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'i"his work oould not have boon <lop.a 1;;:l thout tho cld ::•.1.1.d 

FiM.lly· I vm.rxt to expi .. ess ey i~lehtadness to the Netiorlll.l Ce.near . ; 

of i,ho Calif ornie lnsti tut.a of ''.rech.nolo£:7 for helping ta.aka this 



- ATJSTRACT 

l. frfutant-s o.t'.' ~9~ SD~msa _requiring vltamin B6 ha'V8 beG.n 

inveetir;.ated~ 

2,. As rapo:r•ted by Stokes ~ ~• (1943) certain of these mutants 

trr.tll grow in ·the absence of added vi tomi11 B6 tf th0 pH of the 

mediu."!! is above 6 and if a..."llmonium ion is present. 

J+ Tho :r.eq1.rl..rom®nt for hit~ pH and mamonium ion l1-<1s bean found to 

be due to a reqtda•errient for nee smmoni.u in t.he madiu.m. The 

rola of pH 119 to determine the concentr.e.Uon of free a.ramon1ao 

4,. ,l'illll:nonia 1$ speoifio for the i.nit;iation of' gi"cvrth of tho pH 

sansi ti via mutant,@ i11 the a.bfJcne0 of a-ddcd vi trunin 86., 

54' Whr.m f;I"O't"n in the preaenae of sttfi"ic:tent em,-nonia. the pH 

:!enoi ti ve mutants ore ahl~ ·to syi1th(IH'Ji ze vi.tas.u:i.11 n6. 

6,. '.l.'he net rate of vltamn n6 syz1thGsis is lo,.er in the pH 

sen::si ti ve mutants th.r..n in w:lld type. 

7 o A r;lutc.mic.alanioo t:i:·ensam:lna.se bas been found in Nem•oopora.­

Thei ac ti vi ty or this enzsrme is lowor in the reyoolium or tho 

pH sr:;ns:l. ti ve mutants r,Tovm w:l;t.h01J:t added • •,ri tamin D6 t.han in 

wild tz,~ mycelium. 

8,. Re<:Jting mycollum of. a. pl! senci ti"v .. e 1nut8nt will cfostrcy m.oro 

ir"i·i:.umin 116 in o. z:h--en p1,:iriod than !'•~stlnc r:.iycelium of a 

r,iutunt whioh :roquirec vi ta.1J'cl.n D6 U,."lt:lor. all conditions tGsted+ 

inh.:i.bi tion is ovoroorle by added ammonia, vi t&min J36 or aul-



lo. mien ei thor mutant or l~ild ~;ype is grown on n mi.."Ctur.e of 

. ni trata and ~niurJ M u ni trogcn aouroa e.t pH 7 c..rJr'lonium 

is asaimilnted before ni t1-J.t,e. 
\ 

ahsence of vi ta,11ir. 136 but tho prodaet, of :reduction cunnot be 

used for Gl"Owt.:.¾. 

pH som;;i ti vo mutimt,:.1 ii:; duo to a hij101• rate of ,"1. t011in B6 

lJo A hypot,hof.li.3 to explr.ln tlm spocitici tJ of e:tnl.l;lOn:i.e. hn3 b,een 

t:ra.t1.on (:relative t.o u:ld type z-oqui:t.·0nents) prevents the 
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I. nrr.RODUCTIOW 

One of tb0 firnt bioohemical inutants reported by Beadle 

end Tatum ( l941J t;ao a st!·ain of Nem•osoora si tophila requiring 

f'ound that it ooo.ld G,TOW in the abr.%1!11<.le o:f' the vltamln, p;y-r:ldtrdna, 

in tho pr0;1once of amm01:u.t1m salts at plI values ubove 6-. These 

investiq-,.ators also sho\'ied that thio p-jrl,do:rlnele!!la wt~t. mas 

stimulated by thiamine• 

Sil1ce tha.ae in11'tlat:lgnt,ions 0:e!'tcl.n oth0r vitamin D6-

requirlna mutal:lta of Naurospore. h~ve OOel'l isou:t0d. Some of those 
. 

are si!!d.l11r i.n thei.-r ~ reqttl.r-ernenta to thti.t inV$Sti'gated by 

vi~tnin D6, :requirinc it tor the ir..itiation of eTowth under o.ll 

conditions so f~• tent...M~ 

Th:'t.a inves t5.zat:i on w.::i.,.-, begun :tn ~n ~ff.ot-t to answer th.a 

following quostions: 

lo Vfliat 1e t he nechanism of thG pH effect? 

2, Wb'lt addi tione.1 evi.danee c_:m be gained i"rom these mutants 
e.bott·t the velo.ti onshi:) botue,m1 the vi ta..'ni! B6 group and 
nitroean mot&bolism? 

3. Can anythin.g be le~1 from these mutEU."lts a.bout the 
route of b:i.o.syz1i:.h,;;1sis of the vi tomin B6 ~oup? 

Sctoo information bee.rinc on the first two queatlo..'1.a has 

been obtained. 'l'he routo of vit,amin J6 biosynth0sis r0t:1cl.oo a 
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S1noe much of the work to be d.esoribed -depends on an 

understanding of the peaulla.rftisa or the vi tarnin n6 grottp• 

especially the technique of a.saay, it baa been thought desi:r_abl:e 

to in,1lude a review of some \'iork on this group of vi t.am1.ns. 

II. REVIEW OF 'IDE VI'l'Afilll B6 GROUP 

Vitamin B6 is ubiquitous 1n its distribution-.,1.t has 

been found in all living organisms so far tes·~edt- with some notable 

exoeptions (Holrlan, Furman and Snell, 1949) • 

At least five oompeunds exist with v1tami.n .l36 aotivitq 

for_ one organism or ' another. Pyridoxil'le {) hldro:qi. 4.t,5 di 

(hydroxymstby'l) 2 met~l pyr-idine) MS been isolated h-o!'ll rioe 

bran concentrate (t&resztsa:, o.ud Stevena, l9)$J Gyorgy-, 1938}. 
I 

The other forms mr:zy be eonsid.Qred as derivatives of this compound.. 

They are pyrldoxal, pyridoxam:tne, ~doxal phospba~ and p;y-ri~ 

phospbate (Fig,. 1). These compounds we heat. ao1d end alkt.ll. 

·stable but al"8 dat.Jtroyad by visible light (Hochberg ~ 11•, 1944bJ 

Cunninchv.m nnd Snell,. 194$). • The peai tioo of the phosphate in the , . 

phoaphocy-lated forms has not yet ooen fixed (Umbreit and Gunsalws, 

1949), PyridoxiM is the only member or this series so far isolated, 
' Tb.a other fax"ms hava been ohal'a~-:-,Grized by analog:,, That is.; _ they 

have been prepured from pyridoxins ohemica:lly and shown to ru,i.ve 

D6 activity under conditions where pyridoxinl!II U,selt' is in.active. 

This ootivit.y may be initiation of the growth of certain micro­

organisms or duplieation of the coeneym1ll.t1c properties ot certain 
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:F'ig ., l 

Forms and Deri va ti ves of Vi t 'amin B6 

0 
// 

C-H 

HO CH20H 

H.3C 

Pyridoxal 

0 
// 

C-H 
(?) 0 

// 

CH 0-P-OH .:t , 
OH 

Pyridoxal Phosphate 

COOH 

P't;ridoxic Acid 

~m2 
CH2 

HO CI½OH 

H.3C 

Pyridoxamine 

Pyridoxic Acid 
Lactone 

HO CH20II 

H.30 

Pyridoxine 

Pyridoxami~ Phosphate 

H 
I 

R-C-COOH 
' H2C -NH 

HO CH20H 

Pyridoxal-a~ino acid 
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extract s. For t h<? nutl·::.ti.on or mammals a.11 of the non-phosphoeylatoo 

B6 oompound.s haVEi aot1 vi ty o.nd it ia only by the use of nt,i.oroor,Ga,nisme 

that s~p2.rat 1.ons in the bioloe1-cal aoti vi ty of the group havG ~ 

made (Table I)., 

In the followina "vita.ruin B611 or "B6" -will be used. te ,:, 

indJ.estG all oompormds having -the biolceionl aotivity aao:ribed to 

thia group • . When used without furthef' dsaigna.tion however, vitamin 

1.16 will be considered u, · ratG.r to the three format µyrl.doxinet • 

pyrldoml and pyrldoxam1ne, otructural fO?'mUle.s of ·#hj.oh ore i;ivon 

above. P'yrido-,6.1'.\e will be tmed only t.o desi;;na.te _ this on.e rorm of 

the D6 · grotip. 

A mamber of the vitamin n6 12;<Tot1p, pyrldo:<al phosphate, 

aervo.s as the <'.H:t0nz..,~ for the trana~.Jrlnae~s (Lichstoin, awwalus 

&"1.d Umbrei t, 191.5) • for t;he bo.ct~~rial deear~las&s (Ul?lbreit, 

Bella.,,y and r.unssl.usi 1945), for the enzyme :forming ~JPtophani 

fi-om serine &nd i .ndola (Umbreit, Wood and Gunse.lwa, 1946) and for 

• t ha bacterial EmzYIOO system brealdnc teypt.opha?l1 down to ammonia, 

pyruvic acid and in.dole (wood, Gun5r.lus and Umbreit; 1947}. The .B6 

t,."OU.p li.a essential fer the syntheo:ts of histidine, ly-sine, tbroordne, 

alanine, ar;rtn1no, phenylalanine, tyrosine, (!qma..'1, 19/.1,7; Stokes ruld 

Gmmtn:is, 19453 Broqui.1:it and Snell, 1949) ·tl?ld for the f'ormat:ton of 

D .. from L -alanine (Holden, Fu:rtw1 a.nd Snell, 1949), The group 

has ~en implicated. in ·the syntheoia of nieotinie eoid from 

tryptophan, (Reid, Lepkovsky, Bonner and 'l"atu."I!; l9ti4). Nut r:i. tional 

.stud:i..os have ohom that the B6 g.roUp is involved 1n the metnbolism . 

of smlfur 5l.!'Jl.1.no o.eidw (Cer.ecedo t1 ~•, 1948; Spook a.11d Pit·t, 1947) 

· } 



'.i.'.:..:.blc I 

Porms of the Vi.tcmin 36 Group 

Growth 'i-1eaponse 

Organism 

P.rridorine P;rridoxal P..tridox- P'lpid.oxal ?-,1r:tdcx• 
a.mine ph:ospha.t~ ruaine 

pho:ziphate 

SaooharornJ,,"'00S 
carlsberc;ensis 

Ueuros-po:r.a 
C:l:'8.,958 

StrGptocoocus 
fecalic,n 

L!il.ctobocillni:l 
CG.30i 

1£.;et<>bao:i.lliw 
holvot,:l.cus 

... 

... 

* 1/5COO u.at.i.v.i t~r of oth"3:r f.o:rmn .. c .. pprox.trna.te 

0 0 

... ... 
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and a oonn0otio11 ha.a been de;non~truteu bet\.,e-On t hi~ o:-oup rui.<l the 

unae.-tu...~ted fatty ur.::tds (Quackenbush ~ ~., 1942; Sarma Q]. IlJ..".P 

19/47). 

No 1300d ohe.mic~.1 mothod erlsts for the determination of 

tho vi t&1in D6 gToup, althou:;h several have been sug~ested (Bird; 

Vandenoolt e.,,"1d Eim:10t9- 1942; Bino., Thomas and Brown, 1944; Hoohbe:rg, 

~ieln1 ck and Oser, 1941 ... a; Hrown, Bina ond Tl:1omas, 1945; O:t"ma by t 

f isher and Sohlen~, 194.7; Scudi, 1947).. These are either nor1-

specifio 01· not s1::m:,i tlve enou.;:;h. Raeourse must ther@f'ore be ma.de 

to biclo~ical o.ssey methods and the difficulty in devising o. 

satisfactory &0sey h;:rn led to rnuch of the progr0as in thi3 field, 

In 191 .... ~ Snell and collal10·f'a·tors, while attempting to 

dev:tae a.n asoay for vi tar.iin B6 using lactic ao1d bru:rteria, were 

struck by a tieries of incona1s·tancies in th.ail• :results., •rest3 of 

no. tt1ral products vrl th lactic ooid baoteria. showed acti vi ti£ls 

oorrespond:tng to a greater pyrido~e content thrm could be 

demonstrated uainc rat or ~-e.st bio-assa;r methods (Snell9 Guirard 

und Willii:1.:'Jll, 1942) • Thia led these work<➔rs to postulate the 

ax:1.sttmoo of an a.ctiV® IU®tabollte "pseudopyr1dorlne0 , producible 

from pyrid.oxine. 

"Pseudopyridoxine" has been shm~n by synthesis to be 
' 

t,~o substances 11 pyridoxal and p;r.:"idoxa.raine (Harris, Ueyl and 

Folkers, 1944) • Pyrldoxine hoated with a.'J111lonio. showed ttpseudo-
1 

pyrido:d.ne" 1:.1.Ctivi ty as did pyridoxii'le treat.ad with a vai•iety o£ 

oxidizing a.gents (Snoll, 1944). 

The sepurato determirw.·l;ion of each of the components o£ 

the vitamin il6 2:roup has been worked out b\J Snell and collaborators. 
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Ais sho,m in Tabl e r, ~oma orgl\n.lsms use ef'fioiantly cl.l three 

ror:as of t he vl tamin ,:;rou.p1 while others t1se hm or o..~ ona f'orm 

of' the vl "i:,mm.n. 'i.'hase organistUS mti\V then be used to obtain values 

for the totc.l B6 content and for the eonosntntion of .eaeh of the 

fol'Tll~• The methods oa.n detect less than a milligemrna of B6. 

Values i"or pyridox:i.n~ 1tmel.f mu.st alweye be eonsideroo . suspect 

since they are in general low end r.ru.st be obtrdned a.s a. result or 

two dif:feTenoa equations (Ra.bioowitz and Snell11 1948). Indoed, 

one of the ink:ireetinc point.,; to eoroe out of the aas~o made so 

far is that the valuss £'01"' pyrido.:dne itself era low in tnost of 

the biolosii.oal matsrials teated. Onl,y in rice bran ant:\ oeree.1 

grains in @'Mrru.is ther~ an a.ppreoiable omou.nt of thia form 

(ri.abinowitz and Sooll; 1948). It i~ therGforo in a eonae qui:te 

accidental that pyridoxine should have been selected G:S &vit~1tdn 

n6u-a.11 aooidant d.atorm:i.ned by the material . selooted f O'!' tho 

isols.t,ion of B6. 

organ.isms. 'I'rootment e'lther by eneymatio 1l1gestion or acid 

hydrolysis has beetn found .neaeasa:cy, for the li'barat1¢n ot .m1t:rl• 

tio;1all;;r aoti ve ext>l"aots. A pralifitl.ne.1'7 efflll'&etion pi-ooedut'e ia. 

neasssa.ry before any M5'1 can oo perfor--.Aed (Rabinowitz and 

Snell, 1947)• 

It is now believed ttMt most of the boUtld f01,ns oonsiat 

or pyridoxal phosphate and pyrid~ phospba.te altbau,:;h some 

other forms of binding may ecour {Sl)oll, 19~0). lt 1s a pecu.~ity 

of t h0se two compounds that they are moN easily h1drol.yi&od e.t 



8 

pH valties o'f pH l • 2 than in mer~ conoentre.ted e.oid. This 

paoullarl.·ty had led to tho postul..--ition of an eta.aid lebilett form 

of B6 before it was roeo¢z-ed (?ielt.dak, Hochberg, Himes and 

Oser• 1945). It has also been shown that pyridoxarni~ phospb.nt.e 

is somewhat mo:re resistant to hydrolysis than i.e ·the oorrssponding 

pyridoxal phoaphate and that pyridoxamine phosphate is active fo:r 

Streptococcus f'ooalis n, but not for Saceh..'ll"Onn,ces ea.l'.'lsbergensis• 

~ 

v:ttmn B6 in a fom t.hat can be util1ged b3' t~ assay organism. 

