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THE BEHAVIOR OF AMIDOHYDROLASES AND 

L-GLUTAMATE IN SYNCHRONIZED POPULATIONS 

OF BLASTOCLADIELLA EMERSONII 
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Department of Botany and Plant Pathology, Michigan State University, East Lansing, Michigan 

(Recefwd 31 July 1964) 

Ah&met-The adivities of L-glutamine amidohydrolase, L-aspamgine amidohydrolase, and an apparently 
new enzyme, Dglutamine amidohydrolase, were detected in extracts of the aquatic Phycomycete, Bhstocla- 
dielh emersonii. The dutamine amidohydrolase was very unstable in frozen cells, as much as 60 per cent 
beii lost in 4 days and essentially all of it in Zweeks, while only 20 per cent of the ~-glutamine amidohydrolase 
was denatured during the latter time. L-Aspamg& amidohydrolase was stable under these conditions. The 
total activity per cell of the o-amidohydrolase remained more or less stationary during ontogeny, but both of 
the L-amidohydrolases increased many fold to maximum levels at 98 per cent of the cell’s generation time, and 
then decreased again just hefore sporogenesis. Duriig this last stage in cell development, gh&unic acid-l<: 
was rapidly consumed. The 1% derived therefrom was incorporated extensively into protein, but very little 
of it equilibrated with the cell’s water-soluble, free, amino acid pool and various other cell components. The 
relationship between sporogenesis and certain aspects of nitrogen metabolism in B. emersonii was dimmed 
in the light of these results. 

INTRODUCXION 

STUDIES of amino acid metabolism in Blastocladiella emersonii have revealed the presence of 
three enzymes involved in the decomposition of amino acid amides. The ordinary colorless 
(OC) cells of this aquatic Phycomycete possess an L-asparaginase (L-asparagine amidohydro- 
lase, E.C. 3.X1.1.), an L-glutaminase (L-glutamine amidohydrolase, E.C. 3.5.1.2.) and, in 
addition, a D-glutaminase (D-glutamine amidohydrolase, E.C. 3.5.1.a). These three amido- 
hydrolases are of the Type I variety;’ i.e., they do not require an oxo-acid acceptor for 
release of ammonia. As far as we are aware, this is the first report on the occurrence and 
activity of D-glutaminase. 

L-Glutaminase appears to be ubiquitous, and it has been assigned various metabolic 
roles in plants, micro-organisms, and animals. Comprehensive reviews on glutamine and 
glutaminases have appeared, notably those by Meister l and R~berts;~ the latter has also 
dealt with L-asparagine and the occurrence and distribution of L-asparaginase. And yet, 
reports on the presence of L-glutaminase in fungi have been surprisingly rare, even though the 
enzyme was detected in Neurospora crassa some ten years ago (Tanenbaum et aL3). It has 
occasionally been reported in yeasts;4 among these, Saccharomyces cerevisiae and the yeast- 
like Candida utilis possess demonstrable L-glutaminase activity.5 On the other hand, L- 

asparaginase activity has been found in Piricularia oryzae, Aspergillus niger, and species of 

l Present Address: Department of Botany, University of North Caroliia, Chapel Hill, N.C. 

IA. MEISIFK, Biochewu%ry of rhe Amino Acti, Academic Pnss, New York (1957). 
3 E. Roaaa?s, in llre Enzymes, Vol. 4, p. 285, Academic Press, New York (1960). 
~S.W.TANENBA UM, L. GARNJO~~~ and E. L. TATUM, Am. J. Botmy 41,484 (1954). 
* C. A. Z~ITLE, in l%e kvmes. Vol. 1, Part 2, p. 922, Academic Press, New York (1951). 
’ A. D~MNAS, unpublished data. 
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Pe’elticillium umi Alicrosporunt (Cochrune “1, in Rlkopus rrtgricutts.- and in yeasts.‘- 5 All three 

amidohydrolases have also been detected 5 in 3 new species R of Bltrstoc~lrtJ~elJ~t. B. hritctturit tt. 

