
wit 11 al) i l i  ty for iiiasinimi niul  t i1)Iicii t ioti in 
the tumor. and oncolytic a(-tivity. Hcnial-[- 
glutinin-l)rc,diicinK ahility can 1)c lost without 
the virus acquiring these two properties. 

The L cell studies provide further evidence 
that the presence of hemagglutinin inhibitor. 
and not an increased ability to multiply in a 
host system, is the most important factor i n  
determining hemagglutinin loss. and that as 
a result of prolonged passage in L cells both 
the HS-33 and TF-33 viruses showed a 
marked increase in ability to multiply in the 
L cell. The HS-33 virus. which was not es- 
posed to hemagglutinin inhibitor. however. 
did not show a loss of hemagglutinin. 

Si t  mur)~. k'( 11 1 ()wi 11g the observation that 
vacx-inia virus t )ec;tnie heimgglu t inin-negative 
when fully adapted to the Khrlich ascites tu- 
mor! the question arose as to whether or not 
the hemagglutinin lass was an intrinsic step 
in the adaptation process. In  the present 
study it was possible to show that the loss 
of hemagglutinin by vaccinia virus and an in- 
creased ability to multiply in a host system 
are independent transitions, but may occur 
siniultaneously . 

-- - 
1 .  Cassel, W. A., ViroZogy, 1957, v3, 514. 
2 .  Cassel, W. A., Fater, R.,  PROC. SOC. EXP. BTOL. 

ASD MED., 19.59, v100, 629. 
iirceived Novemher 1.3, 1961. P.S.E.H.M., 1962, v109. 

IJptake of Glucose, Amino Acids and Vitamins from a Medium by Hunian 
Amnion Cell Cultures Infected with Measles or Reovirus." (27217) 

P. HALONEN, L. HJEKP AND 31. PYHIIIA (Introduced by R. J. Huebner) 
I h p a r f  I r i P i i t  of l v i i d o , q y ,  1~'rtiwrsit  y o j  Ilulsirzki, nritl Mirrohiologirnl Labornthwy, 

The only nutrients of the medium essential 
for synthesis of poliomyelitis virus in cell 
cultures have been shown to be glucose and 
glutamine in full-grown monolayer cultiires 
of HeLa cells( 1 ? 2 ) ,  and cystine and glucose 
in monkey kidney tissue cultures (3) while 
none are needed in concentrated suspensions 
of ERK cells( 4). On the other hand, Eagle 
and coworkers(2.5) have shown that the nu- 
t r i t io na 1 recj u i r em en t s for pol ioni y el it is vi r 11 s 
synthesis in  HeLa cells depend on cell popu- 
lation density. If diluted cell suspensions are 
used in a medium containing glucose and 
glutamine as sole nutrients, rapid depletion 
of the free amino acid pool of the cells occurs 
and the capacity of the cells to synthesize the 
virus is greatly reduced( 5 ) .  I t  is possible 
that a similar loss of amino acids may occur 
even with a complete mediuni if  the nutrients 
are consunied during lengthy incubation of 
cell cultures such as is necessary for propa- 
gation of some viruses. 

The present investigaticn is one of a series 
of studies dealing with the nutrients requirecl 

* This study was supported by grants from Sigrid 
JusPlius Foundation and Finnish Medical Research 
Council. 
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in human amnion cell cultures for propaga- 
tion of various viruses with relatively long 
incubation times. This report describes the 
changes in concentrations of glucose, amino 
acids and vitamins of the B-group in Eagle's 
minimum essential medium( 5 )  in human am- 
nion cell cultures infected with measles and 
reovi rus. 

~l l l~ tcr ia ls  and methods. Cells. Human am- 
nion cells of a continuous line, strain Utrecht, 
obtained from Dr. R. Doorschodt, Hygienisch 
Laboratorum der Ri j ks Universi teit, Utrecht , 
Holland, were grown in Roux bottles or Car- 
rel flasks in a medium containing 20% calf 
serum and 0.5% lactalbumin hydrolysate in 
Hanks' solution. The growth medium was 
changed twice during the 6-day growth pe- 
riod. At the time of virus inoculation the 
number of cells was 25 to 30 million per Roux 
Iwttle containing 60 ml of medium, and 5 to 
i million per Carrel flask containing 10 ml of 
mcdium. 

