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Previous investigations showed that dl- 
methionine was essential for both in vivo and 
in vitro growth and multiplication of erythro- 
cytic forms of Plasmodium knowlesi (3,4). 
The growth indium of those in vitro experi- 
ments cmtaid monkey serum which could 
supply other amino acids required for plas- 
m d i d  growth. In  Ithe present p a p -  the 
amino acid )requirements of P .  knowlesi were 
investigated further by studying p l a s d a l  
growth in media depleted of various amino 
acids. 

Materials and Methods. The preparation of 
plasmdial culstures, d e s c r h d  previously ( 5 )  , 
was modified as follows: 

Parasites. Blood was obtained from Rhesus 
monkeys (Macaca mulatta) , infected with P. 
RnowIesi by blood passage, when the para- 
sitemia had reaohd 1&30% rings or tmpho- 
milts. The number of parasitized cells was 
reduced to 10% by mixing with uninlfected 
monkey erythrocytes, when the prasitemia 
was higher than 10%. The erythrocytes were 
washed three times in 10 volumes of ice-cold 
Hanks’ salt solution containing 100 mg/loO 
ml glucqse. Each culture coatained 11 ml of 
medium and 0.03 rnl packed pamitized erylth- 
rocytes. Cditures were incubated at 37°C 
for 18-20 hours until the majority of the 
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parasites of ‘the control cultures had developed 
to imrmture whimnts and a few segmentem. 
Each culture was made in duplicate a.nd d l  
media were tested for parasitic growth in 
one experiment, repeated six times. 

Medium. Thirteen lots of Eagle’s )basal 
medium (1) were made, differing from each 
atha only in that one of the following 13 
amino aoids was misshg: I-cystine, I-arginine, 
I-tryptophan, Idhistidine, I-leucine, I-isoleucine, 
I-lysine, I-methionine, I-glu tamine, I- tyrosine, 
I-threonine, Z-valim, I-phenylalanine. A four- 
teenth medium containing all of the men- 
tioned amino acids served as a control. All 
media contained 0.2 mM of each of the fol- 
lowing amino acids: Z-alanine, I-aspartic acid, 
I-glutamic acid, I-proline, I-serine, and g1ycine.l 
The media were supplemented with 10% fresh 
human AB serum, dialysed against saline until 
free from amino acids as tested by complete 
diappearance of I - le~c ine-~~C,  I-isdeucine- 
14C, or Z-histidind4C added to the serum 
prior to dialysis. 

Determination of DNA.  In a second sat of 
three e-xperiments, 1 pC or0tic-6-~~C acid2 
hydrate (specific activity 3.88 mC/mmde) 
was added to each culture a t  the onset of 
incubation and DNA was extracted at the 

1Nutritionia.l Biochemicals C’orp., Cleveland, Ohio 
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end of incubation by the m & h d  of Smilth 
et d. ( 2 )  as follows: 

Cells were dissolved in a solution of 0.05% 
lauryl sulfate in water a t  3"C, 0.1 mg carrier 
DNA per culture was added and tirichlor- 
acetic acid (TCA) was added to a final con- 
centration of 10%. The cell fragments were 
ccritrifuged to a pellet a t  46,000g for 30 min 
a t  3°C. The pellet was washed twice with 
10% TCA, twice with ethanol, twice with a 
3.1 mixture of ethanol and ether. RNA was 
extractcdwith 0.3 N KOH at 37°C for 1 hour, 
followed by precipitation of ithe cell rests in 
5% TCA at 46,OOOg for 30 min at 3°C. The 
pellet was washed once with 5 %  TCA. All 
solutions used had a temperature of 3OC or 
less. The pellet was dissolved in 0.1 N NaOH 
plated in duplicate, dried and counted to at 
least loo0 counts in a low background gas 
flow counter? 

Results. After ring forms or trophozoites 
had been incubated for 18-20 hours, imma- 
ture schimnts and sewenters appeared in 
all cultures except in cultures where E-isoleu- 
cine had been deleted from the growth me- 
dium. In the latter cultures all of the para- 
sites failed to grow beyond the ring or tropho- 
mite stage in all experiments performed. 

Using the number of immature schizonts 
and segmeniters present a t  the end of incu- 
bation as a pmameter of growth in the cul- 
tures missing one of the other amino acids 
tested, i t  \;nas found that the results varied 
from one experiment to the other. Therefore, 
the amount of 0rotic-6-~~C acid incorporated 
into p1asmodia.l DNA during an 18-hour incu- 
bation lyeriod was used as a measure of growth. 
The results, illustrated in Table I, show that 
orotic-6-14C acid incorporation into DNA dur- 
ing an 18-hour incubation period was signifi- 
cantly inhibilted in the absence of Z-isdeucine, 
Z-methionine, Z-cystine, Z-tyrosine, Z-arginine, 
Z-glutamhe, Z-histidine or Z-lysine; this inhibi- 
tion was particularly marked in the absence 
of the first three amino acids. 