In the following report. we have dewribed the behavior of these amidohydrolases at 

\urIous stages in ontogeny of synchronous. hingle-generation populations of OC cell\ ol 

B. entersonii. Emphasis hub been placed on the uptake. distribution. utilization. and ultlmatc 
disposition of I.-glutnmic acid. the deamidution product of I.-glutamine. Pwticular nttcntion 

ha\ been given to the termrnal stages in the hfe cycle of the orgnniw- -i.e. from + 75- IO0 
per cent of its generation time (GT) so ;I\ to obtain home inslght into po\Gblc relationhhlph 

between nitrogen metabolism and spore formatlnn. t inall\. NC ha\< tilw d~w.~wxl the 

present status of certain aspects of amino acid metabolism in B. wtcr.wtttt. A preliminq 

abstract of this work hnq been presented elrew here.” 

RESULTS 

It has been observed ‘” that enzymes of urginine metabolism in B. entersottii. N hen stored 
either in frozen whole-cell mats or cell-free preparations. Uere quite labile. WC therefore 
extended these investigations of enzyme instability to Include the umidohydrola>e\. The 

1 

FIG. I. -t-Ill ( Il\h(,F IL SPIC ItIC ,\\CIXVlIY OF I.-.~SPAR~C~I\ASE. L-GI.1’1 \‘.IIN\Sl \SD l)-t,l l:T4\11\.\\1 

DFHIVtl) bHOXI (JC ( I I LS Uk 8. C/M’/ Wf/iHHl(‘H H&D BEEN GROWh ‘IO I L LI GT \\I)‘IHIP 1 HO71 \ FOK 

Dll I ERrhT I’PKIODS Of TIW HI ~OHI HOWY;l VI7 \Tlclh. 

results (Fig. 1) revealed that D-glutaminase was the most unstable in frozen intact cells; 
almost 100 per cent of it was denatured after I.3 da)\ ofsrorngc ;11 --S . III later studies. \ve 
found thut as much 15 60 per cent of it was lost after onl? -I clrl~\. I.-(ilutamin~~~~. on the other 

‘* V. W. CO(‘HlL\hE, f/~~~~io/uy~~ O/ fu~~,q. John Wiley. NW t ark t IMP). 
_ J. CHITKY, Spiq Lc%aidi filli. Muwf tsh C’frrv. 22. 1 (1948) 
’ E. A. HOREXSTLIN and E C Cs\rriw. J. Bwr. 84.37 ( 1963. 
y A. tbhN4Y and E. C. C a IIW. P/turf Pl~~wd (suppl.) 38. iv (I 963). 

I” A. Dohf\h\ and 1.. c. C’.\h I 190. ~it~chi~l. Rio/dw> .-lcru (In pms)). 
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hand, displayed a perceptible but much slower rate of denaturation; sign&ant activity 
remained even after 21 days of storage. This, together with the effects of freezing and thawing 
(Table l), suggests that the hydrolytic activity of extracts on n-glutamine is due to a distinct 
enzyme. As for L-asparaginase, no sign&ant loss was detected in intact cells frozen for this 
same period of time. Cell-free homogenates prepared in water, and in buffers with and with- 
out sucrose, rapidly lost activity when frozen; they were devoid of all amidohydrolase activity 
after 5 days of storage. Successive freezing and thawing also hastened denaturation. In 
addition, dialysis against water and potassium glutamate had deleterious effects (see Table 1 
for representative experiments). Attempts were also made to increase the specific activities 
of the Gamidohydrolases in cell-free extracts by fractional precipitations with ethanol, 
n-butanol, BaC12, Na2S04, and (NH&S04, separations on DEAE-cellulose columns, and 

TABLE 1. I%FECTS OF VARIOUS TREATMENTS ON THE ACllVlTY OF L-ASPARACINASE, 
L-GLUTAMINASJJ, AND D-GLUTAMINASS IN CELL-FREE PRJIPARATIONS 

Treatment 
Speciiic activity GA4 NH,/hr/mg protein) 

L-ASparaginfw L-GllltaminaSe D-GlutaminaSe 

Crude homogenate* 
Frozen, thawed x 1 
Frozen, thawed x 2 

Cnxk homogenatet 
Frozen, thawed x 3 
Frozen, thawed x 4 

Crude homogenate, 
lyophik4i 

Du=d$ 
Undialy-zed control 

(18 hr at 4”) 

055 0.62 0.21 
trace 0.20 0.17 
0 0 0 

0.57 o-37 
0.30 0.27 ;:g 
0.13 0.17 006 

0.33 0.36 0.11 

8.33 :.zo : 

crude supematants 046 0.37 - 
Diab@l 0 0 - 

* In phosphate buffer, @l M, pH 745. 
t prepared in 1 M swrose:O~l M phosphate (1 :l), pH 6.95. 
$ Dialyzed 18 hr against @l M potassium glutamate, pH 70 at 4”. 
9 Homogenizd in 1 M sucrose and centrifu@ at 32,ooO g. 40 min at 4”. 
11 Dialyzed 18 hr against water at 4”. 