In all experiments 
where glucose, amino acids and vitamins of 
the B-group were determined, a single lot of 
Eagle's minimum essential medium contain- 

( 'd l  culturc medium. 
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ins 0.1% bovine albumin (Bovine Plasma 
Albumin Fraction V, Armour Pharmaceutical 
Co., Ltd., England) and twice the amounts 
of the vitamins of the B-group was used. It 
was stored in 400-ml quantities at -25°C. 
In  the preliminary experiments i t  was shown 
that after 7 days’ storage of 0.2% bovine 
albumin at  37°C in medium complete except 
for the free amino acids, no amino acids could 
be traced. This result is in contrast to that 
reported by Piez et a l . (6 )  for dialyzed serum. 

Vims strains. A stock of the “Lang” strain 
of type 1 reovirus(7) containing approxi- 
mately llOs TCID,,/ml when titrated in hu- 
man embryonic kidney cell culture tubes (7) 
was used throughout the study. It was grown 
in human amnion cells in a medium contain- 
ing 0.1% bovine albumin in Eagle’s minimum 
essential medium, harvested 8 days after 
inoculation and stored at -30°C. 

The human amnion cell-adapted Edmons- 
ton st.rain of measles virus was obtained from 
Dr. L. Philipsson, Dept. of Virology, Univer- 
sity of Uppsala, Sweden. Several lots of 
measles virus containing about los TCID50/ 
ml were used. They were grown in human 
amnion cells in the same medium and under 
the same conditions as the reovirus, except 
that they were harvested on the 5th day and 
aliquots were stored a t  -60°C. 

Inoculation procedures. Bottles or flasks 
were washed free of growth medium 3 times 
with Hanks’ solution and incubated for 2 to 
4 hours a t  36°C in this solution to starve the 
cells in an amino acid- and vitamin-free me- 
dium. The cells were infected with 2.0 ml 
(Roux bottles) or 0.5 ml (Carrel flasks) of 
undiluted measles or reovirus. After incuba- 
tion for 1 hour a t  36”C, the unadsorbed virus 
was washed twice with Hanks’ solution and 
60 ml of the final medium was added to Roux 
bottles and 1.0 ml to Carrel flasks. The pH 
of the medium was kept at 7.0 to 7.2 with 
sodium bicarbonate. Periodically specimens 
were taken from the medium of 2 to 4 virus- 
infected bottles or flasks, pooled, centrifuged 
and stored at -25°C. Identical specimens 
were taken from the medium of the control 
bottles or flasks. 

Viral assays. Reovirus was assayed by the 
hemagglutination method in tubes described 
in detail elsewhere( 7). To 0.4 ml of serial 

2-fold dilutions of virus, 0.2 nil of a 0.75% 
suspension of type 0 human erythrocytes was 
added. After a thorough shaking, the tubes 
were kept a t  room temperature for 2 hours. 
The sedimentation pattern was recorded and 
endpoint taken according to Chanock and 
Sabin (8 ) .  

The infectivity titer of measles virus was 
determined in human amnion cell culture, 
using 4 tubes per 10-fold dilution of virus. 
The medium in the tubes was 5% horse se- 
rum, and 5yb tryptose phosphate broth in 
Eagle’s minimum essential medium. The me- 
dium was changed once, after 3 to 5 days’ 
incubation at 36°C. The final microscopic 
reading was made in 10 to 14 days. 

Determination of glucose. Glucose was de- 
termined by an enzymatic method (9) .  

Vitamin assays. Assays of the vitamins of 
the B-group were carried out microbiologi- 
cally according to Barton-Wright ( lo ) ,  except 
in the case of inositol, which was determined 
by the method of Norris and Darbre(l1). 
Pantothenate, nicotinamide, riboflavin and 
folic acid were determined acidimetrically and 
thiamine turbidimetrically, with lactic acid 
bacteria as test organisms. Pyridoxal was 
determined gravimetrically with a mould as 
test organism. Concentrations of the vita- 
mins are expressed as percentages of the origi- 
nal biological activity, because in some cases, 
when international reference vitamins were 
used as standards, these microbiological de- 
terminations showed less than the expected 
activity in the fresh final medium, although 
all reagents in the medium were measured on 
an analytical balance. To insure a t  least the 
levels of activity advocated by Eagle ( 5 )  , and 
also to decrease the volume of the samples 
needed for assays, double the recommended 
amounts of vitamins were added to the batch 
of medium used in this study. 

