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The mutant td201 of NeuroAspo-a ca-ssc is mutated in the trp)-3 locus and forms an
aLltered tryptophan synthetase. A suppressor mutation, si,2-6, in this mutant, unl-
linked to the trl)-3 locus, results in the production of wild-type tryptophan synthe-
tase activity, which accounts for the alleviation of the tryptoplhan or indole require-
ment. This enzyme activity is associated with a protein physically dissimilar to the
wild-type enzyme. A second altered protein, a serologically cross-reacting material.
is also formed in the suppressed mutant, in addition to the altered enzyme normally
formed by the td2O1 mutant. Normal growth, equivaLlent to that of wild type, is not
restored in the suppressed mutant even with tryptophan supplementation. The relaL-
tionship of the data to possible mechanisms of suppr-ession is discussed.

Tryptophan synthetase (TSase) catalyzcs three
reactions in vitro:

indoleglycerol phosphate + L-serine
pyridloxal

), L-tlryptOphan (phr'sphat
+ glyceraildehyde-3-phosplhatte

indole - L-serinel' < L-tryptophi n (2)
phlosphal,te

indoleglycerol phosphate = indole
+ glyceraLldehyde-3-phosplhctte 3)

Reaction 1 is the terminal reaction in tryptophlan
biosyntlhesis in vivo, and is used as the indicator
of wild-type enzyme activity. A tryptophan Imlu-
tant of Neuros)ora ((ssc(i, td2WM, mutated at the
irJ)-3 locus, has been shown to form aLn altered
pr-otein related enzy'matically and ser-ologicallvy
to the enzyme TSase (15). Specific suppressor-
gene mutations in this str-ain result in the allevial-
tion of the tryptophan requirement; this hals been
shown to be due to the formnation of wild-type
TSase in severaLl suppressed strains of this mutant
(24-26). Recent evidence indicates that missense
suppr-ession can occur due to alter-ed traLnsfer
rib-onucleic acid (tRNA) molecules, whiclh lead
to mistakes in the translation process; e.g., two
amnlino alcids are specified by the samiiie codon (5,
10). In the str-ains studied, the proper- aLmino acid
sub,stitution has led to synthesis of some wild-
type enlzyme.

In the present study, the proteins relaLted en-
zynmatically or serologically to TSaLse whiclh atre
for-med in the sUIppressed mutant, td2O1su2-6,
hcaive been compaLr-ed to both the wild-type and
mutant proteins. The suppressor mutiation in this

stra,On is nonallelic 'vtith those previously studied
(17). It is shown thalt the enzymaxtically aLctive en-
zyme found in the su-ppressed mutaint is ph\sically
dissimilair to the wild-ty'pe enzyme.

MATERIALS AN1) METHOi)S

Orgautisinsa7ld co/ltore conditionis. N. cr/issa strain
74A was the source of wild-type enzyme. The mutant
used in this study tc201, has several distinctive
properties whichi mlake it ltUite Liseftl for this work

i5). It relLiires either indole or tryptophain lor growth,
and it accuLmlulates inidole-glycerol aind a-nthranilic
acid. The alterecl tryptophan synthetase ol td2Ol
catalyzes only reaction 2, and its specific activity is
usually three times higlher thiani that of the wild type.
This altered enzyme acts as serologicall)y cross-react-
ing material (CRM) wheni assayed by reaction 1.

The N. crassa cultures were grown in mediullm N (19)
pIIs 2', sucrose with vigorous aeration for 60 hr at
35 C; Ior mutant growth. 1)1.-tryptophan, 1)0 ug/ml,
was added to the mediulll. The myceliulmll \x\as filtered
throuhll clheese clotlh, waslhed with cold distilled water,
squeezed dry, and lyophilized. The filtrate was tested
for indole by adding Ehrliclh's reagent to a toluene
extract (22). Indole-glycerol was qualitatively assayed
by the use of ferric chloride reagent (23). Anthranilic
acid, il present, gave a brright yellow color when 0.05
ml of Elhrlich's reagent wats added to 1 ml of culture
filtrate.

