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Hubants of Heurospors grossa requiring vitamin B6 have been
inveatipated,

As reported by Stokes g ale (1943) certain of these mitants
will grow in the absonce of added vitamin B56 47 the pH of the
medivm is above 6 and if smmondum ion is prosent, 5
The requirement for hizh pH end mniam ion hag been found o
be due %o a requirenment for free smmonis in the medium. The
relo of pH 40 bo deternine the concontretion of free smmonia.
dmmonda 1s speedlic for the indtietion of growth of the pil
gensitive mutants in the sbsonse of added vitamin Do,

Fhen prown in the oresence of sufficient wmmonia the ol
soncitive mutants are able o 3yntﬁwim vitemin DO, |

The not rate of vitanin D6 synthesls 1s lover in the pil
sensitive Qm‘t;ants than in wild type,

& glutemicealanine tmnémnia&se has been ‘i‘mmxd in Neurosporas
The activity of 'ihia engyme 13 lower in the myoelimm of mé
pil sensitive mutants prown without added vitamin D6 then in
wild &ympe nyceliune

nyeeliun of a pll sencitive mutant will destroy more
vitanin B6 in o g:im porlod than resting mycelium of a
matent whieh requires vitamin D6 waler all conditions tested.
The 1 sensitlve mubent ilg inhibited by nsthionine. This

inhibition 4s overeonme by added amwonin, vitemin B6 or sule

&

fonilan’de and is compatitively overcene by throonine,
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%‘J-heﬁ elthor matant or wild type is grown on a mixture of
.nibmte; and sowondnn as a nitropen source ab pil 7 ammonium
is assinmilatod Lofore nivraie,

\ Lt
Nitrate can be reduced Ly pH sensiiive mutenis srown in the
absence of vitamin BS but the product of reduction cannot be
used for grouth.
It ig likely that the lower azebt rabe of B6 sgynthosis in the
pil sensitive mutants is due to a hishor rate of \vitmin 56
‘destruction than 1s shown by vild typee
A hypothesis to explaln dho spocificiity of ammonis lims been

.

developads Aceordins to tlis idea asrmsonia in hish concene

w2

&

tration {rolative to wild type roquirements) prevenis the

destruotion of vitanin DS
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One of the first biochemical mutants reperted by Beadls

end Tatum (1941) ves a strain of Newrospors siitophlla requiring

pyridoxiney later Stokes, Foster and Yoodward.(1943) while
abtompting to use this straln ss an asgay organisa for vitemin B6,
f'ound that 1% conld grow in t}{e absance of the _vitamim, prridoxine,
in tho presence of amnonium salis at pil values above 6. These
investigators also showed that this pyridoxineless mutemt was
' stimilated by thiamines S
Since these imstig;a;ions gertoln othor vitamin BGe
requiring mtants of Nmﬁ’aspbra have been iaolatad; Some of these
are similar in their srowth requirements to that iamsﬂ'gawd by
Stokes gb ales vhile othors apparently have an absélﬁm noeed for
vitesdn BS, requiring 1t for the initiadion of growbth under all
conditions so Tar testod,
This investizetion was begun in on offort to answer the
following questionss
1, V¥hat is the nmechapnlsn of $he .pﬁ affect?
2¢ Yihat additional evidence can be geined from those mutants
about the relationshins botween the vitemin BS group and
nitrogen motabolisn?

3y Can anything be learned {rom these matants sbout the
route of bieambhesis of the vitemin D6 group?

-

Some information besring on the {irst two questions has
boen obbtainede The route of vitamin 36 blosynthesls renuing a

compleote mystory.
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Since mush of the work to be described depends om an
understanding of the pecullarities of the vitamin B6 group,
especially the technique of ssmay, it has been thought desirable

to include & review of some work on this group of vitamins,

II, REVISY OF THE VITAMIN B6 GROUP

Vitamin B6 is ubiquiteus in its distribulioneeit has
been found in all ldving organisme so far tested, with some notable
exoeptions (Holden, Furmen and Snell, 1949)s

At least five compounds exist with vitamin B6 activity
for one organism or anothers Pyridoxime (3 hydroxye 4,5 di
(bydroxymethyl) 2 methyl pyridine) has been isolated from rice
bran concentrate (Keresstesy and Stevens, 19384 Gymrg&, 1938) «
The other forms may be considered as derivatives of this compound,
They are pyridoxsl, pyridexamine, pyﬁidoxal.phoeghate and pyridexemine
phosphate (Fizs 1)s These compounds are heat, acid end elkeli
stable but are destroyed by visible light (Hochberg gf &les 1944bs
Cunninghem and Snell, 1945)s The position of the phosphate in the
shoaphorylated forms has nol yet been fixed (Umbreit and Gunsalus,
1949)« Pyridoxine is the only member of this series so far isolated,
The other forms have been charscterised by anslogys That iz,»ihey
have been prepured {rou pyridoxine chemically and shown to have
B6 activity under eonditions where pyridoxine itself is inactive,
This activity may be initiation of the growth of certain micros

organisms or duplication of tho ccenmymatic propertias of certain
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Figs 1

Forms and Derivatives of Vitamin B6
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extrocis. For the nutrition of mammals all of the nonephosphorylated
B56 compounds have activity end 1t s only by the use of m.cmﬂanisaa
tha’t. sepa z-auionu in the biolozlcal activity of the group have boen
made (Table I}

In the fonwing tvitamin B6T or "B6® will be used to
indicate all compeunds having the biologieal activity aam'ibad o
this groupe ihen used without further designation however, vitanin
B will be considered to refor to the three formsy pyridoxine, ‘
pyridoxal end pyridozanine, structural formules of which are given
above, Pyridorine will be used only to desiznate tiis one form of
the B6 groups

A member of the vitamin B6 group, pyridoxael phoasphate,
gerves as the coengyme for the transeminases (Iichsteln, Gunaalu;s
and Umbrelt, 1945), for the becterial deearboxylases (Umbrols,
Bellamy and Cunsalus, 19435), for the enzyme forming tryptophan
from gerine and indole (Umbreit, Vieod and Gunsalus, 1948) and for
‘tHe bacterial engyme aysten bresking tryptophan domm %o amoni#,
pyruvic acid end indole (Wood, Gunsalus and Umbreit, 1947). The 56
rroup is essential for. the aynthessis of histidine, lysine, throonine,
elanine, arzinine, phenylalanine, tyrosine, (Lyman, 1947; Stokes and
Guaness, 19453 lﬁ'oquist and Snell, 1949) and for the formation of
D« from L walanine (Holden, Furman end Snell, 1949)s The group
has been implicated ia the synthesis of nicotinie scild from
tryptophan  (Reld, lepkoveky, Domner and Tatum, 19/4). Hutritlonal
studies have shown that the B6 group 1s involved in the metaboliem :
of sulfur emine acids (Corscedo af gle, 19483 Speck and PLYL, 1947)



Table I
Requiroments by Grganisms for Different

Forms of the Vitemin 36 Group

Growbh Response |
Organion Form of B6
Pyridozing Pyridoxal Pyridoxe Pyridexel Pyridoxe

amine phosphate anine
phogphate

Sagcharonyces § $ $ 0 0
sarlsbergongis .

Hourospora & + 4 B
crassa :

% _
gtmp‘coa?ocuss , 4 4 4 - k3
fosalic-R .

Lactobacillng - $ s 2 -
casel

Iaatobegillus - P - .} }
helvetlous

* 1/5000 astivity of other forms - upproximabe
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and a connection has been demonstrated between this group and the
unsaburated fatty ecids (Quackenbush gf gle, 19423 Sexma g gles
1047}«

No good chemicel method exdsts for the deteraination of
the vitanin BS group, althoush soveral have been sugpested (Bird,
‘Vandenbelt end Emmet, 19423 bine, Thomas and‘Brown, 19443 Hochberg,
Helnick and Osar, 1944mj Brown, Bina and Thoﬁ&s, 19453 Ormaby,
Figher and Schlenk, 19473 Scudly, 1947). Those are either none
specific or not sonsitive eﬁough. Recourse muast therefore be made
to bioclogical assay methods and the difficulty in devising 2
sstisfactor; sosay has led to much of the progrecs in this fislds

In 1942 Enell and collaboratoré, while attempting to
devise an mssay for vitamin B6 using lastic acid bacteria, were
struck by o gseriss of inconsistencies in their results, Tests of
notural products with lactie acid bacteria showed activities
sorresponding to a ;:reater pyridoxine content than eould be
demonstratod neing rat or youst bloesssey methods (5nell, Guirard
end Williams, 1942)e This led these workers to postulate the
existence of an active metabolite "pseuvdopyridoxine®, producible
from pyridoxine, ’

"Pseudopyridoxine” has been shovn by synthesis to be
two subsiances, pyridoxal and pyridoxamine (Harris, Heyl and
Folkers, 1944)e Pyridoxine heated with émmania showed "pseudo=
pg;ridoﬁne” activity as did pyridoxine treated with a veriety of
oxddiging azents (Snell, 1944).

The separate debtsrminabion of each of the components of

the vitanin 86 group has been worked oub by Snell and colleboratorss
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A3 ghown in Table I, some crgsnisms use efficlently all three
formas of the vitemin group, while others use two or only ons form
of the vitamine These organisus may then be used to obtain values
for the total BS content and for the concentration of each of the
formss The methods can detect less than a milligzamma of Bbe
Velues for pyridexine iiself must alwsys be eonsidered ‘sugpect
since thoy are in seneral low and must be obbained as a result of
two difference equations (Rabinowits and Snell, 1948)s Indoed,
one of ihe inbtoresiing peinis to com oul of the assays made 8o
far is that the valuss for m'riamm itself ere low in most of
the biological materials teateds Only in rice bran and sereal
grains in general is there an appreciable cmount of this form
{(Rabinowitz and Snell, 19.!,8). It 4a tbefe_fara in & ponse quite
acoldental that pyridoxine should have been salected ss "vitanin
BéTmman acoident determined by the material selscted for tho
jsolation of Bb, : |

Vitanin 36 does not occur in a "free® state in living
organisns, Treatment eifther by enzyustic digestlon or aold
hydrolysis has been found necessary for the libsration of mﬁsfi-
tlonelly active extracts, 4 preliminary emtraction mcadure is
necéssary vafore any essay cac be parfamed ,(Rab!.ngwits and :
Snell, 1947). _ i ,

It ie now believed%that most of the bound forms consist
of pyridoxal phosphete and pyridoxamine phosphate altbmxeg‘n_ 2006
othor forms of binding may ccour (Smell, 1950)s It is 2 pecullarity

of these two compounds that they are more easily hydrolywsd at
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il values éi’ pH 1 » 2 than in nmore concentrated acid, This
peouliarity had led to the postulation of an "acid labile® form
of Bb before it was rocognized (Melniok, Hochberg, Himes and
Oser, 1945)s It hos also been shown that pyridemamine phosphate
is somewhat moro rosistant to hydrolysis than is the eorreéponding
pyridexal phoaphate and that pyridoxamine phosphate is active for

Streptosoceus fecalis R but not for Saccharomyces carlabergensise

The primary problem in any asssy 15 one of extraction of
vﬁ.té;ain BS in a form that een be ubiliged by the assay argmﬁs;m
Recommended ‘procedurss omll for antodlaving the sample in 04055 N
acdd for ons hour, Gertein materials ore resistent and in some
oases the extractlion must be conbinued for up to 5 hours. Satipe
factory methods of axtrection for different matorials can only
be determinsd by individual experimsutatfon, Assays must be pare
formed in dim light. »

As yet no satisfactory method ezdat;u for the determination
of the five forus of vitemin EG in the preaémo of one another,
Rabinowits (pex;sﬁnal commniecation, 1949) has suggested a possible
soheme, Alkaline hydrolysis liberates unphesphorylated forns of
586 (Smell, 1945a) and does not cleave the phusphates.. Vitamin B6
bound es phosphate can be libersted by acid hydrolysis. The
| difference betwsen these two values determined with Lastobasillius
cased would represent pyridoxel phosphate (Rabinowits, Hondy and
Snell, 1948}, The determination of pyridoxemine phesphate has not
beon worked out but might be sccomplished by destroying pyridomal

(and pyridomel phosphate?) in a water or alkaline oxtract with
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allzall and asetono and using lactobeoeillus helveticus a3 an agssay

orgenisn (HeButs snd Snell, 1950). 7Thic method hag not been
studied axperimentallys

Cortain forms of lectic acid heebteria thet ordinarily
roequire vitamin BS ean be grown without the vitamin in a complex
modiunm (Bellamy and Gunsalus, 1945)s Thic medium combtoins a
variety of anmino aclds and gtrenozenin. D -ilanine must be included.
It wvas first suspected that D ealanine misht be & precarsar of
vitanin 36, but it has now been shown that the vitamin is invclved
in the coaversion of L -~alanine to D -alanine, Iﬁ iz interasting
that detsotable amcunis of 356 cannot be exﬁract¢d {ron cells grown
in this type of modium (Holden, Furman, and Smell, 1949). It is
not possible to state that L6 is sbsent, but it is certainly
present in guantitiss far below the cepacity of éasay methods to
éatsat»vith any accursacys

The amino asid &ecarbexylaaes whioh are knmown %o require
s@ridawal phosphate as a coengyme cannot be demoastrated in
orgenisns grown on the sbove medium (L&ohatein, Gunsalus and
Umbreit, 1945)s Bxiracts of thoso cells can ba activated by
addition of pyridomal phosphate with resumption of ensymatic
activitys This evidence sug-ests that the fellowing hypcthesia
mey nobt be valid in all casess If an organism requiring a growbh
fector grows in a medium not containing the factor, then 1t is
aynthosiging the z&chor.

