per fflg. of protein 

would be required to account far th* aaount of nhosphoryi ittxl 

proUuct formed from *4Q»). This hypothesis is supfiorted by the 

observation that preincubcition at 37°c aix>li3hed the activity 

observed in the absence of AH* : any labile phosphates would 

tend to be broken down ly ena^mws ??uch as ATP-aae »mder these 

conditions*

In view of ttie fact that a complex series of products was 

formed in these ex/^j-iiae-its, azid atteopt was Bade to irify 

the enzymes. The foiiowing processes were tried s

frotamine sulphate nrecirStation. 105,000 x g

(30 mg. protein/mi.;-^ mi.) frma ceils grown in the 

presence of aucosai\tnc VKIS treated with 2 , of protanlne 

in successive 5 ml, portions. Most of the isLinase activity 

disap >eared trtm the supernatant when 3.5-4O nd. of protmBine 

sulphate h&d be n added. Attempts to re-extract it .ith 0,14 

sodium pyrophosphate buffer pH 6.7, with 1.0 M Tris-HCl buffer
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pH 7.5 or with 1.0 M KC1 in Tris^ocrcaptoethanol buffer were 
unsucoasafui.

b) AraaOftitsB sulphate precipitation. It WM possible to 
precipitate the en^yne at 53-60 r' saturation and sows kinase 

activity was recovered by re-Uisaolvlng the precipitate in 

Tris-fnercaptci«tftanoi fiuffer. Recoveries were low, however, and 

daaminasc was still present in the preparations.

c) Calcitn phosphate gel. the enapme was adsorbed, but 

could not be re-eluted with 1 M JG31 in Triataercaptoethanol 

bttffer.

d) Beating to GO°0 for 5 min.. A single attest to 

inactivate glucos<*raine kinase scloctively £QT this method (see(SO) 
and page in was unsuccessful.

Qo-6-p acetylase was assayed by incubating the 10S fOOO x g 
supernatant front cells extracted with the French Press and from 

cells extracted with the tfciflfias Press, with phosphate buffer 

pH 7.2 (SOpmoles), Qn»l*P (lfjn»le) and acctyl CoA (0.2-O.5 

in 0,5 ml. (or with sodium aceu.cc ( 1 ^,K)le) f CoA (O*2 /mo 

and ATP (lOpwles) in Dlace of acetyl CoA). ^o ac tylated 

amino sugar could be detected after incubation under a variety
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+ glutamate alone, broth + glutamte + AoOffl or broth + ^liitamut 

«G*i (cf. Clarice and ?*asternalt (SO)).

Osa-i-P cicetyl, ..jjayed ty i tcui&iUng the 105,000 x f 

aupcrnata.it from cells (grown with and without AcGa) extracted 

with the French Press, with the assay aiixture described on pa&e 

No acetylatcd aolno sugar could be detected before or after 

heating to 1GO°0 for 3 min. at a ;« below 1.0 (to hydroiyse 

tJie l-r-iKiG'^hate group,)* O»-1-P m^s not degraded ly the B.subtJUis 

extractsf and a si JLlar experiment In ^iich e.c^li extracts were 

used ms o iccessful (see page Itf ).
cwtase

PtWttpho-^ueoswniae^.vas assayed i$r i jcubating the 1O3,OOO x g 

supernatant from celis (grown with and without ^cOn) extracted 

with the French Press, with the asa^y mixt^tre described on page ~tf . 

No conversion to material giving a positive aoino sugar reaction 

before hydrolysis of the 1-phosphate was detected, \vhijch indicates 

that ph03->h ;ijc«esjolne outase and Ga-l-P phos^iatase actlv^tle« 

were both negligible under the conditions of the experiment. 

In certain cases y fnictose-1, 6-^ii hosphate (i prm>le) was added 

in the hope that it obtained sufficient glucose-i ,6-diphosphate 

to act as a cof actor in this reaction,but no Hutase activity 

could be actocted in its
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their control A in G^c^lJU

SCSJB of the enzymes of amino sugar aetatooiisa, and the 

control raechaniss* associated with them, were examined in 

E«coli. in order

a> to cospere a Ora» negative organism with the Gram 

positive &«subUU3«

bj to test the asssjr fnsthods *hich failed to give positive 

results with g, subtil is «

c) to make use of the fact that g.CQl^ will gro* mil en 

siople defined mcsUa,

and d> to «ake use of the fact Uvat rautouits of {£«coli Cv*n be 

isolated fey the penicillin technique (193).