Determinations of amino acids. Amino 
acids were determined by paper chromato- 
graphic methods. For desalting, the speci- 
mens were run through a column of ion ex- 
change resin (Amberlite Resin, CG-120, 100- 
2 0 0  mesh, BDH, England) treated with 2.6 
N HCl. Salts were washed out with distilled 
water and amino acids were eluted with 5 N 
ammonia. Albumin remained on the column. 
Ammonia was evaporated from the amino 
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:icid eluate in a water bath at 100°C. The 
2-dimensional chromatogranis were run on 
M'hatman No. 1 paper tjy the descending 
technic. 'I'he first solvent was n-butanol - 

methyl ethyl Itetone-I 7 S animonia--wat er 
( 5 : 3 : 1 : 1 v/v) ( 12). The second solvent was 
n-butanol-glacial acetic acid-water (63 : 
10: 2 ) . Arginine, however, was run separately 
by the one-dimensional ascending technic, 
using 77% ethanol with 1% diethylamine as 
solvent(l3). The amino acid spots were 
stained with 0.57' ninhydrin solution and 
eluted with 7 0 7 0  ethanol, and the absorp- 
tions were measured with a Unicam spectro- 
photometer at  570 mp. 

Results. In both infected cell cultures and 
controls glucose was completely utilized in 
60 to 7 0  hours. A typical experiment with 
reovirus is shown in Fig. 1. Between 6 and 
38 hours after addition of the final medium. 
glucose concentrations were lower in the reo- 
virus-infected samples than in controls, but 
after 45 hours they were approximately the 
same in both. The respective virus titres in 
the same experiment are shown in Table TI. 
Consumption of glucose in measles and reo- 
virus-infected cultures was not compared in 
the same experiment but the difference be- 
tween infected and uninfected cultures ap- 
peared to be the same with these 2 viruses. 

Table I illustrates experiments with vita- 
min assays. With one exception, no signifi- 

7 -  ~~ F - 8 -  ~ 

0 12 24 36 48 

TIME IN HOURS 
FIG. 1. Glucose concentrations (mM) in Eagle's 
minimum essential medium in reovirus-infected hu- 

man amnion cell cultures and controls. 

'l'AI~l4E I. Vitamin Concentrations (% o f  Initial 
I{iologic.:il Activity) and Infectivity Titers in 
15:igle's Miiumuni Kssential Medium in Measles 
\'iriw Irifwtecl Human Amnion (!ell Cultures and 

I Tninfec ted Controls. 

Tiikic after addition of final medium 
4 days 7 days 

Virus Control Virus Colitrol 

fi'olic acid 83 97 101 101 
1 iiositol 81 82 81 81 
Sicotinanlide < 10 < 10 
Pantothenate 98 112 
Pyridoval 132 128 104 79 
Riboflavin 85 85 86 86 
Thiamine 69 93 70 89 

305 5;; 

Iilfectivity titcr 6.0 6.5 

I iifectivitp titcr 7.0 7.5 
in medium 

i i i  C C ~ S "  
. __. 

Yrozen :~nd tliawecl twicc. 

cant change was observed in concentrations 
of vitamins. The exception was nicotinamide, 
which was depleted from the medium rela- 
tively rapidly. In 4 days concentrations of 
nicotinamide fell to below 10% of initial bio- 
logical activity, the values corresponding to 
about 0.2 pg/ml, which can no longer be 
qiiantitatively estimated by the microbiologi- 
cal method used. In other similar experi- 
ments concentrations of nicotinamide in sam- 
ples taken 1 day after addition of the final 
medium were about 50% of initial concentra- 
tions, and a t  4 days 10% to 20% while no 
activity could be traced at  7 days or there- 
after. In many experiments the decrease was 
slightly more rapid in the virus-infected sam- 
ples than in the controls. Concentrations of 
choline are not shown in Table I, since methi- 
onine interferes to a certain extent with the 
assay of this vitamin. However, choline con- 
centrations appeared unchanged. 

Amino acid concentrations in a representa- 
tive experiment are shown in Table 11. Dur- 
ing the observation period of 48 hours, 2 
amino acids (cystine and tryptophane) dis- 
appeared temporarily from the samples of 
both virus-infected and control cell cultures. 
The disappearance of cystine was very rapid. 
In  the first sample of the virus-infected cell 
culture, taken 6 hours after addition of the 
final medium, no cystine could be traced. In  
some other experiments arginine also dis- 
appeared in 48 hours and at 3 days glutamine 
concentrations of virus-infected and control 
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cell cultures were 0.1 mM or less. Lysine, 
0 o * o . + ~ ~ ~ ~ ~ ~ ~ o ~ ~ " ~  adCJ a m 0  mM00 fx+ +*A* however, could not be determined in the 2 

a 0 chromatograms used. Concentrations of the 
-$ other amino acids decreased to a lesser ex- 