Gale haa studied the effect on enzfmatic acbivity of

deoreasing the quenitity of vitamin BS in the mediun in which cells
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are grown (Gale, 19.8)e He £inds thet as the consentration of
vitamin B6 is lowered, there is first no chemge, then the decare
boxylase activity disappears but it is not $ill lewer values ;re
reached thag transaninase activity diseppenrs,
fxperiments involving vitamin BS in the synthesls of

the variety of mnino eclds listed above have in the main been

cerried cut by meking mutritional studies of a vériaty of lactie
- acid bacterias The method is in generel to supply a complex
mediun, each componeat of whioh is required. Vitamin B85 is sdded
and single amino acids withdrawne. Or conversely D6 may be withe
drawn fvont 8 medium and a mixture of substances added to counteract
the withdrawal (Stokes end Cumnes, 1945; lyman gt al., 1947).
Experiments of this type are sufficient to define e relationship
but are not sufficlent %o define the mechanism of action,
| & oimilar experimental technique iz available with
namsals. Animals are placed on a diet lacking vitamin BS and
omino ecids are addeds Inoreased toxieiily of an anino acld over
control animals has been sosumed to show a relationship between
tho sninc acid and B, A connection betueen B6 end nethlonine
hes been established in this way (Cerecedo, Foy and De Renso,
1948)s Or, abnormal metadolites mey be isolated from the urine
of 86 deficient animals fod an anmino acid, BS b&sbeon shown in
this way to be involved in tryptophan metabolism since zanthurenie
acid is excreted following tryptophan administration, Furthermore,
a6 defielent rats cannot metabolize this compound whils normal
aninsls are able to convert it te other substances (Reld gt als,
1944) e« Hore dirscily, BS may be shown to cause the exorstion of

nicotinic acid in the urine (Schwelgzert and Pearsen, 1947).
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_ Althoush it is unnecessary to review the enzyme work,
some mention of the meehanism of coenzyme sction in one case may
bo helpfule Snell (1945b) had postulated thet the B6 group would
serve ag transaminese coengymes on the basis of his finding thal
erdno acids and pyridexel rescted in vitro to give pyridoxamine

andl kato asidsas

/Y
o | CHoNH
f0f N CHoOH — HOf X Ci,0H
— .
1,0\ 7 # ROH Wi, - Hy0\ 7 }R=0
- COOH coox

Later work appeored to beer out thid suggostion (Sohlenk and
3nell, 19433 Green gb ales, 19453 Umbrelt,. O'Rane and Gunselus,

| . .
1946) and thore is no doubt that pyridoxal phosphate does sorve

3 ;
a3 a eotransaninage. Hore recant work has indicated thet Snell's
mochanisn may not v correct (U@bmit.; O'Rane and Gunsalus, 1948).
Pure transaninese preporations ogn be obtainsd from pirehecrd
that are not activated Ly pyridoxanine phosphate, slthough prrie
domal phosphate 13 setive. 4 similar situation exdats for f.he dem=
carboxylagss (Umbroit, O'Kene and Gumsalus, 1940)e Fhat has
apparontly happened in both thess casss ia that in the course of
purification, conteminating engymes that can transforn the amine
Lo the aldehyde fora of 36 have been renoveds According to Snellta
1dos both forms of B6 should have served as cobrensaninases.

Pyridoxal phosphate is the only member of the 36 vroup
Tor vhieh a doflnlbs coenzyme function is knowne Yot pyridosanine

geeno to be guantitatively the most comson form of the B6 group
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{(Rabinowite and Snell, 1948). Purthermore, cases exist in which
ﬁridoxamine phoaphate is more aéﬁiva nutritionally than is the
pyridoxal compound, Evi&énce of this sort indicates that the
coenzymatic functions of the BS group areﬁfar frem complotely
slucidatod,

Matant strains used in these gtudles are indieated
in Table II. Genstic invesi :ations reported by Houlahan, Bsadle
and Calhoun {1949) have indicated thab the three strains worked
with are single jepe mutants fairly clese together in the same
ligkege group (Tabls I1I). Tosts of 44502 and 37803, end 44204
and 37803 have suzzested that the palrs mentionsd ere not alleles.
Crosses vere mede in Gest tubes on ﬁesﬁafgaarés medi
(Kestorzaard and Htchell, 1947) éqaaaimigg pyridexines The cultures
vere allowed to age untll perithecia ﬁaﬁ matured and the tubs was
covered with a bDlack coatb of escosporess A this time & susponsion
wes nmede of o portlon of the ascospore layer and plated on an
ager minimel petrl platee #ashed purifled agar wag used, bthe
mininal wos Fries salt sclution plus sucross and biotin (Beadle
and Tatum, 1945) Thé'plazes wers activatod for helf an hour ab
50° G snd then inoubsted at 25° G. AL 24 hours they were obsorved
under o disaseting nlcroscopss %ild Lype spores trsatsd in this
vay show a characteristic long germination tube after 24 heurs

while mabant spores, in the absence of added growth substance



i3

Teble 11

Vitamin BS-Requiring Hutants of

Heurcspora Horked With

Strain Hoe Spoaies Treatment by Parents pil sensitivity
which ebtained

299 sitophila KeT'Bys S4A % sa $

{used by Stokes)

37803 eragsse ultra violet 14 = 258 "

AAR04 orasss wltra violet 4A % 25a 3

@é@z erassa ultra vielet AA % 258 4
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Table IIX
Linkage Data for Vitaunin B6 Requiring .
Mutents of Neurospora eragss
(from Houlahan, Beadle end Calhoun, 1949)

#

Strain Hoe Linkage Humber of Fumber of Centromere
- Group Grosses Asol Distance
37803. D 10 262 103
44204 D IA 80 1045
44502 P o 1.
Teble IV

Test of 37803, 44204 and 44602 to
Determine Possible Hon Allelism

Cross Bumber of Humbex Rumber Plate
Spores Counted Germinating Appeering Coversd
as Wild  after 3

Type ~ Days
44502a % 446024 146 33 1 ()
37803a x 378034 26 0 0 (=)
37603a = 446024 55 43 2 b
378030 x 442044 00 overgrown $

tf.oocmn%
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ghow an abortive tube, Adopling e long gern tube after 2/, hours
incubstion as a eriterion of wlld type growth, an estimeate was
made of ithe nunber of wild typos produced in the orosses medes The
plate was then reincububed wlthoul heving béen opened and observed
aﬁ thros dayse

Theee tosts were made using the following crosses:
240024 = 37803a, 442044 x 378038, 440024 x 446028, 379034 x 37€03a.
In g1l of the tests evosses of the pR gensitive by pﬁl acnssensitive
strains gave grovbh sz;f:?icient to cover i:.im plate after throe dayse
Ho rrowth was obtained in the control orosses of 37203 z 37603 or
L4702 = 440602, iIn one tesht the wild Yype a,ape&ring spores wors
comntod after 2L hours as described ebove (Table W)s Combrol

Ll

erogacs of L4502 % 44502 shovwed 33 spores j;saxvxmting ouab of 1.6
cmmﬂa«:’a.m.%}a one spors showling a long ;ef"*im*mn tube eppesring
eftor 24 hourss However ne growth visible by direct observation
conld be saon afier 3 deys on this plate. In nons of the above
experiments were the presamed wild types subeultured on minimal
nediuma

lctorocaryon formation has been obsovved betwmeen 442044
and 378034 bub not between 445024 and 378034 or LA2D4A and 445024
Siants of minimal sgar were incculatsd with the pairs indicated
and compered af'ter three deys' incubation ab 355 G with contrel
tubzs inocnlated with one strain slene and with contrels inoculated
onto medium conteinine vitamin BG, Good growih wes obbeined cnly
in those tubes contaiuving vitamin BS or incculatod wiil: hoth
42040 and 378034, The suppossd heterccaryen has bsen succeszfully

transforred to minimal medium,
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The exporinmonts sugzost that the pH sensitive and none
sensitive straing are not alleles, With tho teschniques that have
been used, it is fmposalible to rule cub the pﬁsaibiliﬁy that baol
matation in one of the ascospores or in one of the conidia used for
tie hoteroscaryon tests is the explanabion for the zrowth obbained,
The oniy mothod of rigorously showing thet the sirains 44602 and
37803 axo not alleles would be the standerd method,.bi“ obbaining
asei from crosges and after disseotin: the asei in order, testing
cultures derived fron eash of the ascospores for thelr vitenin B6
roguirements If 41 could be shown that 44704 and 37803 form a
triuo heterocaryon this would be satisfactory evidence that these
two strains are not allelese One mothod of demonsitrating true
hetercesryon formation would be the isolation of hyphal tips from
a culture 'of the heterocsryon. If & true hétarooaryén iz formed
the tips will zive rise to t.i’;ree types of oultures, mtérocaryotic,'
rmbent %ina A am?. mbant type B In s ratio depending om the
relative froquency of the different types of nuclel in the hotorow
coryon and on the mﬁ:er of nuclel por tip.

Tho mtent strains used for these studies are Ailferent
from 299 of Heurcenors sitophila used by Stokes g ale (1943) b
the pross nuieriticnal characteristios of all "pl sensitive® vitendn
Béwroquiring mitants appesr to be similar (Table V).

Ve MNadls
Sevoral modif‘idatiom of standard Fries minimal medium have
beon used (Table VI)s For control of pH values at about pH 7 a #/15
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Table V

Nitrogen Sources derving for the Initiation

of Growth of pH Sensitive Mutents®

Compound pH 546 pH 740
0 BS 4 86 0 B 4 B6
NHA* salts 0 ) %
Nitretos 0 0 )
smino Acdds 0 0 3
Otherss i.e. ures, ¢ 0 4
anines

#(4dapted frem Stokes gk al)
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Table VI

Minimal Hodie Used

>

Ie K/l5 Phoaphate

KH « 9.1 o
L‘Eggzlb « 045 gm
06012 w Opl B
Hall™ e 04l om
Trace Elements

B (es & calt) .01 mg
Gu

. 010 mg
Pe " 0620 ne
lin " 002 mp
o L 0,02 me
Zn " 2400 mg

Suarose « 20 gm
Blotin e« 5 gommas

Hater e 1 liter
N source as desired

Adjust with KOH to
desired pH

II, Pobtassium Tartrate

K,C,H, 0,021
U450y
C&Glz
HaCl

-

0 L2 6.38

Oe5
Oul
Oeld

gn
on

B

Trace Tlemonts « as in I

Bilotin
Suerese

Water

5 zammas
20 mm

1 1liter

¥ souree as desired

PR X 546

- 1%, Basel Medlum for Zeast bloassay (after Johnson)

Por 500 mi doubls strength medium

Sucrose = 50 gm

KHzPOA = 550 mg
Xc1 - 425 mg
CaClye2lis0 « 125 mg
830, - 125 mg
Feclg ; « 2¢5 mg
m& - 265 ng

Citrie Acid
Potassium Citrate

(K Céﬁg}%‘ﬂgﬁ)

Caseln « 107 acid
Hydrolyzed

Thianin

Inositol

Blotin

Ca pentothencie
Nicotinie Acid

% ¢ ¢ &

]

250 gammes
25 og

10 gammns
e Mg
205 0Z
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> ,
phosphate medium has boen used (TableVI), (Potassium salis have
been used thrcughbut these studies,) For studies at the pH of
Frics minimal, potasasium tartrato has been substituted for ammonium
tortrate. Ammonium and nitrate nitrogen have in gemoral been
suppliad in separate compounds,

A precipltate is formed on autoclaving K/15 phosphate

/
medium ab pfl velues around 7 As growth vroceeds this gradually
disoppears. It is probeble that this is a mizture of scaleium ammoniumy
and czleium mogmesiun phosphates which wonld be formed snd precipitéﬁad
‘gt thess pil velues. semoval of tho preeipitate allows growth to
procoed but the dry welght produced is diminished,

Growth studles have teen made by neasuring the dry welight
of mycelium preduced in 20 nl of medilum, 125 ml Irlemmeyer fluske
sre uved and ars inoubated in a dorkened room el a congtent tonporas
ture of 25° G, Veights from duplicate oulbures have been averaged
in all the data. A standard growth peried of 72 hours has beenA
used except whore otherwise nobteds

At the begimning of those studies expériments were pors
formed 4in which the nitrogenous components of the medium were
antoclaved separately and added alier cooling ﬁb the rost of the
mediume, No siznificant difference in response to vitamin BO or to
nitrozon souree was obtalned by thia procsdures In a sivilar manner
suger was autoclaved geperately with no simificant differeonoss

notads
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Ve PIGHENT PRODUCTICH

All the vitamin BS mutents worked with exorete a yollow
nirment to the medium whon conditions for growth sre loss fhan
‘Optiml.- This pigeont is produced when these straine are grown
on less than hndf maximel B6 and also on limiting nitrogens A
grouth period of four days may be required to permit observation
of the eolors It has boen possible to extyreet this 'pigment ab
pH 3 into butenol and to return 1t %o the water phase by extraction
of ‘the butens) lager with 56 7 phosphate buffevs The ebscrption
apectrun has been dotermined with the Deckmen spectrophotometer,

A steady decresse in absorption throughout the ranse of 250 %o

350 mi114mtorons i obtained when the speotrus is detersined in
asdd or neutral solutions In O,1 N NaOH a broad absorption band
15 noted with a peak abt about 330 mu , ¥No other characterization
of the pigmont has been mades o=

Vie Upi sensitivity” of the Vitemin Dé-Requiring iutants

Although Stokes gf gls (1943) hed found that the pyridos
inless mubtant of N sitophila could grow without added vitemin B6
a% hipgher pll values, this growth could only be initisted on a

medium containing ammonium salts as s nitrogen scurce, In pree

lininavy growth experiments with 44602 of H. grasce I noticed

that the growth obtained in a throe day period was a function of
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the amount of ammonium lon after a threshold value had been
reached (Flge 2) and was also a function of the hydrogen ilon
concentration (Figs 3)e
Growth of 44602 in tho absence of sadded vitamin B6 ip
therefore -a. function of both ammonium end hydrogen ion concentroe
tlone Together both of these quantities uniquely detemine the

concentration of fros ammonis in a solubion, sinces
—— — , ¥
NHB 4%a<__m{&m‘__rm4 ¢ o™

“gan be considered

Wiy § B0 =——= b 3 o

W) e K q[or
g+ xladles

or, for o water solutlion siuce

[rg] = &
[o] x./ (]

thorefore [ 5J [ ‘]
[ T

It was thoreforo deeiiled to dotermine whethor masonis mishd not

be the determinent for mubent growth without added vEtamin Bb.