8 (i) Assay of GnM>~p (Jearainase* AcOre^6->P deacetvijse and 

-P 3ynU«otase in ixt

wtre «ssqy«d in extracts of fcUcoli \TUC 9723 

ly the s^ne techniques as were used with n.sulytil|s (see pages "i 

The effect of a-i ling AoGm to the medium and the effect of 5*lucose 

were tested, and since AcGm can act as a nitrogen source as well 

as a carbon source, Vie effect of omission of nitrogen from the 

growth mediui en induction aixl repression was ftn«itned> The 

results are given in Table XVIII.
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Table Will Induction of

sion of Gf>-(>*P in

iwcoli 9723 was grown un iiavis lainimal nedim (13SJ with ti* 

additions shown, All the cultured, except Nos. 4 and 6, i«sre 

turvested after 14 hrs. growth at the dry ttet^ts shoes* 5 "to. 4

was harvested after 18 firs, growth when it had reached a dry wt* 

erf* 85 BB.AGO ml. ami No. 0 was harvested after 36 hrs* when It 

had reached a dry v/t. of 60 rag./iGO ml., they

extracted with the French Fressy and the 105,000 x g supernatant 

used for the eaa&m assays (see pages 7/rt>) j

was assayed by the disappearsnae method.

Addition to

A ^Wa^Bp fVvHsW

2 SnM AcOra
* Ssff

glucose

3 fatt glucose
4 a«S glyceroi

5 5f!M ACGnt
* ffc^ salts

^^ l^^aVH s^Bs^iSwap

4 Sri!
glucose

- Ml^ salts

dell yield

8u t^r I'^rftTi
B^^W^W

110

130

35

10

100

3

/v?ijM>Q sugar 
reialning

0.3

3.5

*

•

O.S

4.0

Enzyme act 
(j^isnolos/r

daoninose

1.9

1.1

0.19

0.08

2.0

2.2

Uvities
?sg. proteli

02

47

17

3

83

49

in. 
Gra-6-P 
oynthetase

1.3

1.3

S.6

14.0

1.0

0.86
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dearly AcGra induce* O»<"i» deaminase to iO-20 times the basal 

level obtained with glucose or gJyeerol as trie carbon source 

end induced AoOra-G-p aeacetylase to 5-10 times the basal level, 

in Dovis medium. Glucose had only a Mill effect en the induction 

of tho:j<: -.lories t*y the AcOa. (Mission of aanonia from llacvJU 

miniaal medium (so that AoOm is the only source of nitrogen) 

had practically no effect on the extent of induction of the 

enzymes, and had no effect on the rate of growth of the bacteria 

infehe absence of glucose* In the iiresence of glucose on the 

other hand, growth on AcGra as the s le nitrogen source wm 

delayed iy more than 22 hrs.. This is interesting la view of 

the observation that glucose redocod the rate of disappearance 

of VsGm from the aediuau Since there warn no sutotantial effect 

of glucose on the specific activity of GaHM* aea Ina3e or 

AcGo-6~i» deacetylase9 and the ataino augar kinaees appear to be 

c nstitutive in E>coli (50) and page "7 >> there iftist be jn 

inhibitory effect of glucose or its products on the induction 

of eorae other inducible en^yae (e.g. a pemeaae) or on the 

activity of une of the enscmes.

T\\e apparent repression of Gowi^P synthetase by AoGm in 

this experiment «as of the some order of Magnitude as that 

obtained in B. subtii is. The apparent activities obtained in
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the presence of ,-*Qa my have been louver than the true ones a* 
a result of the presence of G»-6-P deaninase in the (unf ructionated) 
extract; Uit this factor WHII<* riot coapietely account for the 
difference between the activities obtained in the presence and

mien inoufeated for brief periods with &,.CQ.i.A, extracts, 
ACfl* 6 P «os converted to a compound or compounds which 4*9* a 
higher coiour yield in the amino sugar j, s ...^y iii thc^ ro JIICG of 
acetic anfvdrtde (155) than in its absence (167) : ^.^ ^3 
OuMistent with the !\y othesis that AcOn^^P is degraded to 
Qi fl P (i.e. the acet^vladiK) group is not fd»oyed ss an

ttilit.

8 (ii). Asaay of ^itK> sttaar kinases in ...e,cojl.l K 
Oto kinase and voG^i kinase were as ^yed try tlie 

ethanol precipitation rueti^d described on page 11 ; the 
ooncentratifm of amino stigar ms increased frua 0.1 aM to i. 

since ttie activity of the en^ysie waa auch gr^a&cr in £.coli 
^ B*sibtltif extracts. Die ass^y gave a iinear ti^e cours® Tor 
at least 3D rairu (15 f conversion^ for ix>th fcinases. Omission 

of amgneslum ion reduced the activity of Cm kinase tor 95 ,' 

and of \cQa kinase hy 75 ; . Uniiice the kinases from auaubtilis
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those froffl g.cojli shaved negligible activity in the absence of 

added YTP (altaough the higher concentration of araino sugar and 

lammr concentr-it, n of protein tared in the case of ••::«

have obscured any phoephory?ation produced by saaJU amounts of 

hign-eaergr pl*a»*a*ia» in the extract). Brief immtetiun of the 

at 6O°c wars found to destroy On kinase without affecting 

fcif*as«,a9 refxirted tiy Aaenslo (50). 