Re~d 1,>r0oedurss call for autoclaving the sample in 0.,0;5 N 

aoid fat' on~ hour. Certain l'.Qa.terials are re,sis-tant and in some 

cases tbs 0xtrac'M.on must be oontinuad for up to 5 hours. t¼l.tia. 

factory methods of extraction for d1.ffa~ent me;teri.alsi os.n only 

be (fo.termined by individual experlmetitatiozi. Aas~ must be par. 

formed in dim light. 

As yet no satisfeotory meth(ld e:dsts £or the determination 

of tba f:1 va i'ol"m$ of vitamin B6 in the presence of one another• 

Rabinowitz {personal oomnnmiofJ.tion, 1949) baa suggsst.ed a possible 

aohome. Alkaline bydroly'sis llbm.-e.tes unphesphor.rlated tons of 
• 

B6 (Snell, 1945a) and does not cleave tlvJ phosphates. Vitamin B6 

bound as phosphate Mn he liberated 1t:Jy tlOid bydrol3-'&ie~ Th 

differenee betwMn these two values determined with Laetobaoillus 

eased would represent P"JTidmte.l phosphate {Rabino,"l1ta, Mondy &id 

Snell, 1948)4 The deter--.:ain~tion of pyridoxeinne phosphate has not 

been rmrk<aid out but filieh t be accomplished by des~ pyridoxal 

(and pyridoxal phosphate?) in a v1e.ter or a.lkal.1ne Er:<traot with 
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aUmli and acatono end ~wine I.iac tobt100. l l urJ holv--eticus :1s ~ assay 

orr;e.nis r, (MeNutt and Snell, 1950) • Toio method has not been 

studied o.1..'1)0r iroont ally .-

Certain forms of l actie acid bacteria. that ordinarily 

r~quire v-1. t&m.in B6 can be g:rown with out the vi. ·tamin in a. complex 

medium (Bella..,:zy- and Gunoo.lus, 1945) • Thio medium con·tn..tns a 

variet,y of amino acids and st:re;;ogonin- 0 - h.la.11:tno must be included. 

lt rms first suspected that o •alanin~ rrd.1.:ht oo u p?"eourso-r ,:>f 

vl tw.n B6~ but it has now been aho"m thnt the vitamin is involved 

in too oonversion of L ...al&uns to o -alanine. n is intereati.ng 
\ 

that detectable a'l'Uountra of 36 cc.nnot be extracted from a-ells grown 

in t his t~ of medium (Ho1::l~n, Fu:rmru1, and Snell, 1949) .. It is 

not. possible to state that D6 is a.bsont• but i t is cert~i nJ..y 

present in quant1 ties f'a.r belou i~he oapaoi. ty of a.as~r methods to 

detect with acy acouraey. 

pyrldm:al phosphate as a eoen~-me cannot be detll0nstrated in 
' 

orge.nisma grown on th~ above medium (Li_ohstein, G-unaalu.s and 

Uabreit, 1945) .. Extracts of tho!11G cell.$ oan be activated by 

ad.di tion of pyr.idoxal phosphate w1 th resumption o.t• enzymatie_ 

activity. This evidenoe sug;,;eats that the followi11g hypothesis 

t~ oot b0 valid in all ca.sea= If an ors--amsm requiring a ~owth 

factor crows in a ~dium not oontci.ni~ the f'acter, tb.C!ln 1t is 

Ga.le has studied t he effect on eneymatic activity of 

decreasing the que.nt.i t :r o.f vi tamln B6 in tho madiwn ill which oells 



,· 
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ro."e izroun (Gue, 1948}. He finds that as the conoentration of 

vita.-nin -B6 is lowered, thsre is ·first no ehangep theri the de0ar­

b0Jcy"lase aotiv1ty disappoaro b:.1t it is not ·!:.ill lcn"i&r values are 

reached that traruiamlna.se activity disappaars. 

Exper1m0nts involving vitamin B6 in the $yntihsa1s of 

the variety of amino aeida listoo e.bove have in the main beGn 

carried out by maJdng nutritional atudies of a vnri~t-y of lactic 

acid bacteria. The mothod is in general to euppl.J a eomplex 

1oodium• ea.oh oomponent of' whioh i.3 requir0d. Vitamin B6 is s.dded 

and smele ami.110 acids withdrawn. Or oonversely B6 ~ bG Vii t11'11t 

drawn fi'otn a medium end a mixture of eubs-tanees added to eounwraot 

the mthdramu (StoketJ and Gunn.ea, 194!$J !qma.n f!1 !11•, 1947). 

c~~riaent3 of this t.:ype a.re su.tfioiant to defin& a roleticnship 

but are not sufficient to d~fine the mechanism of aotion. 

A similar experimental tsohnlquo is availabl.$ with 

ma.'l1Illalth .Animals are placed on a diet la.eking vitmrln B6 a."ld 

cm.no acids a.re a.ddt.i.h Ino.reruil$d toxioi ty of an a.cl.no acid over 

control &timal.s has been roauasd to show a r~lationship betwean 

this, amino aoid and B6.. A oonneotion between B6 a,nd methionine 

oos bean esta.blishoo in t,his way (Osreeed&, Fcq e.nd De F.enoo, 

1948). Or, abnoma.t . mata.boli.tes may oo ~lated from the. urine 

of n6 deficient a..ttlmtils fed an amino acid. a6 J:ua.g b$en shown in 

this waw to be iuvolved in tr;irpt.ophan met$bollem since xanthurenio 

acid is exoreted following tryptophan administration. FurthEl1"11K#e1 

f.'.!O deficient rats cannot metabolite this compound while normal 

animals n1·e able ·ho oonvert it to other substances (Reid· !i 11•, 

1944) • Mo~ directly, B6 may be shom1 ·to cause the axoretion of 

ni<!cYtin1.c aoid in the urine (Schweigert and Penrsen, 1947) • 

I I . 
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Although it is mmeoesaa.cy to review the enzyme work, 

s0tne mention or th~ meehanism of coenzyma ~ction·in one case il1!W 
-

oo helpf'ul. Snel.l (l91+5b) had postulated thet the B6 tr.roup would 

serve as tran.sa..f'fl.inafle, eoen.zymes on the ~is or his finding that 

arn:tµo acids and 9yridoxal reacted in vitro to ctve pyl'idoxamine 

Later work appeared to bear out this SlJCTG(JSJtion (Sehlenk and 

30011, 1945; Green ~ gJ, • ., 19/J . .5; Umb.roit.,. o•Kan-$ and Gun~clus, 
'-

1946) and thore is no doubt that py:ridoxal phosphate does serve 

ap1~ontly happene<l in both thesa eaBe-s is that in the com~se of 

~'Tido:ml phosphate is the onl:r 'mambor of the 36 :::,Toup 

f o:r ~hi.oh n de.rfrJ. tG coenzyme i'tmctlon is knowno Yet pyrirto:irarnine 

seeno to Ix~ quant,i tut.ivol;:r t.he m.cn-.;t ,.::of.!I.JOn fol'r.l o:r the B6 eroup 
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(Rabinowtt,e and Snell~ 191+8) o Ft.irlhormore, cases exi.9t in which 

pyriclommine phosphate is raorG active nutritiona~~ than is the 

pyridoxal 0 011t10W1do Svidenoe of this sort indicates that the 

ooenzymat.io functions of the B-6 group a:N.) f'~ from eompletel.$' 

elucidated. 

Il I• - GlillE'rICS 

Mu ,Jant !3trai.ns U.'3t~c1 in these otu.dies are indicated 

in Table II. C..enetic inve-sti,::at:i.0:10 :t'0f'(E'ted by lioul,'.lhan, 1>'.}a.dle 

ond Calhoun (1949) have indicated that tbc thr~~e s~-ni~s worked 

liukL'l.Z,e group (Te.bl@ Ill)• Tests of 44602 and J78i')J 9 e.nd 4/,~04 

t1-11d 3780.3 havo st~:estod thclt the psi::s m-9ntionsd ~ not alleles. 

(~~estsir ia.ard ~J.d l,:itchell, 191 .. 7) eontalninc pyr:tdo.:lno. 'I'he cultures 
\ 

\Jere e'lllowed ·to r.:.;~~ until per:tthecia had rot.1.tu.red and the 'tu.b·~ was 

eovc~red with e. blao.k co.at; of e.scosporiJs., At this tlmti a mlsponsion 

m:1.niroe.J. vio..s .Pries salt aolut.icn plus sutJroso and biotin (Beadle 

and tatu:np 1945). 'l'ho pluteG -were e.c-tivatod for half on hour at 

So0 G a.nd then incubated at 25° c. At 21,, hours they were obsorved. 

undt':lT ;.1 dissectln;; oicr()scope. 's, ild type :::_ oi>os trsat..-';)(} in this 
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I 

St:ra.i.n No. 

299 

l .3 

Vitnmin B6-Requiring Mutants of 

rieurospor n ziorked With 

Species 'i'reatment hy Parents 
wh:iob. obtained 

aitophila x ... rs._va SA::;: se. 
( uaed b-.f Stokes) 

.)7803 crassa ultra violet lA x 2~ 

44204 era.ass. u.1 tra v:i.olet 4A X 2.Sa, 

446()2 craaaa u1 trt.. violet 4A X 25& 

pH sensitivity 

.. 

• 

... 

• 
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Table III 

Linkage Data for Vit&\min B6 Requiring 

(from Houlahan, B&adl.$ o.nd Oal.houn, 1949) 

Strain No. Lin1mae rnmiber or Numbe'r of 

37803, 

44204 

41/402 

44602a x ·44f:J.Y2,A 

J7803a. X 37803A 

J7SO)a. :z lJ/:i)2A 

,3700.Ja X ~04A 

Qronp On>eaes Asoi 

D 10 262 

D 4 80 

D 4 70 

Tru,le IV 

rest or 37803, 44204 a.nd 44602 to 

Det&l'"IDine Po&aibl8 Non Alleltem 

Number or Number 
Spores Ooupted Germinating 

Number 
Appearing 
e.s ,iild 
Type 

146 

26 

55 

33 

0 

43 

l 

0 

2 

too overg:rt\"Rn 
·to oount 

Cen~~ 
Distance 

10 .• 3 

10.s 

11.4 

Pate 
Cov~d 
ai'tel-) 
Days 



1, 

made of the nulllber of wild typos procluood in th~ cro&aeo me.do. The 

pla.ta was thon re:i.ncatn.,too rd thout ha.vine; been opened and obsented 

at thr00 deya. 

Three tor:rts were nado using the follow1nc orosseet 

, 
E.fter 21. houra. Uowovor no &Tov1th vi.siblG by direot observat:ton 

Heterocarycn fo!"mfltion has bee-n oba0rved between 44204A 

mld .37803ll. uut not between 41,/:02.A and .3700.)A or 44204A and 44602A. 

5.1::--:ntn of min:wal. agar VJ€u•e inooulated with · the pairs indicated 

o.nd ct:nnp!1!.'r0d ai''Wr three dqa • inoLtba.t~on at 2,0 C with eontrol 

tuoos inoculated vsith on.e f.1train $.lone and wi.th contt-ola inoculated 

onto medium oont ~nL"l,S; vi ta.min B6. Good ir.-owth naa obtained only 

in t,ho3e tubes con t..ain:i.ni.3 vitamin H6 or inocul~tod ui tJ: both 
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- The 9xpc1•imor.rt,a pu.g;:;os t that the pH ~onsi ti ve and non .. 

~ezwitivo strains arc not alleles_, With th0 teohr:dques that have 

been usocl~ it is irnpossii'ile to :rtuc ooJ.; the po~aibillty that back 

r:ru.tGtion in ono of tae a~coopores or in ono o~ the eon.1dia used toe 

ti.•,e het.eroo~,on -costs is tJ10 ex;,,lsnation for the growth obtained. 

'.::'he on,1:,.,. moth.od of ria;orousl] !lh<:rfling tho.t the st:rnins 41~002 ruld 

J7803 aro not a.U.clc!':l i;ould be the st,v.ndard met, 100 cf obtdning 

a.sci from c:t'OflSOO a.n!J af'tor tlisseot1n,c; the a~oi il.1 ~-der, tcstina 

cultures deriv0d il'ttl each or tho uoooaporos for their Vite.min D6 

r0c1U1rement.. If it oould oo shown ·Umt ~~1l4 emu ;'7803 form ~ 

tru0 het0rocat7on t.h:ls would oo zatis!'aotory evidence thnt 'thee& 

t,.no strains ar-~ not a.1.lelas. Ono 1oothoJ. of de:norastrnting true 

hfltai"ooart"on ror'inatie.""l wo1;,\ld oo t,he wolc.ti.on of ~'""Phal tips from 

a culture. ·or tb-) h~tel•oct:U .. yon. If s true hetarooaryon is fOI'TilOO 

t-he t:lp..:, \"lill J;ive rls-3 to throe t,~-,,ea of oul.tures• he-terocaryotie, 

r:r1J.tar:r1~ typo F1 a.n<l mu.t,ant typo lS in a ratio depend.int• on the 

relative £1~qu.0ooy or thG dU'ferant t~s o.f nuele1 in the lwta1~ 

ce17on avid oo the numhG>r of · noo.lei pol" tip .. 

Th::i mu.tent strai.rul used for these studies e;re different 

:fro,:i 299 of !~aurosnore. sit<mhila used bJ;• Stokos ~ al• (191.,.J) :.1t1t 

the sross nutritional .ehc.ra~terl.stioa of all "pH sensi·tiva8 vitamin 

B&.re:qulring nn.rt.&its appoer to be similar ('?able V),. 

IV. M~clia 

;3overa1 modi.fioatloill!I of st&:l.1C1erd Fries mini~ medium have 

been used (Tt.ble VI)• For control of pH val.U(>)S at about pa 7 a {Vl.S 



17 

Nitro~ Sources Serving for the L'11t1at1on 

of Growth of pH Sens1tiva Mutants* 

Compound pH ;.6 pH 7.,0 

0 B6 ♦ B6 0 B6 fa6 

mt4 ♦ salts 0 ♦ + t 

Nitrates 0 ♦ 0 ♦ 

Amino Acids 0 ♦ 0 + 
Othera a 1.e., urea, 0 

&mines 
·+ 0 + 
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Table VI 

Minimal Iio<lia Usod 

r. M/15 Phosphate 

K.H~04 • 9.1 sin 
£lgS04 • 0.5 gm 
OaCl2 • 0.1 em 
NaCl .,. O.l [&fil 

Trs.oe Elomonts 

B (e..'3 a salt) .01 mg 
Cu " 0.10 mg 
Fe it 0.20 mg 
Mn 11 0.02 me 
Mo " 0.02 me 
Zn tt 2 .. 00 mg 

Sucrose • 20 gm 
Biotin • 5 gammas 

Water • l liter 

N source as d&.1ired 
Adjust w1 th KOH tc 
desired pH 

II. Potassium Ta.rtra.te 

Biotin 
Sucrose 

Water • l liter 

N oowce as desired 
pH ~ 5.6 

III. Basal Madium for Yeast bi0t1Baa;; (after Johnson) 

Por 500 ml doubl.& Stra{1h~ medium 

Suorose • 50 i}'m 

KH2P04 • 5.50 mg 
KCl • 425 mg 
Ca.Cl2•2Il2o • l.25 mg 
M;zS04 • 125 mg 
FeCl3 • 2.s mg 
rinS01., • 2 • 5 mg 

Citric Aoid 
Potassium Citrate 

(K3Cgle;Or;~H2-0) 
Casein •' 10-fa Ac'id 

Hydrolyzed 
Thil:lOin 
Inositol 
Biotin 
0a pautothene, te 
Niootinie Acid 

... 40 ml 

... 250 gaml'.OOa 

... 25 mg 

.. 10 cnmmas 
- 2.5 me 
... 2.5 mg 
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phosphate medium has been u.aed ( Table VI).. (Potaoaium se.J. t.s he.V'ID 

bean used throughout tl),ese etudi,1s.} For ~tudies a.t the pH of 

Fries minimeJ., poto.saium tartrato !'la.S boon eubsti tuted for c:l.i1l!:100it:t'll 

wtrat-e. Ammonium and ni tra.te nitrogen h~v0 in geue1.·a.l be$n 

supplied in separate oompt1undo .. 