To test the Iypothesis modia were set wp ab varlous pH
values with varying amounts of ammonium nitrogens Uninooulated
£lasks of medie vere analyzed for a;;mc,-n:ié; ::z*d the pH walues taken
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Fige 2
Growth of 44602 as a Function of the

Concentration of (NH4)2304 N

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

____O__._

—-@©— - ¢ 1L0mumoles
' Pyridoxine
HC1

| i J

5 10 15 20
mg N per 20 ml
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Growth of 44602 as a Function of

[#4] of the Medium

Mediums M/15 Phosphate

N source: 1 gm (NHA)NOB per liter ¢ 5 gm Ammonium Tartrate

40 -

30 -

Dry wt
ng

20 -

10-6 8x107l 6 x10°7 | x10™ 25 10°7

[qu + [Hﬂi [Hq

(1],

final hydrogen
ion concentration

initial hydrogen
ion concentration
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with the Beckman glass electrode. The precaution of analysis for
the debernination of smmonium nitrogen is necessary 8lnce aulto=
claving at pi valuos nesr 7 cousos o loss of ewmonia from the
medium (Pable VII)e The pli of the mediun afber sutoolaving was
taken for the calculation of [Hﬂ s The constant used for calculation
of amnonia qonaontrntion changes but little with loniec strength
(Rlemann, Heuss and Nedmanng 1942) end this fuctor was therefore
negloctod. |

Hgh emoniun concentration peraits growth of 44502 to
proozed at pH valucs below those obteinable with the ordinary
concentration of nitrogen preosent in minimal mediume 1% hes boen
concluded as a rosull of the correlation bstween growbth and
ammonis concentration (Figs 4) that the reguimenent for growth
without added vitamin 86 is a requircment for a relatively high
onount of free ammonia in the medium.

The high concentration of shosphate does not affect
thoss resultas Similar pﬂb&rcwth curves orc obtained on a vexriety
of tmifers (ieos, sucoinate,phthalato, malate). Phosphate has
been used because it is tho most efficlent in the range of intereste

#lldetype growth appears to be independent of the
ammenia concentration (Fig. 5a) and is a function only of the total
nitrogon (Fige 5b)e Caleulated either on the basls of total
ndirogen or of amaonia, the nltrosen roqulrement for the initiation
of growth appoars %0 be at lsast ol i times greater for the
matand, 44502, than for wild type 4A or for thoe mubtant in the

prosence of added vitanin 36 (Pize 2). 4 threshold concentration



Table VII

Effect of Autocleving and Sheking on

Hediun % M/15 Potessium Phosphate
M /15 Potasaium Tartrate

Hitrogen Composition of Hedium

2 4 Suvorose
Blotin and trase clemonts as in minimal

20 ml per flaslk: § (MZ)280, N a0 shown
pil before il before 0 afber B alter autoclaving
auboelaving antoclaving eutcclaving and shaking 4 hes.
' at 25° ¢
A’& 2;1.';.{) 20 33 2& ..;3
5698 24456 2eh7 2048
6e52 236 235 233
7400 2436 2619 217

Values averages of
B as mg/ml x 20 ml

Autoelaving 15 minutes at 15 p.s.i.

2
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Figo 4
Growth of 44602 as a Function of

Caleulated Initial [m13]

30
dry
mg
20 |
10 f
) neglecting ionic strength
(@)
Oo
; 1 1 1 | |
107 3x10  5x107 7x10% 9 x 1075

nilli moles NH3 per ml
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Fic, 5a Non relation of Wild Type 44 Growth to the

Concentration of NH3

&0
@)
[®) o
o o o o
O (e (@) lMedia used duplicate
60 (@) O of that shown in
o
PAo] o ®)
20} ' O
O
1 1 1 | ]
10~2 3x107% 5x1000 7=x100° 9 x10°5 milli loles Niz /ml
30 Fige 5b Growth of 4A as a Function of
Total Nitrogen
60 o)
o0©
o P o
4or
Data used same
as these for
Fig. 5a
201
1 | | | 1
Vel 0.2 0.3 0.4, 045

Mg N/ml
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of s_mmonium appears to be nocessary for 44002 and thias threshold
is abssat and the absolute requirement is dininished vhen vitamin
B6 13 addeds
althouch this conslusion has bsen tested quanititatively
only with 44302 thers is little doubd that 1t applics equally to
24204 or to Gbokes 200« In those casee algg, there i3 a requirocw
ment concomitontly for hish pH and ammonium lon In order for growth
to proceed without added vitamin B6,
Tho rube of growth of the mabtant in the asbsance of added

ritanmin 05 iz closoly dependent on the concen’ration of ammonia
in the nodiwse In the presence of vitanin L6 the mubant shows

the sane Tate depsndence on emmonia as does wild types (Fize 6)e
This expcarimgm" ,w.zwwides confirmabory evidouse that nitrozon i
liniting for mutand srowth under condibions whore will type is
no’ limited,
Tho total crop {31 matans reeliun ovlainable in the
absence of added vitanin 30 approachos that of the mubtant in the
progence of vitumin 55, However 1% has not been poseible o make
tho ftotel crop of matont myeelium spproach thet of wild type 4A

T, & e
srown with tho cane mediume

wetion by weuhkly ilonized subsbinees ha:«x been dounonsirated

b P Gy = L S RN whtaa 5
seforos 4 gob of phononens aanlojous te thu one described hors
e Al S e I S e e
waz inves -Jm‘ ke sod -J NG S 1&), s SURR3 AnVan ti;.,:fltol‘, WlrAD

- Y] T L

abudying the ufleet of Hrdrogon don ahd lactate lon o8 factors in

iy of laotic aeld bactorie came %o the eonclusion that

T » 2 — . x 1 J.~~,J na S O T W Ca & P amy
Shase Ductors were ralated and that the effoctive G000 wae
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undissocisted lactic seids The presumption is that the uncharged
nolecule can permaate-the coll more readilye

Zvidence boarinz on this point has been obtained by
Clark and Shive (1934)« Thoze workers wers ablo %o show thab
tonato roots are abls fo absorb ammonis more readily et high pH
volucse

Sinmilar obgervebicng have been made with H@ﬁrcapora.
Doth 44 and 44002 wers srown on 1/15 phosphabe medium et pil 7 for
- throe days at 25% ¢, Medium Tor tho mrowth of LA contalned one
o of emmonium sulfobo nitropen ner 20 ml, that for 44002 contained
G mz of nitrorens &b tho end of this growth period the nycelium
vas ronoved ad nluced in a phosnhatestartratessuzer modiun overe
ni it in order %o exhaust the svpply of free nitrogencus compounds
in tho ayceliuvme Standard sterile teehnicue wes employed throushoud
Wiz and all similaf oxperiments. The mycelium was then iransferred
to a madium contalnin: phosphate, ﬂux:*z'ésa, tai“ux'ate, bictin and
trace olements with amaonium aullate as shown (Tables VII, VIII).
The flasks wereo shaken fov four hours and the amound of ammonia
remaining in the modium detsrminad, v

Hore amwonia disappesrs ab hish oH %uluaa and in all
casos this asownt is greatly increcsod by pyridoxines Thils latter
effect may not be gpecific dince the addition of thiemine resulte
in a significant rise in abgerptions The thiamin eflest may be
rolated o its kaoun ability to stimulate the growth of the mutant.
Tvon thouzh the speeificity of the B6 effect is not proven it ia

intaresting to nobe that thic vitesmin group has been implicated
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Table VIII

Uptalke of Ammonia by Heurospora

Straln | Addition pH | dry whyN, s o1na1| Neinal|Napds © Boinad
dry whe
:a:,].t)*"2
44602 Hone 4eb2 | 2446 | 2450 [2428 | 04895
5680 24,40 2646 220 1,08
';’)."\)8 23 .4, 2.31 2'02 1526
445602 10 m#m@l@ﬂ 4&62 24.0 2.50 2023 1012
Pyridoxine
Ecl 5.80 2300 2046) 2015 1035
668 2263 2831 1.97 1449
4).";.602 10 [8y73 moles 4062. 2562 “.;’30 2024 1003
Thiamin ACL ‘
5680 206 26k 2020 1e26
HeH8 19:6 231 205 1,32
S none /4-962 25,8 2650 2627 008*3
5430 2060 246 2023 1el5
6468 1942 231 2,0 1456

Dry welght in ng
N in mg/ml x 20 ml

Hedium as in Teble VII
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In processes of amino acld syntheais. If such a process oocurs
here it would be one point at which B4 and emnonie 6ooperate in
'a roaction sequences

High pi undoubtedly has many nonespeeific effectson
Neurosporae 4n incrense in the formaﬁ}an of conidia ié generally
noted at the hisher pli values. A&t pH values of about 7 nitrate
boegomes a poor nitrcg&n'souroe. Cortain astrains of wild Uype
show decreased srowth at the higher pH vélues'and the amount of
56 exnreted 1o the wodi n by wild type 44 goes down, DAfferent
streins may differ in thelr tolerance %o higher pH valuss, Hote
withatanding the general offects 1t is Lolt that the impertant
role of pli for theae‘“pa aenaiﬁive" mutants lies solely in the

doternination of the free ammonis concentrations

VIiI. Vitemin BS and its Hetabolism in the
Vitamin B6erequiring Mutents of Neurospora

Ay 4eotivity of the Forms of Viismin B6

Eoch of the vitamin Bberequiring sirsins worked with
responds about equally well to the thres common forms of the
vitamin BS group, pyridexel, pyridoxamine and pyridoxine. The
behavior is sinilar to that of Noe 299 of K sitophila (Smell
and Rennefeld, 1945). Growth sxperiments were performed on
gotassium tartrate ninimal using potassium nitrate or anmonium
sulfate as nitrojen scurces, Hitregén was added to ive o cone

centration of 1 ng per mla The B6 compound tested was £ilter
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sterilized and added to the rost of the cooled, previously
autoclaved medium in dim light,

The three forms have prastically identical activity when
agmoniun is a ritrogen source. Pyridoxine is slightly better for
the production of dry woipht on nltrate nitrozen but the differsnoes
are not great (Fige 7)e ,

Other derivatives of the vitamin 36 group have been
tosted for abllity %o initiate srowths, Several pyridonalesnine
acld compounds® (Fic, 1) have boen tested according to the nethoed
of Snell and Rabinowitz (1948) with results essentislly similor
tc theirse. The compounds have at best 1 £ of the asatividy of
wrridoxine on slther nitrate or cmmonium mdnimal, Pyridoxic acid
lectone (Fize 1) prepared Ly the oxidation of pyridoxine as
deseribed by Huff and Porlmweiz (1944) gave a similar low ectivity
of about 2 % that of pyridoine. |

Stokes g ale (1943) had reported that thianine was
stimilatory to 299 of H.sltophilas 4 sinlilar effect has been
noted in both pil sensitive and nonegonsiliive mutantes Undex
certaln conditiong one mole of thlamine is more offostive in
producing a crowth respanse than mn additional molo of vitamin B6
(Pige 8)s lungate (1946) has reported that 25 ganmes of thiamin
hydrochloride increase tho erop of mycelium obtained from a wild
type culture by sbout 10 e The thismin offoet on the mutants is
shownh by a frection of a gamma of thiamin and m}dm‘ theso conditions

wild types 14, 44 and 252 are not stimulated. These autents

#farck synthetic obteined from v, Karl Follkers



Growth of 44602 with Different Forms

of Vitamin B6

Mediums Potassium tertrate minimal. KNO3 as U source. pH 5.6
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mng
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Pyridoxine HCl O~

Pyridoxal HCl - & i

Pyridoxamine (HCl)l— — e
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Bl 8
Effect of Thiamin on Vitamin B6 Requiring

Matants of Neurospora

Medium: M/15 phosphate

1.5 N source: 2 gm (NH,)NO3 per

liter
Efficiency = Increment in mg
dry wt caused by
1 mu mole BL/
Increment in mg
dry wt caused by
1 numole B6

"Efficlengy"
Bl

1QO e

0.5} "o O 44204,

— —@— — 37803

pH 6.5 37803 Response

40 _02.0 mu moles B6

Yoy wh 0 mu moles B6
mg
0 | 1 NO 36 |
1 2 3

m 4« moles Bl
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therefore sufler also from a partial thianine deflclency.