Tabie XIX shows the specific -activity of aal x> sugar 

in extracts of E,c; >l4 K 12 

JC1PU Specific

on various cartxm sourew t

in E^coii K 12,

K 12 *aa grwn on Davis siinimai raedittn with the carbon

I, harvested, w- shed, aisrurjted v.lth the Frenchw if w i . *

and the lQS9tx& s g mtpemataat (0,5-0.7 mg. protein) used for the 

BariaB^eUkanul precipitation

Carttun activities

AcO«

Giucoae

glyccrol (20 aM)

1,79

2,09

4.36

5,35

5.T7

4.55
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Clearly '*oQn dues not induce either Unas* to an appreciable 
extent in ucoi^ K 12 f vrfUch agree* with the results obtained

(ill) g of ^tioose nhohate iffaierafte in E,coli 9723»
This enxyne was assayed ftgr the spectrophotoaetric method 

need for Om-0-4> deaminaae (see page 7s* ) except that Ga-6-P 
in the i;*cubatioo aixture «a» replaced ^ 0.2 moles 
It *«» necessary to pre-incubsite both the P-6-P end 
with portioiw of the as-av taixt tre until a constant reading oft 
the sp-jctrophotoiaetxjr wus ot&aineii* The t»w were then mixed, 
ami the initial rate of reduction of r%y>p vm» neasured un a 
Bechaan SB apectrophotaneter attached to a Saitpnt recorder. 
the rate wa« f>roix>rtional to anaunae c ncentratt^n, and trie 
foilotfJA; ,-ciflc victivities were obtained (with the iO5f «>x> x g 
•upematant from c Jitarea extracted with the French Press) $

Cells growl with AoQtt (1O raM) i 112

Cells grown with glucose (10 vt&) :124 
The eftxgnae is therefore not specifically induced ty AcGm.

to detect this enzyme ly coiif>iin^ it to Gm-6-j» 
in the :ctix> 4x>totnetric assay (using the 10SfO(x> x g 

supernatant from cells grown with glucose or Aodmy extracted 
with the French Press) were unstiocessf -i J . ^hen the BJ « extracts
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*ere incubated with the assay mixture descried on page 79 y

was slowly converted to material givng a positive amino 

reaction without PI lor hydrolysis of the i-phosphate, but 

the eoo aits which tnotumiaWI ware too snaejU for it to be possible 

to distinguish GtarQ** fonaed toy smtase action from Cm formed 

eheafliataise action. The specific activity was less than 0.5

•uaoles/ag* proteln/min. f v£Ubch is much louver than the specific 

activity of Gn-l"^ acetyiase (see beiow)*

The iO5fo >O x g sti|»ernatant of cells grown with glucose or 

AcOa and extracted witli the French Preati was assayed as de*crik*a 

ea pa§eTT(ud).A linear rate of reaction wus obtained, and the 

specific activities in the two extracts were :

Cells grown with scGsi : IS* 4 munoles/rag. protein/tain.

Ceils gttnai v.lth gltjcose : 21.3 oM»les/aB- prote WrrUn. 

da-l-P acetyiaae ma therefore repressed to a snail extent by 

AoGsv but the difference na« scarcely si^iif leant.

The awouftt of acetylated proitoct reached a plateau whea 

40 f ef the theoretical yield had heen obtained, and did not 

fall if t?ie inooiajtlon «as prolon :cd. The fuct tiuit trie product
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was not degraded suggest* that AoGto-6~P deacetylasc is mmh less 

active with .\cGm-J.-r than with AcG»~6-r as substrate, and that 

under the c nditions of the aeetylase as,- ay, the activity of 

ihoepho-»-acetyl-gliicos.ifTdne awtase is low.

8 (vi), An attempt to isolate mta.it9 lacking freSn kiiiase
*frua £7jm4 K 12 

This att&n|>t was raade in the hope of using AoQtt as a 

gratuitous iadueer or represser, Tlie aethod used mis based on 

the penicillin technique of t>ivis (103)* A euepeftslon of

1C 12 was irradiated for 12 aiin. at 8" bej^xv a HanovJUi

U.V. laiap with a 2** x 1.5* aperture (giving 1 in 5 x 10s survival), 

incubated in sltscoso^untaiiUng oediun for 96 hr». at 37°C to 

permit phenoty^ic expression of the nutations, harvested, Hashed 

and incubated for 32 hrs. at 37°0 in a rnedi»un c ^ntalnlrr<T \cGrn (lf> M) 

and benzyl penicillin (10fOCX> i.«. i**r mi* )* San: 

on agar plates containing gltieose (I€af4. >. After 48 hrs. incubation 

aeout soo colonies had adored. Each plate wis replic tt-d on to 

tuo further agar plates, one of which contained glucose (IQmM. ) 

and the other *00» (1QHW, ). these were IncutKitcd at 37°C and 

examined at intervals* All the colmte® grew as rapidly on AcQa 

as on g ucose. and are therefore penicillin -resistant rmitants. 