A preeipitat.e is formod on autoclavinc / 1/15 phosphate 

mdium e.t pH VD..luos ~.round 7~ As growth :')rooe:eds this graduall;r 

disn.pperu"s w J.-t. :ls probable that. thie is a. mixtitre of caJ.ci um a1il.i10!dum1 

and oalciuri;i mngneoiu!ll phospht.t,es which would be formed and prGeip1tated 

at t hc;:i8 pi1 vo.luce. i.¼miovru. of -t~he precipi ta.ta allows growth ~oo 

proceed but ·t;he dry weigi,t produced is climininhetl. 

Growth studier:; have been made by :ioaauring the dry \':J~ight 

of mycelium pr.oduct-:id in 20 ml of medium. 125 ml 1!~lernneyer fhtBke 

turo of 25° G,. 11ei;,;hts from duplioat.a cultures have bean uveri'l...ged 

\ 
At th"11 beginning of thc£:H3 studies e~1>erimonto were per-

formed in which the ni troeer1ous componento of tho modi um were 

autoclavi:)d separately and c.ddoo aft:~r cooling to the :ro~t of the 

tooditml• tfo si;:;niricant diff erenoe in res,onse :i;o ..._.,.l t&r.1in B6 or to 

:ni tro3on sou...""0-e was obtained by th.ts prooedur<D. !n a sirlilar r~ 

ou.Ge.r wru:i autoclavod aopm'.'atl:lly vd. th no si:?1if ioant cl:l.ffcrouoea 



20 

All the ·vi ta.~ B6 mutants worked •i th excrete a. yellow 

r:rl.f11!lent t() tho medium when condi tiona fo'1!' growth are less 'than 

optimal. • This pig-eWnt is~ when these strains are erown 
on les5 than tVllf' raaximal B6 and also on llmi M.ng n1 tr<rigon. A , . . . 

(~wth period or f.our daya may be requirsd to ps,rmi t obsl:'¾rva.t:too 

of tho eel.or. It has been possible to ext.re.ct this picment at 

pH :3 into butanol and to rertn.rn it to the ne.ter. phi,se O'J extrS1.ction 

of the bu.ta.nol layer with pl! 7 phosphate buffer. The absorption 

speetru.m has becm determined wit h the Beokma..ti spectrophotometer• 

350 milllrdo:roas is obtainad ,-."hen the speot»rum is det~rmined in 

acid or neutral solution. In 0.-1 N N~ a broad e.bsorption band 

is noted with a peak at about 330 m,,u • No otheP che.raater.itation 

A.lthough Stokes ti ii!• (1943) had found that the pyrldo:r,.. 

inlass rnutoot of N. sitoph1la could erow without added vitamin B6 

at higher pH valuo3, tM.s armvth could only be ini:\;iated on a 

modium eonta.ining 'ammonium aa.lt.s as a nitrogen source. Ill pra­

ll~aina.ry L;,:ro~?th experiments with 1,i.4602 of N. orassa I notiooo 

that the growth obtidnod in a throe day period naa a function dt 



21 

the amount or ammonium ion after n ·thres~.old value ha.d. been 

reo.ohed (Fig, 2) :-mcl 9w,; also a :t\1.notion o£ the hydrogen ioa 

concentration (Fig. J). 

GrO'i'Jth of 44(;/):J. in tho absence of e.cldoo vitamin B6 ie 

therefore a f•unction of both u:immonium en<l cyclrogE)n ion eonoentra­

·tion.. Together both of these qunnti ties u .. 'Uquely detemine the 

conc-entro.tion of frao am,,,"Wnia in a aolu't,ion, s:b1ec 1 

and 

orJ for o. water solution sin.oe 

eJ1d 

/ _,, 

It wao thereto-re deeidad to dot~ iihethol' a.rxnonia 1nis'1lt not 

be the d~tarmi~G for mutant g!"~h ·f?it,hout aiklsd rltsmin B6.Q 

To tost the ti,;rpothas:lm media war~ sot up at various pH 

vo.1.u@o w1 th varying, &raounts of !:W.me.nium ni tro;:-.;en. Uninocu.lat~ 
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Growth of 44602 as a Function of the 

Growth in dry wt after 72 hours at 25° C in M/15 phosphate minimal 
pH 7.0 

50 

- --C) 

40 ----------~ .,,,, 

Dry wt .. /t) 
mg / 

30 f)i 
I 

20 I 0 

f --f)-. f lO,.,,..moles 

10 Pyridoxine 
HCl 

5 10 15 20 
mg N per 20 ml 
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Fig. 3 

Growth of 44602 as a Function of 

[ H .. ] of the Medium 

Medhlill: M/15 Phosphate 

N source: 1 gm (NH4)No3 per liter + 5 gm Ammonium Tartrate 

30 

Dry wt 
mg 

20 

10 

10-6 8 X l◊-7 

[ H+] 
6 X 10 .. 7 

r + [H~i 

2 

4 X lo-7 2 X 10'"'7 

[ H''] - f'inal hydrogen -r ion concentration 

(Hf] - initial hydrogen -i ion concentration 
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with tho Beckman glass electrode .. The precaution of ww.lysis for 

ths deter:tlna.t~.on of OZJi"OOnium nitrcaen is neoessa:ry since au.to• 

clavinG a.t pH vuluos noc.r 7 ccJ.lDO□ a loss o.1' a.,,monia from the 

medium ('I'~bl0 VII). T'b:(3 pH of tho asdiun after autocle.ving was 

tQ!;:e;n for th0 cal~.mlation of [t1 ~ o Tho constant used for calculation 

or amr:ion1a. cor cont,ra.'~:lon chan3co but little with ionio strength 

(Riemann, m,:iusG and N~.mt:.rm.11 191.;2) end this fr.~ctor was i.;hereforc 

nogleoted. 

HS.1j:1 a:nmoniu.m conccntr·:i.tion ;..">Ormi ts growth of L)/:J:J2 ti0 

prOO(::OO a.t pH valuoo bolow those obtainable with the 01..,Jinary 

concentra.ti.on of irltro30n pr1cment :ln minimal mediUc'U• lt ~1c.g boen 

concluded as a result of the correlation betv1oon ~h and 

e.mmom.a ooncentl·at:ton (Fig. 4) that th0 requi:nomant f('R' growth 

without added vitamin 36 is a reqnir-omoot tor a relat:i..val;r high 

omount or free ailb"OOnia in t.he mooiuin. 

The hieh conoentraticn of. ~-:ihosphate does not affect 

th,.,se roault,s . Slmil.sr pH.Growth cu:i.-..,es 00.~0 obtoinoo on. a ve,..riety 

of bu.tte1~s (i,e. , sueoinate, Jhthalato , malate} .. Pho0pha.tG ha.a 

boen usod booauoo it, i s tho moot ot:ficieut in the ra.."lGe of intor,ast. 

'flild ... type growth appears to be independent of the 

ar.r;1onia aonoontration (g•ia. 5a) a.ml is n ruw~'tton only or the -total 

ni t,rogoo (Fi&; • 5b) o Ca.lculatod e:L thor on the b~la:tn of total 

1:dt,roc0n or of rum1onia,. -the nltroc;on r•oquiro::1ont £01· the initiation 

of grcmth appaa1'n to oo at lr.mst oi,.[;t ti.-nos Jreat,cr for. the 

pre:;enca of added v'i ta:n.n :16 (F'lc o 2). A threshold concontratlon 



Effect o:f Autoclavi.11;; and Shaking Oa"'l 

Nitro;en Composition of Medium 

i;1edium = M/15 Potaos:i.um Phosphate 
M /15 Pot~.seium Tart.rate 
2 ;) :3u.croDe 
m.oti11 and traoe elements a.a in miniw:iJ. 

pH before N before 
eutoolaving autoclaving 

4.60 2.,li,(, 

5o98 2t46 

6.52 2.36 

1.00 2 • .36 

Values averages of 2 

N as mg/ml x 20 ml 

Autoclaving 15 minutes at 15 p.s.iQ 

N after 
autoclavin3 

2.53 

2.,,,.7 

2.35 

2.19 

N aft.or uutoclc.ving 
anc1 shrud.nc; 4 hrs e 

at 25° C 

2.5.3 

2.,J.8 

2-.J) 

2.17 
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dry 
mg 

20 

10 

26 

Fig. 4 

Growth of 44602 as a Function of 

Calculated Initial [NHJl 

pH 6.l ___;. 

0 

0 

[NH~ : K [NII4 +j 
[Hf] 

K: 4.5 x 1o•lO 
neglecting ionic strength 

milli moles NH3 per ml 
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Non relation of Wild T-.rpe 4A Gr owth to the 

Concent r ation of NH.3 

0 
00 

0 
0 

00 0 
0 0 

00 8 0 

0 

0 

Fig. 5b Growth of 4A as a Function of 

Total Nitrogen 

0 

• Oo2 0.3 
Mg N/ml 

0 

0 

Media used duplicate 
of t hat sho,m in 
Fie . 4 

0 

9 x 10-5 milli ?doles NHJ / ml 

Dat a used same 
as tho.st for 
Fig. 5a 
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of O.'ll,.'10nitm ur..,pea-rs 't,o oo noeeasru.·:, for 44e02 u..nd thie threshold 

Althou.'.~i1 ·!;ti.is c r;•nclusion has boan tested quantit,v.tivel;,t 

1:""'"·1+. C<).'"'"""""-r. ,\r,,nf-.l;·_.,- "', •• , t1.! , , "-•iv,, ~ .J.vv~~ .... 1:.:..:: "' .J.. t:i , J. , ,rl pH i\li<l ummo,'1iuo :ton in order for srowth 

to proooed rii thou:t audod vi tm:rl.n B6~ 

ot 
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Fie; . 6 

Incr0ase in Dry 1.'lei:::;ht nitb Time 

as Affected by i'IH4 + Cone en ';ration 

e-•-e 
I 

I 

I 

' 
I 
' 
I 
' 
I . 
I 

Hedium: 

2 4 6 
Day s 

0 44602 
4 mi:; N 

- CD 44602 
10 mg N 

- - --0-41+602 
10 mµ mB6 .+ 4 mg N 

---~--44602 
10 m,u- mB6 + 10 mg N 

----~---4A 
4 mg N 

--- --e•-·-4A 

M/15 phosphate 
pH ?oO 

8 

10 mg N 
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undiosooi@.tcd l.notic c.cldo The presU?::tption ia toot tht'3 uncho.rc:ed 

r:1olaeulo oen pcrocato th0, cell ;:"JOX"a reo.dily.; 

Clo:rk and Dhive (1934) • Th.o;:,e works-n·cJ were a.bl0 ·to ohori that 

tomato rooto m10 o.bl•:1 t.o absorb ru.woniu more :rocrlily o.t hir;h pH 

t reoe days a.t 25° i-:lfKliurn for. r..ho 

trr.c0 (,•lementrJ t<Jith ammonium sul.fute o.r1 shown (Tt.".bles VII,. VIII)" 

The flc..sko we:ro shakon for four l1ours nnd th0 c.,110uut or t:llllmoni.n 

romuinins in the medium clet,)3'.'P.ti."lcclo 

More a."n;-;_101u.a d:tsapp0ars ut hi;;h ~,II vo.luoa and in all. 

C$BCS this ooowit is :;r-eatly incrr:iunod l:iJ pyr:tilmdne. This latt.er 

effect mey not be sipeoif-lc since the atldi tion of thitmine resp1 t.e 

in a signH'icant l"ise in s.br:r0:rpt.:i..on. 'rhe -thirunin ~.ff'eet mey be 

?:von ·tho1..1,~h t.hf.: 13pecif:tci ty of the .B6 ef:Ceet is not pro,ten it is 

int,,Jre:-Jtinr:: to notG thr:.i.t t.h:l.o vi tP .. min ;;:;--roup has been :lrnplico.ted 
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Table VIII 

Uptake of Aramonia by Natlt"Cspora 

Strain Addition 

44602 None 

44f/J2 lO mµ moles 
P;rridox.ine 
HCl 

41/::IJ2 10 mµ molos 
'I'hiru:d.n HCl 

4A none 

Dry weight inns 
Nin mg/ml X 20 ml 
i,1edium as in Table VII 

pH 

4.62 

5.00 

6.68 

4.62 

5.00 

6.68 

4o62 

5080 

6. 6!3 

4o62 

5,80 

6.63 

dry wt 11original Brin.al 

24.6 2.so 2-28 

24.0 2~46 2.20 

23.-4 2o3l 2.02 

24.0 2.50 2.23 

2J.o 2.46 2ol5 

22.8 2.:u 1~97 

25.2 2.50 2.24 

20.6 2.46 2.20 

19,6 2.31 2.05 

26118 2.50 2.v 

20o0 2.46 2o2J 

19,2 :2 • .31 2.01 

NQt~~~ . ~ . N£ineJ. 
dry vrt. 

xio2 
o.s95 

1.oe 
1.26 

1.12 

1,35 

1.49 

1.0J 

1,.26 

1 • .32 

o.86 

1,15 

1.56 
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• in processes of amino acid syntheaia. If' such a process occurs. 

here :1 t would be one point at v1hioh B6 and amraonia. cooperate 1n 

~ reaction sequence. 

High pH undoubtedly has many non-apee1f'1o eft'eo~ on 

Neurospora. / "1:! inc1•ease in the formation of oonidin is .generally 

noted at th_e h:lgh,3r pH values . At pil values of about 7 nitrate 

oooomss a poor nit.-rogen sou.roe. -Carta.in strains of wild _type 

show decreased ;;rowth at t he hi;:her pH val.ttes ·and the amoumt of 

!36 excreted to the medium by wild tY})0 4A goe:, ®Wn♦ Di.ffer0nt 

~rtra.ins may dii'ter in their ·toleranee to higher pH vnluas. Not­

withstanding the -!;,enei-al ef'feots_it is folt that the important 

role of pH for these "pH seIWi ti ve" muta,nts lies solely 1n the 

determii1a.tion of the free· ammoni.e. conei:mtra.tion. 