3¢ The Form of Vitamin D6 if the Ymients

Since the three forms of the 36 croup ere practically
equivalant it doss nobt appear that the muitation to pi sensitivity
has altered tho oupecity of the mutants to ﬁranﬁfarmﬁpna {orm of
vitamin 86 indo anothere It was howevor necessary Lo demonstrate
that vitanin B6 eéuld be synthosized by the pH sensitive mutants
and %o show that the BO synthesized was qualitatively identical
with that produced by wild types This pein£ was feld to be of
cangi&erable importance slnce one Interpretation of the growth
requirenants in the absence of addéd vitanin Bﬁ.mns the synthesis
by thse matant of a new form of the vitanin, useful for smmonia
ubldization but insetive for nitrate reduction,

Stokes gh ale (1943) had attempted te demonstrate that
the pH sensitive mutants could produce witenin B6s They showed

that extreets of the pyridoxinless strain of N. sitonhlls act
like pyridoxine in gbimmlating the growth both of their mutant at

lower pil values and Lactebaolllus cagel. These extracts were

made by antocleving the myecelium in 1 ¥ HCL for one hours

Since the time of their imvestigation 1t has been shown
that orgenisss requiring vitanin 36 ean srow in the gbsence of
the growth focter providing a complex medium is supplied (of. above).
It wes thereforo necessary to éhow that the growth stimulation they
obteined was actually due to the vitamin and not to a complex .

mizture of anino acids extracted by the acid autoelavinc. To
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demonpirate the presence of vitemin B6 itself it was felt that
oxtracts should be prepared ti_xaﬁ stimlated growth but did not
contain sufficient nitrogen to serve as a nitrOQBn'aou}oa-

Streina 44602 and LA were groun in carboys under forced
seration in M/L5 phosphate medium et pH 7s At the end of a
three day growth pericd the mycslium was hervested and extracted
by autolysis (Plze 9)« This crude oxtract had 36 activity for
44602 (Table IX), The erude exiract was then purified (Fige. 9)
by following some of the preliéinary steps used In the Lsolation
of vitanin B6 (Gyorgzy, 1938). The activity of the purified
extracts loaves no doubt that a substance with complete B6 activigy
iz produced by the pH sensitive mutan®t grown in the absence of
added vitamin B6 (Table IX).

It ia realimed that the method of extraction by auntolysis
48 e poor ome wmince ono has no control over the reactions occufring
during this perdiod. However, similar active preperations have been
obtained followlng extraction by autoclaving with 0,055 N acid.
This lattor method of exiraction has Leen used for the aszsay ex-
periments reported belows Preparations obtained by acid autoclaving
show vitamin B6 activity for the non pH sensitive mutant 37803 and

for Soccharonyess carlgbercensis ATCC 4228 as aell as for ALA02.

Further indieation of the qualitetive 1aont1ﬁy of B6 in
both matants end wild type has boen obtained by chromatograching
extracts of A4 and 44502 obtained by acld eutoclavinge An asconding
ntenolewator partition was used on filter paper strinse Consecutive
ono cn strips wore thon cut and extractsed with minimal modium.

Theze extracta wore tested for vitamin 36 activity using 44502 as
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Fig. 9
3teps in the Purificstion of Vitamin B6

from 44002 and 4A myeelium

4460? mycelﬁum»ia Vering blaqdar wiuh watar (5 ml/gm wed wt) for
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|
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Suepension in ice volatile
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Vitamin B6 sctivity for 44602 of Crude and Purified
Bxtracts of 44 and 44602 grown without added Vitamin B

29

Table IX

Recorded growth (mg dry wt) of 44602 after 3 days at 25° C on

potassium tartrate minimal with no sdded vitamin B6 ¢ ndtrogen

souree as showm.

I, Crude Bxtrascts « 1 ml represents 200 mp starting mateorial

Extractofl‘.&éozmg*

44 = 220 gme wet wh

ml extract :
% 1 B i source i 1 %
26e5  2Ms4  9e5 | nome 2348 182 1149
4649 3640 240 (1‘35&)2";04 542 4544, 328
3509 2742 1546 KHOB 423 33e2 1846
IIs Purified Txtracis
Extract of 44602 2 AA
nl extraoch
1 & %+ | ¥ souree 1 % +
6.2 3.6 2.&{» DONS 6@2 30’? Ze
5840  4R¢8 248 [ (HH,;),80, 648 42e5 2845
33.1 19,6 120 KiOq 6045 2748 1503
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an assay organism, Growth was estimated visually, Ome narrow
and one broad band vere obteined with both wild type end matant
extractss These bands correspond roughly in their position to
pyridoxal, pyridmnine and pyridoxine when a mixtuvre of the
throe wes chromatographed separately (Table X)« DBecsuse of the
linmitations of tho technique used these results cam be considered
as only suzrestives

In order to investicate possible guentitative differcnces

between the siraine it was decided to use Saccharomyces cerlsbergensis

ETCC 4228 a3 an assay organim}. A yo2ast blopssay method was uded
for the folloviny vreasons: |
| 1. Tho yeas’ method rf!.s nore sensitive (to 1 milligsms)
and faster (16 hours) than is the Neurospors mothode
2¢ llore work haa been done using this organisn so that
the limits and speeificity of the assay are bebler
underatoods
3¢ It has besn found that the pi seasitive matant is
inhitdted by mehionine (of below)e It would be
difficult to eliminate the possibility of ouch
inhibdtion in the assay of 2 complex extracts
The assay method of Atkin gh gle (1943) as modified by
Johnaon (1948) has been usede Tho basal nedium for this assay is
listed in Teble VI. 3Jauples are added %o 5 ml double strength
medium, the volume is brought %o 9 ml and the medium is steaned
ten mimates. Inoculum is preparsed by making a suspensica of a
24 hour culturs in water to aboub 90 % transmission ab 650 mu »
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Table X
Papor Chromatogrephy of the Vitamin B6 Group

Chromatographed Tube Nos

12 3 4 56789 1 1 12
lo Pyridovino HOl 4§ « 4 - - § 2+ 4 3 W
% Pridexal M0l « § 4 - o o - 3§ 4 # 4
3.§§xl»mommim H B e o g g
14243 A S L 3K N O N N T T
4A Extract 2 3 3 1 23438 8 ¥
4A Extroct 4 1 t H H 3 223243 W@
$2 43
44602 Extract t ¢+ ¢ 2 £ 32332883 3+ 3
44002 Extracty AL R . 2K S W S S S S T Y VT
t14243 )

HOTEs Extract of mycelium by drying in hot air stream at 80° ¢,
Powdering, Extrect with 10 ml water at 80° C 5 minutes,
Fllter,

Yycelium grown at pH 7.0 = no added B6
318 mg 443 327 mg 44602

8 no growth
trace

growth
goed growth

- 2l
new
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ne nl of inoculum is added to the cooled medium and the whole is
incubated at 30° C for 16 « 18 hours. The assey iz "fixed® by
stoaming and rcad turbidimetrieally et 650 mu » Results ave
csleulated by comparison with a standard curve of turbidity produced
as & function of mllligemmas of pyridoxine hydrochlorides Values
are calculated as the hydrochloride sinee extraction is wiﬁh EC1
and the neubdralisation is aarwiad to about pH 4eSe

Extracts are assayed at seversl ccncentrations to
aseertain an absence of drift., To be walld s bioasgsay must not
show @& regular inpreasa or detrease in the assuy vnlus'pér'ml as
the total amcuinh of extoact 45 B Muteq 1e tnereased; ‘Sush &
rogular variation in assay values is termed drift and may be dus
to the presonce of inhibitory substances or to stimulatory materials.
other than the one assayed for (Snell, 1948)s Drift does occcur
in certein assays of undiluted Neurospers medium, In those cases
values heve been corrected by extyapolatlen to zerc concontration
of extracts ¥hen this hes baen'done.the,eerrected values have
been indicated in the tables as ghowing drift,

One interpretation of the data relating to the growth
of the pil censitive mutant is that some lablle form of vitenin B
is pro&uced which is insotive ip wvive but éhigh is decomposed by
the extraction trestuent to liberate active B, This hypothesis
was partislly teated by couparinc the ratics of Bb obtéined after
a "gentle" and "harsh® method of exitraction for both wild type
end a pl sensitive and nonesensitive mutants The expectation was

that 4f the hypothesis of a lebile lnactive form of B6 were correct,



the ratio

% £

3

oxtrestod e g

would be mach lower in the pli sensitive matants then in elther
wild type or the pii nonegsensitive mutants sinoce loss of the
inactive form would be activated by the gentler extraction mothoda

Lyophilized, powdered mycelium of 44002, 44204, 25a
and LA grown in the absence of vitamin 36 and of 44602 and 37203
grovn In the presence of vitanin B6 was prepereds The myeelium
crown in the presonce of 36 was prepered by transferring mycelium
which had been grown for three days in the presence of 25 gamas of
pyridoxive hydrochloride to flasks conteining a mediwmwm with no
nitrogen source and allowing them %o stand Tor 24 hours alone or
with 10 gammas of pyridoxine hydrochloride edded,

To obtain values for "gemtle® extraction, extracis were
propared by suspending a sample of mycelium in water, immersing in
o boiling water bath for five minntes and filterings In the case
of 37603 and 2440602 grown in the presence of 36 the immersion in
boiling water wag omitted althoush the assey medi@ containing the
semole was stosmed in all cases. Janmpleswore suspended in 04035 N
HC1 and autoclaved ob 13 pesels %o obtein velues after ®harzht
exiractions In no cese was thore a significant differaence in the
 ratios obteined (Table XI)e

The resultz of thase experimonts indiecste that the vitamin
6 sontent of wild type and mutant stroins is qualitatively

identlenl within the limlte of the experimsntal technique.
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Table XTI

and Gentle

Content of YMyoolium alter

txbtraction

1] Strein| B6 (¥/3) eme| 36 after acl Ratio
tractable wlth| _auboclaving
waboy : ggLar ertrastanls
20 min 40 nin 80 win| acid exiractable
20 min 40 nin €0 min
L4 Gt L3260 13,7 1B i ed 53 054
258 13,1 129 30e2 2469 06‘6 03 33
L4602 S5e2 a2 Jeid 1146 63 057 PN
44,204 ol He5 Tel Gel o653 w0l odidy
II. as MNyscelial pads grown in presence of B6s VWashed. Tronsferred
%o medium with no I source, no B6 for 24 hours,
1 2
B6 axtractablel B after 60 min Ratio 1/2
Strain with water aulcolaving
L2502 2¢3 8e8 826
37303 1.8 (Y 25
be As in (a) bud transferred %o wedivm with 0¥ B6 {pyridoxine

- HC1); no N source.

L4502

37803

588
bods

Lo
1145

3

039
038
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Parent wild types have a hi;;lzex‘ﬁﬁ content per pran dry
weight of mycelium than do the pH sencitive mutants (Table XI).
Thig ig indicative of differences in the net rato of B6 gynthesis
ginee the slow ~rowing wild type 23a, which produced less dry welght
in the growth peried than tho pi sensitive mutanis, nonetheless
had a highor BO contend then the fast growing wild typ; Lhs The
regulis are not interpretable on the basis of different "blologicel
agests The rato of growth for 20a is presumably limdted by other
factorn. Gince all the asswers go for performed have indicated a
36 contont for tho mutant 44002 of only 50 to 60 & that of wild
type 4t 48 felt that thoy permlt the conclusion that the pgl rote
of B6 gynthesio is lower in pH seroitive mutents than in wild
types o distinciion can be made in this type of experiment
betwesn & lowored rate of synthesis and an enhanced rate of
destruction, :

It will be recalled that Stokes g ale (1943) had come
%0 the conclusion that the pH senslitive mmtant they worked with
contained as much vitanin D6 per oran dry welipht as wild type.
Thege investizabors nsed a mothod that does not extract all of the
vitamin prosents Sinos their investisation it has been shown that
in a one hour peried 0,055 N acld extrscis more D6 than does more
concentratod ucid (Table XII). They used 1 1 1CGle It is ponsible
that the diffsoronces are due to difforences in the net rate of
vitanin B6 gynthesis for different strains, The data on which they
haso thoir ecnclusion indicate shout a 20 § difference between

wild Sype and tho matont they workoed witha-
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Table XIX
Dffect of Acid Autoclaving on
Lxtraetion of Vitemin B6

Resulte as ¥ Pyridoxine [ICl por grem dry weisht of mycelium

Extrection Mothod , Strain

44 25a W02 44204
0,055 1 HGL 186 19e4 19 92

1 hre 2t 15 DoBele

1 hr, at 15 psSele

06055 ¥ HCL 21ed 220 13.4 1Ge4
5 hrae at 15 }')-Soi.

Qe5 I HCL — 1645 11,9 847
5 hrsent 15 neSela '
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Ce Transaninese iotivity

Since the intracelluler B6 concentration of the pH
sensitivo matonts 1a lower than that of wild types, one might
expoct to find a lowored activity of enzymes having a vitanin
B6 deriveative as & covnsyno. This has been demonstraoted for the
caze of tho plutanfcealanine trensaninases

The trensesinases hove been reporied zs having wide
dlstribution in nature, (Dramnstein, 19393 Braunstein and
Eritenen, 1937: lichstein and Coheng 19453 Imonard and Barris,
1947)s Pyridemel phosphate has also baen shom to he the coe
enzyme of this enmyme rroup (Groen o gle ,,,. 19453 Umbreit, O'Kane
and Gunsalong, 1948). 2 convenient colorimetrie mothod for the
estimation of nyruvic eceid has been deseribed by Green gt gle
(1945) end glutenmic acid can be detected chromatographicelly by
a phenclewobor partition on filter paper followed by developnent
with pluhydrin, It was thereforo deeided $0 invostirete the
roaction

alonine ¢ alpha keto lutaric scid === pyruvic acid &

slutaric aeid

in Hewrosporas The engyae is praosent {Table XIII) end 4ts activily

con b demongbrabtod with vhole mreelisl pads, crownd myceliun or
with a fraction soluble in warer obtalned from lyonhilized ground
myeeliume The Heurosvors engyme is activated by prridexal phose

shate® (Table XIV).