It is evidently aeeeeaary to obtain anil examine for more colonies 

than were obtained in this experiment.
»

* This experiment was performed in collaboration with T'r.R.J.iVhite,
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(1) The mature and specificity of the inancer of

and Aa&MM* deacetylas* and of the corepressor of flaMM*

in .coil a-, i A ,:

The results giv 2 in table XIII Indicate that uttile Accia Is a 

good in oicer of Gn>-6-P deaainaae and AoQnh€*P

vnino sugars with the opposite configuration atxjat eartwite 2 and 4 

of the ring, different a «Lstitu nt <,,* carbon 6, and N-«syi side 

chains differin : in ^ize from the acetyl group ana not* ^eQai is 

also an efficient represser of :"ny6~P syntlietasei analogues with 

tlte oj>po^ite Co ifi -irati^n ^boat carboiv^ 2 and 4 of the rirrr ate 

notf &it those with N-^cyl side chains with three, one or no* 

carbon atoms are al no repressers*

The fact that induction and repression have Oif ferent specificities 

indicates tf«»t the t^o control mechanisae are not ^:>etically linked 

in the sans sense as the ensqnass of a co-ordinate pathwqgr (i .'V,195>. 

it also snasasts that Indijction and repression are eit er controlled 

Jay different compounds wtHilfi Uv ceil, or i>y the sane compound with 

different senaitivitlesf ImJuetian beiog lasa sensitive than represuioA 

(see cfaestlon (ii) on pi^e ^\ >.

The observed specificity of induction and repression witn nrggirrt

* i.e. giueosaainc itself
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to structured variations way, of co r$e, reflect the specificity of 

the enTgraes «hich convert the amino sugars to the irwfcicer and corej*res»or 

rather thaa the 3;>eci icity of the niacroiJiGieCuliu represser, Litovise 

the observation that r,ttH6~P and AcGaXM* do not significantly induce 

or repress goea not rule out the possibility t;<at they are identical 

wit?, or c avertible to the indueer o£ corepressor within the cell, 

since U*e cell aaratorane fl«y effectively exclude them from the Interior 

of fie cell. Since these conpo^m do i -t disappear frost the growth 

moAlsn, this is a plausible explanation, If a gra&Uto ;s indncer or 

represser could be found, tl« specific! of t < ro wiecuJar 

represser mi ht be defined more clearl , but attempt^ to achieve 

this by synthesis of analogues of AcQa ( u e $i) or bv electing 

mutants for %file^ *W»« itself laight be a gratuitous i?*du»er or 

rapr^tsor (page uo> aiure u.-is«ocessful.

The ratv at utiieft atixino su-^ar is synthesised in noft-re :>res»ea 

ceils must be ecruivalent to tlie rate at uhich it is used for cell 

iwil synthesis, since soluble interne jiaies tio not jcco^ttiate 

(see page &}• vm« i amino su ar is fed in fix^t th<* sjaOitMi at a rute 

lower than Uiat at ivf;ic.f j it is noimiiiiy 3.yu; Iwsisea 4e ttovo in 

d eel is t the requirement for 4e rtovo syntlvasis is 

t anJ tiie cell can afford to nake leas />>-6-r>

Mo amiiw s«§ar is uvaiiuble in excess of the rccfuir&aent for cell
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mil synthesis under these conditions hoagfif, ami Induction of 
th* degradative nmja»ij AflQa 6-P deacetylase and Ca>-fl~P deaalnaae 

should not occur. This could explain the observation that Gm» 
FrGra and Pato, which are slowly metabolised, repress Grand-i* 

synthetase without inducing Qa>HW deaoinase (000 Table XXII).

VftMA aoino sugar Is fed In from the awdltai at a rate higher 
titan that at which it Is noramlly sytttheslsod de novo by Qa G-P 
synthetase In non-repressed cells, the cell can afford both to 
avte less fla«fl'>ip synthetase and to degrade the * extra* a^ino sugar 

to glycolytic intenaediates. This could explain the observation 
that Ac Oa, %^ilch la rapidly fnetabullsed,both represses Gn>-o-r

and
synthetase and Inteea AcO»-c>-P

The observation that AcGm Induces Cia-6-P iieaadnase ap >reciably 
svan when addea at *i concentratloti as low as 0.1 0M (Orajjh V) Is 
consistent with the fact that the rate of Incorporation of AoOm 
Is nearly as great at 0.1 sM as it is at 2.5 n& (Table IV).

One observation ^ii£h does not fit In with the hypothesis 
that Iftdoction is less sensitive tliun repression is that Induction 

of GoMi-p deamlrtase can occur ( to a mall extent) when the cells 
are grown with AoQm ana glucose or -ith AcGa and fnictx>se ( Table XIV 

and graphs VI and VII) although the repression of Qm 6 >P syathetase 
Is substantially reduced under these conditions. The possibility 

that induction is linked to a specific structural property of AcGra

rather than to its rapid rite of Metabolism, carsnot be definitely 
rded out for this reason.
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Since regression ef Qm>G># synthetase by ^fCm and PeGto is 