homogenizations and dialysis with borateacetamide buffers ; increased specific activities 
were not achieved. Because of these and other observations, we were unable to devise satis- 
factory procedures for maintaining adequate quantities of crude material long enough to 
partially purify these enzymes. As a consequence of their cold lability, all extracts were 
worked up and assayed for enzyme activity within 6 hr of cell harvests. 

Behavior of Amiabhydrolases during Ontogeny 

Figure 2 illustrates the behavior of amidohydrolases during the late stages in the develop 
ment of OC cells. Data for zero per cent GT are shown as a point of reference; i.e. the spore 
itself contained measurable quantities of both D- and L-glutaminase, but very low levels of 
casparaginase. The specific activity of D-glutaminase reached its maximum at 95 per cent 
GT, whereas maxima for L-asparaginase and rglutaminase appeared at - 99 per cent GT. 
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A common feature was the decrease in specific activities of all enzymes just before GT- 
a quality also characteristic of L-omithine transcarbamylase and ~-arginase~~~ When 

spedic activities were converted to total units of activity per cell, a different picture 
emerged (Fig. 3). 

Uptake of Glutamic Acid 

Uptake of glutamic acid-U-i% from the medium (Fig. 4, curve I) consisted of three 
phases : (a), an initial phase, to N 35 per cent of GT, characterized by no uptake of glutamate ; 
(b), a second phase, corresponding to the interval between N 35 and 95 per cent of GT, with 
gradual uptake of label; and (c), a phase corresponding to N 95-100 per cent of GT, with 
very rapid uptake of label. During this last, very short phase in the life history, the cells took 

0 

Gonsmtbn time, K 

Fro. 4. THE PATTERN FOR NET DL3APPEARANCE OF ru~~o~cnvn~ FRm THE GROWTH MEDIUM AT 

DIFFERENT STAGE!3 IN THE ONTODENY OF m CELLS FED 10 /MXJlWS OF DLUTAMlC ACID-u-c! THROUGH- 
OUT THEIR GENERATION TIME. 

Curve I, 3.56 x 10s cells per ml of medium; Curve II, 2.9 x 106 cells per ml of medium. 

up 3800 counts per minute (counts/min.)/ml of medium as opposed to 5450 counts/min./ml 
for the much (1Zfold) longer gradual phase. It is perhaps self-evident but, none the less, 
important to emphasize that the nature of an uptake curve of this sort is dependent upon 
population density. For example, the rapid uptake of label at the end of the generation time 
was lost when the medium was overloaded with cells of B. emersonii. This is illustrated by 
curve II in Fig. 4, where it can be seen that uptake of glutamic acid-UJ4C by an abnormally 
heavy population took place somewhat more rapidly and resulted in earlier depletion of 
radioactivity in the medium. 

Intracellular Distribution of Lube1 

The data delineated in Fig. 5 illustrate the rise in the soluble amino acid pool per cell 
which occurred during the life cycle of the organism; a maximum level was reached at 



5 95 per cent of GT. The sharp rise m the intracellular pool of holuhle amino acids (including 
non-protein nitrogen compounds) occurred between X9 and 93 per cent of GT and. once 

again. thii was follolved by a decreabc just prior to the formation and reIc;w of spore\. 

During uptake of glutamic ucid-U-‘JC. the xcumulation of ttltitl intruccllulnr raiioxti\ it> 

reached it ln~~~imunl at ‘c 90 per cent of GT. This pcuh did ni)t coincide with that titr 

accumulation of ninhpdn!l-positive material. Durjng this x~mc pcrl,d of’ time. lahcl \I&\ 

rapidly incorporated into the trichloroclcetic acid (TCA)-insoluble matenal found 111 hlph- 
speed supernatants of these cell\: it appeared us if incorporution ~)f lahel 111111 protein hr‘g~m 

quite early tn the life cycle of the org;lnism. starting at trust by -10-60 psr cent of it\ GT. 
Cells which had been fed glutamic ;tcid-U-‘JC \\erc frxtictn:tted axording to established 

procedures iTable 2). Half of the radioactivity wa\ ltxxted m the wluhle protein of the 

supernatant fraction. But. III contrat to results I” obtumed \\ith arginine-lJC. u \cr> Iargc 
portion (36 per cent) of the radioactivity \~as found in particulate and c~therH]se-in~olublc 

niattcr. 