% Morck symbhotlic obiained Tfrom Dr. e Ke Hitchell



Table XIII

TRANSAMINASE ACTIVITY IN IUROSPORA
Contonts of Mxture Stralin Time shaben | « moles| Glutamiec | Myceliwm | _g polos oyruyi
hours pyruvic acld ng dry | mg dry wixioues
produced| detected wl
Hyceliun in 20 ol pff 7.0 /15 4 4 0 - 3e3 9
phosphate buffer
L4502 4 0 e w3 0
Hyoelium § S0« moles « hebos AA 2 1.0 0 3.0 | . 008
zlutarate in 20 al pi 7 buffer .
L4502 & Qa5 O Se3 Oe04
Hycelivom ¢ 600 « moles LA 4 1.7 0 360 Oels
o4 o glanine in 20 ml pi 7 bulfer
: L4502 4 1.7 0 34, Oel3
Hycelium § 600k noles ccaalanine LA 2 10.3 $ bl K 1.12
4 60 4 nolos « keboglutarate in
20 nl pH 7 bafler 44502 4 8e2 | § (woak) 2.6 0.79
feat inectiv:ted aycelium § LA & 1.2 - el 007
600 ¢ moles slenine § 50« moles
« kotoglutarete in 20 nl o1 7 44502 4 O con 3.9 0
bulfer :

Hycelium grown 3 days ab 25° ¢ on 20 =l /15 phosphate minimal pil 7 containing Q. / suerese and 20 uy
(1,),80, B

Glutamie acld production checked chromatosraphically on paper using 2 phenolswater partition and ninhydrin
developmente Values are averases of duplicatose
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Table XIV
Activation of the Glutamic Alanine Trensaminase
by Pyridoxal Phosph&'be*

Dagyme preparation ¥ solubls fraction after 44602 end LA growa
3% deys at pH 740, sround while frozen and
allowed %o stand in water (Soluene added)

3 houra,
Reaction mixture
0e2 ¥ Phosphate pH 73 1,0 ml
0s2 B EKotoglutarate O¢d, ml
¥ oL glanine : Oed ml
'anzrme preparation ; Oed md
Pyridexal phosphate™{when
added) 107 Oel ul
Lo Enzyme ' 206l mg/ml
L4502 Bngyme 2549 mg/ml

 Timo shaking at 25° C & 2 hours

Values ap averages of duplicabes
Reaction Mixbure Extract of

, 4 446602
le alenine § engyme Q.Oll 0004

2« alenine ¢ « ketoglubarste ;
¢ enzyme 0,018 0,011

3., alanine § « ketogluterate
& enzyme § pyridoxal phosphate | 04048 04068

* Herck synthotic
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For this problem the main guestion has been in yive
activity. Therefore experiments to compare wild type and mabant
activities were performed using resting mycelial pads grown three
days at pH 7 with 0.1 % suorose end washed with distilled water
bafore immersion in the reaction mi:x ¢« In four separate
experinents (Table XV) the pl sensi tive mitand showod an average
of 57 % of the activity of one of its parent wild types. This
comperos with & BS conbent for the mitant grown in the abéme‘a of
vitomin B6 at pHl 7,0 of sbout 65 % thet of the same parent wild
Ctrpe Lds

E;acause of the coincidence in the results shown in
Table XV 4% 1z folt thet there is a significantly lower trausaminase
activﬁty in the pH sensitive mubtant than in wild typoe

Dy Vitanin B6 Balanoe Studies

The non pil sensitive matant 37803 Mbly grows
more in 72 hours on a given amount of vitamin B6 than does the,
pil sensitive mibant 44602 (Fige10)s One might have expected that
the situation would be roversed, Since the pH sensitive mutants
 ave able to synthesizge vitemin 86, albelt at a lower net rate than
w4 typs, cne might have Expeated that Wy ahould b abie &8
produce more growth on & given amount of vitamin B6 sdded to the
maddun then the pil nonesenaitive sbrainas

In an attempt to further clerify the situation a vitemin
56 balence sibuly was earrled cul on the pi sensitive strain 44602,
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Pable XV
Glutemicwilanine Tronsaminase Activity of 4A
and 44002 Resting Hycelium

Alenine ¢ @ ketoslutaric acld —> Pyruvie ieid § Glutamie Acid

Reastion mixture contains 60 moles « ketoglutaric seid (8,75 mg),
600« moles DL ewaolanine (J54e4 mg) in ¥/15 phosphate buffer pH 7.0
made to 20 ml, Reaction stopped after sholting ab 25° € by removing
mycelial pad end immersing resction mixbure in beiling water bath
for 5 minutes., Clutanie acid production has boon checked cluwomatos
graphically. '

BOLOE TEFRUIVEC T OCIC

Values civen are (average of two

ng dry wb x time (hrs) ' dotorminations)

obtained by subtrscting the value for (mycelium & oL « a}enine)
from the pyruvic ccid produced by the total system (alanine §

« ketoglutarato $umycelium)s Controls weve also run containing

( « ketoglutaric celd § myeelium), myceliun alome, recctants alone
(individually and combined), and the complete aystom with heat
insctivaeted myceliums In no case were the control wvaluss greater
than 1/5 the value for tho complete systens

Bipba Strein  Time i’za.l@s % AA Value
1 n 3 = o
| . 4460 % 033 . 48
2 LA &y , 0e558

44602 i Oek7 69
3 ek T 0498 |

LGS 4 ' 0466 ey
& B 3 0.38

L5023 0617 48

Ave, g %

~/

sHiotegs averasre dry welht = 3 ng
Biote 4--'130’0&3. volume 5 mi
15 amolea > ketoglutarale
150 /u.moles 4l «< alenine
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Fig. 10

Response of Vitamin B6 Requiring Mutants to Pyridoxine

Medium: Potassium tartrate minimal pH 5.6

N source NH,Cl

6 L 1 mg N/ml 4 //,——-""'————037803

Dry wt /0/ ~© 44602
ng /O/
i 7
/0 o)
40 = 0/ @)
Vi

20 F £
0 | 1 | ] J
0.4 008 1.2 1.6 2.0
¥ Pyridoxine HC1
/——— -—'O
N source KNO, P
1 mz N/ml -~
80 >
0/
//
2 ] N\
2@, 44,602
/0
‘)/
601~ /. ——@-—— 37803
Dry wt /
\ | 1 it |
o 0.4 0.8 1.9 1.6 230

¥ Pyridoxine HC1

Inoculum=-8 day cultures
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the pi nonesensitive strain 37603, and wild type 44, In these
experiments a known emount of vitamin BG was added to a culture and
growth was ellowed to proceed for four dayse The medium was then
collected, {iltered and the nyeelium lyophilizeds

The following detorminations were mades (1) total acid
extractable B6 in the mycelium, (2) froe BS in tho medium, (3) total
36 in the modium following aeid hydrolysis. The difference between
(2) and (3) represents the amount of phoaphorylateé or otherwise
combined D6 in the mediume. As a measure of the net amount of
vitemin B6 destruction the amoumt of vitamin B6 not recovered

[amouut 86 added « (1) § (38 has been usede In all cases

uninoculated flagks containing vitamin BS have been incubated and
asgayed to determine that B6 hes not been destroyed by the e
perimental procedure. :

No net synthesis of viteatn B6 by 37503 oculd be demcne
strated (Table-XVI)s No net synthesis of BG by 44602 was observed
~except abt piH 7 on anmoniun as a nltrogen source, On nitrate at
Pl 56 the net quantity of B6 destroyed appesred greater for
44502 than for 37803 In all the experinments wild type shows & net
synthesis of vitamin BS much of whieh appears in the mediﬁm.

in order %o olirdnate the complieating effects of growth
in ﬁhese experiments none;roving euliurcs wore next useds These
were obtained by srowing 44502 and 37203 in Fermbech culture flasks
at pi 5.6s 300 ml of potassiun tartrate minimal with amnoniunm
‘sulfste a3 a nitrogen source and 25 gammas of BO added (as pyridexdne

hydrochloride) vereused in each flagk. OCulturss were incubated ab



Growing

Qe
L EAE

Calturs Da

)ﬂs-
AFT
o) I

I).v_.-.'mw PR

4 J‘
ce Exporiments

y Vitenmin Bb

o Grown with XNOs as N scurce, pH 5.6
10 ¥ pyridoxifie HCI odded, 10 r vecovered in blanks
411 vaelues avarages of two separszio assays of same samnle.
3 2 4 g 6 7 8
36 r/em|Total BO|BG in |B6 in | BS not | Heb B6
Strain Ary wha ﬂycsealim in mye nedlum-pnodium | accounted | de~
nZe colimm | Lfroe aftor | fows | ol
acld 0 «limgxld
hydrolysis| (446)
AL602 395 7413 2482 2659 ' 337 348 46
37803 480 6423 he 169 |22 | 346 503
bi 956 3869 372 = 25 = 41 net synthesis
Drifh
I1s Grown with (m as N source, pH 5.6
100r B4 added e
4602 | 484 [ 8430  [4el2 | Ou34h | 1434 [4e54¢ |94k
37403 éaz 64008 3478 036 #62 | 5260 | 940
LA 1436 | 3846 5545 = 29 =13 | net synthesis
Drift
111, Grown with (MM )ﬁo as B source (1/2 ng/ml), pli 7.1
10 ¥ BS edd a
L4302 470 1245 5488 4e89 5478 net sonoen
- gyathesis
37803 647 4e8 3.10 233 2495 3695 641
4A 493 240 8488 1ebd |1247 | net synthesis
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25° ¢ for thrve deys, ab the ond of this srowth poviold the nodivm
was romoved from the flusks and the myeeliun was washed once with
500 nl of sterilo distilled water., 7This was thon replaced with
500 ml of a sclution conteining per liter: J sroma ﬂﬁm.'aae,
Ged grase pobassium tartrate and 0.5 gruns ucno-podassiua phoaphate.

For both 44602 and ).‘{..03 one £lask rogeived ton o armnns of pyrie

doxine hydrochloride while tho
flasks were then incubeted for 24 hours ob 25° € eftor whilch ausays
wer: made on both i ;., aeliun and mediun (Taule aVII e

In thie experiment 44002 hos destreyod or inectiwvoted
about twlce an mmeh BG per mg dry wol Lt so hos 370C3. ddnce
bothk cultures wore rapidly grouing' ab throe dgys- the offect ia
not dus te difforennes in the biolopiczl aj;ra's. of the two mycelial

"

1 o, P A I s H Rl DT G 8 (o snmn i _y
pads. The data indicate that 26 is destrorud more ranidly in

YT

L4507 than in 37003 wmder the condiltions of 4his ex perinond,

Viils The Specilicity of ammonlg in

the Replacenent of Vitanin 56

48 g resuld of a nunber of irisls 0_ Aiffarant rltrosan ’
gources it appears that ammonie 1s specilic Lo or the inltiab: .
growth of e pH sonciiive mutants in the absonce of adiled v:’waain
136s  Cusein hydrolysailo and mozt of the amino acids heve Deen tested
at both pH 546 snd pii 7 (Tuble XVIII) « Various saino acid mixtures

huve also beon tosted ilneluding those found by Iymen gl ale (3.%7)

o replace viteuin 36 for lactoboeillus arabinosus. None of these




HoneGrowin:

56

Tebls XVIX

Culture Dalance Experiment with Vitemin B6

i 2 3 4 § 6 7 8
Strain snd|dry | B6 4n  |TotalrB6|B6 in | B6 in [DB6 not |Net BO
Contents |whe nyceliw in mediume nodium | ace destroyed y

WTe v/em |mycelimm|froe after |counted|per pg
acid for z 10°
hydrolysis |

10 «(446) |

24502 .73 Be75 4el2 Osdh 1.7

no B6 :
L4502 506 | 1449 Te54 1,00 | 4433

§ B6
DifTorence| $ 35 | 6.1 Feh2 0486 26 390 840
37603 712 718 541 003 Qs

no B6 '
37803 704, 11,5 8e1 197 be 56

$ 8BS
Heforoncy » © 483 30 1G4 4,08 2.92 Lol
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Table XVIII
Substances Tested as Nitrogen Sources for the Inftistion of

Growth of 440602 in the Aboence of Added Vibanin B6

i, 4 } Qthors
3&@3- -~ maﬂs
0, - Acetamide -
fuing Loids dnino fymarie
diamide +
Alanine o
: Ozalacetd
Arginine - diamide - o
Aspartic acld = ' Uree™ -
4sparagine -
- Anines
o« amino butyrie ‘
acld P Hothylamine -
Glutamine™ e . DMmettylemine e
Glutomic acid e ' Cheline -
Hetidine o
Lysine e Bensidine @
isolencine e p Amino phenel -
Hethionine - Pyridine -
Serine -
Throouine - Pyruvie Oxine -

Tryplophan -

Casolin lyirolysote

Various obher mixtures «

WHilterod storlile
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sbstences initlates growth alihoush they cen be used as nitrogen

sourcesin the prosonce of added b6, Glubenine and amino fumaric
dlamlde are cble to initiabe srowih in the absonce of added
vitarin DO tul hore & sponbanecus breckdown to free ermonia in
the nediwm ig the most lilkely explanation.