never complete v t ^t Use highest concentrations tested (Graph IV), 

it is clear that if a coomon intermediate is responsible for 

repre.j.-..ten uiere ore rmte-iiatiting steps in Its fonaation from 

these aiaino sugars which are saturated at external concentrations 

in the region 0.5-1,0 an* Repression ay On falls coiitinuously 

as the concentration in the growth medium is increased, this is 

consistent with the results given in Table IT, which indicate 

that the incorporation of Cm is dependent on the external concentration
Qm-fe-P

over a very wide range* Induction of ̂ dearinaae by AcOrn aieo reaches 

a aaxinuffl value when the concentration of AoQm in the oediia? is 

about 1 stl* This isay represent saturation of the ensyma formific 

Machinery, or of the rate of conv^r^iun of vot^a to the iimucer » 

there is at present no way of distinguishing between these 

possibilities*

Since AoGra induces Gn>-C-P Oeaminaae ifKS represses dsi'4 -P 

syathetase in B. subtil Is and S.CQ^. it is probable th it, in 

these organisiBs at least* Cka-6-4* desninase is concerned with the 

de^rmdatiftn of aaino sugars nd not, as su$pste4 eiscwdiare 

with their synthesis.
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In view of the observation that _EP cojLri can grow on veGa as 

a sole nitrogen source , the nitrogen wist be released frosi this 

compound in a form in v&ich it can lie used for otiier rutrposes, and 

this iruUaate* that the dtegradative pathway can function in vivo,

The observatiun tnat PrGm-6-f- is deacylated ty extracts of 

B. subtil is is consistent vith the metabolic pathway suggested in 

diagram II, on page 65 .

(ii;. The nature of the glucose effect on induction and 

repression In I. ceil and

The effect of glucose, fructose and sucrose on the indoctlon 

of Gca-6-P deaminase and AcGra-c-P deaeet^lase in B^s»it>tiiis (Table XXV) 

my be explicable in terns of eatabolite repression (133) but since 

these carbon so irces also hare an effect on the rate of incorporation 

of Ac^^Gm (Table VI), and on the repression of Qm 4;i ' P synthetase 

(Table XIV), it is likely that Uiey also reduce the rata at «hich 

Aide is converted to the inducer and co»re^>res^or. Hovfever, this 

is not a simple competitive effect in view of the results recorded 

in Table V, and those in graphs VI and VII wi<l£h indieat« that the
*

repression of C2B^6*^ ^ynthetose t& AcCia in the presence f ' icose 

or f ructose and the induction of Gr»-6-P dcaran,*R6 in the presence 

of glucose cannot be overcome fegr ii^reasin? the ratio of AcHm to 

A nun-competitive effect of this type «ight arise if
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( or a derivative > were coapeting with AcOn ( or a 

derivative) for in engyea or a co-emyeB (mteh an ATT) at a 

aite where its concentration i» inileBanJeal of that in ft* 

external nediuo. Sine* giuccee delays the growth of JL^oIi 

an AoO» in the absence of a nitrogen source (talkie -Win/ it 

may have 4ft inhibitory effect on the reieaa* of nitron*" fro» 
AcQn in this ecganisia.

The effect of giucoea in abolishing repression of 

aytttlietaM toy Gen (Table W> i» eon*iat«*t with the 
that giucoae *evereiy inhibits the inoorsi«»f^tion of gi?ieoaaminef 

poasibiy ly eonpeting for a kinasc or perme (Table K and 

page 6° ). It woolcS ofc¥i*Duaiy be dJUadvantagaoiiB for ti^c coil
Gm-6-P

to refveew^eynutct« * mier conditions inhere it la tmafeie to

u*e uie anifio w*ajw p< efient in the !9e*Sitsa* Oiucoae aiaw aboiiahca 

ly PK>n V« which suggests that the rate of 

of sttptm to tiie co^rcpreaeer ia ruaiioeJ

by giucoae*

(iii)« The effeeta of inhibitors *rai of incugati^jn in

stationary nhase on B^'yy.?»u.t?.

fto IntJaetion of or repyagsiien of fivnthrtase eouid

be obtained |y «rowini »>a^tiif» with high conoeatrationa of

penicillin or aaauracll in the growth Tte.iisjm : it il^refore

appear* that these inhibitors of u i to sugar
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do not cause the accumulation of inducer or corer>res«or or do 

not permit their ex resale*!. In the case of penicillin ills is 

in agreement with observation that B, ̂ abtllis has not teen fo nd 

to accumulate nuclcotide derivatives in the presence of penicillin 

(196).

The observation that incubation in stationary phase results 

in an increase in specific activity of Gra-6-P cteaminase in the 

absence of glucose, and an accumulation of amino sttgar^con^ining 

Material in its presence (Graphs VII ami VIII) suggests that under 

these conditi <ns the balance of amlno sugar formation rauy be 

different from that observed in ceils in log. phase* One 

possibility is that in stationary phase, B.6ubtllls produces

en$yraes whictt tiegrade the aiamo sugar-containing polymers of the\
cell wall to smaller units vahich are then able ( In the absence 

of glucose) to induce enzymes such as Gm-6-P deaminase nhieh can 

degrade the amino sugars to glycolytic intermediates. In the 

presence of glucose this may be prevented ly catabolltc repression, 

and the soluble fragwents released i *tc the growth oeditm. 