Cells litbcled with glutamic acid-U- “C \cere 4~) processed fn it wme~hat different 
manner in order to obtain $1 more detarled fr~ct~on~iti~~n oftheir contents Icxplnnatq nota. 
Table 3). By this procedure. almost all of the “C in the TCA-soluble fraction \\a> found to 
be readily holuble in ethyl ether: wluhle polys;tcchande. free wgar\ rind. III particular. fret 
:tmino acidc were not signiiicuntly labeled (Table 3). The major portion (70 per cent) cjf the 
rsdioacti\itx resided in the TC.4-mwlublc matcriuf. in good agreement \\ith the result4 in 
Table 2. It is ektdent that most of the gtutctmic acid had been incorporated into protein. A 
significant fraction of the tot31 count in the TCA-insoluble matter. htwaer. \ca alwh4 
soluble. possibly suggesting that labeled glutamate had been ccwcrtcd to Ilpld moietic3 (11 
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TABLET. ~UT~ONO~'RADIOACI'MTY INMATUREOC 

cmJsFEDIABEmD CiLIl-WMATIP 

Fraction 

Total W in 
counts/min whole homogenate 

(x10-3) (%I 

Whole homogenatet 92.8 

Supematant 46.8 
Pellet 33.5 
TCA-soluble compoundsz 13.9 

49.7 
35.6 
14.7 

l 435 x 109 cells in 1500 ml of growth mediumte containing 20 
~curies of glutamic acid-U-W were grown from O-100 per cent 
GT at 24”. 

t Cells were homogenized in OM5 M NaCl in an ice bath and 
centrifuged at 34,OOOg at - 5” for 1 hr to yield supematant and pellet. 

$ TCA-soluble fraction was derived from supematant by mixing 
withanequalvolumeof120,/,TCAinthecoldforl5minandthen 
centrifuging. 

TABIX~. DISIRIBWIIONOPRADIOACIIWW INMATuREOCCEllSmD 
LABJXEDOLUTAMATE* 

Fraction Total W in whole homogenate(O/@ 

TCA-insolublet 
DNA 
RNA 
Chitin 
Ethanol-soluble compounds 
Protein (and other TCA insoluble material) 

Total TCA-insoluble material 
TCA-solublet 

Soluble polysaccharide 
Carbonyl compounds 
Amino acids and sugars 
Ether-soluble compounds 

Total TCA-soluble material 

::: 

2-o 
la.7 
704 
93.3 

:f 
0.2 
5.7 
6.7 

* Cells grown as described in Table 2. 
t Cells homogenized in water at 1”. Part of homogenate was treated with an 

equal volume of cold 20 % TCA, centrifuged at 12,ooO g for 10 min at 2’ and the 
TCA-insoL fraction assayed for RNA,11 DNA,” chitin,t~ and ethanol-sol. 
components (Le., dissolved by three successive extractions with 5 vols 100% 
ethanol). 

$ Part of the TCA-sol. fraction was analyzed for polysaccharide.13 Ether-sol. 
compounds were removed by four succemk extractions with 5 vols ethyl ether. 
Amino acids and sugars in both ether-sol. and ether&sol. fractions were chroma- 
tographed in one dimension (Whatman No. 1) with n-propanolxmmonium 
hydroxkkwater (6:3:1); carbonyl compounds were converted to their 2,4- 
dinitrophenylhydrazones and chromatographed with various solvents14 

rt E. C. CANTWO, P/~yrochem. 1,107 (1961). 
tr J. S. Lovarr and E. C. CANTINO. Am. J. Botany 47,550 (1960). 
13 E. C. CANTINO and A. GOLLXIEW, Arch. Mikrobiol. 39,43 (l%l). 
14 H. D. MdkJRDY and E. C. CANTINO, i'kmt Physiof. 35,463 (196@. 
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some kind. The distribution of radioactivity in proteins of cell-free extracts was also estab- 
lished with the techniques lo used previously for studies with arginine-“C. A nucleic ncid- 
protein pattern typical of extracts of B. emersmri was obtained (Fig. 6). Radioautography of 
acid hydroiysates of whole ceils. pre-extracted with hot water and wa\hed. revealed that 
label resided wholly in giutnmic and aspartic acids. 