VII. Vitamin B6 snd !ts Metabolism 11'1 the 

Vitamin B6-requirlnc; rmte.nts of Neurospora 

A. ActivH,y of the Forraa of Vitamin B6 

Ee.eh or the vitamin 86-requiring stre.ina worked with 

responds about equally v.ell to tbs threa common forms of the 

vitamin B6 group, pyridoxa.11 pyridoxa.."line and pyridmd.n<h 'l'he 

behe.vioT is similar -r..o that ot No• 2.99 cf N. aitopldla (Snetll 

and Haru1afeld, 194:>). Clrowth a:q,e:rimantS1 tvere p0rformed on 

pota.ssium ta:.-trate m.nimal using potassium nitl".n't,e or ammonium 

sulfate ao nitro··:on sources. Nitrogen we.a added to rl.ve a eon-, ~ u 

ee.11tration of 1 me per mlit 'fhe 136 eom!)Olllld tested was filter 



st,arillzed and o.dded tt> the r0st of the oooled, previously 

autoclaved medium in dim light• 

The three form.a }'1;1Jl."O'e prae-tioally identioal ootivity when 

ammonium ia a nitrogen .aouroth Pyridoxin~ is slightly better fol" 

·the production o.f dr-/ ,micht on nitrate ni~ro~ rut the dif'feronoes 

&"e not great (Fig.,., 7) • 

Othor dorl va ti ves of ·the vi taiun n6 group ho.vs bet,n 

tested f or ab'lUtir to ini tiat~ ~T01i'lth. Sevora.1 pyrido:ro.l•e;'.mino 

of Snell and RD.b-lnowit.z (1948) mt~ results e:ru.:1m1tic>.lly air..ilc.r 

to theirsa The compounds ho.ve at best l % of: the act:1.vity of 

p-ftido:idne on eit,her nitr-o.tc or 0-tlaonium min..tma.t. Pyridoxic acid 

lootone (Fig. l) prepm-ed by the o:d.da.tion of ;,yridoxine .a.~ 

deser.ibed by Huff and Perlzwe:tg (19/~) g&ve a. similar low a.otivity 

o.f a.bout 2 % that o£ p;fridoz.:ioo. 

Stok1)a ii !ill• (19/~3) had reperted that thia.'lline was 

stil!lulatory to :J.99 or H-si to·obi.la. A similar efi'eet baa been 

certw.n conditLu~ ono oole of thiamine is more m>rootive in 

producing a r7'oqth 1"Gspon::e ~han nn .tw.d.i tional molo of vit,GJ'11in B6 

(Fie;. 8). n:uneate (1946) has reported that 25 g~ of thiamin 

hydrochlo:riua incr19ase the crop of ll(>"oel:i.um o:.:rt;ained .from a wild 

t.~ .. pe culture by about 10 %. The thia.min ef:f'oot on the mut,ru1ts is 

ohot'm by a fra.otion of a fia.TX~ of thiemin and under tho,:30 oondi.tions 

~<Ma!'Ch synthetic oht01ned i"ron Dr. Karl Folkc:ra 
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Growth of 44602 with Different Forms 

of Vitamin B6 

Medium: Potassium tartr.ate minimal. KN03 as IJ source. pH 506 

/4.0 

30 

Dry wt 
mg 

20 

10 

0 

Y 136 
lo6 

Pyridoxine HCl ----1101-; __ _ 

Pyridoxal HCl ----Q 

Pyridoxamine (Hc1)- - -<t- -- -
;,t 
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Fig. 8 

Effect of Thia.min on Vit1:unin B6 Requiring 

Mutants of Neurospora 

"Efficien y" 
Bl 

5.5 

60 

40 

Dry wt 
mg 

20 

0 

\ 6.,0 
pH 

pH 6.,5 

1 

6.5 

Medium: M./15 phosphate 
N source : 2 gm (NH4)N03 per 

liter 

Ef ficiency= Increment in mg 
dry wt caused by 
1 mµ mole Bl/ 
Increment in mg 
dry wt caused by 
1 m f' mole B6 

---0>--- 44204 

- -()- - 37803 

7.0 

37803 Response 

moles B6 
0 

moles B6 

No B6 

2 3 
m,µ moles Bl 



therefore suffer al~o from a partial thiamine deficiency. 

B. The .For.m of Vito.i-nin D6 i the l!'Aute.nts 

Since the three .forms of the B6 croup D..re practically 

equivalant. :S. t docm not appear t hat the mutiition to pH aensitivit,y 

bn.s altered the Ga.p,.."l.ci ty of the mutants to tra.nsfO!'!n ~ne f orm of 
/ 

vitamin B6 into oncither. It vias however neca.a:sary to demomitrate 

thii.t vitamin B6 oould oo s;;n:rthgsized by the pH a0nsit.:tvo mutaota 

nncl to show that th~ B6 synthaaizoo wa.s qualitatively identical 

with that produced b-'J wild typo. This point was felt to be of 

con~idera.ble importanoe sinoe one interpretation o.f' the growth 

requiraoents in the absence of e.dded vita'!lin B6 we.a the synthesis 

by the mu.tent of' a new form oft.he vitamin, usetul for wmnonia 

utilization but inactive for nitrate reduction, 

Stoltee ii~• (19,li-:3) had atte.ilpted to demonatrat~ that 

th(') pH s-01.1.sitive mutMts could produce vitamin B6. They ·showed 

that e-;-r:trueta of t ho P}Tidoxinless ertre.in of N. sitophila. act 

like pyrtdorlno in stimulating the grovrth both of their mutant at 

mc-1de i.:zy' autoolavin6 the myc0Uum in l 11 HOl fc,r one hour. 

Si.nee the time of their investieation it hao bfl)en shown 

that, o:rgenismo requiring vi ta.min 86 CM ~w in ·t;ha absence o.f' 

the ;:;rowth fnctor providing a. complex meditt-n is supplied (or• above) 0 

It WD.s theref'or-e naceamu."y to ahou that the . growth stimulation they 

obtc.ined vni1;1 e.etually due to the ,d:ttJ.mi.n and not to a c02pl~.x .., 

mixture or ru:iino acids ext racted by the acid autoeluvinr; . To 



37 

demonstrate th0 ~.xrosenoe or vlte.min 136 itsel.f it was felt that 

extre.ots should be pi·epa.red that stimulat,ed growth but did not 
. \ 

contain auf.t"ioient ni tr~J<m to serve v.s a ni troGen source• 

Strains 44602 and 4A wero gro\'J!l in carboj,---s under forced 

aeration in M/15 phosphate medium at pH 7. At the end of a 

thr~ day grmrth period the myeelium wn.B hnrvosted and extre.oted 

b,y autolysia (Fig. 9') • This crude ex'traot had B6 aoti vi ty fer 

44f:JJ2 ('i'able IX)• The orude e~.-iraat wrul then purified (FiG• 9) 

by f ollowine somo of the prellmin&-y steps used in the 1sole.tion 

of vitamin D6 (Gyorw-, 19.38) • The aetivit;.v of the purified 

eJd;raots leaves no doubt that a substance with oompleta B6 activity 

ia produoed by the pH aonsitive mutant grown in the absonce of 

added '!Ji ta.min. D6 (Table IX)• 

It ie realized that the method o£ e:i..-traotion by mttol;jmis 

is a poor one since one he.s no control over the reactions oocurring 

during this_ period~ However, similar aet1v~ preparationa have been 

obtained f ollowlng oxtraetion by autoclaving with 0.055 N acid. 

This latter method of a:xtra.ction hM bQen used for the ase,.ay ex,. 

perimants reported below.- Pr0pe.rationa obtainro b'>J aoid autool..'-'J.v".i.ng 

show vita.min B6 nativity for the non pH esnsitive mutant 37803 and 

.for Snccharom,yoos cmrlabar_r-;ensis ATCC 4228 as well as for 4Jl:IJ2. 

Ftu-ther indieation of the quaU.te.tbre idootity of i36 in 

both mutru1ta and v1ild t,ype ha~ boen obtainer~ _ by chromatogre.;-::hing 

e:n:t.raots of 4A and !,J/:IJ2 obtained by acid au.toclaVing. An ascending 

'but.anol ... 1.<Jater partition nas used on filter pa.por str:i.psw Consooutive 

one cm strips 1nore t'.l..on cut. and mct.raoted wit.h mini.ra.."l.1 n0t1.ium. 

These extra.ctn were tosted £or vitamin B6 activity usinc /,,l/."-/J2 as 
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Fig. 9 

Steps in t he Ptu.-1.fioa.tion or Vitamin B6 

from !i/.l:JJ2 e.nd 4A myeellum 

446o2 1cy-oellum in r;o.rini-: bl0nder with we."ts;1r (5 ml/gm v1et wt) far 

2 .m~te:• ::=sed to :::o::8~ :ftfit:;1:~ne 4 ~ Qt e;5~ c, 
resinue I . 
di8Ca.rd ~F~t~~te~- =:..-~l~b~o;;r,,;·~~~~~~~b!illlotlt,&e 

I 1+ 
tiltrato and full.eris residue 

,-=~-~_.....ll .... £lloclloMll~~:-=-------i + 
filtrate - no·B6 r0aidtw 
aoti ·vi ty II discard 

• 

filtrate: 
Ptll'ified Extract 

Residue• suopend 1n 
ao.ture:ted na ( Or!) 2 
Aerete with ammonia 

=~~ ~ ,: ~~~ ' :: 

I 
:r0r1idue 
disca.""Cl 

··7 
res:i.due 
disai~d 

r esidue 
tlisc~d 

Filter 

1 

filtrate 
discard 

volnt:tlo 
discord 
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Vitamin B6 Activity for 44/IJ2 or Crude and Purlfiod 

Extracts of 4li and 44602 ~-m without added Vitamin .!36 

Recorded gTowth (mg dry wt) of 41.602 after 3 dqa a.t 25° C on 

potagsium tartrate minimal t:i th no added v1 tw11 B6 ♦ ni tror;en 

~Olll'oe as shown. 

I. Crude Extra.eta ... l ml Npresent,s 200 mg- starting ms.t1at:rial 

E~et of 446021.)9g 4A .. 220 gm _ wet wt 

ml extract 

l¼ l ' N SOut'O$ l¼ l ¼ 1t 

26•5 ~.4 9.5 none 2.).8 1a.2 ll.9 

46.9 36.0 24.0 (NH4)i>04 ;, •• 2 46.4 32.s 

.35.9 V-..2 15. 6 IMO, 42,.J JJ+2 18.6 

II. Purified Extra.et, 

Extract of 44602 g 4A 

ml mraot 

l i· ¾ N sou.roe l ½ ¼ 

6.2 3.6 z.4 oone 6.2 J .7 2.7 

ss.o 42;8 2/4-~8 (rm4)-;!>04 64.a L{)'fl5 28.5 

:n.1 19.6 12.0 llli~ 60.5 27-.8 l5o3 

41 

0 

0 

0 

0 

0 

0 

0 

0 
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ru:i _a.ssay orgsnim"l• Growth ,1us egtitJlated visually. One narrow 

and one broad band we,~ obtained m. th both wild type and mutellt 

extracto • TI.woo bands oorr.0sp<Yo1d roughly in their posi t..i.on to 

pyridoxal, pyridoxmnine and pyridoxine when a mixture of the 

three wa.r;1 chrotl\&tor.;raphoo separately (Table X)" Beoau.'!le of t.he 

llmitat,iono of t he technique used these rgsults a.an be ooruddered 

In Ol'der ·to investigate possible qua11t1ta.tivo di.f:f'ereJ.lCGS 

bet-~e,m tho s.tr.ain!3 it was decided to use Sa<?oharont10es cro:•lsooraonsis 

A'!'CG 4228 as an assay organism. A yeast bioasoay m.etib.ed W$.S used 
.• 

for t he followii."}.J reasons: 

lo Tho yeast rn,a t hod :1.s more se.nsH,iva (to l milligamma) 

and flllster (16 hours) tha..'1 is th~ Neurosp_ora met.hod. 

2., i;lore work has beon done usini this m-ganism so that 

the Ul'Jlit.s and spooificity or ·the assay are hatter 

J. lt has been found that th$ pH sensiti~ mutant is 

inhibi 'bed by ma :·,luonine (~f below) ♦ It would be 

diffioult to eillmiuate the possibility of sueh 

inhibition in the assay of a oompleat extraot, 

The assay met,hod of Atkin t4 Al-• (1943) as modified by 

Johnson (1948} haa boon used. The basal medium for this us~ is 

lif1tsd in Table VI.. Sa11ples are added to 5 ml doubl~ strol'lt.,.,th 

medium, the volume is brought to 9 ml and the medium is steamed 

ten milmteso Inooulum 1a prepared by makiui; a su.spension of a 

24 hour aultura in water to nbout 90 % transmisaion &:tt 650 m_µ • 
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Tabla X 

Papor Chromato--.;raphy of the Vita.min l36 Group 

Chroma.t<>u-raphed 1'lbe No• 

l 2 J I 
t" 5 6 7 8 9 10 11 

1. Pyridodne HOl i -' i - - i i • l f .. 
2. Pyridaxa..l BCl - 1 • - - -- ♦ & ff 4 
3. Pyrid~m " ~ .u. ... • + • ... - ' HCl 

1424.3 ♦ " ff+ ♦ .t ' . • ~ ff 
4A 1'..'xtract • 4 1 ' ! ' • • • ♦ ff 
4A E.xtraot ,J l ♦ ff ff • i ' i 

• • • m ff ♦ 2 + 3 

44&,2 r~rnct ♦ f ♦ j :f. I. j ! .. ♦ ' 44002 E:l\.-'1;rao + .. +ff ♦ l A i i ♦ ff ~ fl ♦ 2 ♦ 3 

MOTE i Extract of l?zy'celium by drying in hot air stra.mn t 800 c. 
Powdering• Extract with 10 ml wt.er at 80° C 5 minutes. 
Fil'c.ere 

~ oelium crown at pH 7.o .. no added B6 
316 mg 4A; 327 mg 44602 

12 

• 

! 

♦ 
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Ona ral of inooulum is addoo to the oooled medium aru.l the \,hole is 

incubated at · .300 C for 16 ... 18 hours. The assay :ta 11r1xoo1• by 

stoaminb and road turb1diMtriea.1.ly et 650 m_µ. • Results a.re 

cs.letuatsd 1.rJ comparison with a stElllllal-d curve of turbidity produo~ 

as a function of milllga.mmas of pyri<loxine hydroehloride. Values 

are ocl.culatod as the hydrochloride since extraction is with HOl 

and the neutralization is oo.rried to about pH 4.,5. 

Extra.eta are asse-3ed at several concentrations to 

ascertain an e.bsenee 0£ drift. To oe 'Valid s. biousay must not 

show o. regular inoreasa or decrease in the as.ae-y value ·per ·m1 as 

the total amount of eli.-traot t.o be teated is increased., Sooh a. 

ro&1Ular variation 1n assay values is termed drift and ~ be dt1$ 

to the presence or :lnhibi tory substances or to st1mula.tory materials.L 

othe2• than the one a.ssa;red i'or (Snell, 1948) • Drift does OOO'Ul" 

S.n certain asaqs of' uncU.lutacl NeuroaporG. medium, In these eases 

vG.lueo have been oorrtilctoo."1 extrapolation to zero ooncentration 

of extract. When this has been done the . corrected values ha-'1-e 

been. indicated 1n the tables us shotdng dr:l.tt, 

One interpretation of the data relating to the growth 

of the pfl sonsitiva mutant ie that &ome la.bile form of vita.min B6 

is produced which is inactive 1JlW.i but whi~h is decomposed by 

thP.J extraction troa.tment. to liberate active B6a Thie bypothosis 

was pcrtie.11.y tasted by oomparinp; the ratios of a6 obte.ined after 

a 1tG-entle11 and "harsh*' method of' sxtraotion for both vrlld type 

and a pH sensitive and non-sensitive mutant. 'l'he e,cpeota.t1on was 

that if 't.!:© hypo·thasis of a le.bile inaeti ve rom of B6 were correct• 



the ratio 

would be mu.oh lower in the pH sonaitivo mutants then in eH,ber 

inactive form would be activated by the gontlar ext:. .. aot.ion method. 

and 4A crown :tn the ahsenoe of vi tami.."1 B6 a:."ld of 4l./;j)2 a.nd J'730J 

3!'00ll L'l the pro::;enoe of: V'i t,amin B6 was pl~&parod. The m;roelium 

1...,--x-owu in tho presonee of B-6 was prepared by tt-e.naferring myoellum. 

wliicb had· been grow-ii .for three days in the pre.eenoe of 25 ga."!ll?W.S of 

py:M .. d0".;{i:V.E3 hydrochlorido to flasks oontaining a medium wl th no 
, 

n:i. trogen sou.roe ond allows.~ tho.1i to stand for 24 hours alone w 

with 10 gruiimaa of . pyridoxine lv-:lroehlorlde e.dded. 

a l'!Oillnz \,"la.tnr bath fo!" flve minu:t;Js and 1'1.lterlng. In the case 

of .37303 and 1../.-,,.602 croro :tn the pressnoe of B6 the immeTsion in 

boiling wat,~r was OTI'.itted althou3h the . asse.y medium oontaininrg the 

oa..'tllple was stsooted in all case3., ;)a.mpltie wore suspondod in o.05S N 

HGl ru1d autoelu.ved o.t 15 p.s.iw to obtain ve.lu.es after uharsha 

e:2r-uraction. In no oos0 was there a 1denifioant di.fferooce in the 

re.tioB obtv.i.ned (Ta.blo XI). 