Esciherichia coli straini T3, a imlutainlt blocked at an
early step in tryptophan bliosynthesis, was the source
of tryptophanase, used in the assay of reaction 1, and
tryptophan synthetase used for inldoleglycerol-3-
phosphate (InGP prodLuction. For the iform1er, it
was growni in imiediutmii E (20) plUs 0.2' glucOsC sLIp-
pleimeineted Witil DL-trYptophan, 100 pg/ml; lor the
latter, anitlhranilic acid, 2 pg/mIl was SUbstlitted for
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tryptophan. Tryptophlacnase was prepared accordinig
to the procedure of Burnis and DeMoss (3).

InGIP was prepared f'roml an incuLbationi mixture
conitaininig 500 Ai-moles of indole, 5 mm-loles of fruc-
tose- ,6-diphosphate, 0.75 mmole of aldolase (five
times crystallized, Worthilngton Bioclhemical Corp.,
Freelhold, N.J.), 50( m\i KPO4 buffer (IpH 7.8), and
5,00() UllitS of tryptophan synthetase, in a total volume
of 500 ml. The mixture was incubated at 37 C for 60
min and the lnGP was isolated as described by
Yanofsky (23

Qu1iatitative growth assays were performed in
minimall medium N or iii imal medium suupplemented
with i-tryptophan, l(0) mg/mfl, or inidole, 10 ,Ag/ml
(16 .

Crosses were performiied oni synlithetic mediunM (21)
accordinlg to the procedure of Ryan (16).

Pl otei,i purification. The proteins were partially
purified according to thc procedure of Mohler and
Suskilnd (14). The extracts obtained after step III, the
first atiimimoIniuIml sulfate step, and subsequent dialysis.
were used in these studies.

Protein was determinled by the metlhod of Lowry
ctal (13).

Enizymne assays. The indole to tryptophan and
InGiP to indole reactionis were assayed according to
Yanofsky (22). The latter was measured in the for-
ward reaction only, by the appearance ot indole from
InGI. The InGP to tryptophan reaction was meas-
uredl by' USC of the tryptophanase method of DeMoss
(7).
A uinit of enzyme activity equals I ,mole of sub-

strate utilized or product formed in 60 min; specific
activity eqLials units divided by milligrams of protein.

Immunoilogical assalvs. Antiserum was prepared to
the various proteins by injecting rabbits with increas-
ing doses of partially purified antigeni (from 2 to 10
imig intravenously lour times a week ior 3 weeks.
After an additional 14 days, a subsequent inijection of
20 mg of antigen proteini diluted I : itn incomplete
Freunld's adjuvant was given intramuscularly. After 7
to 1) days, and periodically thereafter, the rabbits
were bled from the central ear vein by use of a hypo-
dermlic syringe. The clot formed from overnight
incubation of the blood at 0 to 4 C was removed by
centrifugation at 2,000 rev/min for 10 min. The
antibody precipitated by 50%1,, ammonium sulfate
saturation was collected from the serum, resuspended
in a small volume of 0.1 Ni KPO.1 buffer (pH 7.8),
anct dialyzed for 16 hr against this bufter in the cold.
CRM assays were pcrforrmed as described previously

(15, 18). A unit of' CRM is the amounit of mutant
proteini necessary to protect 1 unit of wild-type en-
zymie activity from neutralization by antiserumii.

RElSULTS

lsolationi of suLp)I)1''Css()'rs and geiIetic (Iiial/isis.
Conidia from td2O() were ultraviolet-i-rradiated
and plated on mininal medium. Slow-growing
coloniies were selected and crossed to wild type
to determline the pr-esence of suppressor muta-
tions. One suppressed mutant, designated td2WM-
su2-6. was selected for- fur-tlher study. This ml-

tant is the SuR-6 strain of St. Lawrence et al.
(17). The suppressor mutation was determined
to be nonaLllelic with sul and su3 of Yourno anid
Suskind (17, 24 26). The four progeny fromii a
single ascus in a cross of td201su2-6 X wild type
were isolated and used in the subsequent Canallyses
(17).
The su2 suppressor appears to be fairly specific

in so far as its action on the td locus is concerned;
crosses to other td mutants, tdl, td2, td3, td24,
and td7l, failed to yield any tryptophan-inde-
pendent growth.