%oteln, lo IO 7 mg 

\ 
Protem 

t 

Nuclecc ocld. x2 
\ 
;*.. . 

Tubs number 

t_-Glutamine participates in many reactions, among the more Important bcmg tho?tc 
mvoived in transaminations and in purine and giucosnmine biosynthesis. The prcscnce 01 
an t_-giutaminase has generally been invohed, if not explained. ;IS a control dcvicc \vhich 
functions to destroy t.-giutnmine. or to create more L-giutamic acid and ammnn~a, or both. 
:tccording to the presumed requtremcnt:, of the ceil. 

Our data shot\ that both the specific activittes and the total nctisities.‘ccii of amtdohldro- 
iases rise as the ceil approaches the end of its life history. It 15 instructive to compare the 
data for the period preceding 95 per cent of GT \vith those for the period between 95 and 99 
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per cent of GT, the latter being the period just preceding spore formation. Between 88 and 
95 per cent of GT, the total ~~uta~nase~~ll rose about 35 per cent over its preceding level ; 
the specific activity of this enyme also rose about 35 per cent. Thus, if enxyme activity was 
proportional to enzyme protein, it seemed as ifenxyme protein per cell was increasing at about 
the same rate as total protein per cell. However, during this time period, the total r_-aspara- 
ginase per cell increased about two-fold, but its specific activity rose only w 17 per cent. In 
this case, therefore, enzyme protein per cell appeared to be rising at one-fifth or less of the 
rate for total protein per cell. 

The above can be contrasted with what happened between 95 and 99 per cent of GT; 
during this time, the total ~glutaminase per celI actually dropped about 13 per cent, while 
its specific activity decreased approximately 67 per cent; thus, the total enzyme activity per 
cell apparently dropped sharply relative to the smaller change in protein per cell which occur- 
red. But, the Lasparaginase per cell continued to rise about 13 per cent, and its specific 
activity also rose about 11 per cent; therefore, in this case, the rise in total enzyme activity 
per cell was keeping pace with the rise in total protein per cell during the period immediately 
preceding sporogenesis. 

In any case, the rise in L-glutaminase activity could be interpreted to mean that this 
enzyme helps to meet a need for more glutamic acid, with a consequent release of ammonia. 
It is tempting to speculate that the L-glutamine required by an OC cell for r_-glucosamine 
synthesis is no longer needed by this time, in as much as the cell is not proceeding along its 
alternate developmental pathway l s which leads to a much thicker-walled, melanixed, 
resistant sporangial (RS) cell. Indeed, perhaps r.-glutaminase activity would be completely 
repressed ifthe organismwere inducedto proceed along this RS path, for it has been shown12si6 
that formation of RS cells involves greatly increased production of both chitin and glucosa- 
mine synthetase, the latter r~uiring~uta~ne as its substrate. This question will be answered 
when we have analyzed RS cells for r.-glutaminase at different stages in their development, as 
has been done here for OC cells. 

At the present time, we know of no role for n-glutamine in B. emmonii. But, since this 
amide is synthesized by L-glutamine synthetase,” its occurrence in nature can be expected. 
n-Glutamic acid is needed for construction of the cell walls of certain organisms,l+ la the 
fo~ation of certain peptides, lg etc. During ontogeny of B. etnemonii, the total units of 
nglutaminase per cell remained relatively constant; thus, perhaps no undue stress was laid 
upon this enzyme for increased production of D-glutamic acid and ammonia. But in any 
case, an explanation for the presence of D-glutaminase in B. emersonii will depend upon the 
elucidation of the nature of its requirement for D-glutamine. 

x.-Asparagine is distributed ubiquitously in nature, and it has been shown to be involved 
in transa~nati0n.l So far, however, it does not have roles in metabolism analogous to those 
of x.-glutamine. Heretofore, it has often been invoked as an agency for storing nitrogen. 
B. emersonii possesses a potent r.-asparaginase, and possibly its function is to produce L- 

aspartic acid needed for synthesis of protein and/or nucleic acid. An increased requirement 
for pyrimidines would bring about a demand for increased production of carbamyl aspartate; 