'l'ho renults of theoe ex:perlm0nts indie-ate that th0 vitsm:ln 

n6 oontcmt of ttlld 'type and mutant stro.ins ie qualitatively 

identioo.l \"tl"thin the limits of the experimental tec}'l...uique., 



I Strain 

4/1. 

25a 

MliJ2 

/44204 

B6 ( 'I /3) 

44 

Table XI 

B6 Contont of Myoolium nfter 

lwsh o.nd Gentle Extraction 

a:t• 36 after acid Ratio 
tractable with ws~ ·, 

wat,cr ~at .t~~hifi 
20 r:-iin 40 min 80 min aoi.d e::.r~oot~le 

20 min /JJ min BO min 
& 

v 
9. 8, u.o ll1~7 18.1 .s2 .!>J G54 

13,l 191t9 30. 2 2~t.9 .66 .,l.i,3 .53 

5 ··1 
• . <.. 8.2 ').2 11.6 .63 ,,,57 •4.;) 

4i)l 6 .5' () .2 9.,3 .63 . 1.~s .1.1~ 

II., a. . Myoelio.1 pada c,TOmi in presonoe of D6. Washed. Trnnsferrod 

to medium vd th no H source• no B6 f'01"' 24 hours, 

1 2 

B6 n:.~tractable· B6 after 60 min Ratio 1/2 
Strain with wntar au·lio0lavir&e 

t1.l:1J2 2.3 a.s 026 

Yl80J 1.8 7,,.2 .25 

b, As in (o.) out. tr1.1nsi'e:.~rad to m.edittm -vii th 10 r B6 (pyridorlne 

HCl); no N source. 

44(-JJ2 :5.8 l4o9 1139 

.'3?803 4.L.~ 11.5 .)8 



Pro~ent wild t;;""poo have n hi,;ho1~ H~') con-tent per :_,Tam d~J 

v,eiuht of ~rcalium than do tha pll eens1-tivo r..rutw.ts (Ta.bl0 XI)• 

This ia 1.m1icathrn of l.B.i'forenceB in the net rate of B6 synth'9sis 

since the slow ::,.~o;;r.'.-n;-_; w:iJ.d t:n,o 25a, which produced letJs dr-J we:!eht 

in the 0rowtb peri0tl than ·1;h,0 ~:iB aern:d. ti ve mutants, nonetheless 

h .. id a highor DG content t han tb:l fu.ct f;';rotJing wild type 4A• Th.a 

roauJ:;:.a ru.~e not interpretable on the bo.ois of difforont "biologi.oa.l 

e.ges11 o Th0 rat..o or 7otrth ror 250. is prooumably lim1t0C1 by other 

f actoro. Since c.11 the asm1.~;tr1 tJO for perfornod have indicat,cd a 

36 contont for the nut.ant 1.,J/:1)2. of only 50 to 60 ~~ that, or t1ild 

type it is :tclt, that ·t.h{iy :i:x~r;::ilt the cor.1.elusion that the ~ rate 

of B6 synthes1.s is lcrr;er ix1 p!1 aen:ii tive mutr.mts tho.,~ in w5.ld 

tjrpe 9 Ho d1at.in.ct5..on cru.1 l:,e ra.."V.'le ill -~hi3 type of oxperiment 

botwaen a lowored rutc of GJnthes1s t,md an enhanced rate of 

dectn1etion11 

It, will be recalled that !'>tokes s,1.i !l• (1943) had come 

t o the conclusion that the pH sensitive ro:tsnt ·they wo:rkcd with 

oontninod as ouch vit.a..>nin D6 per ,,,_,.am di~.r weir;bt as '1"11.ld type., 

These il1v0Erti::ntoro used a. nothod that doe9 not e:::ctract all of the 

vi t11mi1J. procen:t., S:lnoo t.heir inv0sti;_;ation it L11'.s been shoW'.1 that 

in a one hour p0riod 0.,055 N ac:td e:ictruot.s more B6 than does more 

ooncentr:itad nctd ('l'ublo .XII) o They uaed 1 xi UCL, It is ponsible 

that t;he dif!'cronoes a.-ro due to di.fforenoes in the net, rato of 

vitf..u:l.-1.n. B6 S;,"Dtheoi.s f'or different stra.L"lso The datu on which they 

base thotr aonclur.don indicato a.bout a 20 % dif:f.'crenoo >etueoo 



46 

Ei'foot of Aoid Autoclaving on 

E:.ctre.ction or V:t to..,."1in B6 

F.x-t.raot,ion Method Strain 

4A 25a l..,J/:IJ2. 

0.055 Pl HOl 1s.6 19.4 11.9 
l hr. at 15. pos.i .• 

0.5 M HOl ...... lt...,5 s,o 
l l-1r. at 15 P•S•i• 

0.055 N HOl 21.4 22.0 1:3-4 
5 hrs~ at 15 r•s•i• 

' 
0.5 N HCl -- 16.5 ll.9 

5 1·11'."SoO.t 15 :,.s.i_.. 
> 

44204 

9.2 

5.7 

10.4 

e 7 
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c. Transa . ...:i.na.":Je Aotivitjl' 

Since the intr:;,,cellllle.r B6 oonoontre.tion of the pH 

oensit,ivo r;i!iltants i;.1 lower thcll:l that of wild type::i• one might 

B6 derive.tive a.-;i e. eoenzy:ne. This has boal'l demonstro.ted for the 
~ 

oose of ~uhe c;lut.nmic-alanine tranaaminooe. 

The tro.nav.::1-'lnasc,a have been repoo.-.ted. as having wide 

diatribn.tion :.tn nature. (Drc.umstein, 1939B Braunstein a"lc1 

191.7) • P3rrid0-;::al phosphl',to has also b.:'ien shovm to he the eo­

encyme of this enaj1tnB r::ron.p {Green ~ ~.9 1945t Ur.1breit, O'Kane 

and Gun.'36.lu.a, 19/-i,8}. A comreni:ent colorimetric matbod for the 

estimation of ~c tl.ci<l h~,,9 been described by Green~~♦-

(19'>5) end 3lut,amic acid oa."1 be detected ohromat.oaraphice.lly by 

e. phenol•\"lator partition on filte3r. paper followed by development 

!t i·.n~s therefore deoidod to imtestic;r..tc the 

ronotion 

in rfom-osporu., 1'hE:i mlil,".,":!D i:3 prorm!lt (Tci.ble XIII) e.nd ito activity 

with o. fraction soluble in vm 0 .0r obt~tlnetl from l~toph:U.J.zed t,:,TCl.Uld 
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Activation of the Glutamio Alanine Trat~amh,ase 

BmVme preparation• soluble fraction after 44602 8.11d 4A grown 

1i- d~ at pR 1.0, c.rrotmd whil e .frozen and 

allcwad to stand in wat~ (toluene .added) 

Ree.otion mixttwe 

0.2 M Phosphate pH 7.,3 

0.2 M Kotoglutm.rate 

.:a o L ov alanine 

El'!.'3yt.1lta px•eparation 

Pyrldoxe.l phespha,e• (whezl 
added) · 10 r 

41.lC/2 Eneyme 

Time shald.1.1g at 2S0 0 : 2 hours 

Values as 

ReuotJ .. 1)n [:il:b:ture 

lo al©nine ♦ en~rme 

2. alaniJ:1$ f "" ketoglutarnte 
♦ e11zyme 

3. alanine + ~ ketogluterste ·~ ♦ py.ridoxal phosphate 

* Mer.ck eynthatio 

26.1 ~/ml 

25.CJ mg/ml 

Exb-aet of 

4A 11,NV'J 

o.ou 0.004 

0.018 0.011 

o.04e o.068 
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For this problem tho m,s!n quasti-On has been !u 31m 

activity. There.fm~e •~riments to oom,pnre wild type and mutant 

acti V'i ties 10ero performed using re:Jtb1g. rnyoellal p$Cls g.N)ffll. ~ 

days at pH 7 with O.l ;~ sucros8 and washed w1 th distilled water 

before :immersion in the reaction mi:tture. In tour separate 

ex-peri..-nents (Table ff) the pll sensitive mute.nt showed an avera.ge 

of 57 % of the activity or one of' ita parent wild types. Thie 

c~s id. th e, 136 content for the mutant grcrnn 111 the aba~e of 

vitrunin B6 e.t pH 7.0 of e.bout 65 % that of the same parent .wild 

. typo 4,A .• 

Boeause of the coincidenc& in tha re.sul~s shown itl 

'l'ablo XV it 1,3 felt the.t t.."1e1 .. e 1s a signifiean.tl,T lower tr~se. 

activity in tho pH sensitive mtant then in w.ild type. 

D~ Vitamin B6 Bslanoe Studies 

The non p1l sensi ti •re . mutan·t 37803 invariably a,:ows 

more in 72 hottro on a given amount f>f vitamln B6 tbnn does the, 

pH senai t1 ve nutant 44602 .(Fig. 10). One might have expected that 

the situation would be reversed. Since tha pH sens1t1ve mute.rite 

e-.re able to ~;nthssiga vi t,wnin D6, albeit e.t a l.ffifff net rate than 

wild type• one m1.gh'b have e4')eeted that tlM>y should be ble to 

produce more ~th on a ei W1l ammmt ~ vitamin B6 added to ti. 

medium 'the.:."'1 the pH non-sensi ti'va st~• 

In a.>1 o. t tempt to .further ol.ari.fy too si tua.tion a vi tamln 

!36 balance s l;u<ly was c,,u-t'ied out; on the p..7i aonai tiva strain 44,602:, 
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Table XV 

Glut&""'lic,,.Alanine Tr,mstmrl.nase Aoti vi ty of 4A 

and 4l/:i02 aesti.ng tey-oelium 

Raaotion mixture oonttrl.ne €:I) µ moles R, ketoglutarlc acid (8.75 mg), 
~ µ moles o L o(, o.lrurl.no ( s4.4 mg) in M/15 phoaphs.tis bu.ff or pit 7 .o 
made to 20 mi. Re,!ll.Cts.on atopped ai'tor shaking at 25° 0 by removing 
n\'{oo-llal ped and immersing reaction mi.xt,ure in boiling we:ter bath 
for 5 minutos. Glutru:rl.c acid prodt10tio:1 has boon checked ei'll•omato­
[;raphioally. 

Values ci ven ere .,1,/t. J!lQ~'2 Ll'Zt~:1.g .Llt9SW124 
me dr;f wt x time (hrs) 

(avarage ·of two 
' detGrminations) 

obtained by subtrrictinc tho vnlue for (myeelium i o L °"' a.:J,anine) 
from ·the pyruvic G.C:td produced b-lJ the total system (al.wne ♦ 

c(, ketogltitnrato ♦ lll'.Wcolium) • Controls were also run eonta.1.ni.ng 
( ol ketoc~lu:t.!3Tic acid i eyoelium}, r~eel1un o.J.onei ree.ctan-t,s alone 
(individually ond ooabined), and t:-1e complete ayat®r.l with heat 
inactivated r:vcellum. In no c:100 uere the eon'trol -valttc,9 · creator 
tbnn 1/5 the vc.lue for th0 oor:1plete ~:.\y'Stem• 

E~t. St..rain Time Vuluea 

1 4A ;~· 0.1,~ 

41/:[)2 
41 

~ 0 • .33 

2 4A " '~!!- o.66 

L-.4602 4½ 0.47 

/+A !,.. 0.93 

4//-IJ2 I,. o.66 

4* 41.\ 3 0.38 

4/;f-!J2 J 0.,17 

Ave , 

~otoss aver0.e1.) d:r.nJ wai ,,nt ~ 3 m~ 
E1~)·t ,, 4 ...... tot,a.l volume 5 ml 

15 ;.1. r.it1les ex- keto[;lutcro.te 
150 I" roles ,11 c£ o.la...l'line 

69 

67 
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Fi :~ • 10 

Response of Vitamin B6 Requiring Mutants t o Pyridoxine 

•- Medium: Potn.ssium tartrate. minimal pH 5 .. 6 

60 

Dry wt 
mg 

40 

20 

N source NH4c1 
1 mg N/ml 

/ 

/ 
/4 

,,.,..CY 
-t)- - «, 

_ - - -() 37803 -----
--- ---- 44602 

o _____ ,..__ ____ ,..__ ____ ,..__ ____ ,..__ ___ ~ 
. 0.4 o.8 1.2 106 2.0 

Y Pyr i dox:ine HCl 

N source KN0.3 
1 mg N/ ml 

80 

60 
Dry vv t 

mg 

40 / 
,() 

I 
I 

I 
20 J) 

I 
'5 

I 

0 

/ 
/ 

.. 

o.8 1.2 
Y Pyridoxine HCl 

I noculum--8 day cultures ' 

---0--- 44602 

---t>--- 37803 

1.6 2.,0 



s, 
"uhe pH non-sensitiV® strain 3780:)1 ru'ld wild tJ'1}e 4A. In those 

experiments a. known amount of vi tnmin B6 Via$ added to a culture and 

growth was allowed to proceed for four days. The medtum was then 

colleotecl, filtt,rod and the nyoelium lyophilized. 

The following determinations were mad.et (l) total aaid 

extractable B6 in tho Iey'Ceillum, (2) free l36 in the mec'IJ.um, (3) total 

B6 in the medium f'ollowine: aeid hydro1:fs1s. Tho dif:ferencra between 

(2) and (J) represents the amount of phosphor.rlatod or otherwise 

combined D6 in tho medium,. As a measure of the net amount of 

vi tem.n B6 dest...""Uet:lon the amount of vi tariun B6 not recovered 

[ amount B6 added • (l) .f (J~ bas been used. In all oases 

uninooula:too. flasks oonta.ining vH,amin B6 b.av,e been ineuooted and 

a~ea,voo ·to dst'fflirl.ne that .B6 h&.S not been destroyed 'tr.t the ex­

perimentQl prooedu:re+ 

Ho net synthesie. of v1 ~.n a6 1)1 3780.3 oould be demon­

e·t.rat{~ ( Table ~XVI) • No not synthesis of B6 . by 44,602 was observed 

axoept at pH 7 on ammonium as a n1trot;en source. On nitrate at 

pH 5,6 tho net ciuanM;ty of B6 destro:yed appeared ccrea.ter for 

44602 -than £or 37803. In ell th$ experiments w:tld type shows a net 

oynthesis of vitamin B6 much of t1hieh nppearo in the medium. 