Growtl/ suidies. Two important points to note
from the growth studies (Table 1) are that the
suppressed mutant does not reach wild-type
growtlh even with tryptophan supplementation.
and that the suppressed wild type is also slightly
inhibited in its growtlh as compared with wild
type. These findings suggest that the suppressot
alfects the cell deleteriously, in addition to causing
suppression of the tryptophan requirement. The
suppressed mutant still accumulates indoleglyc-
erol and anthranilic acid in its culture filtrate.
indicating that an enzymatic defect still exists in
the tryptophan pathway (Table 1).

En:Yine stildies. The three reactions of trypto-
phan synthetase are catalyzed in a fairly constant
ratio, during initial stages of purification. A dis-
parity in the ratio of reactions I to 2 from that
normally observed in partially purified wild-type
extracts is used as one indication of the presence
of an altered protein in the presence of wild-type
enzyme (Table 2). A ratio well below the normal
0.5 indicates eithet- the presence of td201-type
mutant enzyme in the presence of wild-type en-
zyme or an altered enzyme whichi caLtalyzes the
two reactions in an unusual ratio. The suppressed
mutant is found to contain a small amount of
wild-type aLctivity, InGP -- tryptophan; however,

TABLL 1. Growth anld a1ccimiiuIla tioni prodhucts of
progeny1, of td120lsi2-6 X w1ill tv/pe c(osS

Wild-type
growth (C)on Acmlto

indicated Accumulation'
rne(liunm

>train __

Minimal IAtlraMlini- + Indolec
mal tmypto- glycerol In(lolcl nilic

plan T ~~~~~aci(l

td2Ol 0 100 + - +
td2O1 su2-6 . 15 80 + - +
Wild type (WT) 100 100 - -
WTsu2-6.(90 90 - -

,1 AccuLmnulationis after growth in miniml-al me-
dium except for td2O1 wlhich was grown in minimal
medium plus tryptophan; + = presenice; -
absence.
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ALTERED PROTEIN FORMATION IN SUPPRESSION

the indole -- tryptophan activity is far in excess
of what would be expected if only wild-type pro-
tein were present. This can be accounted for, as
indicated, either by the presence of td2O1 altered
protein in the suppressed mutant, in addition to a

TABLE 2. EnzYime activities of partially purified
extracts

Activity (units/mg of protein)a

Strain
InGl' -Trj In Trp InGP -. In Ratio

() (3) (1/2)

Wild type (WT).. 0.36 0.72 0.063 0.5
WTsu2-6. 1.14 2.42 0.15 0.47
td201.... 0.0 7.9 0.0 0
td201su2-6 ...... 0.044 4. 3 0.004 0.01

a A specific activity of 250 for reaction 2 has
been reported for the pure enzyme (9). InGP =

indoleglycerol-3-phosphate; Trp = tryptophan;
In= indole.
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"wild-type-like" protein, or by the presence of an
altered wild-type protein that catalyzes the two
reactions in an unusual ratio. The amount of
InGP - indole activity found is what would nor-
mally be expected from the InGP - tryptophan
activity present. The possibility that the mutant
strain or the suppressed mutant strain produced
an inhibitor of wild-type enzyme was tested by
assaying mixtures of extracts of wild type with
the two mutant strains. The presence of enzyme-
inhibiting material would explain the low wild-
type activity observed in the suppressed mutant,
but the data indicate that no appreciable amount
of enzyme-inhibiting material was present in any
of the extracts.
En: mine stability studies. The thermostability

of the enzyme activities was compared. Extracts
of the four strains in solutions containing approxi-
mately equal concentrations of protein were heated
at 60 C, and samples were assayed for residual ac-
tivity in reactions 1 and 2 after varying periods of
time (Fig. 1). The InGP - tryptophan activity