Orc~tic-6-~~C acid incorporation into DNA 
in the absence of Z-threonine, Z-phenylalanine, 
Z-leucine, Z-tryptophlan, and Z-valine was not 
significantly different from the control. Iniltial 

3 Model 4342, Nuclear Chicago Cmp., Des Plaines, 
Ill. 

TABLE I. Comparison of the Growtli Rate of P. 
knowlesi in Culture Media Depleted of Various 
Amino Acids and the Number of Moles of These 

Amino Acids in  Adult Hemoglobin. 

No. of moles 
Aiiiino acid Orotic-G-'4C acid of anlino acid 

depleted incorporated per mole of 
from cul- into DNA of adult human 

ture modia P. knowlesi" hemoglobin (7)  

Control 
Lysineb 
Histidineb 
Glu tamineb 
Arginineb 
Tyrosine* 
Cj-stine" 
Mcthioninec 
Isoleucine" 

100 & 13 
88 5- 11 
8 7 +  5 
8 7 5 -  7 
8 4 2  8 
8 3 5 -  8 
78 5- 13 
51 2 10 

9 2  4 

44 
38 
30 
12 
12 
6 
6 
0 

Kote.--Comparison aniong tlie means \vm per- 
formed by a modification of thc method of J. W. 
Tukey (6) .  Net counts of radioactivity were used 
for statistical comparison. The amino acid com- 
position of adult human hernoglobin is  given be- 
cause of its availability. The composition of 
monkey hemoglobin is believed to be similar (8).  

"Da ta  arc ezrprewed as peremitage of the con- 
trol k SD. Values arc the average of three expcri- 
nionts with duplicate ,analyses. 

Denotes a vdue which is significantly different 
froni thc control value a t  the 570 level. 

Denotes values wliicli are significantly different 
from the control values a t  the 1% level. 

experiments had shown that Z-alanine, Z-as- 
partic acid, Z-glutamk acid, Z-proline, Z-serine, 
and glycine had no effcxt on parasitic growth. 

Discussion. The failure of ring forms OT 
trophozuites to develop in lthe absence of 
Z-isoleucine indicates that this amino acid is 
essential for growth of erythrocytic forms of 
P. knowlesi. 

In the absence of Z-methionine growth of 
P. knowlesi is reduced to 54%. This is in 
accord with the findings of McKee and Gei- 
man who showed that P .  knowlesi requires 
an extracellular source of methionine for in 
vitro (3) as well as in vivo (4) growth. 

Significant inhibition of growth of P .  
knuwlesi in the absence of Z-cystine, Z-tpsine, 
Z-arginine, Z-glutamine, Z-histidine, or Z-lysine 
suggests that P .  knuwlesi requires an extra- 
cellular source of these amino acids for ogti- 
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ma1 in vitro development during one d i m -  
gonic cycle. 

Finally, when the degree of inhibition of 
D N A  synthesiss in the absence of the m i n o  
acids, which had a significant effect on para- 
sitic growth, is correlated with the molar 
amounts of the same amino acids in adult 
human hemoglobin (7), then it can be seen 
that inhibition of D N A  synthesis is most 
marked in the absence of these amino acids 
crf which hemoglobin contains the least (Table 
I). The amino acid compition of human 
rather than monkey hemoglobin is compared 
because of its availability. The composition 
of monkey hemoglobin is believed to be 
similar (8). 

Summary. Z-Isoleucine and Z-methionine are 
essential for growth of erythrocytic forms of 
P. knowlesi. An exoaythrocytic source d 

Z-cystine, Z-tyrosine, Larginine, Z-glutamine, 
Z-histidine, and Z-lysine is required for opti- 
mai in vitro development of P .  knowlesi dur- 
ing one schizogonic cycle. 
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Circulatory changes terminating in irre- 
versible shock Irepresent one of the most typi- 
cal effects of intravenously administered bac- 
terial endotoxins in mammals ( 1,2). Hemo- 
dynamic alterations are characterized pri- 
marily by a marked dlrop in systemic arterial 
blood pressure and a. conamnitant increase in 
portal vein pressure. In  the dog, these 
chianges seem to result from poling of Wood 
in the liver and diminished venous return 
to the heart ( 3 ) .  

The unusual variety of endotoxic activities 
and reaotions (4) has stimulated attempts to 
correlate the chemical struature and biological 
properties of endobxins isolated from various 

*This work was supported, in part, by grants 
from the Nztiond Institutes of Health, U S .  Public 
Health Service (GM-111195, TI HE 5403 and AM 
06313) and the Oklahoma Heart Association. 

gram-negative mimrganisms (5,6,7). I t  arp 
pears from such studies that the toxic prop 
erties of intact endatoxin prepaid- de- 
p d  upon certain minimal chemical and 
physicaldemical requirements ( 8 ?9? 10) . 

Recent abservakiom ‘by Johnson and 
Nmotny ( 11) thwt not all bb1wgica.l activities 
of endotuxins are related to .each other are 
of considerable interest land suggest the p s i -  
bility o f  several chemicalIy active centers in 
the maemmolecule. Studies comlating speci- 
fically the hemodpanic effects d chemical 
composition 04 endotoxins have not been re- 
ported. On the assumption that, for the ell%- 
tation of endotoxic reactions, active prepara- 
tions of a certain critical size m t a i n  a large 
plysaccharide moiety and smaller lipid and 
peptide mponenks, procedures have been 
developed in this laboratory (12)  for the s e p -  


