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TABLE 111. Antibacterial Spectrum of Pool 2 from Abalone Juice. 

Abalone Colonial growth of t,est organisms on plate* 
(Jonc., juice 

Test organism mg '/b pool 2 1 0  I l o 4  Controlt 

Ntnph. nurcus, Pcn. sensitivc 5 + 
Staph.  a u r ( ~ u s ,  Pen. resistant 5 + 
Staplt. atirczts, Pen. resistant 10 + 
Strc 11. pyogc / i f  s, beta Iiemol-tic 5 + 
Snlmonclln pnrntyphi A 10 + 
Snlnioiiella p a r a t y p h i  R 10 + 
Sal r n  o n el 1 a t ! / p  ii i 10 + 

- 

- 

- 

- 

- 

- 

0 0 0 0 0 0 0 
- 1 4 4 4 4 0 0  
1 0 0 0 0 0 0  
4 4 4 4 4 0 0  
0 0 0 0 0 0  
4 4 4 4 4 0 0  
! ! 0 0 0 0 0 0  
4 4 4 4 ' 4 0 0  
r ~ O o 0 0 O O  
4 4 4 4 4 4 0  
1 0 0 0 0 0 0  
4 4 4 4 4 0 0  
1 1 0 0 0 0 0  
4 4 4 4 4 4 0  

1-4, etc. indicate degree of hnctrrinl growth. 
* See Table I. 

0 1 no bacterial growth. 
t S o t  inocu1:itetl. 

structure of the active agent and in zlivo Staphylococcus aureus seemingly was bac- 
studies are in progress. tericidal. 

Summary .  Ten fractions have been iso- The authors express thanks t o  Dr. C. W. Hiatt  

worth, W. C. Jahnes, E. C. Martino and J. L. Rog- 
lated from abalone juice by ion exchange for valuable suggestions and to Dr. R. C. Wood- 

chromatography ( Cellex-D) and tested for ~ r s  for  technical assistance. 
in vitro antibacterial activity against Staphy-  

showed high activity. One active fraction ?. 

was tested and found effective against 3 .  Moore, s., Stein, W. H., adzlances in Protein 
Staphylococcus aurezts, (including a penicil- f ' h (  nlistry, 1936, VII, 19. 

lin-resistant strain), Streptococcus pyogencs, C.) T e d .  IJroc., 195% 

beta-hemolytic strain, and S a h o n e l l a  typhi ,  
and paratyphi A and B .  The action for Rcceived August 31, 1960. P.S.E.B.M., 1960, ~ 1 0 5 .  

~ococcus aureus. Four fractions of effluent ' *  IJi, C* p., S O C .  EXP* BIOL. AND MED.9 
19ti0, v103, 522. 

) ibid., 1960, v104, 366. 
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Increased Nutritional 'Requirements of Saccharomyces cereoisiae as a 
Result of Incubation at BOG.* (26156) 

HERMAN C. LICHSTEIN AND WILLIAM J. BEGUE 
Department of Bacteriology,  University of Minnesota, Minneapolis 

During nutritional studies on yeasts, it equally well at 30°C or 38°C when inocu- 
lated into a complex medium. In most in- 
stances where such a phenomenon had been 
demonstrated previously, an increase in tem- 
perature was accompanied by an increase in 
nutritimal requirement( 1-7) .  The present 
paper is concerned with identification Of the 
substance(s) in the complex medium whi& 

was noted that certain strains grew poorly or 
not at  all a t  38°C in a chemically defined me- 
dium which supported excellent growth at 
3O'"c. In  contrast, Some of the strains grew 

* This study was aided in part  by a corltract be- 
tween the Office of Naval Research, Dept. of the 
Navy, and Univ. of Minnesota. 
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TABLE I. Effect of Temperature of Incubation 
on Growth of Yeasts in a Complex Medium." 