B

10

MINUTES MINUTES

FIG. 1. Stability of extracts /fvariouis strains to heatinzg at 60 C. At variouts times, samiiples were assayed from
tiubes containing the extiracts, 1.0 mi7g of bovinie seru(m albumini per nml, 0.1 m1 KPO4 blaffer (pH 7.8), 10-4 M pyri-
doxal phosphate, andcl 10-2 V1 ethi leniediaminietetraciacetate. In A, samples wvere assayved at variouis tim7les by use of
r-eactionI 2; in B, samples were assayed by uise of reactioni 1. Symbols: 0, wild type; 0, WTsO2-6; A, td201
A, td2Olsu2-6. The filIal proteit conicentrationt of the extracts per milliliter ini the fintal heatinlg mixture variecl from
0.2 ing for the wild-type extract to 0.02 mg fin the td201 extracct.
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was aIppreciaibly moIe thermostable in the sup-
pressed mutaint than in the wild type, suggesting
that this activity in the suppr-essed strain is
aissociated with an enzyme physicaLlly dissimilalr
to wild-type enzyme. The indole - tryptophan
aLctivity in td2Olsu2-6 waIs aLlso appreciably more
thermostable than that of the wild type; it waLs, in
faLct, similar in thermostability to the td2(1 pro-
tein. The two enzyme activities in wild type su2-6
were also more ther-mostaLble than thalt found in
the wild type, althouglh less so than those found
in either of the mnutant str-ains. The possibility
that the thermolability of the wild-type extract
was due to the production of an enzyme inhibitor
during heaLting was tested by assaying mixtures
of heated and unheaLted extr-acts and by assaying
valrious heated mixtures. The data in Table 3
indicate that the observed inhibitions do not ac-
count for the results of stability studies.
When compared in their stability to changes

in /)H and storaLge at 4 C (Table 4), it was tound
thalt the enzyme activity in extracts of the sup-

TABILE 3. Effects o/ Ih(etilig o01 tih en:1ne(ywtic tirity
OJflii.Xtures Of e.X-trac ts

Percentage of
E'xtracts ~~~~~~~ext-ecctedlxtracts reaction 2

act vitvi

td2O1 heaited' + wild typC uLilleatec 86
td2Olsu2-6 hlcated + wild t) pC unll-

heated 84
Wild type heacted + wild ty e tnL--

heated..............0...........(
Extracts heated togetiher lor 20 mill
Wild type + td2 2 1.1)0
Wild type + td2OSU2-6.- 1)00
Wild type + WTSU2-6 80

The percenitage of expected activity is thc ac-
tivity observed in the mixture multiplied by 1(N)
divided by the sum ol the activities of the individ-
ual extracts treated as inidicated. The heatinig was
carried out uinder conlditions inidicated in Fig. 1.

I The extracts were hieated separately for 20nmiin
at 60 C, theni mixed With ulillneated extracts aiid as-
sayed.

pressed mutant strain again ditfered mnarkedly
from thewild-type enzyme. This further- supports
the contention that the wild-type enzyme activity
in the suppressed strain is associated with a pro-
tein physically diffeerent from the wild-type en-
zyme.

Iaiiuiiiiiiologicil studblies. Previous wor-k has
slhown that the enzymiie of straini td2Ol is as en-
zymatically active in reaction 2 as wild-type en-
zyme, per unit of aLntigen. This waLs determined
by slhowing thalt a given anti-TS-ase serumii hals an
equal potency to inactivate the enzyme activity
in extracts of both (15). Anti-TSase ser-umii was

less effective in neutralizing the recaction 2 activity
of the suppressed mutant than the saLme activity
in eitlher wild-type or td2Ol extracts (Table 5).
This decrease in sensitivity to neutralization by
antiserum indicates the presence of a protein in
td2Olsu2-6 that is active antigenically but not en-
zymatically; e.g., it differs from the enzymatically
active altered protein of td2Ol or the wild-type
enzyme. This CRM represenits eithet- an enzymat-
ically inactive protein formed in the suppr-essed
mutaLnt as a result of the suppressor- activity or an
enzymatically Cactive protein possessing a lower
indole tryptophan activity per- unit of antigen

TABLI 5 Serologicall/v cIoss-7c(ctillg 171tIneriul
'CRAi) fmnaioi'

i(lo1 -- trypitophanUllits'I- ofproteir
F,xtract

Wildl txpc
.. ..