B,g ibtilis has been shewn to produce vari >ua de 'radative enzymes 

(o^-onylase, ribonuclease, alkaline phospJuitase and proteases (173)) 

in stationary phase, aad the gerntiaau n of srx>res of B>9abtllis 

and »*iieaiaUieriua is aceonpenled ty the release of a
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containing 4oQra and Acftfcir into the growth nedlum (197), which 
nugflnntn that an 00230110 degrading ouoopeptide (such as lygojqyas) 
is formed under these conditions, lyao^yme gives fragments in 
which the araino sugars are still ff-ocyiated, and it nay be 
si tUf leant that the aaino sugar which accumulates in the nedium 
in the prosenoe of &lueoea appears to be W-ocylated (page <U ). 

Thoae changes occurring at tiie end of log phase could explain 
the existence of On-tf~p deaminaiie and aoCto4M» deaeetylase and 
the control mechanisms associated >vith them isee cjucstion (iv) 
m psjt ^i ). It seems probable that during log ,phase in the 
absence of exogenous amino sugar* the cell controls the flow of 
carbon into amino sugars ty controlling the level of Gm-G-P 
synthetase (and possibly other anabolic en^yaas crtileh have not 
br^cfi lEWostigated). Only tinder conditions where amino sugars 
are present in the growth medium or are produced internally toy 
degradation of potysaecharides is it advantageous for the cell 
to degrade amino sugars fey the Gra-O-P dearainase route. Although 
the induction and repression effects produced lay AoOBi «ay fi«ive 
the same net resiilt (nataely to octroi tt>e distribution of 
carbon and nitrogen between a«Li w> sugars and other compounds) 
the two effects nx*y be quite unconnected physiologically*
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The nature of the inducer ^nd represser has not yet been 

aetarained. Repression o~ j lynthetlc efuqm is usually 

controlled ty * the last small molecule of a sequence before 

incorporation into tmeratoleeiiles ' (131)* vceerdlng to this 

hypothesis, the represser should be one of the Rucleotide 

derivatives of the amlno sugars* The Inducer is probably one 

of the earlier ir.teraediates suqh as AoOffl or \cfl»-6-P.

(iv). Purification of qm«6-» deamjnase from It, subtil is 

snd atteeipta to synthssise It in a cellHTree syttea*

Since dH^6'««P deaminaae can be considerably purified without 

ouch loss of activity tor arthods which includs protsmine sulphate 

precipitaUon end re-esitracUon, awlsorptlon on caJLciua phosphate 

sjel em! C^-^in«ina gel and re-extraction, end fractlonatioii on 

DEVE cellulose,it is ufUi&eiy that an easily dissociated tictivator 

or cofactor is r>resent in the 105,000 x g *ur«rniit*j*t of induced 

extracts* The ensyne is stable under the condition of the assay 

used in the attempts at cell-free synthesis (page <ft ) although 

ceil-free synthesis itself could not be deoonstrated, possibly 

became of the hi tf> levels of degradative en*ya»s in ^subtilia 

(173). Since Uie ratio of indosed to nonlndimd levels of «3n»-G-l» 

<iaamlnaii is not as great as it is in the cas^ of other enayoea 

h^ive been studied in cell-free systems (173,184919$), it 

be difficult to detect a small 1 crease above the 

level.
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(v). Assay of amino sugar kinases in £ 

The results of the assay based on the bariura-cthanoi 

precipitation method indicate that kinases for giucosaaine 

and N^eetyi gliirsoeatalftt are present in extracts of E^coli and 

B« subtil la but that they are aoch weaker in the latter organism, 

They appear to be induced ty AcOrn and OR in l^aubtil^fl but not 

In E-colA (see question (iii) on page $i ). 

The fact that tltqy are iralucible in p». sub til la could explain the 

observation that pregrosvth on aaino sugiirs ^Jihancea tlie rate of 

iftcor:x>ration of radioactivity from iabelled aaino sugars (see 

TaUe HI and 9jg@atlan Civ) on page $i )*

Analysis of the Li\*Juets oatained wtien g^subtiU.s oxtraets 

arcs incubated with A^3to and Ac*"tai with or without ATP Indicates 

that a oiixiture of anionjLc cum xxuids are formed. In each ease 

these include a ceapound behaving like GoH5-Pf and several other 

compounds behaving like the 6-phosphates of AcOm and other 

which have not been completely identified. This is 

with the hyr»othesis that the initial products are Ga*~6-P and 

AoOm-6-P which are subsequently degraded via the AcOto«6 -i» 

deacetylase-Om-C-P deomiaose catabolic pathway. Since some of 

the radioactivity is converted to a volatile fmm when the 

extracts are Incubated for long periods with the radioactive 

aaino sugars (see page t°l), it is possible that SODS degradation
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via the home monophosphute shunt maty occur t this would result 

in the ioss of the radioactive C-l as CO>» Likewise the presence 

of phosphatases acting on amino sugars night decrease the yield of 

products pracipltable ty barium and ethanel.. Neither of these 

interfering factors appears to affect the assay seriously however, 

since the yield of orecipltable material Increases at a rate which 

is linear with time in the early stages and reaches a stable 

aaalBMB when aore than *}O % of the labelled araino sugar has been 

phosphorylated (Tliis >naxin»M my of course represent the point at 

vfclch the rates of the ayntiiettc and dagradative processes Ueconw 

aoual).