Yeast s brain 

Turbidity 
(24 hr) 

30°C 38°C 

S. cerevisiae Java 86 67 
" (Fleischmann strain 139) 110 78 

(ATCCt 2338) 84 72 t 

s. globosz1s ( " 10600) 99 3 
X. car1sbwg'Pnsi.s ( " 9080) 9 1  47 
8. fragi l is  ( " 10022) 87 90 
S. intPrvirtliw,s ( " 2360) 'Ti 2 

* ACG niediiini consisting of l.Oyo yciist extract, 
1.OV' casitone, 0.5% K,HPO,, and O.5(70 glucose 
(pH 7.0). 

t ATCC = American Type Culture Collection, 
Washington, D. C. 

permitted growth of yeasts a t  the higher tem- 
pera ture. 

Materials and methods. Several species 
and strains of Sacchnronzyces were used, but 
most of the studies were performed with S .  
cerevisiae (Fleischmann Strain 139). The 
yeasts were maintained in a complex medium 
(see Table I for composition); the experi- 
mental medium was a modification of the one 
introduced by Snell, et aZ.(8) and contained 
lP pg/liter of biotin. 

All yeasts were cultivated in the complex 
medium at 30°C and were transferred a t  ap- 
proximately 24-hour intervals 3 or 4 times 
prior to use in an experiment. The cells were 
harvested by centrifugation and washed 3 
times with 5.0 ml of sterile distilled water. 

The experimental culture tubes were 22  x 
150 mm screw-cap tubes with caps loosely 
fitted. Materials to be investigated were 
added aseptically along with 4.0 ml of me- 
dium and distilled water to bring the final 
volume to 5.0 ml. Inoculurn was added in 
the amount of 0.05 ml. The criterion for 
growth was turbidity, as measured in a Klett- 
Summerson photoelectric colorirneter ( 660 
mp) using the medium as a blank. Incuba- 
tion for about 24 hours was carried out in 
water baths where temperatures were main- 
tained to within t 0.5"C. 

Results. Cultivating the organisms listed 
in Table I in Snell's medium a t  38°C gave 
rise to somewhat surprising results, since only 
S. fragilis proliferated a t  this temperature. 
Since it was known that some of these strains 
were capable of growth at  38°C in a complex 

medium, i t  was necessary to compare their 
growth at  30°C and 38°C in a complex me- 
dium. The results (Table I) revealed that 
all but, 2 of these strains were capable of 
growth at  38°C. These data suggested pH 
andjor nutrition as major factors related to 
growth of yeasts a t  38°C. Further experi- 
ments in which Snell's medium and ACG me- 
dium at pH's of both 4.0 and 7.0 were tested 
for their capacity to support growth a t  the 
elevated temperature made clear that p H  is 
nct a factor in the growth response of these 
organisms a t  38°C. 

Before the effect of nutrition could be in- 
spected, it was necessary to investigate the 
influence of inoculum size and to standardize 
the number of yeast cells to be used in subse- 
quent experiments because 1 ) preliminary re- 
sults employing bulk inoculations were some- 
what erratic; 2 )  a rough titration of inocu- 
lum size suggested that initial number of cells 
present affected the expression af the temper- 
ature phenomenon; and, 3)  past experience 
in this laboratory( 9) as well as others( 10) 
has shown that inoculum size can be of criti- 
cal importance in nutritional work. 

A suspension of yeast cells was prepared as 
previously described and a series of dilutions 
inoculated into several media and incubated 
at the 2 temperatures. Fig. 1 shows that in- 
oculum size was an important factor in the 
phenomenon under investigation. For ex- 
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FIG.  1. Influence of inoculum size on growth of 
Saccharomyces cerevisiae (139) a t  30°C and 38°C 

in several types of media. 

YE = yeast extract, 1.0%; CAS = casitone, 
1.0%. .All media adjusted to pH 4.0. Incubation 
time, 24 hr. Inoculum was 0.05 ml of dilution de- 
sired. 