0.72 0.0
WTsuL -6 2..7 0().3

tO20(l ...............8.... .4 0.0
Ld O, s I4

td2O lSLi2 -6 - -3.0
- The unlitS of CRM arc deterineillvd fromil the

percentaige of enzyme activity nleutralized by a
given quanitity of antiserumas compred with its
etfectiveniess against wild type. e.g.. the aniti-
TSase seruIm is only 90c" etfective in 1Leutralizing
the reactioni 2 activity in extracts of WTsU2-6,
thls, there is 10( CRM in this extract.

TA13LE 4. Relative stahbilitie.e o01 (n1civ7C activity of)/ wild-tvpea(ndt/ .suppres.tedCsll''iV.c

Inactivation

trreatlent i-tRaction 1 (intoleglycerol-3-tihosi Irate 1-tactici -mimiclol V Vtn\t( alt-
tryptoplian)

Wild type td2Olsu2-s) \Tsu2-t) W-ildl type td2lstVu2-f) EV>nFu-2

Treated with I N acetic acid (pH 4.5 I
antd neutralized..................

Stored for 18 hr at 4 C............
15 75
5o 255

45 37 100 25)

)90 18 0)

1 866 J. B,e il-RIOL.



ALTERED I'ROTEIN FORMATION IN SUPl'IRESSION

than the wild-type enzyme. The small aniount of
CRM found in WTsu2-6 suggests that an altered
proteii is 'also fornmed in this strain.

DISCUSSION

The datca pr-esented establislh that the physio-
logically important terminal reaction in trypto-
phan biosynthesis in N. crassa, the conversion of
InGP to tryptophan, is restored in td2O0 as al
result of a suppressor mutation. This suppressor
mutation is also apparently responsible for the
inhibition of growth noted in the suppressed
strain. Although the inhibition can be attributed,
in part, to the small amount of wild-type enzyme
activity present in these strains, the failure of
tryptophan to restore normal growth is indica-
tive thaLt the alleviation of the tryptophan require-
ment of the cells by the formcation of active TSase
is not the only effect of the suppressoi mutation.
The fact that the mutated tdi locus is unlinked

to the suppressor- gene (17) supports the hypothe-
sis thaLt the suppressor activity occurs through the
cytoplasnm, probably in the translation apparatus
of the cell. It has been proposed that 'mistakes"
in trianslation could result firomii altered tRNA
molecules or amino acyl synthetaLses (1, 2) or
mutationally altered ribosomes (6). Recently,
studies withl extracts from two suppressed TSase
A-protein mutants of E. coli haive implicated
altered tRNA molecules in the mechalnism of sup-
pression (5, 10). In each case, the suppressor ac-
tion resulted in a substitution of one amino acid
for anotlher during the translation process, e.g.,
alg gly in one mutant and cys - gly in the
second. In vitr'o studies showed that the extracts
of eachi suppressed mutant were able to incorpo-
raLte glycine into trichloroacetic acid-insoluble
material by use of templates whichi normaLlly code
for arginine and cysteine, respectively. It is im-
plicit in the meclhanisms proposed thalt the sup-
pressor action is specific for a given codon. The
substitutions which occurred resulted in wild-type
enzymes.