(vi). Aaafry of aiuoose phosphate Jsonsrase* aadno 

phosphate acetylases and aaino sugar ptiospfeate autasea in
^^^^^••••••••••••^•••••^•••••••••••••••••^•••••(•••••^••^•••••••••••••••MWMiVMMMMMMMUMMVM^^^^

and B.su

Glucose phosphate isoaprase is not specifically indoeed or 

repressed tgr AcGtai in ̂ ftf&l (see question Iii oa ,»;c 81) '^ihich 

is a? expected, in view of the fact that this em^atd is not 

specifically eoaeemed with aaino sugar metabolism.

Araino sugar phosphate acetyiase? could not be demonstrated 

in extraets of E«subtilis. but the demonstration of 0»-1-: 

acetyiase in extracts of K*co|| ww successfully repeated and 

the observation that wre activity is obtained with Gat-l-P than
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with Gro-6-P as substrate was confirmed. Growth on voOm has only 

a snail effect on the specific activity of the enagrnw (see 

question (ill) on page Si )•

If AcOm is fed into the pool of nucleotide-linked aroino 

sugar without undergoing i:ucetylation, and thus replaces the 

cell's requirement for de novo aniino sugar synthesis (see page |23 >, 

than the ensyattKa) responsible for acetylatlon of aolno sugar 

ought to be repressed In its presence. Since Gra-l-P acetylaae 

is repressed to only a small extent toy AcGm, it is possible that 

A0Qn (or a derivative) is deacetyiated at an early stage and 

reaeetyiated later* It is significant that E«coii contains a 

highly active .^cGm-6-^ deacetylase^ and that even in B.subtma. 

where voGi»-6-P deaeetyiase api^ears to be nuch less active, the 

acetyl group of Aefira is partly liberated during inoorporiition of 

the ^iticoaamina a»iety (see Part I). Another reason why Gn»-l-P 

acetylase is not repressed ty AcGra could be that it has another 

function in the cell*

Mo evidence for r^osi>tM>glucos^nine autaa* activity could 

be obtained in extracts of B. subtil^ and only slight activity 

could be detected in extracts of SUcolA ; likewise indirect 

evidence suggested that phospt*o-?4-ace<>'l- I icosaadite notaae 

activity Is very low in extracts of £.cvii. The failure to
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detect these ensQma nay have been due to the absence of the 

co-factor, glucoae-lje-diphosphate from tha assay mixture. 

The results do indicate, however, that the 6-ftoa*f*atae are 

not converted to the l-tftos States or vice versa, under the 

of the assays used for 0»-6-P dea dnase,

deacetylase and 0»-i-^> acetylaae.

(vii;> Differences L<-f./j -a : 

The principal w^ys in ^lU^li £.0041 differs from B»«ml>tilifl 

with respect to tha «ayma axaiained are that :

(a) the ratio of Qa*G»& deaevinase to AoOa-<J-r 

deacc tyiaae activity Aa lajch hi^or in J»suM,iiia than in f«eoti»
^" ^ ^^ VM^^V^^^HRWivHHBMMW ^^•^^^^^••I^^^B^

(b) the acaino sugar kinases are inducible in ^JSlUiUJA 

tet are constitutive In fi.coli.

(c) the glucose effect on indocUon of Gfa-G-P deamiaaae 

and AoOa>"<i"P deacetylMe is nueh greater in B.subtilis thsn in
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Qra* I

Analysis of ctav fraction on Done* SO resin* 

Continuous line : radioactivity (counts/®***** x 10 )*

Hotted line : amino sugtr tmirkere (^naoies calculated in

terms of

1st. peak - Gn 

2nd- peak -- Gairn



amino sugar

(N

o

CN

O °°
radioactivity [counts /mm. x IO 3]



135

II

Analysis of tfICA fraction on Ooifcx SO

Continuous line : radioactivity (counta/miit. x

Dotted line : araino sugar augers (proxies calculated in
terms of

1st. peak

* neak » Calm
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Analysis of res. fraction on DOWBX 50 resin*

Conttaaoti* line t radioactivity (c^nts/iain. x iO~3).

Dotted line : amtno sugar markers (^noles calculated in

tome of glucosainlne).

1st. i?eak « Oat 

peak <» (Sain
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Oranh IV

Variation of Gm-O-P synthetase concentration in B. sobtliia 

with Mftino ««gar concentration in the growth meditn.