502 hTUTKITIONAL REQUIKEMENTS AT ELEVATED rrEMPEKATURES 

ample, a t  30°C with an inoculum size of 0.01 
ml. growth was obtained in the 3 media used. 
whereas a t  38°C‘ only Snell’s medium plus 
yeast extract and casitone supported good 
growth. Standardization of inoculum size for 
all further studies resulted in using 0.05 ml 
of a washed suspension of yeast cells having 
a turbidity of 30. 

As to the nutritional aspect, it was neces- 
sary first to determine whether the growth 
promoting substance( s )  was organic or inor- 
ganic in nature. T o  this end an ashed mix- 
ture of yeast extract and casitone W:~S tested 
and found to have no effect on growth of the 
organism a t  38°C. 

Inasmuch as a mixture of yeast extract and 
casitone was effective in allowing prolifera- 
tion of S. cc~cv i s iac (  139) at  38°C. it was 
important to determine which of the 2 com- 
plex materials possessed the active substance 
( s ) .  Moreover, since yeast extract is often 
reqarded as a source of vitamins and other 
growth factors, a mixture of known B-vita- 
mins was included. 

Good growth recovery a t  38°C was ob- 
tained with addition to Snell’s medium of a 
vitamin solution, a mixture of yeast extract 
and casitone, yea,it extract alone, or high con- 
centrations of casitone (Table 11). The 
growth recovery obtained upon addition of 
yeast extract suggested that a vitamin might 

TABLE 11. Gyocvth of Saccl/urornyclcrs r c w  
(139) at 30°C and 38°C i n  Afetlix of Different (’0111- 

position. 

Turhirli t? 
(24 E l l . )  

hclrlitioiis to  Xnell’s mecliun~ 3 0 O c 3 8 ” ( ‘ 

Yeast extract, 50 lllg 
)’ , 5.0 ” 
” , 0.5 ” 

Casitone, 50 mg 

9 7  

3 7  

” , 5.0 ” 

” , 0.5 ” 

275 276 
296 23T 
266 121 
315 242 
0 7 3  60 
254 4 1  

* 1.0 in1 of vi tamin solution coiltailis: 20 pg 1)- 
aminobenzoic acid, 20 , ~ g  psnto t l iemtc ,  40 pg pyri- 
doxine, 20 p g  iiicotiiiic mid, 20 pug riboflavinJ 20 ,pg 
thiamine, 1 0  p g  folic acjcl. 

be the stimulatory substance. This was sub- 
stantiated by the results using the mixture of 
1;nswn B vitamins. Examination of the spec- 
trum of B vitamins present in the vitamin 
mixture revealed that pantothenate was the 
most active single organic material concerned 
with the ability of yeasts to proliferate at 
3 8 ‘ C (Table 111). Repeated experiments 
demonstrated that addition of this vitamin 
supported growth a t  38°C to the extent of 40 
to 82% of that obtained a t  30°C. 

Since growth was determined as a function 
of the total mass of synthesized protoplasm 
(i.c., turbidity), i t  was important to evaluate 
growth by measurement of number of viable 
yeast cells. For this purpose the conven- 
tional plating method was employed. Results 
showed an excellent correlatioin between tur- 
bidity and viable count measurements a t  
38°C. Furthermore, death of the yeast cells 
occurred a t  a more rapid rate a t  38°C than 
a t  30°C in media lacking pantothenate. Since 
such death did not commence until at least 
36 hours of incubation, the use of turbidity 
as a measure of growth coupled with reading 
the tubes a t  about 24 hours appears both 
adequate and accurate. 

The results presented thus far suggest that 
the synthesis of pantothenate normally car- 
ried out by S. cevevisiae(l39) a t  30°C is in 
some manner impaired at 38°C. As a con- 
sequence of this, and the results obtained by 
Maas and Davis‘(6), it was desirable to in- 
spect the precursors in the accepted synthesis 
of pantothenate by microorganisms, namely 
p-alanine and pantoic acid. 

Since /3-alanine is an  obligatory require- 
ment for growth of S. cerevisiae(l39) in ab- 
sence of pantothenate, i t  was inspected only 
hiefly.  Its presence did not alter the tem- 
perature effect in the usual concentration and 
the possibility of a competitive inhibitor of 
p-alanine being synthesized at 3 8 O C was 
ruled out, since increasing the concentration 
of this amino1 acid almost 200-fold had no 
effect on growth. 