Glutamine is required in high encush concentration for
libeoration of the wnlde nitrozen as ammonia to be sufficient Yo
agecount for the ~rowll: producnds Singe a three 'cie.y ineubatlion

asrdrolysis in tho medinn amployed

& sy A rex s T TN T S e k1
poriod ia requlred shontaneous |

(i4/15 phosphate) would probubly ccour. Further testing showad

B2y & 9.

vhat dhe clubonine sample usad contalned froe ameoniun fone
andno Smeric diamide wen tesied ab the sugoestion of

[ w aae L (T 10, (SROMTRRRL IO - 3 & P Vaowads > ¥ 5
re Ve Re itobelly Althoush 1% at first locked promi-ing as a

Y T Y 13 Dl W s 65 1 i 2 o 2k . 2
substancs capable of indtlabing growth of 44502, la%er oxperinents
B4 < Sl eV A Mo NG e TP (5 s TR | . T
indinated thel Atz achbion was duo to broslkdown Lo mlnif_’.o

This conomd is interasting sinso 1t cen be formally

Y

congidered az nocseszing a free indno [roupy Lo,

GO, - g,
Culiiln c':zzz:z
CE Cell,
c':o;'csz‘fg éc%mg

It wag first propared by Porkin (1888) using the fellowing sonuence

of roachbicons:

GO0 bml ?‘0‘3‘32“5 @?f’ .
GHOE pey, 2 Sl 0n i m, P2

3 Il
OLOH i (I — 4
|
GO0LE

L5
Ca—y—=¢a—

|
COC1. OOC, 11, SONH.,

25

Tovborie Cl.lorofunaric Tthyl ehlowo= fnino fumarde
agid hloride fumarato diamide
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A modification of this mathod sugsesdod by Dre He Xe Hitehell waa
usad in bhe prosent exporimenta. Chlorofumaric chloride was
roactod dirveetly with cold soncentrated agueous smmonis by dropping
the ohloride slewly into the amcade solutions The brown diamide

settlod out after complotlon of the reaotion and was eoclleated

cocr COlEy
GOl T PN ' .
T ¢ Sy —— 'é- R 1 3 F,CL
tl}.oH 1
COGL bﬂ‘i«'ﬁz
by filtration end reorystallised from wabers (Hitrogen found

by Kjehldahl dizasticn, 32,1 53 theorotical 325 %s Desorposie
sion point 176 - 136° §; reported, groater than 180°,)
The product appeared siuilar to that propared by Peﬁzin‘a—mthody
This mothod zives low ylelds bub wes adopted beoauwse of its
almpliclty and speeds (Yield from 38 grens of tartaric aoid,
4ol gmy theorstical 40 m) v V |

Omlaaietic diemide was prepared by dlssolving one grom
of amino m‘ie diamide in § nl of 1‘H sulfuric acid by boilings
The solution was placed in tho fce box until white oryntals separated
aﬁmr vhich the meterial was cellested and reerystellized from

waters (Decomnositicn point, 176 < 184° 3 roporiad 180° Ce

Tield, 0e2 gmp theoretiocal 0487 1)
GlRit ?02'3152 clzwmz
l&'-.-mla ?:1‘3?2 G=0
& = ]

|
I; Bl GO, cmmz
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Omalacetic dlanide did not initdate growih of 44602 in
the sibsonee of odded vitanin BS although 4% was able {0 serve aus
& ndbrogen sourco for wild type. Anino Punsrie dlamlde initiatod
growtl: in U/15 phosphate nedium st pif 7 and in potessium tartrate
sinimal at pil 560 Lut in this latter cpse the pi was found to have

risen to pil 567 Ly the conclusicn of the exporiment,

shonding throe doys 414 not zive a test for amcmh with Neaslors
solation (o whity procivitate is i‘om*ad with this reegent) 4t was
dooided to determaing whetior the constltucnis of the wedlum might
uol cgbalyae a deccupoaitlion. mz;mi& wvoa deternined by m’x‘mmon
inte stonderd aeid ~f‘tar addiag Sm“'ﬁ?ﬁt“ﬁ pobasaion carbonate
sclutions Tho govo doy values reprosent the amount of hydrolysis
Gousod by the mothod of analysis (Fige 11)s It is thareforo oledr
that the conviibuents of the madium catalyze dea&spoait‘lom of the
sompound in & shori snough tlue t6 nske amionla available in
sulficient cocneontration for Gho initiation of grewil of wm.
¥hile no comotnd yot tested has served os a nitrogen
souree for the indisletlon of growth in the absence of vitemin B6,
goveral amino aecids haoveo en able to inercase tho rate of growth
of L2400 in the proconce of & limited omount of amconima nltrosene
It f2 of gowrse possille that 1t &8s not the plie pen of theae
compotnds that o belag used bub rather the csrbon fzz.zelg{‘.m'. Op
the componnd may be direstly gaésimilmﬁead in Lobo. "‘imcsé popeibilities
aro adinithbed wad o decroaso ia amine grouns along with the disape

pourence of anmondom nitrorcen would have to be shown to satlsfy
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Fige 11

Snontancous Decomposition of Amino Fumaric Diamide

tedia conbain 10 m3 Compound Nitrogen per 20 ml

/e/ _ - water solutlon
-~ - - 0 A
- 1 /15 phosphate buffer pH.7
© &
/ // Wlﬁ? phosphate minimal
/ Potassium tartrate minimal
tf
/
1 1 1 L E J
1 2 3 2 5 6
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these objections. Since nitrogen iz known %o be a limiting factor
in these éxperimnts and thore iz s large smount of carbon in the
modium as sucrose these objections may not be valids '

Thero are thres clagses of anmino acids with respeot to
their effect on the mutant growing in the absence of added vitemin
B6s ,

1, OStimulatory: alanine, asparagine, oysteine, glut-amio.
acld, isolencine
2 Slightly stimulatery or no e:i‘f’acin agpartic ecid,
higtidine, leucine, lysine, phenylalanine
proline, serine, Qaline
3, Inhibitorys arginine, methionine
A1 of thess amino acids are stimulatory when vitamin B6 iz added
to the medium,

These date were obitained by measuring dry woelpght of
nyceliun as a funotion of time (Fige 12}« /15 phosphate minimal
at pll 7.0 wan used as the medium. This conteined approximately
3 ng annonium sulfate nitrogen per 20 mls The particulsy amine
acid tested was edded to give an additional § mg of nitrogen por
20 mle

&mmonia appoars to be indispenaible notwithstending the
inecreased growth rates in the presende of perticular amino aclds,
In one experiment peds of myeelium were growm to about 6 my .dry
walght in media containing enmnmonia and asparagines Thoy were then
ringed wlith storile distilled water and wore transferred to fresh

nedia at pH 7 containing in one case asparagine as a nitrogen source
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Fig. 12

Effect of Three Amino Acids on Growth of 44602

with Low NI, * N and no Added Vitamin B6

50 =

Dry wt /‘{

mg ///

20}-

no addition

glutamic

10

& methionine

—_———-
4 Aspartic

.

| ///’“”45{

-~

—
-

aD—
2

Days

Mediums [4/15 Phosphate
pH 7.0 3 mg (NH4§2304 N per 20 ml
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and in the other ammonias The cultures transferred to asparagine
| mediun falled %o inoremse in dry weight although the centrols
{amoniun medium) continued to grow.

The nonegtinulatory offoet of some of the smino scids
a3 well as the atimulatory effeet of others may be related to tha
pH of the mediun, Thus, oysteine in moderately jow concentration
is toxde to wild type at pH 5.6 vhereas at pH 7.0 it is stimulatory
to 44 and to 44602 grown in tho presonce and absence of added
vitemin B6* (Pable XIX)4 Oyoteine was added as the hydrochloride
without neutralizations The mechanisn of this effest is not
m, although the toxicity of aystéine HCL may be due to a
lmré.ng of ‘the pH of the medium,

The mhibitoﬂ action of arginine ie apperently related
%o the high concentration present sinee up to 6 mg of arginine
per 20 nl has no inhibitory effect. m ceso of methionime is
nore interestings

Both 0« and Lemethionine are inhibitory, as little as
Owd mg per 20 ml being ofTectives In no case has 4t been posaible
to decrease the amount of growth to zerc by increesing the amount
of methionine, Murthermore the inhibition is overcome as the
eulture ages (Fige 12) elther by “adaptation" or destruction of

®Aftor autoclaving solubtions containing higher concenbrations of
cysteine hydrochloride at pH 7 & erystelline precipitate (probably
cyastine) is seen in the medium, some of which may eventuedly be
ocolnded on the smallew mycelial pads glving then a jewelwlike

a9Dearantee
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Table XIX

AfPect of pH on he Tosdelty of Cysteine

pH Strain ng oysteine HCL
0 i ¢ 2 i0 20 30
505 L 106 s P 8845 2943 179
740 | 44 106 98 104 102 116 137
5.5 | 44602 | &7 75 71 77 1844 0
$2vB6 ,
760 | 44602 | 48 88 a7 87 102 134
$2YD6
70 4402 5647 6245 6145 5545 6765 752
Hodiums  u/15 tartrote

M/15 phosphate

10 mg (1, )80, -
H/20 ml
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tho mothionine preseﬁt during the ;;row&*; pariod, Hethionine isa
stimlatory in the presence of added vitamin 36 end is stimulatory
when 44702 is srown in tho abssnce of added vitanin B6 but in the
presence of relatively large amounta of amronia (Table XX). in
this case, as the ammonium concentration is increased methionine
bosones first nomeinhibitory and then abl hi~her anmmoniun omﬁaen«
\

trations stinmulatory.

Hethionine inhibition is cempotitively overocome by
threonine.(Table XXI), Sulfunilamide also oversomes methionine
inhibition {Table IXII) and a% hi~her concontrationsg of sulfae
nilenide, the sulfanilenide inhibition is redueed Ly the prosence
of methionine as hae been demonsirated for wild Yype (Zaloker,
1950)s Hethionineethreenine reletionsiips have been deuonstrated
with other mutents of lHourcapora (Toeas, Horowits end Fling, 1945
Zalokar, 1950)s The mechaniom of the action for 44502 is not knowm.

As a rosuld of these experiments it is belioved that only
amonie In high concentration can sorve as & nlirogen sowrce for
the initiztion of mamz of tho pi senaitive muiants in the ebsence
of added vitamin BSGs It will Lo recalled that whal eppears to Le
o threshold concentretion of ammonia is required (Fige 29 35 4)
and that 44002 requires more ammonlum nitrogen than wild type. The
only other substances able to initlate growth elther have BS
activity or are aﬁla to spontaneously bwesk down to ammoniaes Those
subswmé which merely stimulate srowth may also act by breakdown
to annoniae



Modiuas M/15 phosphate

tiethionine Inhibition of 44602

&7

Teble XX

pi 740

Reletionshi~ hetwesn Nitrogen level and

g mz,.* b nmg DL - mathionine

0 0u8 1.0 Le5 240 245
3 15,8 10,5 7.0 640 be5 73
4 225 160 149 170 15,8 155
5 30,8 23.7 230 245 224 228
7s5 0s5 3042 3641 36l 35.0 - 34e9
10 1eT  49e5 50el  48a2 45a6 4B
15 3L.l 0 60e2 5846 5847 5907 Gle




Table XXX
Inhibition of 24602 by Methionine

ond its Rovarsal by Threonins

Mediums M/15 phosphate pll 7408 4 mg (I‘MA)QSO,* %/20 ml
mg dry wh affer 3 doys ab 259 C recordsd

ng ou Throonine ng L Hethionine

0 Oud 0,6 098 140 142
0 13,9 6ad £n9 349 4a 440
1 15.5 546 348 3ed 4s0 440
2 Vieh 1l By2 545 Ba6 149
3 153 153 154 9e2 Be2 3+6
4 15:5 177 1642 13,6 16 546
5 15el 185 1.6 18 12 3.0




Tuble XXII
sulfanilonide and Hethionine

Inhibition of 440602

Sulfanilanide nolarity mg Oou- Mothionine
(modivm)
0 05 1,0 Le5 2,0
0 2344 1649 1641 170 1662
5 2 10™3 ‘ 1761 2443 2ab 2344 22485
104 | beb 148 18,2  17.8 1944,
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The failure of verious arino solds snd other easily
| deaonposable eompounds liks urea to initiate growth may be due
%o the inability of the organism to decowmpese them rapldly
enough to supply the high aemonie ecnéent;mﬁim neodeds

IXs Bitrate Reduction

Considorable attention hss boon devoted to the question
of nitrate reduction by 44602, Orowth of this matent 12 not
initinted by nltrate in tm absance of added vitemin BS, nor does
the presence of nitrate increase the erop of uyeelium over a
21 day perled from o modivm centaining o limiting mmount of
smmonfias In the presence of added vitamin BHy nitrate i8 used
a3 & source of nitrogons Hitrate is not used as readily by 44002
in the presenss of vitanin BG as i3 cmmonis, altheugh the pH
mnnsemsi_,tiva mutant 37803 can grow mor@ on M%rata.ﬁhan on onmoniun
tom ab pH 5.6 1n & three day growth peried.