Gm D ——————— D

PoUm O ——————— O

Specific tictlvity ©f the onvym express^! as 

Gsv-G-P f f?rraed «er ais* «»pematant protein per mln
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Variation of <3s»-0HP <teanOj*aoe concentration in B»sufrtUUs 

with aodfw sugar concentration In the grovth

O ——————— O

PotS» O ————— D

Specific ^tlvlty of the ensrne e5tn.re«sed as

per a^K» supernatant pr&tsin per win.
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Grant* VI

Variation of Gra-G-P agrnthetase concentration and 

O» 6 ",p deominase coaeantraUon in B.^ibti^i? with

in ti«8 r»eace of

in thQ growth

D
O ————— O

Specific ^tivitor of Om-6-i> synthetase <s«jtre«s«d as

f orwed pw ws$. supernatant protein per

Specific activity of Gov-6-? daaffanaoc expressed as 

opawies Q» 6 P xlsa^emring per taf» aupernatavt protein 

per »in.
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of Oa-e-P deaainase concentration in B. 

and of the optical density given by samples of the growth 
medium in the araino sugar a»sagrt with iength of incubation :

•) Ceils grown in broth + giutanate

Gm 0 P deaminasc (o|m>les Ote-Q^P lU —————— D 
disappearing ptr a«. «upernat«at 
protein per min. )

weight of ceiis (ag* per 
100 ml. gi-owth oodiin)

optical density at 5a5 ap given 
fcy 0*2 ml. sampie* of t^e growth 
oe<Ui«i in the acetylat^J amino 

(i67)
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Graph IX

Variation of Ota-6'P deaminase concentration in B.gubtilis 
and of the optical density given toy ssapies of the growth 
Be<Uum in the salno sugar assay, with length of incubation :

fc) Cells grown in broth + gltatamate medium containing 
100 an glucose

deominaae
per qg. 

nrotein per tnin,)

dry weight of ceils (s*g. per o—————^ 100 ml. growth medium)

optical density at 585 «M given A——————A 0.2 mi. sanpies of the grotvth 
In the acetylatcd amlao 

assay (167)
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Time course for Gte kinaat from s,s:;btilis. 

Supernatant (0*11 mg. protein) from (to-growi cells was 
iftcuteted with the standard ass^ mixture + \TP ((ivd) on 
page ). Radioactivity (counts/ain. above background *) 
is plotted against period of iiicubatiori (min*).

courwi for AcQte kinase from B, subtil is.

(O.I3 ng. protein) froa am-'groan cells was 
incubated with the standard assay mixture + \TP ((ivd) on 
page )« Radioactivity (cuunts/min« above background *) 
is plotted against period of incubation (min. )•

15 counts / rain.
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The Effect of Amino Sugars and Glucose on 
Amino Sugar Metabolism in Bacillus subtilis
By C. J. BATES* and C. A. PASTERNAK. (Depart­ 
ment of Biochemistry, University of Oxford)

o-Glucosamine 6-phosphate is a key intermediate 
in the biosynthesis and breakdown of amino sugars 
(Roseman, 1959). It is synthesized by the enzyme 
L-glutamine D-fructose 6-phosphate aminotrans- 
ferase, EC 2.6.1.16 (Ghosh, Blumenthal, Davidson 
& Roseman, 1960) and is degraded by 2-amino-2- 
deoxy-D-glucose 6-phosphate ketol isomerase (de- 
aminating), EC 5.3.1.10 (Roseman, 1959; Strange & 
Dark, 1960). Addition of JV-acetyl-D-glucosamine 
to the growth medium of Bacillus subtilis NCTC 
1379 causes repression of the first enzyme (termed 
synthetase) and induction of the second enzyme 
(termed deaminase) (Clarke & Pasternak, 1961, 
1962). D-Glucosamine, ^V-formyl-D-glucosamine 
and JV-propionyl-D-glucosamine have been found 
to initiate the same effects, though to a lesser 
extent. The relation between the repression of syn­ 
thetase and the induction of deaminase was not 
constant for the amino sugars tested. This indicates 
that repression of synthetase and induction of de­ 
aminase are independent processes. Derivatives of

* Medical Research Council Training Scholar.

D-glucosamine with larger .ZV-acyl side-chains or 
with a different configuration in the pyranose ring 
were inactive.

The addition of D-glucose to B. subtilis growing 
in the presence of jV-acetyl-D-glucosamine causes 
the induced synthesis of deaminase to be decreased 
(Clarke & Pasternak, 1962). At the same time the 
repression of synthetase was partly relieved. 
Several other sugars had a similar effect as D-glucose 
in reversing the changes in enzyme synthesis caused 
by .W-acetyl-D-glucosamine. Those that were active 
also inhibited the incorporation of JV-acetyl-D- 
[l- 14C]glucosamine into growing cultures of B. sub­ 
tilis. A slower uptake of iV-acetyl-D-glucosamine 
from growth media containing D-glucose may there­ 
fore account for a part of the glucose effect (cf. 
Magasanik, 1961).
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