In this study, the wild-type activity in the sup-
pressed mutant, td201su2-6, is associated with a
protein physically dissimilar- to the wild-type
enzyme. It seems likely, therefore, thalt the activity
in the td2O0 mutant was restored either- by al sec-
ond-site amino aLcid chalnge in the td2Ol altered
proteini or by substitution of an amino acid at the
primar-y site of change that is normnally not pres-
ent at that site in the wild-type protein. Such
amino acid changes have been slhown to be able
to restor-e enzyme activity in an altered protein
without restor-ing the normal amino acid se-
quence (11, 12). Not all of these types of sub-
stitutions might be expected to restor-e activity to
aLn altered enzyme; in faLct, it is likely that in many

cases it might result in a furtlher- ailtered protein,
e.g., the altered td proteins in the suppressed mu-
tant, or in an inactivation of normal enzyme, e.g.,
the CRM in the suppressed wild type. Inactiva-
tion of many normal enzymes in a cell is probably
the reason for the growtlh inhibition, obser-ved in
the suppr-essed strains, that cannot be overcomiie
by tryptophan supplementation.

Previous studies have slhown that two groups
of nonallelic suppressor- mutations, Sul and Su:,
are effective in restoring wild-type enzyme activity
in td201 (24-26). In each case, no difteerences
could be observed b7etween the enzyme formed in
the suppressed mutaant and the wild-type enzyme.
Growth inhibition in minimal media was ob-
served with Su3 strains, but, although tryptophlan
could not overcome this inhibition completely,
the suppressed mutants grew well on a nutri-
tionally complete medium. The suppressor used
in the present study has been shown to be non-
allelic with those previously studied, althouglh
linked to Su1 (17; St. Lawrence, unpublished
data). It is, therefore, apparent that several possi-
bilities exist by whichi suppression can correct the
missense substitution in the td201 altered protein.
It is likely that we aire dealing with mutations
which may be afl'ecting similar or different compo-
nents of the translation process, e.g., ribosomes,
aminoacyl synthetaLses, or tRNA molecules. At
present, we have not distinguished among these
pOSSibilities in this system.

ACKNOWLEDGNIENTS
This investigationi was supported by Public Healtl

Service grant Al 04713 from the Institute of Allergy
and Infectious Diseases.

The author is deeply indebted to P. St. Lawrenice
for the Neurospora strains used in this study, and for
maniy helpful discussions regarding the work.

LITERIATURE CITED
1. BENZER, S., AND S. P3. CHANIPE. 1962. A clhanige

from nonisense to sense in the genetic code.
Proc. Natl. Acad. Sci. U.S. 48:1114-1121.

2. BRODY, S., AND C. YANOFSKY. 1963. Suppressor
gene alteration of' protein primary structure.
Proc. Natl. Acad. Sci. U.S. 50:9-16.

3. BURNS, R. O., AND R. D. DEMOSS. 1962. P'rop-
erties of tryptophaniase from Escherichia coli.
Biochinil. Biophys. Acta 65:233-244.

4. CAPLCCHI, M. R., AND G. N. GussIN. 1965. SuIp-
pression in vitro: Idenitification of a serinie
s-RNA as a 'nonlsenIse" suppressor. Science
149:417 4"2.

5. CARBON, J., P). BERG, AND C. YANOFSKY. 1966.
Studies of missen.se suppressioni of the trypto-
phan synlethetase A-protein mutant A36. Proc.
Natl. Acad. Sci. U.S. 56:764-771.

6. DAVIES, J., W. GILBEIRT, AND L. GORINI. 1964.
Streptomyciln, suppressioni and the code. P'roc.
NatI. Acad. Sci. U.S. 51:883-890.

Vol.. ') * 19'3(7 1 867



RACHM ELER

7. DEMOSS, J. A. 1962. Studies on the meclhaniism of
the tryptophan synthetase reaction. Biochim.
Biophys. Acta 62:279-293.

8. ENGELHARDT, D. L., R. E. WEIBSIFR, R. C. WIL-
HELM, AND N. D. ZINDER. 1965. In vitro studies
on the mechanism of suppressionl of a nionsense
mutation. Proc. Natl. Acad. Sci. U.S. 54:1791-
1797.