The date at Pirst glance appeared to indicate & role for
v bamin Bé!&n the vedustion of nitrates The wgumant way be
swarized as follows: In the presense of vitamin 35 nitrate may
be utilized as & nitregen source by 446023 in the gbsence of added
vitamin growth cen procesd on ammcnde but not on nitrate, Furthers
more, although certain amino aclids are able to sz%,imlaw growth
when ammonium ton is ?‘remnt, ndtmﬁe is né%,able %o lneroase the
erop of dry welght ne matter how long tim@ m@h perm, Therefore
vitanin B6 must be .invﬁlvad in the prosess of nitwate redustion and
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this process does not proceed to o significant extent in 44602
srouing in the absence of added vitwsin 36 bocaupe of the lowered
intracellular concenitration of B6 under these comditions,

This argument hag turnéd out Yo be fullacious. The
pmsaz;% interprotation of the data is that vitamin B6 1s involved
in the utilizaticn of the products of nitrate reduntiog;.bﬁt is
not necsssarily invelved in the redustion process itsells
To stuly this question i£ was neeossary o determine
what heppens to amionia and nlirate in cultures of 44602 growm in
the absonco of added vitanin 36, Pavellol culturse were sot un
in M/15 phosphate mediuvm sterting &b pH 7« The firast sot cone
teined approximately 3 mg of cmmonium sulfate nltrogen per 20 al
while tho ascond set contained in addition 5 mg of potassium
nitrate niﬁrogenp (The high coneenbration of potassium ia these
expeorinonts s probobly not a fector since identioal growith curves
have been obteined with a ¥/15 phosphate medium made with sodiwm
salts and eontaining as the potussium acurce only Usl g of
potassimm chloride per liter.) Under the conéitiona of these
exporiments 1t has been Tound that nlirate is reduced bul not
utllized for growbhs | ’

Amnonium nitrogen in the medlum hes been determlned by
making the modium alkallne with potaciun carbonate followed by
eorabion into standard acld =nd back titration with alkald,
Hitrate nitropen has been determined by reduction to ammonis with
Devardas? alloy aad-potassiuﬁ ydroxide at room temperature
{Borsoock and Dubnoff, 1939}, Two hours was used for tho period

of roduction and serations
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LZn § 393“‘ $ 7&&!‘"46320——» :.m(aﬁ},:' 3 rm:a

841 §3H0," 4500 418 H0 — 8 an(oN),” §3 M,

This melthod is ambizuous insofar-es 1t records ell ampowais redueible
to amsonia, or hypdrolyzable ﬁo.amﬁania.with potessivm hydroxide
aad ngt.hgﬁralyzable wlth pogjassiuvm corbonates an.exﬁmpla, v
gitrite and hydroxylemino would be included in the "nitrate® valuess
Tobal redused nitrogen in the medium has been deternined
- by e standard Kje 1dahl melthod using a sclenlumepotessium suliate
ecatalyst with ﬁﬁbéeqaent aoration into acid and Jesslarisation or
stean distillation into acid &éﬁ bagk btiteatione This wethod has
been found satiafaeﬁery only for nulrient selutions net eontainiﬁg
nitrates The prosence of gusrese In the medlim is sulfficient o
cause the reducticn of aboub 40 ¥ of any nitrate present (Tabloe
XXIZI) moking Aiffienlt a dofinitive determination in such onses, |
Hothods have been worked oul for total nitfbgaa including
nitrate (Furoan, 193%). Salieylic seld in sulfuric aold ig added
w & solid seaple couteining nibtrete, The altric acld rolsased
mitratos the sslicyllc azeld. The resultiag nitroscompound is then
rodueed with sodium thiowulfate to enino nitregen after which a
standard procedure deternines totel nitrogens This methcd would
pregsumably not peradt the determination of nitrite and auy e&ﬁﬂr
internediate reduction produets thal mizht be presont. There is
no rapid woi combustion method for thoe determinatlon of toial
nilrogen in gsolubions contelning nlirogsteoxygen aampem&s along
with large éué£titiaa of crgenic material. -Thia deterninetion has

therafore not been atismpleds
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Table XXIIX -
Reduotion of FHitrate in a Kje ldahl
Digestion with HZSOA

Contents ng m13 H found

as 1 ng KﬁOB ] 0

Dy 2:.53 BUCTOse = 1 ml 002

ce 1 03 KHO i o 039
¢1ml 2% sucrose OulL

approxinate converslion

N%'. —_— ﬁﬁé 40%
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Total myoslial nitvegen has besn deteruined by aigostion
with sulfuz:ic acid end hydrogen perowide followed by direct
Nosslarizations It has been found that in a nitrate medium _
nitrate dees not accumilate in the myoelium so that the limitations
discussed proviously do not holds

H#ild type growing in a medium containing ammonium snd
nitrate starting at pR 7 epparently mum all ﬂw asmoniun
present and then assimilates the nitwate (Pigs 13)s Most of the
nitrogen enters the mﬂiw, after which a part mey be returned
to the medium, perhaps by sutolysis of the older celis: The dry
weight continues o increase long after ell amsonium or nitrate
nitrogen hes been assimilated, Bahaviar of this $ype has boen
reported for other funzl (Fester, 1949),

The behavior of 44502 is significently differvent (Pig

14)s 411 the free mmmonia diseppesrs but at no time cmn wost of
it be detected in the myeelium. This esmmonis nitrogen oscurs
in a conbined reduced state in the medium, After all the free
ammonie 48 assimllated nitrate begins to dieappesr. OSome of the
products of nitrate sssimilation apparently appear in the myceliun
while the remeindey may be in the medium as in the previous cases
Hotwithatanding this additional redused nitrogen in the medimm and
nyreeliwn there is no inecrease in dry welght over contrel sultures
on mediunm containing only amonium nitrogene Although total
reducible nitrogen remains constant watil the din@ma of
ammonium ion, nitrite (deternined by the gulfanilie ncides
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Uptske of Nitrogen from the Medium by Wild Type 44
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élpha aophthylonine diazotization test) appears in small éuaatiﬁies
bafore the disappearance of ammonium ion, Hitrite does not appear
in eultures grown on ammonium ion alono, ;

The apparent inebillity of the pH sensitive mitant to
utilize nitrate can be explained on the basis 6f those obaarvaiionsn
It is not necessary to essume, as had been previously supposed,
that these mtaonts ere wnable to reduce nitrates The data ahow
that the pil sonoitive mitant 44502 grown in the absente of sdied
vitemin Bé con roduce nitr:te but only after the initial disappearance
of ammenia from the culture medium, Wild type behaves sinilarly,
as shown above. The product(a) of nitrate reducticuxuﬁder those
eonditions apparently cannot be used for growbh of 44602. Indeod,
it appears that these products mey be inhibitory (Figs 14)e Attempts
to detect amino asids in medfum from which nitrate has ddsappeared
have been sucsesaful (positive ninhydrin tests and shromatographic
geparation) but the quantity has been too small to permit Lsolatien,

One interpretation of the data relating to nitrate reduce
tion by 44602 ia that roduction must proceed aloﬁg an organic pathe
wey in the mutant mtraiﬁs, gince if ammonia were formed from nitrate
the mutant would be expectod to show increased growth,

Another int@rpratatioa.is as follows: It has been showm
that all the ammonia 1s agsimilated bsfore reducible miirogen
bagins to decrease. Previous experiments have shown that the
ubilizalion of various substances for growth of Akéoa.in the absonece
of added vitamln B6 is possible only in the presence of inltlally

hizh concentrations of smmonia, However nitrate doos not bogin

W
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%o be roduced mtil oll the ammonia has disappeareds It 1s
possible that oven iff armonds wore produced os tho product of
nitrate reduction 1t would not agewmilade in sufficlent quantity
to cause a growth stimulation and weuld be diverted into other
paths of synthesise The products of sush synthesis might not
be expected to lead %o inoreased nyecelial growth under the evte

porinental conditions,
Xe Conclusion and Discussion

As Statoment of the Mypothesis

The follnwig.;:; faets have boen sotablisheds

l. The net rate of vitanin 556 ambhesis ia lowor in the
pHl sensitive mubonts srovins in the absence of added
vitomin B6 than in wild types

9, fmonia 1o seolfic for tho initlation of srowth of
the pli sensitive mubtants in the aboense of added
vitanin D6, The pil sensi tiﬁr@ mitant iec;uims nere
nitrogen for growth in the abasnce of added vitamin
B6 then does wild type or the same matent growm with
added vitomin Pb,

3, HMHitrabe can be reduged by the pH sensitive mutanis
grovn in Ytho absence of vitemin 56 but the preduct(s)
of nitrate roduction are not utilized for growth.

Le The pil nonwsensitive mubant 37803. dees not shov any

nat smtheeis of vitamin B6, Reabing cells of the



79 )
pil pensitive mutant 44602 destroy ebout twice es much
vitemin B5 as do calls of 37803 in the sam peried
of timee

Two goneral hypothoses have been considered as oxplenae
tions of the detay | »

(a) The rube of synthesis of vitemin B6 ie lem/r in the
pi sengltive mubtants than inwild Yype. Large guanbie _
{'.i.%s of aaonda inorease the rate of vitemin 36 synthesis
in the pH setigitive mutent so thet ii’- appma&hﬁa the
rate of wild typo B6 syntnamaw

{b) Tha rate of vimz-:a“ 36 aynthosis 48 the sane i:t both
muitent and wild type. However, the vate of vitaain
35 destm muicm 13 greater in the pH aenmﬂ.tive mumme
than in wild Gypo, Thie {;maw rate of deatruction
orsston a net m@irmntfor vitanin 36: mmonda in
high concsntrabion is sble o reduce the rate of
vitamln 16 destruction. -

zﬁrpa%hesis (b) is qualitetively ahla 40 ax;a}.ain the date
o for obbained. As will be ghm below it does not quentitatively
acsount for soms of the dates Hypothesis (a) is mable Yo sccount
for the i’afzt that resbiar cells of 'hhe'pa sansitive mu’omﬁ AL502
degtrey twice as much vitamin 36 as do oells of the pfl nonesensitive
mutent 37503 in the same poried of 3imes Hwpept whers noted both

hypothoses explain the data in o sindler mannew,



Be Interprotation of the Course of

Hitrate Roduction im pil densitive iutonts

It is possible to inlorprot the lack of abllity of the
pll sensitive matants grova without added vitanin B6 to use the
praéucts of nitrate reduction in the following wayy

Witrate reduction does not begln before free smmonis
has been removed fron the gysten {ef. chove), On the basis of
@ither hypothesis (e) or (b) 1% ie evident that by the time moeb
of the ammonié hes been vemoved fron the gysten the cells éf
44602 grown in the ebsence of vitamin D5 will be suffering fron
e not vitanmin B6 deficiencys (Mypothosis (a)--am‘ammonia is
removed the rate of 36 ggathesls drops and thé‘nst B6 in the
cells dininishes since thore is a naturel rate of B destructions
hypothesis (b)ewas ammonis is romoved the rote of vitumin B6
destruction increases, diminishin: the net B6 in the oeils¢)

irmatrons, Feldott and levdy (1950) have shown Lhat the
nereentass of dletery nitrozen incorporated inte the body is
lovwer in vitamin BS deficient rats than in control animals, A
gimilar phencmenon is encowmbered hHers, All the mroducts of
anmonie assinmdlation can initially be accountod for in wild type
mycellum (Fige 13)s However the mutant, although able to assimilate
emmonia is mnsble to incorporate the products of mmmonia assimilation
into its mycelium snd excretes them in%o the mediwm, This obsorvaw
tion is in agreement with the idea that 44602 suffers fron a net
deficlency of vitamin BS once ammonia hes been removed from the

nodium, _
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Vhen all (he ganonia present has boen assimiloted nitrate
io reducod. Vitamin 5O 1s necessary for the utilizedion for growth
of the proiucts of reduction whatever the initizl redused forn may
bo. However, Ly the tive nitrets bogins to bo roduced the mycelium
is suffering from a vitamin B6 deficismoys The ’produa‘h(s) of
reduetion are therafore not utiliged,

drmonda 13 able to induce a nel synthesia of vitemin W.’:,
However, a tlweshold eoncentration of armonis is required, If
aanonia were prodused as e product of nitrete rodustion 1t would
be produced at a relativsly slow rate (Pig., 14)e It %o possible
that as soon a8 1% appoared 1t would be eazsimilated by the normal
nochanisng (L1404, plutonie acid production) and would not age
cumlate in the syetems Therefore, even if mmonla wers produced
fron nitrate 1t wmould not be present dun lerge encush quandlty to
induce the net vitamln 86 synthesic nceded to pernit srowbhe
The product(s) of the assimilation of nitraie wight thon be transe
formed by processes of shunt mebtebolisn (Poster, 1949) into
other compoundse

Incrasse In dry wel Wt of the mutent and x:;ild type oone
timwes after the dlvspresrance of amoniun ion from the sysiems
iyeelial nitrogen may also immése in the mubant. It 4s known
(efe above) that cerdain orgenisms requiring vitemin D6 are able
%o grow without the vitenrin in o complex medium, It 1s possible
thé.f. in the presence -of ammonie the subztances néaeasary for growth
in the absence of intraceliunler vitemin B6 are aynthesized in '

sufTicient smounts se that after the disappearance of freo ammonia
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(and consequently vitamin DG) srowbh ocours at the expense of the
proviously synthesized uatorial. Hitrate reduction would not lead
to the formation of 4%,‘;15.3 varioky of substances since by the tlane
tho reduction occcurs, amuonia and therefore BG have dlgeppoarcsd and
the cells have lost thelr capacilty to tramsforn the iniilal products
off reductlons On the basis of the above hypothesis it should be
posaible to find an artificlal nixiture of substanensg that will
inltiate mubtant growth in the a‘f;:ss;z.'zccz of viﬁwai:z 5 or eendo.
Such o nixbure hos not yet boen founds It is alse true thal the
porcentare of nlirogsn 4n the u calizm dec”eﬂf' s us the eulture

ages, Parb of the incroase in dry weisht thorefors ooours by

increcss in the proporiion of nonenitrogencus malerial.