15 E. C. CA~O and J. S. Lovmr, Ad9mces fn Morpimgenesi3, Vol. 3, p. 33, Academic Press, New York 
(1964). 

*~J.S.L~~EIT~~~E.C.CA~N~, MycoiQ@ Jz, 338 (1960). 
17 L, Lm~mw and A. -,J. Am. Chcm. Sot. 75.3039 (1953). 
18 M. It. J. SAL’IDN, M&rob&l Ceil Wulls (CIBA Lcctur*l in Microbial Biochemistry), John Wiley, New York 

(1960). 
19 W. J. WUIAMS, J. Lnwm and C. B. THORN& 1. EM. Chm. 212,427 (1955). 
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in this connexion, the available data X) suggest that synthesis of thymine may be a rate- 
limiting factor for growth and nuclear reproduction by B. emrrsonii. and it ib also known” 

that nucleic acids are synthesized exponentially b) OC cell> during exponential growth. 
E\a]uation of this pos,ibi]ity will require knowledge about the behavior of 1 -carhamylaspar- 

tate transferate during growth: this is currently under investigation. Finally. since ammonia 
is liberated by this reaction, a portion of that released into the medium during growth (see 

Fig. 2) may hake been derived from the combined action of the amidohydrnlase\. The latter 

hale characteristics \imi]ar to those ofamidohydrolaseh described from other sources: the> 

are easily denatured. difficult to maintain. cold-labile. and hard to purl]) (cf. Altenbern anJ 

Housewright “). 
The many roles in which L-glutamate may be Involved Bill not be revie\\ed no\i. B. 

emerswtii does not grow without exogenous L-glutamic acid.‘3 It is apparent from our data 
that this amino acid is utilized extensively and quite rapidly for synthesis of protrim. The 
soluble material in hot-nater extracts of B. emersonii contained but very \mall quuntitleh of 

labeled amino acids. While the intracellular content of ninhydrin-posltite material peaked 
at 95 per cent of the cell’\ GT. these amino acids were not derived 10 any signiticant cstent 

from L-glutamic acid-L- 14C . The radioactivity in there extract\ was largely associated with 

unknown, heat-lablle. ether-extractable substances which were not amino acids. In contrast. 
the soluble proteins In the supernatants. and the proteins in the insoluble particulate\ were 
highly radioactive. Thuh. perhaps like the situation described by Steuard and Bid\\ell.‘J 

protein synthesis in B. emersnnii may occur at the expense of some small compnrtmentalizcd 

reservoirdistinct fromthe total intracellulnr”pooI”ofnminoacids. Chromutogram> rcveulrd 

that although glutamic acid was the principle “‘C-compound present In these labeled protein\ 

of B. emersonii. significant quantities of labeled aspartic acid \\cre nlco found. In partlcuklr. 
the presence of u\partic acid- 14C’ suggests that some I.-glutamic acid may hale been decom- . . 
posed via the tricarbox>lic acid cycle to yield o\nglutaric acid. Ho\\ever. the turnover rate 

for this reaction Hould then have had to have been very high since protein-free supernatants 
contained only vanishing]! small amounts of labeled o\o-compounds a\\ociotcd with the 

Krehs cycle. Thu\. just as in earlier experimentsZ5 where labeled intr:lcellular ouoglutnrute, 
succinate, fumarate. isocltrate. and malate apparently did not equilibrate quick11 \\ith 
glutamate and aspartatc. 30 in the present experiments. intracellular lahelcd glutami~te and 

arpartate did not seem to equilibrate readily with the cell’s pool of Krehs c>c]e intermedlatz$. 

Finally. it must be mentioned that little if any labeled prohne has found. III spite 01’ the fact 

that B. emersorlii contains abundant quantities of this acid. In fact. [hi\ ah\er\ation ral\cs 
the question of a different pathway for synthesis of proline 111 this fungus: alternati\rl~. of 
course. it ma); hc that B. twerrorlii has no large rcqulremcnt for prnhnc during the late stage> 

of it\ lift cycle. 
Finally. at this juncture. it 13 Important to re-cmphasizc the interesting obhcretition ma& 

in this study. as well as that in LI prcvlous report:‘” namely. that nearl) all the pantmeters \ve 
measured rose ta a pea!. at or near 95 per cent of GT. and then dccrea$od i\p\ln just hctbrc 

the end of GT. ]U th14 tin;11 drop rclntcd to the formatic>n crf zporc-\\;Ill mitterl;il. (11 the 

erenccs thcrsm. 
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incorporation of free amino acids into spore protein, and/or to a transformation of soluble 
protein into insoluble spore protein? In other words, is it a cause-or is it a consequence of- 
sporogenesis : the final, manifold division of the whole OC protoplast into its several hundred, 
uniflagellate, uninucleate, motile, uniquely organized26e27 spores, with all that this high 
degree of complexity entails 7 We suspect that, in part at least, it is the cause; as more infor- 
mation becomes available about this last critical phase in the life cycle of Blustocludielfu, we 
hope to obtain a definitive answer. 