In order to olininn.te tho oo-.:1plleatin6 effects of growth 

in these e:zj,orimenta ·non-crowina cultures woro next usoo. These 

were •• obto.1.n©d by ;;rowing /i/"'602 0nd .37803 in Fernbc.eh cul t,uro f'l::lS1ts 

e.t pH 5.6. 500 ml of potasoiun tar·trate minimal with anll71onium 

suli'e.to as a nitrogen 30tL.""C8 and 25 camm.as of B6 added {a.<J _pyrido1d.l.1e 

hyd:roohloriJ.e) v;ereusoo. in each flask. Cultures were inouba.ted at 
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• Table XVI 

I. Grown with KN°'1 as t1 som·oe, pH 511!6 
10 r pyridoxifi.e HCl o.d<lad~ lO Y reoovared in blank. 
All values 11VQrar~as 0£ two sepa:r.e.to assays of s.ame aamr>le. 

l 2 J 4 5 6 
B6 ~t I Iiet 

8 
B6 B6 r/em Total D6 B6 in B6in 

Strain dry wt. nyoollim 1n nw• medium- i.medium aocotm.ted I d • 
me~ eelillm !'rge alter t~ • I st~ 

uoid 10 • mt: x l 
h.yd.rolfsisl (4♦6) 

44,(/J.2 )95 7.15 2,.82 2.(f) 3.37 :;.a <;.6 

37803 680 6.2.3 1~.,2.3 1.69 2 ♦.21 .3.6 5+3 

4A 956 .38.9 37.2 ~ 25 2( 41 net synthesis 
Drift 

J.4(:JJ2 434 8.50 4.12 0.34 1.34 4.54, 9.4 

37r;o3 622 6.08 3.78 o • .;6 .62 5,.00 9.0 

4l, 11+.36 .38.6 55.,5 ='5 29 9!, 1.3 net synthesis 
D:r1.rt 

III. Grown tlith (~1)~01~ as N souroe (1/2 mg/ml)·• pH 7.1 
10 Y 136 addea'"e.a a'Bove 

44(~-02 470 12.5 5.88 4.89 ,~78 oot --syuthesis 

)700.J 647 4.a 3 .. 10 a • .3.3 2.95 3.95 I 6.1 

4A 493 1840 a.as M .• 6 12.7 net S1fltlwais 



1;1-:io 

source,:; it, appears tL.at, ar:lmonia L:. s1Y8c:lSic f o:c t:1('. :i.,d tiction ot 

ut both :pH 5.6 :..wl pE 7 (Tt1'.)lo XVIII)• Vur!.ou,3 t1:.rl.no aci·l mi:-.:tures 

r.w-v0 also boon t.osted :":..nclud:l.n:.: those found by Ly;,1n.11 ~ M• (1947) 
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Nou ... Growin;!, Culture Balance Experiment with Vi tar.tin B6 

l 2 :; 4 5 6 7 8 

Strain and dry 136 in To-tru.rD6 B6in B6 in 1:36 not Net B6 
Cot1 t.G~1 ts wt .. ~"eelium. in medium,. medium ae- destroye,d r 

m,~. r/@11 m:,cellmn f':ree e.fter counted perJGP 
c.cid for xl 
hydrolysis I 

10 -<4♦6> I 

/:1,/-02 ~.71 8.7; l-o-•12 0.14 1.7 
no P..6 

~ 

44602 306 U..9 7.54 1.00 4 • .3.3 
• B6 

Dirferenae ; 35 6~1 3.1;2 ().,f.½ 2.6 3.98 8.0 

37803 712 7.18 5.1 0.0.3 0.5 
no B6 

I 

37803 r/04 ll.5 s.1 1.97 ' rl"'\ i4-o :,o_ 
4 B6 

Diff (3:I"'('W,C€ ... s 4.3 JoO lo9lo- , •• os 2.92 4.2 
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Tnble l'VIII 

Sub~tances Tested o.s Nitrogen Sources fc,r the Initiation of 

Growth of l+t/:iJ2 in tho Absence of Added Vi tarnin B6 

~m4 f .. 0::lJet@ 
im3• - Amides-

lf0£" ~ Acaff;a.rnide -
tu;qipg • • d Amino ffna.ric ~~ •. Ji! 

dia.mide + Alslrl.I'..a .... 
O:telaootio 

Arginine • .... ditwid-e . • 
Aspartie aotd. .. UNta* -
A.Spara.Jina • 

AmineB 
« J\.mino !:lutyrio 

acid .,. Msthyl~e -
* + Di.,"'18 vhyle.m.ine Glutam.tne -

Glt~ta':iia aaid • Choline -
HistLli.ne -
Iqalne ... Hensidine .... 

Ioo.leucine • p Amino phenol ... 
tiet.hiom.ne .. PJ,Tidine "" 

Serine ... 
Thl·eonine .... ?--fl'UV'ic Cod.me_ -
'l'zj,1Yt.ophan .. 

Ca::min Hydrol~nmte .. 

Var1.otm other mixt,t1ros .., 

~~ilterod stJrila 
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r10u.roes in ·t,ho procor.ce of added 136,, Glut,e.rnine ru'l<1 amino rurw·ir·,io 

of :rc.netiono: 

COOH 
I 
CFOH 
I 
~:; ;on 
I coon 

'l1crtn:ric 
tll.Oid 

conn .. ) 
I , ... 

l"q -~"t".., 

r Ul.l2 

CH 
ba:nt") 

,:; 

c:. 2.oTo~un~.u~:tc 
o:1lor::.de 

ymm2 
C=rllJ 
I c...n,, 
CONTI,, ... 

=:t:w1 cfr1lo l"C,... 

fume.rate 
tltlino fu.11ario 

d:3.am:tds 



u.sad :.Ln tho prt:,oont, e:i!:po:d.ments. Ghlorofu~naric chloride was 

reactod dirootl:r wit..; ocJld concentrated aqueous am..~ by Jropping 

f 

s0ttloo out tlftoi· oomplotion of th& r.ea0tio11 w'l.d was oolleoted 

COO.l 
I 
C-C:l 
II ♦ o i:l!~ 
0...H 
I coo1 

_'lh.e i;t."ocxuet app,:¾1rcd sirilila."{' to that. pr-apa.roo by PG"r.W.n•s method •. 

This m~/ihod rr,ivoe low yteld$ b'~t ~,es adopted bae$t!:le of i ·ta 

a1ilJl)l:t oi ty . o.."1d. spood. (Yield from )8 graru~ ot tartaric, ru'd.~ 

4.,1 emJ theo:i."at1~ 40 ~) 

O,W.laG~tio die.mide ous prepa-r-ed l:w disoolv1nc one gram 

of waino fume.rl.c diamide in 5 ml of 1 ii sulfm-io o.eid biJ boiling,. 

at'tor rJh1oh tho material was oolleeted and J."Oocystolllzed fl•ot¼l 

:1atw. (Dseor!lpos1t1c.,~:i -point, 176 ... 184° c; r0p0rtoo l&:l') c. 

CON!½ 
I "" 
0=0 
I 

f112 
cmm2 , 
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Oxal:wot:.:1.c diw:.itle cli.<l not initiat0 ~,:-i~O'>J't,h oi' !~~(£)2 in 

t110 s:x:;unoo 0
,, 
J. ~.dJ.1'.,d vi '.;ru:1in D6 cl 1,hou.rj1 1t was o.ble .,liO serve uo 

solution., ·l'ho zero <le J' \~a1u.~s 2-:>eprosmd,t ·tho ~ t of byi:u•olysis 

co.1..'0ciJ t1; th_. 1"10thod. oi' • ru:..nl,ysia (Fie. U). I ·t is i,horsf'o::·o oJ.eriF 

of /);,(,02 in "·l·•, "I 
~ti . t ., prooonce of n lirdted .!'J'Ji>tID t of: ru,1:::ID'l'.liun ni tro::;en.o 

r.} ,, :t •:, oi.' COLt':"'!'lC por;oi,:310 t;l:w.t :1.t !a not tr1~ U:i. t.i•Of}3.TI. of thooe 
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Fig. 11 

SpontMcous Decomposition of Amino Fumaric Diamide 

Media contain 10 m3 Compound Nitrogen per 20 ml 

- -
~ - -@ 
~ _., 

- -- -- --------- ----@ -- .iator solution 

: __.,.... -- -- .,-- o---
r _. M/15 phospha·~e buffer pH. 7 

/ ore '-

f//

/ // I1/15 phoophate minimal 
Potassium tar·trate minimal ____ ., ___ _ 

1/ 
1 

o"'------:!"1---~2=----!--3---~4-. ___ .J5 ___ __J 

Days 
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thos0 objections. Sinoa nitrocren is lf.nown to be a limiting factor 

in t hoDe experiments and there ia a ll:U"ge amount of carbon 1n the 

mndium as sucrose these objeot1ons may not be valid• 

There aro three c:laasos of amino e.o1de ldth rsspeot to 

their affect on the mut,nnt arow:tng in the absonoe ot added vite.r.rl.n 

B61 

1,. StimuJ.atory: alanine, a.eparagin:e, orsteine, glutamio 

acid, iaol!iimCine 

2.. Slig')r!;ly stimulatory or no e:1."faot, aspart1c a.eidt 

histidine• leucine, l;rsine, ph~lalan.tne 

-prollne, serine; vallne 

J, Inhibitor-Ji arginine, methionine 

All of these Wi'd.no acids e.re stimulatory when vitamin l36 is added 

t,o the mediWi4 

These data were obtained by measurinc dry weight of 

nwoelium G.$ a function of timG (fl,g. 12) • til/15 phosphate minimal 

at pTI 7.0 wa,..g used es the medium. Tbia contained a.pproximatol.y 

3 L'.lg anlt'lOJ:Uum sul.fate nitrogen por 20 ml, The partiouls.r amino 

n.o1d test(1d -uas added to c::iw sn addi·tional 5 mcr of nitrogen pl!¢' 

20 ml. 

Ammonia appaa.rs to oo indispansibla notwi thsta.nd5..ng the 

i.zioreasad growth rQtos in ~'10 presenoe of particular amino acida, 

In one experiment pads of' ra:,cellum ware grom1 1;o. about 6 me dry 

weight in media containing ammonia and asparagil'Mh The1 were then 

:rL"lSed w:1. th sterile distill~ water and wore trans.f an-ed to frosh 

oedia at pH 7 containing in one case asparagine as a nitrogen source 



Dry wt 
mg 

50 

40 

20 

10 

0 

6.3 
Fi go 12 

Effect of Three Amino Acids on Grm•th of 44602 

with Low NH4 .f, N and no Added Vitamin B6 

Medium : 
pH 7.0 

2 4 
Days 

no addition 
---10--

~ glutamic 
--t)--

• methionine 
-- ..... Q--

+ Aspartic 
- ----e- ---. 



and 1n t he othe:r- a.~onia. Tl¥ii cultur~s t?ansterred to aspa.re.cine 

medium f ailed to ineretB.se in dey waight; although the control.a 

( amrnoniu."'.l medium) oontinuoo to £:!l'OW. 
t 

The non-stimulatory afi'oot <>£ some of the wno acids 

as well u the stimulatory effect of other~ wq ha ~ted to the 

pH of the medium. Thu.a, cyst·eine in modere.tel.y ).cm coooent!.'ation 

1s todo 'ho wild type at pH 5.6 whe~as at pH 7.0 it is stimula.toey 

to 4A &nd to 44602 ~own in tho presence Md absence o.f added 

vitwnin !36* {Table XIX), Cysteine was added as the hydrochloride 

without neu'brallzation. ?he moehani&m ot this atteot is not 

known• although the toxicity of eyst.~ine 001 tlU\V be due to a 

10\\'ering of the pH of the medium, 

'fhe inhibito17 uUon or arginine is appe;rent~ r~le.ted 

to the high oonoentration present. sinee up t-o 6 Ilg of' arginine 

par 20 ml has no 1nhib1to17 etfect. • the o.ea8 of methicnina 1$ 

more interesting• 

Beth o • and '- f!Nl"Methionine are 1nhibi tor, 1 as 11 t.tle as 

0.4 mg pe1• 20 ml being l!)ff~()ti~. In nc. oaae has it be n possible 

to d&oreaso the amount of growth to ssro by inoree.aing the amount 

of merbbionine,. Furthermore the inhib1 tion is overOOIIIG. as the 

culture ages (fi~• 12) either by ttadaptation" or destruction of 

*After autoclaving solutions containing higher c.oneentre.tione of 

oysteine hydroohlorido at pH 7 a oeystalllr.e preoipitete (probably 

cy:atine) is seen in the m0dium1 some of whioh me:, ewnto.Gll.y bG 

oocluded on the omall19r eycelial pads g.:lviD£; them a jewol•likG 

~a.nee. 
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Table XIX 

Effect or pH on tht3 Toneity of: O.,Steae 

pH Strain 
0 , 1· 

~, 4A 106 9/u,6 

,.o 4A 106 98 

; .• , 44602 67 75 
ta r n6 

7~0 44602 . 88 ae * 2 )' Bo 

7.0 44/::02 56.7 62.5 

nfodiumt M/l!i tsrtrute 

M/15 phosphate 

10 mg (mr4)2so4 -

N/20 ml 

m&? cr.,steine 001 
2 10 20 

99 00+5 29,.3 

104 102 ll.6 

71 77 18..4 

er, 87 102 

61., ,,., 67.5 

50 

17.,,9 

lJ7 

0 

134 

79.2 
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the mothionine present d1.trin1:: ·the: :-:;rowt,h J?Ol"'iod ., riethionine is 

st,:tm.ulatory in ·the presence> of e.dded vi tH.rr.in B6 and is stirTJ.lntory 

·1lwn 44602 is ;;rowr. in tho o.txie~1e0 of added vi t..ar.u n B6 bt.1111 in the 

presence of r-elatively la:rg-e ~.mou.ntzi o.:: ru;-,:::onia ('I'nble XX}• In 

this ca.so, as the ae1nord'..lm. co-noentrat1.on i.3 :lnoreaaod. oothioni.Ile 

booooos :fi:rat noo ... in.t•libit,ory nnd t hon Q, (, l J .jrn:r am,:1onium 0011c,.en ... 

t,ratio:1f, stimu.1.ator;7 .. 

Met.hionino inhibit:i.on in cc,'.:ipotit,ively o,1croome by 

t .. h:raonir1eo, (Table X.XI). Sulf cmilrnuide also o•veroomes m0thionina 

in.~ibttion (Table XXII) and Qt hi; her oonc0ntrations of sulfa• 

nile.rd .de, t he sulfanilt.-,mide inhibit.ion ts rflduced by t .... e p1"r)senae 

of methionine o.s ru:u;i been doo1t,11strat,3d f <:YS:' -wild WPe (Zalokar, 

1950)" Methiord11e•th.reonine role.tionn:1ipo have been domonstrated 

with other mutru1tB of lfourosporn. (Teas, Hormvitz and Fling, l'J/£,; 

Zalokar, 1950) • '.I'he moalw.nimn or i~he .a.etion f'or 4'/-.iJ2 is not. k110\m. 

As a rooult oi' thene e:icperinwnts 1 t is belie't1ed that only 

nmmonia iii hic;ll concentration can sorvc as a nitrogen eource for 

t,ho init1ntion of ~th of tho pH sem)itive mu·:-.nnts in th@ e.bscnce 

of added vitm:-.J.n 1½. lt~ will bo recalled that nhnt appears to oo 

o. threshold ooueentra.tion c>f 12.mt.11onia ic required (Fie. :2 ~ .3, /4.) 

and th~.t 4/1::1)2 requires more armnot"!ium nitrogen ·thnn wild t:i-1>011 The 

only other suhat8tlees able to ini t1a. te a,-rowth e1 ther bava B6 

aot:1 vi ty or are a.bl.a to mpontanoo1lf:l~r bra~ down to a.-nmoniao Those 

substanoea which meral,;r stimulate ~;t"()v1th may- also a.at by bre&kdown 

to ammonia. 
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Table XX 

methionine Inhibi ti.on of 4/.-l>02 

Medium: M/15 pb.ospha·ie pH '1.0 

m8 w4 ♦ N mg DL- ~th1ooin0 

0 o.; 1.0 1,.5 

3 15.e 10.5 1.0 ~o 

4 22.-5 16.0 11'".9 17.o 

; JO.{~ 2.3ll7 23.0 24 .. :5 

'7 .5 40.5 .39.2 .36.l J6.). 