Experiments designed to explore the effi- 
cacy of pantoate in reversing the temperature 
phenomenon revealed that while pantoyl lac- 
tone had very little activity, sodium pantoate 
was as effective as pantothenic acid itself al- 
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TAIELE 1 J l .  Com1):trativP Effrctivciicss of P a n -  
tothcnate, Puntoyl  Lactone, ai ic i  Sodium Pantoate 
iii Periiiittiiig Growth of S a c c h u r o m y c ~ s  cerevisinc 

(139) at 38°C. 

Coiiceritra tiori Turbidi ty  (24 hr) 
Adtlitioiis t o  of nctditious, 

Rnell’s medium ,&/nil 30°C 38°C 

222 32 
223 35 
220 40 
224 105 
224 120 
222 140 
22;3 145 
2;30 139 
234 143 
228 33 
222 31 
226 41  
222 67 
2 2 1  33 
226 54 
226 118 
220 123 
230 143 

305 274 
~~~~~~ 

N:rC‘l controls were negative. 

lactoric a f te r  t h e  rncthod of Maas(5). 
t Prcparect f rorii commercially svailablc psntoyl  

beit at  a much higher concentration (Table 
HI). Yeast extract was considerably more 
active than either pantoate or pantothenate. 
The poor activity of pantoyl lactone when 
compared to pantoic acid is consistent with 
the observations of Maas( 1 1 ) , that the latter 
has about 3 times the effectiveness of the for- 
mer both in reversing salicylate inhibition 
and supporting growth of a pantolate auxo- 
troph of Escherichia coli. 

Studies of the Java and ATCC 2338 strains 
of S. rerevisiae revealed that the former re- 
sponded in a manner similar to1 the 139 
strain, whereas only yeast extract was effec- 
tive in promoting growth of the 2338 strain 
at  38°C. 

Discussion. The results of experiments de- 
signed to elucidate the nature of the olbserved 
temperature sensitivity revealed that the ef- 
fect of complex materials such as yeast ex- 
tract was largely replaceable by pantothenic 
acid. These findings led to an inspection of 
the synthesis of pantothenate in the hope that 
the biochemical lesion might be identified. 

The accepted pathway of pantothenate bio- 

synthesis is the coupling of p-alanine with 
pantoic acid: 

A 
p-alan 111e + paiitoie acid -----+ 1 ) ~ l t o t h e ~ ~ t c  

,r 
I E  
I 

X 

p-Alanine was studied at  concentratioiis up 
to) 200 times greater than that normally used 
in the chemically defined medium with en- 
tirely negative results. Pantoic acid, oln the 
other hand, was as effective as pantothenate 
in preventing the temperature effect, but the 
concentration required was 100 to 10,000 
times as great. These findings, in light of 
the pathway cited above, suggest that since 
pantoic acid effectively overcomes the tem- 
perature effect, either enzyme A is not tem- 
perature sensitive or possibly another mech- 
anism of pantothenic acid biosynthesis is op- 
erative in this organism. Lansford and Shive 
( 12 ) considered the possibility that panto- 
nine and B-alanine would couple to yield pan- 
tonyl-,8-alanine with subsequent deamination 
of the pantonyl moiety to yield pantothenic 
acid. Possibly the enzymatic synthesis of 
pantonine from pantoic acid is temperature 
sensitive. 

The large amount of pantoic acid required 
as compared to1 the quantity of pantothenic 
acid needed, suggests that a competitive type 
of enzyme inhibition might be involved in the 
temperature phenomenon. The site of such 
competition might be in one of the series of 
reactions leading to formation of pantoate 
(site 13), or conceivably in an entirely unre- 
lated biochemical reaction which is tempera- 
ture sensitive, thus resulting in accumulation 
of a substance that exercises its effect either 
a t  the site of P-alanine-pantoate coupling 
(site .A) or, again, in a reaction leading to 
synthesis of pantoate. The identity of such 