EXPERIMENTAL 

Culture Methods 

Synchronous, single generation cultures of the fungus were started with filtered suspen- 
sions of motile spores and grown at 24” on Difco PYG media as previously described. lo 

Preparation of Cell-free Extracts and Measurement of Enzyme Activities 

Cells were homogenized in phosphate buffer, and extracts were derived therefrom by 
centrifugation as described previously. lo Asparaginase and glutaminase were assayed with 
0brink’s2* modification of Conway’s micro-diffusion technique, activity being determined 
by measurement of the ammonia released, using Nessler’s reagent according to Koch and 
M~Meelcin.~~ The end-products of amidohydrolase activity were identified by paper chroma- 
tography. Specific activity was deked as pmoles of ammonia produced per hr per mg protein 
at 36’, in a reaction mixture consisting of O-5 ml of O-1 M phosphate, pH 7.05, O-5 ml of 
supernatant, and O-5 ml of O-1 M substrate (asparagine or glutamine). Reaction time was 
60 min. Appropriate enzyme and substrate blanks were included. Protein was measured by 
the procedure of Lowry et aLjo Enzyme activities were converted to total enzyme per cell by 
multiplying specific activities by values for total soluble protein per cell, as previously 
described.12* 21 

Assay for Amntonia and Total Amino Acids 

Suitable portions of cell-free spent media were evaporated to dryness under vacuum in a 
flash evaporator at 40”. The residue was taken up in water, and ammonium salts were analy- 
zed with Nessler’s reagent as described above. Two methods were employed for determining 
total amino acids. The ninhydrin technique of Hagan and Rose” was used on hot-water 
extracts (30 min at 94“) of OC cells. For analyses of cell-free homogenates, the copper-salt 
modification of Spies 32 was employed. 

r.-Glutamic Acid-UJ4C Experiments 

Uptake of radioactivity, introduced as ~glutamic acid-UJ4C, was followed during growth 
by counting samples of filtered spent media. The distribution of radioactivity in various 
fractions of the cell (cf. Table 2) was determined by methods used previously;1o for the 

26 E. C. CANTINO, J. S. I_mm-r, L. V. LEAK and J. LYTHGOE, J. Gen. Microbiof. 31,393 (1%3). 
27 J. S. Lowm, J. Bacterial. 85, 1235 (1963). 
28 K. J. OBRINK, Biochem. J. 59,134 (1955). 
29 F. C. KOCH and T. L. MC~~KIN, J. Am. Chem. Sot. 46,2066 (1924. 
30 0. H. LOWRY, N. J. R~SBBROUOH, A. L. FARR and R J. RANDALL, J. Biol. Cbem. 193,265 (1951). 
31 P. 0. HAGAN and A. H. Rose, J. Gett. Microbial. 27,89 (1962). 
32 J. R. SPIB, J. Biol. Chem. 19565 (1952): see also Metboa? in fkzymology, Vol. 3, p. 474, Academic Press, 

New York (1957). 
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results reported in Tabte 3, however, fractionations for various categories of compounds 
were made according to other methods”--‘3 (see footnotes. Table 3). Radioactive samples 
were counted on planchets with a Tracerlab Versa ‘Mntic II scaler and an FDI-PI fiow 
counter or, when present on paper strips. with a Tracerlab 4x scanner. The I.-glutnmtc -l!-lJC 
\vas purchased from Calbinchem Corp. (U.S.A.). 

Amino acids were resohed by descending chromat~~graphy in t\\o dilllens~~ll5 on What- 
man No. 1 paper, using phenol:water (80:20) and butanol:acetic rtcid:\\uter (60:15:25); 
papers were sprayed ait h O+ I “; ninhydrin in ethanol and heated at 9X for I0 min Radio- 
autograms \vcre made with Kodak No-Screen X-ray film, 
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