10 /~'}," '7 fc9e5 !JJol 48t2 

15 34.1 60.2 58.6 5$.7 

2.0 2.5 

6.:3 7.J 

1:.i.8 15.5 

ZZ.J+ 22.8 

35.,0 34.9 

46,.f-J 1+13.9 

59.7 <,1.2 



Table !XI 

L'1hibi tion of /;4602 by Msthionim 

and its i1eversal tr.r Tb:reon:!ne 

M©diunu M/15 poospha:t.e pH 7,0a 4 me {NM4);aS04 N/20 rn1 

mg ~/ wt attar 3 d~"'S at 256 C recorded 

mg ot. 'l'hr$0nina me L lJo.thi£>ni.tla 

0 0.,4 o.6 o.s 1.0 

0 13.9 6.1 '"'•9 3t9 4.-2 

l 15-5 5.6 i.a :1.1 4.0 

2 1'i.4 11.~ a.,2 5,.5 6.6 

3 15,3 1; • .3 15.4 9.2 s,..2 

4 15.5 l?.7 16.2 15.6 11.6 

5 15.l 18+5 1·· 6 ;)"' 11.S llJ 

1.2 

4t0 

4.,0 

l,9 

.'.h6 

5-6 

,.o 
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Table XXII 

3ul.faniu:i.mide and Methionine 

Sul.fa.nil.amide molarity 
(moditltl) 

mg DL- !'.lothionil'm, 

0 o.s 1.,0 i.5 2 .. 0 

0 2.3,4 16+9 16.1 11.0 16.2 

5 X 10""5 11.1 24.3 24116 23.,4 22., 

10-4 6.6 u.e 1s .2 17.S 19.4 
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The tai~ oi' ,rt:U'ioua m.'tiM ao:tds and othw $aSU;y 

d~or..-rpo.sa.ble eompo-..mds li'kG ur~a to. 1;r.i tiate g.rowt}1 9JS3' he due 

to the inability of the. organid to deoompos0 them rapidly 

mwuch to supp~ the high ammonia ~entration Meded,. 

Con:si<lat-a.ble attention hss baGn devoted to tbe question 

of uitra.te reduo.ti.on by 4,4.602. ~ of this mutant ie 1\0't, 

1.nitiated b1 nitriatG :t.n the absenos of added rlt~.a B6, nor d~ 

th0 presenoe of nitrate i.norea.se the at'(>p oi' ~e-llum over a 

21 day pB:riod from ci. lM!dium oontcl.nir1€ a lildting M'IOU1'lt of 

ammonia. In the presenee of added vitamin B6, niwate is Med 

as a souroe of nitre~ N1tl"ate is not used u l"&adily' by 44002 

in the prosenoe of rltamin D6 am 1s wamotlia, although the pH 

11011-is~nai"tivo mutant 3780.3 ea.n grow :non on nitro.ta than on ammonium 

ion at pH 5.6 in a ·~h.r~e day g:rO\ith period. 

The data at first gla.n,oe e.p~d to indicate a t-ole for 

vitamin B6 1n the reduction 0£ nit.raw;, The argument~ be 

s~r-1~ as fellows; In the presarme Qf vitamin .86 nitrat.e me¥ 

be utilized as a n1 trogon ao'tll'08 tr; 4'.602; a the/ absenoe of e.ddtd 

vi ta'lli.n gr<mth . otm proeood on awaonia but . not on rJ:tl"a~. ~ 

mo:re, although cwt.Qin a.uino aoids are able to st11llUle.Ui g,l'owth 

when ammonium ion is prosent, nitrate is not able to increaoo th& 

crop of dr-3 \l'iei~'ht oo nmt~ b.ov, l~ the growth period• Therefore 

,Ji tai:,in B6 l'!lUSt be involved in the proeess or Jilitmat& Ndu.eticn and 
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this p.l'Ooess doos not proceed to n oiL'nifioe.nt extant in 44602 

i.'1.t racellular concentrat ion of B6 ,m<lar th0;:;e oot"Klitions. 

pz-eser1t interpretation of.' t he ckrta is . tlu~t vi tuzu.n B6 is involved 

in tha utilization of the products or n1 tra.te reduction, .but is 

not neceaauiJ.y involved 1n the roo.uction process itself. 

To study tM.s quest.ion it, wru:i nece:5sary- to determine 

tuined ;;:;pprox:i::nateJ.J 3 me of ammonium sulfate nitrogen per 20 ml 

w"b:lle t ho r.:ooond set cont::dne<l ln nddition 5 m;:; of potaseium 

nitrate n1trogeno ('l'ho hi;:;!:, oonol9nirntion of potMBium in these 

ha.vo been obtained with a W/15 phosphate medium nad0 with sodium 

salts ri.ud conta.tnin;2; as t tao potussium l'.:louroe only 0.1 g of 

potassium chloride per lit.er.) Under tlie eonditions of ·lihase 

axrJerimants it has been found that 11.i~ate is roduoed but, not 

utilized for gro,.nth •. 

Ammonium ni trocen in the medium hru:i bean dctormned by 
\ 

making the modium alkal:tn.e w-H,h pcriw.ium oo.-rbona.ta followed by 

a.oration into st&."lclard aoid end back titration with &lka.1.1. 

Niti--r~t,;:~ r.iti-oeen hag been detm:-mined by r©duotion to ammonia. with 

~vardas' alloy und pot~siut1 hy<lro-::d.de at room. temperat,we 

{Borsook and Dubnoff0 1939). 'l'ao hours WM used for the period 
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4 zn • N'½ • ♦ 1 or • 6 H,o - 4 'l.rl(OfI} 4 • 4 im3 
a Al ♦ 3 NOf' + !> or ♦ l8 lfaO - S Al(OH)4., ♦ J rm, 

r.::1d not h,varol,.~le '11th l'O\aS&iUtn oarbo~iw• For e~le, . 
• 

nH..1 .. ite and !~oql.a.r:dne wo.uld be included in th '4:nitrate" va.l.~es, 

Tctru. :1.~euueed rli ~en in tha · ~iWA has b$$n deteTtained 

by a e t,iand,~sd Kje J.dohl oot .• ~w. usin;:; a seleniuat•riotans.iu.rn sulfia:te 

boon f ou.nd satia.f aetol"",t ~• f <:rr nutrient eolntions not containing 

i10thods have been wo:dted out for tota.l rd trog'e.n including 

nitr.tJ.t,e {FuT,nt.m, 19.'.39). Sulieyllc a1i::id 1n sulfuric ooid la added 

no rapid wot comtu:rtion method ior thQ detem...w.iition .of total 

ni.L...-o;;en w solutions :,ontaJ.ninc nitrcgett•o~gen oompomado along 

,"Ii th large quant~.t:les of oo•ge..riie material.. This detennination hes 
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'l'uole XXIII 

Reduction of Nitl•o.te in a Kje ldahl 

Dif.eStio..'1 rtl. th flzS01~ 

Contents tng NH, ll found 

a. 1 mg 003 N 0 

b, 2;1; o ucrose ... 1 ml 0-.02 . 

a. l me KNO% N 0.39 
♦ l ml 2 suc1·ose 0.41 

approxil'.l'Jl9.te oonversion 

1J)'J; 
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Total my~U.al nitro~n be.a ~ell d$t~ned by digestion 
. ~ 

with aulfuric eo1d end hydrogen_ 1~$ ro~ b.,' db-eot 

iewslariiation:. . It ·has been found that in a nit.rate medium 
, 

nitwatiG de.ea not 94Gumulate in the m,eeliWII oo that the llmitJ.t.tion& 

di&ouoeed plNWiouaJs do not hold:.. 

Wild type ~O'lfing in a m.ed1W'l'l aontaining am.mm!~ and 

m.trate tital"t.in,g at pH I eppatentlg utiliJSO &11 the ~rd.um 

present and then a.8$imilatea th1& ntva• (ftg. lJ),. M$St ot th$ 

nit.rog011 entera the ~•llua, a.fte~ wh.i.on a pan mq be returned 

to ·the m.ediwa,_ pe:.rh.a:ps by auto4'$is ct the older cells,. The dry 

weight continues to ·lJlo:raase long after all ammonium ar nitrate 

ni t.rogen has been, assimilated,. Baba.tor of thia typG has befJn 

reported for other fungi (Foster, 1949)., 

. The behavioi- cf 44602 ie eignirica.ntl.7 diff'eNmt {Fig• 

14). lul ·the free ammonia cliS$.ppear-s but at no time oan. moat ot 

it be detected 1n the m,yoellum .. This eiumonia nit:N>een ~ 

in a co!llbined reduced state in the medium. Arter all tbt, free 

ammonia. is aasimilated nl:trate begins to d1sappetU'. &>me of the 

:p:roduots of nitrate asfSimilatioo apparently appear in the J.Ve&llum 

while the remaind• may be in the medium as in the previous OMe-., 

Notwi thetandini this add1. 1-J.omu reduced n1 ti-o~n 1ri the l!Qdiu.m and 

f!WCeli~ toore is no mcreG.11Je 1n dry weight over control fflll'tiuretj 

on medium conta'ining onl1 ~um nltft~• Although total 

reducible nitroeen remaina constant until tbG tiaappt.arance or 

ammonium ion,. nitrite (determined by the dulfanilie acid•• 
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Fie. 13 

Uptc.l{e of Nit ro6cn fr om t he Medium by Wild Ty-pe 4A 

2 .. 4 mg NH4 + N in medium 

2 

Mg N 

l 

0 4 Days 
Total N in rnycelium 
--0---

I norganic N dis-
g appen.redl20 

11 Combined" N in 
·••()•-·····medium 

NO{' N disappeared . 
-•--- 80 

Dry w 
mg 

40 

0 

8 

6 

mg N 

4 -

2. 

0 

Days 

2.25 mg NH4 ,f. N 
4.,1 mg N03 N 

8 

0'~~-
'1 0 

/,t 
01 
I I • 
I 
I 

I 

I 
I 

I • 
4 Days 8 12 

NH4; alone ( .2 .2 m[; N) 

--o---
NH4 + -l NOJ - ~2.2 • 
- -Q- _ 4.7 me) 

Medium M/15 phosphate 
pH 7~0 

12 



4 

3 

"1 , 

• 
~., .. •_., o lli.-

Uptd<:o of ::i '.;ro,.;cn from Lhe Uediu.m by 44602 

') ? 1 "l' r T,JII t l,T 
~ G--... • • L> .I. 4 1-. 

i n :.iedium 

NH4 .f. N disa_ .. pe2.:-ed 
--o--
Totc.l ;,J i n ;aycelium 
--0--

No3• n diso.pp0are 
----Q---- 40 

"Reduced" IJ in 
---·--•----- -
medium 

4 

3 

.. 2 . 21 mg N~ _N 
4 4o9 mr; N03 N 

, , 
, , 

I 

I 

"Reduced" N 
i n medium 

20 

Dry r, 
mg --0 NH,4. t a lone 

0 -----a.6~----'---------
12 lS 

Da~r s 
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alpha nuphtbylmaL"le d.ia.zot1zat,ion test) appoar-s in small quanti ti.Ml 

oofore the disappet.W&"'lee or e.,1moniu:n ion. r.a. trite does not appear 

in cultures 1sremi on ammonium ion alone. 

Th-e apparent inability of the pH sens1.tive mutant to 

utilize nitrate Otilll ba e~lained oo the basis of these obsi>-rvations ... 

It is not neoossar; to asS'!J.ma• a.a had been previously' supposod, 

that these mu.tnnts aTo mw.blo to reduce nitrate,. Tho data ehow 

that the pIT aonai t1w raut,&rt 4Jl)02 gro-wn in the absence of added. 

v1 ~ 136 oa.n 1•otiuoe n1 tr.:r. te but on.ly after the ini t1al disapp0aranee 

0£ ammonia from the Cttlture medium. Wild type behaVi;!!s similul"4i°, 

as shom1 above. The produot(a) or nitrate raduct.i.on under these 
\ 

eondit1ons appo.rently .:iannot be used J.01• g2"0wth of 4/.liJ2. Indeed, 

it appetu-a ths.t thece p:z•oduet,s may oo 1nh1bit01"Y (rig• 14) • Attempts 

to detect a.mi.no acids 1li1 medium from which n1 trot.a has disappeared 

have beoo auecesaful. (positive ninbydrin t.03ts a."ld .chroma.togTaphic 

separation) but the quanti. t,y has 'blaen too small to pomi t i.nolation. 

One interpretation of the data rela'ting to ni.trate Nduo ... 

t:i.on by Mi::IJ2 is that roouetion must proceed along an organic pe.th• 

way in tho nr,1-tant otrains, sinoe it mm!'!Oni& wer. f'omoo fro~ n:1:trate 

the tnu·tant would be expect0d to ahem increased erc,w.th,• 

Another interpretation is aa follows, - It baa been shov.in 

that all the ammonia ia assimilated before reducible nitrogen 

begins to dooreMe. Pre\."'ioua experiments have shown that the 

util5.zation of va.rious substoncea for growth of 44602 in the absence 

of added v"l tam.in B6 is possible only in tha presoooa of ini 1;ialls7 

hiGh oonoentrations or s.mn?Ol'.lia. llowavor nitrate does not bsgin 
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to oo roch,\ced l.L"'ltll n 'I 1 the l);Ji:Xmio. ho.a disanrl.:)a!'Ddo It is 

:)ossible that <,vEm. if art.,on.in t:crc prodt1eed o.s tho procluet of 

nitra.t0 roduot5.on it nonld l'lOt. a(H)t1£ru.lute in ou!'f:tciont qua:nt:tty 

to otJr:...lee a growth stimulation o.nd 'l'iould oo di varted into other 

puths of synthoois • The produe'ta of such synthesis mir:.ht not 

bo e2-::paated to lead to in-creased myoelil'l.l c;rowt 1 under the a:11:• 

rx~rimental oondi tior..e• 

x. Conelu.oion and Diacu.9sion 

'l'he followi?li; fo.et:-3 h::¼,VO boon e~.rt.nbli3hei.1: 

1. The net r ai.ie of vtt.ru:tln b6 s:vnthesis is lo,;1or in the 

pH = ensitive I utcr.nt~ :;t'Ct'in·~ tn the ahseni::e of '-'dclad 

vi t,,:.\.'1\' n B6 than in 91ild. t:,pe. 

;i. f~_,i.:\ ic s,aoH'i.c for tr.o ini 1,iat,ion of crowt , of 

th0 pH scn1:1i ti ve rnutants in tb) o.b~enc~ ·0,f added 

vi truuin 136. Th"!! nH sensi ti vo :m.t"ta,."lt r.oquiros D1oro 

ni troi:on for JrOl'zth i..,1 the ab~.ence of added vi ta.min 

36 t.hc.n does wild ype or ~Vl }1a.r1le r.11.1tus1t grown t1i th 

added ~--w.min P.h. 

J. Nit:r.t'l.te onn be reduced by +..he pH sen::,itive nm .. t.ru1ts 

gTOl'in irl ~he absanee ~f v1 ta:nn :s6 but the pro<lact(s) 

of n.1 trate roductio.n ar(:) not utilizod f .or ~-rowth. 

1,,. The. p. ! non-sensi t,1.w mutaI1t 37803 doe:;, not show any 

net synthesis ot vitamin E-6 . Rc.stinr, cells of tho 
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pH aensitJ.ve mutant 41/:JJ'J. desta"Qy about twice M much 

vi:~n. 36 aG do cviill.s .of .3700; in thf;! as.me psti.oo 

tions ot the data: 
/ 

(o.} The rate or syntheaie ot vitamin 136 isl~ in the 

(b) 

rate of wild type B6 aynth01Sis. 