990!1119?fi! yo? g tent. No consistent significant differences 
were noted in utilization of amino acids be- 
tween virus-infected and uninfected cell cul- 
tures. After 4 days the concentrations of 
many amino acids, including cystine, histi- 
dine, phenylalanine and tryptophane began 
to increase. The increase was greater in the 
virus-infected cell cultures than in the con- 
trols. In addition to the amino acids initially 
present, considerable amounts of other amino 
acids, such as alanine and serine, appeared in 

+ d m  M b c n  wm1n A00 the medium in 4 to 7 days. Table I11 shows 
hl 0 the development of the total amino acid pool 

in the medium of virus-infected cultures and 
in controls in an experiment in which the cells 
were not starved before virus inoculation. 
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C O I m  * W Q ,  m q w  d r n  TABLE 111. Total Amino Acid Pool in Eagle's 
hl 0 Minimum Essential Medium in Measles-Infected 

Human Amnion Cell Cultures and Controls. Extine- 
tion values at 570 m p  of diluted amino acid eluates 

(see Methods). 

Time in days after addition of 
final medium 

d d 0  w a d  w m *  CJmM 

0 4 w  adM barn C J * b  2 P q q q y q " . q y " ? q + " .  * 0 1 2 3 5 7  

2 Virus-infected .611 .398 .323 .038 .237 .291 
Control .6ll ,496 .393 .046 n.t. n.t. 

0, CJ Cr:c-*  ht-d M * r l  
f' q q r ' . M . q q A * i c n * q + q  O m  n.t. = not tested. 

CJ 

Discussion. These experiments indicated 
that none of the metabolites of Eagle's mini- 
mum essential medium except glucose were 
consumed in significantly greater amounts by 
human amnion cell cultures infected with 
measles or reovirus than by uninfected con- 

p g $ : ; x $ g ~ ~ ~  0 trols. Even the glucose concentrations were 
approximately the same 48 hours after the 
change of the final medium and thereafter. 
However, the total, although temporary, dis- 
appearance or great depletion of some me- 
tabolites of the medium in both infected and 
uninfected cell cultures at  an early stage sug- 
g a t s  that increased concentrations of certain 

2 Q, $ 5 metabolites may be necessary in human am- 
a a . M M C 4 a Q )  2.g Q) 2 u *g nion cell cultures for maximal yield of viruses 

which require a lengthy incubation. Whether 
or not there is a temporary disappearance of 
the intracellular free amino acid pool( 14) 
and whether or not it is critical for maximal 
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virus yields reniains. however. to be deter- 
mined. 

I t  is interesting to note the temporary dis- 
appearance of cystine within a few hours of 
addition of the final medium. As shown by 
Rappaport(3), cystine is the only essential 
amino acid of the medium for synthesis of 
poliomyelitis virus in monkey kidney tissue 
culture. Furthermore. the effect of cystine 
on the thermal stability of poliomyelitis virus 
has been shown by Pohjanpelto ( 15) .  

The disappearance of nicotinamide cannot 
be explained by the possible instability of 
this vitamin in Eagle’s minimum essential 
medium, because it has been stored up to 9 
weeks at 37‘C without loss of microbiological 
activity. A similar loss in concentration of 
nicotinaniide has been found with 2 strains 
of HeLa cells. 

Hecker et aZ.( 16) have reported that pri- 
mary trypsinized human amnion cell cultures 
infected with poliomyelitis virus consume 
more glucose than uninfected cultures. In 
the present study the increased uptake of glu- 
cose by hwiian amnion cells of a continuous 
line infected with measles or reovirus was 
also apparent during the first 24 hours. Tn 
both infected and uninfected cultures, how- 
ever, the total disappearance of glucose oc- 
curred at  approximately the same time. usu- 
ally in 60 to 72 hours. 

The uptake of glucose. amino 
acids and vitamins from Eagle’s minimum 
esential medium by human amnion cells of a 
continuous line infected with measles or reo- 
virus and urinfected controls was determined. 
In both infected and uninfected cultures glu- 
cose was completely utilized in 60 to 72  hours. 
Between 6 to 48 hours the infected cultures 
consumed more glucose than did the controls. 
roncentration of nicotinamide in both the in- 
fected cell ciiltures and controls tlecreasetl in  

Suittiuary. 

1 days to below 10% of initial value. No 
sipnifican t changes in concentrations of other 
vitamins were observed. Of the amino acids, 
arginine, cystine and tryptophane disappeared 
tcniporarily or were greatly depleted in 70 
hours. Glutamine concentrations began to 
la11 after 48 hours and this amino acid was 
almost completely utilized in 3 days. No 
consistent significant differences were ob- 
.;erved in utilization of amino acids by in- 
fected and uninfected cell cultures. 
_ _ _ _ _ _  
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