9. ENSIGN, S., S. KAPLAN, AND D. M. BONNER.
1964. Purification and partial characterization
of tryptophan synthetase from <zNelirospora
crassa. Biochim. Biophys. Acta 81:357-366.

10. GUPTA, N. K., AND H. G. KHORANA. 1966.
Missense suppression of the trVptophan syn-
thetase A-protein mutant A78. 1'roc. Nati.
Acad. Sci. U.S. 56:772-779.

1 1. HELINSKI, D. R., AND C. YANOFSKY. 1963. A
genetic and biochemical analysis of second
site reversion. J. Biol. Chem. 238:1043-1048.

12. HENNING , U., AND C. YANOFSKY 1962. Amino
acid replacements associatecl with reversion
and recombination within a genie. Proc. Natl.
Acad. Sci. U.S. 48:1497-1504.

13. LOWRY, 0. H., N. J. ROSEBROUC,II, A. L. FARR,
AND R. J. RANDALL. 1951. Protein measure-
ment with the Folin phenol reagent. J. Biol.
Chem. 193:265-275.

14. MOHLER, W., AND S. R. SUSKIND). 1960. The simn-
ilar properties of tryptophan synthetase and a
mutationally altered enzyme in .V. cr-aiss(a.
Biochim. Bioplhys. Acta 43:288-299.

15. RACHMELER, M., AND C. YANOFSKY. 1961. Bio-
chemical, immunological and genetic studies
with a new type of tryptophan synthetase
mutant ot Neurospora cras.sa. .1. Bacteriol.
81:955-963.

16. RYAN, F. J. 1950. Selected methods of Neuro-
spora genetics. Methods Med. Res. 3:51-75.

17. ST. LAWRENCE, 1'.. R. NAISH, ANt) B. BUIRR. 1965.
The action of suppressors ofl a tr\ ptophan
synthetase mutanit of Neurospora in hetero-
caryons. Biochem. Biophys. Res. C'omLnuI.
18 :868- 876.

18. SUSKIND, S. R. 1957. Proper-ttes ot a lprotein
antigenically related to try-ptophan s-nthetase
ill Neurosypora crassa. J. Bacteriol. 74:308-318.

19. VOGEL, H. J. 1964. Distribution1 of lysine path-
ways among fungi: evolutionary implications.
Am. Naturalist 98:435-446.

2'). VOGEL, H. J., AND D. M. BoNNLR. 1956. Acet\l-
ornithlinlase of Esc/erichia coli: partial purifica-
tioIn and somile properties. J.'Biol. Clhemii. 218:
97-106.

21. WESTERGAARD, M., AND H. K. \VIIFCHELI-. 1947.
Neurospora. V. A synthetic medium tavoring
sexual reproductioni. Am. J. Botanv 34:573-
577.

22. YANOFSKY, C. 1955. Tryptophan synthetase froIm1
\Aeuro,Spora p. 233-238. Ili S. '. Colowick
and N. 0. Kaplani [ed.], Metlhods in enzym-lol-
ogy, vol. 2. Academic Press. Inc., Nexx York.

'3 YANOFSKY, C. 1956. The enzymatic conversion of
antlhranilic acid to indole. J. Biol. Chem. 223:
17 1-184.

24. YOURNO, J. D., C. JUHALA, AN) S. R. SUSKIND.
1966. Nonallelic suppressors ot' a Neurospora
tryptophan synthetase m11Utatnt Gen1etics 53:
437-444.

25. YOURNO, J., AND S. R. SUSKIND. !1964. Suppressor
gene action in the tryptophan synthetase sys-
tem of Neurospora cr-asso. 1. Genetic studJies.
Genetics 50:803-816.

26. YOURNO, J., AND S. R. SUSKIND. 1964. Suppressor
gene action in the tryptophan svnthetase sys-
tem of Neuraosora crassa. I I. Biochetnical
studies. Genetics 50:817-828.

1868 l B,,,' ILhRI()1,.