Tho rat<9 of vi tc 'c,:i.n D6 t.-ynthoois ts the saioo 1n both 

than in wild ty-pe, Thia {~"tniter rate o.f deatl1"U:eti'Otl 

ox-0atas a ~et requir~nt for 'Vitamin B6. Ammonia 1.n 

high oonoentr:ation is ~ble to reduce the rate of 

vitamin :s6 dest:f!'w1tio~ 

ff3'p0thetds (b} ia quulitativeJ.:, able to aplnin the date. 

so far obtained. As \lill be shown below 1t doos not quantltativeq 

aci3o-un·l,; fr:JJ." siome of the dat$.* Hypotbesi~ (a) la ww;bl~ to l'l:Ceount 

!"or the f'e.ct t~.at resM.n:1 oolls ef the pH s.ansit:1v$ mu~"lt /~2 

destroy ·cwioo ~s muoh vit.am.i.n B6 as d.o oeile of the pU non•send.tive 
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Bo Interprctatlon of the Courst'!l of 

ta trate Reduction in pH ti.Gnoi't;.i ve Uutants 

It is possfblo to il.7:~orprot the la.ck of abill ty of the 

p.'I sensitive mutants grorm without added vitamin B6 to ooa the 

products of nitra.tG reduc•~ion in tho following ws.v• 

111 tr ate reduction doe.B not oog::L.'1 before !"ree ammonia 

baa been r0mov0d froo tha sys~~ (cf. a.boy~) • On the be.sis of 

either hypothesis (a) er ( b) it is evident tht:1.t by t.he time mos\ 

of the ammonia he.a boon renxwed frOl'.!i the s--.rstem the cells of' 

Wx12 gronn in the e.bsenee of.' vita.min BA will be euf'fot-ine; from 
\ 

a net vt t~irl.n B6 defioioney-. (Hypothosis (a) ...... e.g ammonia is 

removed the rate c-Jf B6 sJmtl~1s:1.e drops and the net B6 in the 

cello diminlehes sine~ th$re 1a a natur~l· rate of B6 destruction; 

~v;pothssis (b)-aa ammonia is :rnmoved the rnte of vit6U!d..~ B6 

d~truotion $.noreases, dimlnishin:; the net B6 1n the cells,.) 

tu-tt!stron~, l:-"eldott nnd Le.rct-.r {1950) have shown that t.l.ie 

;.reroentu~ of dietar,r nitro;::en 1ncor-pora'hod into the body ~ls 

lo-i01~ in vi~omin B6 dofleisnt :rats tli.an in om1t:roJ. nni.tllF'..ls,. A 

similar phenomenon is enootmtoroo. here • All the product□ of 

aw.mouie.. e.ssimilaUon oan lnitially be aeeountod for 5.n ..,,:Ud type 

myoellwn (Fig. 13)• However th~) mutant; nlthough aole to asslmilate 

am."l!Onia is una~le to incorporato tho products of ,J.lml'!onia aasimilation 

into its mycelium ~.nd excretes them into t.1e m~um. 'l'his observa­

·iion is in a_greemont with the idea that 44602 suffers from o. net 

dei"icienoy of ii1.. taoin H6 onoe ozmonia he.a been remcwed from -tme 

medium. 
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i:J ro<lueod. Vitr:tmin B6 :ls neoe~1su:r,y for t,he u'l:,ill~ation f'or ~rowtb 

ei:' the products of rodu,Jtion YJhstevor the :i.ni tie.l l"'eduoed form ea.y . 
. 

bo~ However, 1.:ry the tl!:tB nit,rato bngins 'l:,o l)G raduaad the my-c-elium 

1s su.f:!:'ortz:.[; from a vit.amin n6 deficie.tW".f• '!'he 'prodoot(s) of' 

,. 

Ammonia i::; e,ble to induoe a n<3t tiynth6si$ o.f. "lf1. tM!in B6• 

Hoi'1ovcr, o. threshold oc»l.cent.u:-utJ.on of szw10n:ta io required• li 

&1mJ:100ia ~m·e produ.ood as a. product of ni trats rodtmion it v,ottld 

be prcducod a.t a relati v.qly slow :re.te (Fis. lit)• It ia possible 

il:luuo-e tho net vi tatun .86 synthm,ie noedoo to permi \ C,T'OWth. 

The pro...ioot(s) of the v.zeimilati.on of r,.H,ra:t.o mi£;nt t..,hon be trans. 

oth-'lr oompounds. 

·that in tho 1,rosenca of ammonia t,he substa..'l'l.caa naoossary for &"l"OWth 

in the aosenee or intr-rwelluur. vi to.m:tn B6 arc syntbes-izod in 
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tho red11cticn occu:r:.:, a!'.:J.mor.tl.a c..-id the:rc:f ore i:36 have di.38.;,_)0a:r'·::td and 

the c~J.ls. httiV"u loot 'l;hoir capa.ei:t:;y to t ... :.u1sf'or,;i t :10 itiM.al p.roducta 

of r:.3duction. O.u tho b:.i.oin o~: the ubovo hyp<Ytheois it .:1hould be 

in pH Sen.:d ti ve Mutz:m.ts 

da,t.n obta.inod in t.ho v-l too:Lu i36 :)fl . ..1.t,i1ce ut,uclie::!l,., 'i:'.tio typen of 

" ;:,; 4 Ilorml:i.t~ n method wnn dovolopcd to toot tho compatcbility of 

gl':'OTith is ooq,onontiulz th~.t is, if n ic -::,ho dry •,might of 



This assumpti(>n ha.a baen tested uaine th~ only data a:vailableJ­

thase shown !n Fig. 6+ If the (cl,S$tl!!lptic.'l'l 18 oorr--~ot then a plot 

of the logo.:rlthm of the dry wai;~j;\t ~.eod nG a ·tunet1oo o£ 

time should he li~ sineet 

It i-a turth~r aam.imoo that in too pr~sene<9 of vitamin 

116 the Vrilue of k 1.o tho arone for both mutru.:i-bs and wtld type.. 

'fuis assumpt:.on must h-1 somewhat in e~ sine$ th@ d:ry wetght ot 

cml ttu-~is or tho !l!.t1tants an-cl wild ty,pew nsoo :ts never th~ ~ 

artoi- f'ou.r days r:rowt.h., A llnoo.r plot ~ G.lso ohta.tnl¾i u.sine the 

datn of' Fie• 6 v-rhtm th@ cul>a root of.' the dry weight i~ plottM a$ 

u funo t:i.on of tim~, . • 'l"b.e eal~al.atioo.s below ha,."$ been lnG.de on the 
- . . 

be.sis o.,f a.t1 wq,onentis.l tJl,G of (?.9o-t:th but the results ar~ s:lm!l.rlr 

uoing any c;rowt.h f\mc,tion so long as tho ~wth of both wild 

type o.nd tbe w1~.nt.tJ can oo exprosm$d by th~ seime ~ or runetlon., 

In th~e caleula.tiom~ t.oo rate et B6 syntheaie , ,d !a," • 
d t 

is assv.moo to be ~rt:lonal to t11e amount of eeU mm.teria.l 

present at a.n..-v one timeJ 1.e. 
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Fie; . 15 

E;.-ponential Gro·:: t h of Neurospora 

Data as in Fie . 6 

1 2 

Medium: M/15 Phosphate 

N source: (NH4)2so
4 

10 mg N/20 ml 

• 

----o,---- 4A 

----1111•.--- 44602 + 
10 m_µ m B6 

3 4 5 
Days 

pH: 7 Note: Dry wt after one day 
from separate 
e:>..1)eriment. 
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shotm :tn Tabloe 1.1TI and XVII. 

Ass'1IOO t,hat 'Wild ~;-po 4A and the mujGa.nt 3780.3 have 

the same viuuo of K' Md lq tri..o.t is 

.)7303 

but that 37803 aynt.:·wmi:.1;0s no vita!!rl.i B6. Then since 

ror lrf!;. on nitrate at pH 5.6 (1'ablo XVI) . 

Now asmuoing • on the bar;is of our 1\-vpoth&slo that /44602 and 4A 

hnve the so.mo val.ae of K ~md kJ that ia 

[:r:{ = [1:~Mtm ·. 
the)n fc1r 41/.JJ2 on n:1:trate at. pH 5,.6 

A se1•ies of theee e~uoulat:tons hao b.3~n tauuluted in ~t'uble z:xrt e 



'.i.'aiJlo X.XI\f 

Li-A 41/JJ2 .37803 

Medium ~ <l fh ,6 .J ~ ,.6~i ~ 4 !·, ~ 3~ ~ 14 6! 
' 

Pot.aaaium ta."'rt,!'a to 
pH 5.6 .. l{i trtJ*t,c G.S 

,.,,. 
5 .,3 76 66 0 5.3 (!J 

H $Ci1Jl"CC ij ] 
,,., 

[lC H '-I"-
~).!~ ml 

Pot,assium t-f-':rtre-~te 
pl! 5.6il A.11t:;10n; i. u:-:i c.o 61 9.,0 ;~l 70.l, 0 9.0 
N' sou,roeo lj;i r.-5 H 
por ml 

,.,v1 ,-.. .;> pho:,l"pbc.. t,ri 
pH 7olo Arar.:t0nli.1L1 c.s .. .,.,, r 

;Jj o") 6.1 33,,5 30 0 6._l 
N sour·co., 1/;2 ja__~~ xr 
per ,n.1 
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for en 

ammonium medium at pH 5,6 M'\ro ~ used for the oompa:1.s~n since 

the reetil1g aells we:re prepared by growing myeellum ~ th&ae 

conditioos. 

The a.ot,-u.al Vt\luos round wers (Table XVII) 

~ ~~,g 
• 4.,2 

' 

70,'f --... 
9.o. 

8 -1 

T.hl'Jse ooloulations then do not provide support for the 

blfpotheais 1.nsofar as a oompo;riaon betWGen growing and non•wro~ 

balanoe a,rpe-riments doea not show ~ooou.mt between MlonlutM and 

8l@IS!Oted values,. rehe calculationa do show internal oonsisto~ 

i'Ji. thin the gi.-o'l'tl.n;;; eul ture ~L'IWt'ltg tr., :ihewi.ng a deer~ in 

&, destruction by 44602 as the aimnonia oone<.m~ation is increa.~, 

while 3'700.3 deo·~uetio.n o:f.' 136 1•e1uainm prc.c-t;ieal.J¥ OOMtant ('rabl.G 

XXIV ). Thay also shc:M that it is not neceeaary to asswne a 
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Tho diff erenco between th~, calculated and ooq,cr:tmant,o.l 

mxr lie in ·bhe assumpti ons 

oo tho sane !'or 4A, 44602 W1<l )780.3.- A direct determination of 

this oont~tant for growtJ.1 111 Fernbaoha would be desir,e.ble since 

,, to be equal for t ho three stroins. 

Any s;-;,'1rthcsis of V,.tnmin B6 in the res"t!.ng cello ct 

41¼602 would change tho r.esultD in the des:i.1..,ed direot5.ou. It is 

also possiblf,'} th..~t B6 is destroyed only in th0 oourse o€ metabolism. 

Since no appreciable nitrogen ia added to tho non-~owing cultures 

the amount or vit&lin B6 destroyed might be lessened., In view of 

tho uncertainty i;,1 the values of k the resul t.s of these oaJ.cu• 

lations er0 not conoidered lethal i'or the h;v-,,otb.esis although they 

cannot be oonsideroo to support. it.. 

o. Qua.lltative Am:,l.io~ticn ot the U;rpothaais 

thesis of a lowered ra.-oo or f36 synthesis can be oa.aily fi ttod. to 

·th0 hy,,Jotheais ef an inoreesed rate of vi tami..~ B6 destruction in 

It has boon shO\ln that 37003, a pH n~eens1M. ve mutant 

invariably grows more in a. 72 hour peri.<.'Jd on a given amount or 

vi t.am:in n6 t han doos 41+602, e. pH sem.d\ti ve nn.itant (fig. 10) 
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Ir tho pl1 $0:ocltivG mut,r,.nt dost:royed 136 ut tho sr.ine ru:to a.a .3'lc10J 

3l"O't,th rasponse or the two ,m.itMta woulcl be at least the sa.'00. The 

on t ho basis of. tl h:1~:her X"a.to of tlestruat1on or E6 by the pH 

sonait.1 vo ;au tr.mt., 

i 1-,s roopon::n to ,tl.to.nin D6. ·,Lon nitr:.d:.0 is o. nitror;;en aom-"ce 

ali1;)1tlj ... J:>.oro in 72 hours than u.oos 37803 ,vhen vi t&mn D6 is added. 

Th-ia mey be a~la.:tne-d b--J aseumin& tha.t the rate of 

vi ta.run B6 destruotion is not as high in 44204 as in 44602. There-

fore, ·the addition of an o.mo.unt of ~.rl.o. not sufficient t,o cause 

44602 to r~spond to B6 bett,-9r :than 37003 {the.tie, insufficient 

t.o matte t.ho net l'a.te of B6 destruotion leso in 4//:IJ2. than 1n 

3780.3) is :.ruf'-ficient to a.ffeot IJ,204 so th~.t it k.'•Tcras ootter tl'Wl 

3780311 

fu.-sGd., r c1~ biochet.1:i.ca..l mu.tnnts the ofi'oct io pictm·ed us follow.s: 



rrlll be able to synthes i:1e tho,·i ;;-:.nJ :rro\, a.J.t.h.ou;;h eitlior of tho 

stro.ins ta.ken soparately will not bo a.blo t.o .' '.!'Ow(> 

different pioturo inn hoterocuryon. 

n:mc~1 of nll non .. , -.~ .. 
s msi ti vo r,.m. Cx,;.nt 

D + 
., .. ,,, 
.b --.b() 

:..T...rl0:3 of p;] 
sei.1.l.1::. -ti '1-_."0 r;rakmt 

D ~ E - B6 ---.. Inactive 
product 

tho ef:foot of' the pH s,_m_··iit,ivo ~mto.nt io t,o prov1.do an o::rroosr-; 

of E., 

.. 
to o:•t· ;Jai.:1 -~:·:c U·weJ",r. r.aitarit 



<)J 

addoo. vi. ta..'nin B6; On tho hanis of th<} pro"v"isional l\Ypotha-sis 

o:r- by preventinz B6 deerl,!'uotion., 

of iJ6. ei,ynthesis soo:m unnecElssuri;cy- CO'.'.lplicated. If the provisional 

und n.t.71') • 

following: 



0. 

He :10ints out. 

of 



f."®ction : tho product:ton ('J.f n y(:ll..'1_ow pl:;ment. 

It is po:~siblo that e. mutatS.m1 1ec\<.1in;: .tQ the blocking 

of viti.:u:lin D6 dest,·nction. Thi.n cou.1d oocm.r by u:i..;y.kinc o.vo.ilv.ble 

concentrc.tion of an inh::M.t,o:r m.tura.11.y- pTOf.lont.. Morn direct1y 

hi;.:;hor turnovet· nnmber or a ne19 speei.fioi ty • J>.ey su,a;;o~tion 

m; to a detaJ.lad mecruanism ia of eourse e:.-rtramely u-Jmteus. 

On the baaia of the p:rovisioool :1:r;,)othcois M1:?1onium ion 

5.s spooH'io beoeil..we it is tho only suhstanC"A that oa.ri provid~ a 

suffioim1t qw-mt,i ty 0£ alll1'll0nia :i.nside tho eel.1. to nrotaet the 

available vi ta.min B6., Suootanoo19 aonv~ti ble to amrnGIU)!l do· not 

to ini tiato f?-"'O\Vth, a.lt,h~h certain of those $ttbnt,a,,."loeo mo..'1 

stimulate ~oot i in the pre·oo11e~ of ammonia. Vi. t.t:min n6 i ts(!llf 
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