a presumed inhibitor has not been estab- 
lished I 

Sunzwary. Data were presented revealing 
that the paucity Gf growth of certain strains 
of yeast a t  38°C: is somehow related to a re- 
duced ability to carry out the biosyntliesis of 
pantothenic acid. Results were discussed in 
the light of the accepted pathway of panto- 
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thenate biosynthesis. Since the organisms 
are genetically endowed with the enzymic 
make up to synthesize pantothenate, this pro- 
vides another example of the fact that en- 
vironment plays hn important role in genetic 
expression. 

6. Maas, W. K., Davis, B. D., J'roc. Nut. Acad. 

7. Sherman, F., J .  Cell and Cornp. Physiol., 1953, 
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9. Field, 31. F., Liclistcin, 11. C., J .  Bnrt., 1957, 

1 0 .  Tolhurst, J. C., J .  t2c.n. Xicrobiol., 1958, vl8, 

1 1 .  3h: is ,  W. K., J .  Bud. ,  1952, v63, 327. 
11'. I,;msford, 3:. M., Jr., Shirc, TT., J .  Bid.  

Sri. (O.S.), 1952, v38, 785. 

v54, 29. 

.4m. Chrm.  Soc., 1940, v62, 175. 
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A Method of Crystallization of Human Myoglobin." (26157) 

Myoglobin was first crystallized by Theo- 
rell( 1 ) using material of equine origin. Hu- 
man niyoglobin was first crystallized by 
Drabkin(2).  Additional methods of crystal- 
lizing human myoglobin have been described 
by Theorell and de Duve(3) and by Rossi- 
Fanelli (4) .  In these methods hemoglobin 
and other proteins are salted out of aqiieous 
extracts of muscle by lead acetate, phosphate. 
or ammonium sulfate. Concentration of 
phosphate or sulfate is then gradually in- 
creased by dialysis ( 3  ) against concentrated 
solutions of these salts or by evaporation (4  ) 
and crystallization is thereby induced. These 
steps are performed a t  a constant hydrogen 
ion concentration near pH 6.6, the iso- 
electric point of human myoglobin ( 5 ) .  

l ye  have had difticulty in regularly obtain- 
ing crystalline human myoglobin by these 
methods. Mie have developed a simple 
method of isolation and crystallization of hu- 
man myoglobin that depends on precipitation 
of contaminating proteins from aqueous ex- 
tracts of muscle a t  pH 8 by saturation with 
ammonium sulfate. Myoglobin remains in 
solution under these conditions. After pre- 
cipitation of these contaminating proteins 

* Support,ed in part by U.S.P.H.S. grant. 

and adjustment of the pH to 7 ,  myolglobin 
crystallizes out of solution. 

Procedwc.  Skeletal muscle from surgical 
or autopsy sources was frozen within one 
hour of operative removal or post mortem ex- 
amination, and stored a t  -60°C. Cases with 
a post mortem interval before autopsy of 
more than 4 hours or with debilitation were 
avoided. IThile still frozen, samples weighing 
approximately 100 g were chopped into small 
pieces and mixed in an electric blender with 
2 ml of distilled water per gram of tissue. 
These and all subsequent steps were per- 
formed a t  4°C. After blending, the mixture 
was adjusted to pH 8 with 2N sodium hy- 
droxide and extracted for one hour with con- 
stant stirring. Insoluble materials were then 
removed by centrifugation at 16,000 g for 30 
minutes and the supernate filtered through 
coarse filter paper. 

The  filtrate was then made 80% saturated 
by addition of solid ammonium sulfate, C. P. 
grade. During this and subsequent additions 
of ammonium sulfate, the solution was main- 
tained a t  pH 8 * 0.05 by additions of 2N 
sodium hydroxide or 2% acetic acid. The  
material was then centrifuged at  16,000 g 
for 30 minutes. 

The  supernatant fluid was brought to 