Co Luentitative Test of the Hynothesis of an
ES
Inorsased Rebe of Vitemin 35 Destrustion

in pH Senzltive ¥ubonis

Fhe hypethesis that vitamin B6 is deotroysd more repldly
in tho pH sensitive rmbdants then Iin wild typo depands on the
dete obtoined in the vitamin B6 belance studies. Twe types of
balance exporimonts have been periormed, one uzing gsrowin; culiures
and the other using restling cells, &t the sm;g;es%icr:: of Dre M
He lorowits a mothod was deoveloped teo bost the compatebllity of
the data obtained in tho two typos of cxperiments I should like
o thank Dre Horowlts for his eid in doveloping the equationse

The present caleulations ore based on the assunmption that

growth in exponentialy thabt 45, 1€ U is the dry welight of



myoelivm, then at any time %
B & H, e  whore Ty 1s the inltisl dry welght.

This a&smnpﬁm has boen tested using the ouly dats aveflable,
these gshown in Pize 6, If the assumption 15 correet then a plot
af the logurithn of the dry welyht produced as o function of

timo should be llnear eince:

logyy N3 Xkt logyng e 4 logyg ¥e

and the alopo of the line so obtained can be used %o caleulate Ik,
Such a2 pleot is qhmm in Pios 15.

| It is further assummed that in the presence of vitanin
B6 the value of k 4o tfxa sane for both outents and wild type.
.'i'his apsumption muzt be somevhat in error since the dry welzht of
cultures of the mubants and wild types used is nevor the same
aftor four daye *rwt‘u. & linear vle:t is alem obteined using the
data of Pige 6 vhon the cubs reot of the dry welght is plotted as
a funciion of times Tho celeulotions below have boen made on the
basip of an ‘mmmenti-al tyme of growth but tho results sre similasy
uping any orowth ﬁmawon 8o lmv as the ¢ v:th of hoth wild
tyw«a and the outents can be @mmwd by the same tyne of functions

In x’m&ae caloulations the rate of B6 synthesis .fl_&- '
' 4t

1s asgumed to be proportional to the amount of cell meterial

prasant at any ong timep lsee

%%Bxxwa X N, o,



Exponential Growth of Neurospora

Data as in Fig. 6

L L4602 }
10 ngm B6

| | | | |
! 2 3 4 5
Daysa
Medium: M/15 Phosphate pH: 7 HNote: Dry wt after one day
from separate
N source: (NHA)zso4 experiment.,

10 mg N/20 ml
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dastrustion i?_d is egeumed proporiional
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Similarly 1t can be shown thad
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Those esquations can be used in a quantitative togt of the data
shown in Tablea XVI and XVIT.
Asgume that wild type 4A and the mutant 37803 have

the same value of K'Y and ki that is

B

but that 37803 synthesizes no vitanin BSe¢ Then since

ay - Ax. T XT

for 44 on nitrate at pH 5.6 (Table XVI).

7 - QB _}_.%
295 = et o

AB

ot 1 F AR W

=% 2 76 ponmas/p .

How assuming on the basis of eour hypothesis that 44602 and 44
have the same value of K and Iy that is

[A% z[AB
O e DT

then for 44002 on nitrate ab i 548

A series of these caloulabiong has boen tabulabted in Tuble XUIV.
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With these welues we may caloulate an expected ratic of

A
| N l 37803

ammonivm mediun at pR 5.6 have besn used for tho comparison sinee

, o
for regting cellsy Values of *‘A*"ﬁ" for en
8 R

the reeting cells were prepared by srowing mycelium under these
sonditiongs

A8 AB
Nl ssoe o LAK .
[AB - [Asq " 90
%' 37803 AT J 37003

The astusl veluos Tound were (Table XVII)

N

== B

L
el

PN Bi ] - heid * %
Ty | 37803 '

Thege calenlations then do nob provide support for the

hypotheais fnsofar as a conparisen botwsen ggtuwﬁ.ng and nonwgrewing
bvalanco experiments does not show cgreement between caleulated and
expesctod values, The caleulations do show internsl consistency
within the groving eulture experinents by showing a decrease in
D6 destructlon by 44602 as the sumonis concentretion is increased,
whiile 37003 dwt;-ue'bioh of B6 remains practically constant (Teble
XIV )y They also show that it is nod necsssery to sssume &
greator amount of B6 synthesis by 44602 ab pil 7 then at pH 546

to explain the data,
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The difference betwsen the oalculated and experimental
vaiunes of the ratio [—AB - mey lle in the assumptions
: | i £
N
H ,
| o 37¢03

~used in deriving these rolotionships, The values of k may not

be tho same for 44, 44602 and 37803. A direct determinetion of
this coantant for growth in Pernmbachs would be desivebls since
k enters into the rotios that are comparsd and has beeon sspumed
to be ogual for tho three straing, ' '
any synthesls of vitamin 26 in the resting cells of
L4502 would ehange the results in the desired direotions It is
aloo possible that 56 is destroyed enly in the course of metabolisme
3ince no apprecisble nitrogen is added ‘tc;: the nonegrowing culbures
the azount of vitanin BS destroyed mizhi bo lesseneds In view of -
the wneortainty ia the valuos of k the rosulte of these caleoue
letions ere not conpidered lethal for the hypothesis glthough they
eannot be aonsmérad o suppord Ll
' De Qualitative Application of the Hypothesis

_ Several {scts not expliceble on the bagis of the hypoe
theals of a lowered rate of 36 synthesis c@ be eaglly fitted to
the hypothesia of an increesed rate of vitamin 56 destruction in
the »i sensitive mtante as compared to wild Wpe.

It hes been shoun ihét 37803, a pH nonesensitive mitant
inmﬁably grous more in a 72 hour porioed on g given amount of

vitamin 36 4than does 44002, a pil sensliive mutent (Fig. 10)
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If the pfl sensitive mutent destroyed BO at the same rute as 37803
or if it showed o net D5 destruction less then that of 37303 the
grouth response of the two mubtants would e at lesst the sames The
greater growth by the pll nonesensitive mutant cen only be expleined
on the basis of a hisher rate of destruetion of BS Ly the ph
senaitive mutant,

Anotlhwr pli gonoitive nutent, 44204, has boen teated fop

L

Dbe hen nitrote is o nitropsn source

156 rosponss bo vitanin
37803 orowe more in 72 hours on a given amount of vitanin BS then
doos 44204« On ammonium nitroson abt pil 5,6, howsver, L4204 grows
8lizhtly more in 72 hours than doos 37803 when vitanin B5 1s added,

This may be explained by aseuming thet the rate of
vitanin B6 destruction is not as high in 44204 as in 44602, Theree
fore, the addition of an amount of ammonie net sufficient to cause
4402 to reppond to B6 betber than 37803 (that is, inmsufficient
to nake the net rate of B6 destruction less in 44502 than in
37803) ie sulficient %o affsot 44204 so that it grows better than
37803,

It has been shown that 44204 and 37303 will form a
hoterocaryon while 44502 and 37203 will not. Hetorooaryons are
formed by the fusion of the uyeelium of two strainss The resulting
nycelium contalns ::.ucla:’. derived from oach of the straing which

Tuseds, For biochenical wmtants the offsct iz plotured s follows:

genea of (1) cenes of (2)

A_|_..B A—>B
D—>53% *’3—+—>
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If B ond B are negessary for growth the hoboroocaryofic wyoeiiwm

will be able to synihesize thes and ~rov althouzh either of the

%
y
I

atraing tokon soparately will not ho able Lo rrov.
The pii sensitive and noneszongiiivoe stroing presont a

different picturo in a holorocaryoil.

conca of pll none '*,f::w of i
gensitive wmutant ensltive mband

D —I—» B —0 Do— - 3 = Inaghive
product

Formetion of a hebercearyon bobtwoen a il Jez.ui v and none

gensitive mabart moy inorecse tho sobal rate of 06 synthesls 1€
the effsed of the pil sonsitive mutant is to provide an oxcess

of L. lowever o heterocaryon would grow cn minimol medlum only

£ 3 A A oy oy L8y K R T ol 8
417 the rate of B6 desitruction chareoteristic of the pil scugiitive

2.

:;m.,a'zt. wero nob so largs as %o counterset the incrsuse in DO

& fad

- % Tyre 'H Vi d
gynthesin. 44204 doas

Toym & ,.ot:.:‘oc&;**"; wivh 37003 and vwe have
asswaed ghove that it doos not destrey 406 za fush ag 44002 which
does not fornm a heberocaryon wiilh 370030

v ) r gl % £ O o it £ sy 4 5 gn b P
LIS DYDOLACELI8 0L O SRALALLON CQusing & [P Lo0r rote of

B P ~,
in nabure %0

7L VAU SR B (S SR SN U SN
AeBLTRCLIoN O & Yequilrod suusGast

) &
By @ Twerl 1 pion iy
adin the dwar RIS

ona propounded By van Overbeek (1935) te o

£y

of corn gonds ‘o presenbed evidence indl

. 5
il bhe dua c

(RIS S 3 T | B S & b ! AR 5 * -
CLHENEC Lo 12 GUO 1o Al ANCrraose LIl Bl X or wpoen dasiru L.Ol'}

in the mutant es compared bo wild Lypo.



Be The liola of /mmonia

dmnonla in high concentration 15 specific for the
initistion of srowth of the pH sensitive mutants 1n the absenes of
added vitamin BSy On the basis of bthe provisional hypothosis
awonie could act sither by inersasing the rate of B6 synthosia
.ov' by preventing B6 destruction,

10 hypothesis Hhad umr.m aets by inereasing the ro

oy

of 35 gynthesis seons unnecessarily complicated. If tha provisional
nypothesis is correat the mutation has inereased the activity of
Seme engyme or enzyme sywien destroyin: vitamin B6e If ammonia
sors asoumed to incroase the rute of 36 gynthosia this wonld raquire

sosuning thed two engyme s '3va!1- nad boen ohanged ty the mitow
tion since emmonia i3 not ron udred for wild i’-me gyntihesis of
365 indeed ths not symthosis of vitanin B6 Uy 44 is grooter with
nitrate o8 & nitrogen source Ghem vt aomonimm fen (Tables XVI
and XXIV).

4 Tormol woehanisn for tho action of ammonia is the

following:

My
b — B 5 b ~—= P
ﬂ

That 18, @3 a result of the matodion 56 iz convwerted to sonme
produet P owhich is inaotive as viteadn 30 for Neurosaors op
for Sascharomycos. In the prosence of eucoss amnonies this

rotction can be revorseds
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The rosction lecdln; %o D5 destruction may be a resction

pregent in wild type and oseurrin: at =a increoased rute in the

mitant or 1t may Do a new reaetlon, On the basis of the above

omulu‘.* 1T the rosetion occurs normally, then one would empeet

-
mmabanit

D Tme S0

P42 -Jrrves: S 5

to { ﬁ.i d %
¥ - » # = KX TG G PRPTURe. - [

a pedium conbtuining ammoniuwm o3 2 niltrocoen souree th

0 s Mindtdn since nore 26 would

~d 2 - EEs e
conbaining nitreio w

Temparimonially it le found

be destroyed on & nitrate mediu

that 37903 rows nmorz in o thees duy goriod on amonima thar on

& 2 n 4 . o e ',

nitrete vhan up o Qo4 jmmnmas of pyrifoxins
: Ml B Y v Yyt v de 348 8 # Bing ey ds P P e T L L L (N

supsliod in 20 o) bat &b hizher concentration of 36 37303 -~rove

A ,"! ~t

nore on the nitrude nmediun. I3 has oleo boen showmn {(Tob

XXIV) that 37903 destrors more DO on 2n gronivm nediunm

g in error it would

N i g 3
T3y Unlass Phis

a niteate neld

saon thol the veactlen loaldin: b e An AA002 would
havo to be ogpontinlly a nev rocobion.

Pogtor (1949) has precented an

&

of fghvimt notebolisn” which boors on

NPer X 2 F - e y I - a2 . -
that eVeTmy loecs of Dunction must bo oo ;::;63"‘)..;\..\,&,* q‘, B 277003000
e g £? s gyt S m., . kg By 7Y o L o B S
sudn of a now function, Theore arg present Lo Jwn-di o voriety of

e % TCE N R [ % e P I e A
s aobureted while normelly others

rl
i
b

;4 - » -
eqrymes some of which noe onerc

i L SR L o PR
romndn e aetion of ano of the

aaturatod oo vwill rosult in a sinnding of substrabs inbo

cenerally unused channels with She production of o new mebtabolites

(Al
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An example of this Tor Heutospora would be the nroduction of
orotic acld by certoin pyrinidineleass mibentoe The witenmin HO-
roegulring matanisgrown on o linited aaont of 3O olso huve a new
functions the productlien of a yellow piiment.

It is possible that & mutabion lending to the blocking
of pome reanhion ml-hy have $he effset of inersasinz the rate
of vitanin D6 destruetion, This conld ocour by making aveilable
some suboirabe needed for thoe inactivaiion reaction or by inpreasing
the activity of the cnsyme systen immetivating 26 by leverins the
consentrobion of an inhiblibor neturally nresent. Hore directly
of courns, an engyue iisold mizht o chonged g0 that it had a
hlzhor turnover mmber or a now gnecificiiys Agy sugrostion
as to a detallod mechanion 13 of ecourse extremely termuouse

On the Lasis of the provisional hypothools ammontum lon
is spesific becense it is the only subsisnce thaed san proviﬁ@ a
sulficlent quantity of ammonia inside the cell to protect the
ovailable vitamin Db, ‘?ubstcmaas convartible to ammonda do nob
vield ammonde in high encuzh oonoen‘sm.,:am %0 provont a greater
rote of inactivetion than synthosigs Therefore they ars not sble
bo initiabe growth, although certein of those substances nay
stimuilate crowth in the presence of ammonias Vitemin D6 itgelf
is able to indltlate growth of pil sonaiilive matonte sinco it valses
the BO level high enoush to overcome tho efffoectz of the inactivating

ragebion. '
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