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zymes in vivo is yet to be demonstrated and 
other and more important enzyme systems are 
probably involved in protein metabolism, it is 
plausible to speculate that the net breakdown 
of muscle protein, observed in vivo during vit. 
Eddeficiency, may be due to increase in rate, 
and a shift in the equilibrium of a reversible 
enzyme system (s) catalyzing peptide bond 
formation and breakdown. 

Summary. The effect of vit. E-deficiency 
on hydrolysis of glycylgl ycine and glycyl-l- 
leucine by skeletal muscle extracts and homo- 
genates was investigated. During this de- 
ficiency there was a marked increase in dipep- 
tidase activity of both muscle extracts and 
homogenates. The increase in glycylglycine 
dipeptidase activity could be demonstrated 
only after the a'ddition of Co++. 
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Measurement of Cell Growth in Tissue Culture with a Phenol Reagent 
(Folin-Ciocalteau) . (22245) 

VANCE I. OYAMA AND HARRY EAGLE. 
Section on Experimental Therapeutics, Laboratory of Infectious Diseases, National Micro biological 

Institute, National Institutes of Health,* Bethesda, M d .  

In  tissue culture studies, the determination 
of the amount of growth under varying en- 
vironmental conditions is often of central 
importance. In  this laboratory, the actual 
enumeration of the cells( 1 )  proved a useful 
but laborious procedure (2-4) ; and studies 
were therefore undertaken to devise a rapid 
yet reliable method of measuring growth. 
Consideration was given to the direct turbidi- 
metric measurement of the resuspended cells, 
the determination of total nitrogen by nessler- 
ization, or of cell protein by precipitation pro- 
cedures; but the method to be here described 
proved superior to any of these in its sim- 
plicity and reproducibility. Essentially, the 
technic is a modification of the colorimetric 
method of Lowry, et a l . (S)  for measuring 

*Public Health Service, U. S. Department of 
Health, Education and Welfare. 

protein, using a phenol reagent (Folin-Ciocal- 
teau) for the development of color. As here 
described, the method is designed for use in 
cultures adherent to a glass surface, and over- 
laid with a fluid medium. 

Materials. 1. Earle's salt solution (6) (or 
any similar balanced salt solution) for wash- 
ing the cell layer in the culture flask. 2. Al- 
kaline copper solution to dissolve the cells. 
This is kept as 2 stock solutions, A and B: 
A, Na2C03, 200 g; NaOH, 40 g; NaK tar- 
trate, 2 g;  q.s. to 10 liters; B, CuSO4. 5H20, 
5 g;  q.s. to 1 liter. (The tartrate was incor- 
porated with the alkali, rather than the 
CuSOi, because of the slow development of a 
precipitate in the copper-tartrate mixture.) 
Solutions A and B are mixed in the proportion 
of 50 parts of A to 1 part of B to form Low- 
ry's solution C, which is prepared fresh daily. 
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3. Folin-Ciocalteau reagentt (7). The reagent 
should be standardized by determining that 
concentration which gives the maximum and 
most stable color. This standardization need 
be carried out only once for each lot. Crystal- 
line bovine albumin may be used as the ref- 
erence standard. One part of a solution at 
50 pg nil is added to 5 parts of solution C. 
Six 1111 are then distributed into each of 6 
cuvettes. and a parallel series is prepared 
using H,U instead of the protein solution. 
Dilutions oi the F-C reagent are prepared as 
indicated 11elow : 

Reagent .7 .J 3 3 a 3 
H,O 4 . 5 C j i 8 9  
Dilutitrii .7 9 .J ’20 3/11 5/12 5/13 5/14 

0.5 nil oi each of these dilutions is rapidly 
blown into 1 cuvettet containing the protein 
solution. and 1 control cuvette containing 
H20. The color is read after 15, 30, 60, 90: 
120, 1SO. and 240 minutes, in each case 
against the corresponding water control. That 
dilution oi the F-C reagent which reaches 
maximum color within approximately 5 
hour, and remains stable for 2 hours there- 
after. is the one used in the test. 

Details o j  procedure. S t ep  1. Wash ing  of 
cultures. The culture flasks are drained of 
medium b!- inversion. and the adherent cell 
layer washed twice with Earle‘s salt solution 
( 6 ) .  Fur the culture flasks previously de- 
scribed( 2.S ) . with a surface area of approx- 
imately 15 q cm, and a 15 ml capacity, an 
8 ml wash is used. After the second wash the 
flasks are left inverted over clean gauze to 
drain ior approsimately 15 minutes, when 
clean stoppers are inserted. -At this stage, the 
washed and dry cells may be stored in the 
original culture flasks for several days with 
no change in the protein analysis. S t e p  2. So- 
lution o j  C-clls in alkaline copper tartrate. Ten 
ml of Lowry‘s reagent C ( 5 )  are added to 
the flasks with an automatic syringe and 
allowed to remain in contact with the cell 
layer ior 13 minutes: after which the flasks 
are shaken manually to complete the dissolu- 
tion of the cells. -It this stage also, the flasks 
may be stored for several days with no loss in 
protein. S tep  3. Color development.  A biuret 

t Available from the Fisher Scientific Co. 
t Round 19 s 105 mm tube, 5.5 min ml capacity. 

color is produced by the interaction of the 
alkaline copper sulfate tartrate solution C 
with the protein; and the intensity of this 
color may serve as a rough measure of the 
amount of cells, and thus of the amount of 
the solution which must be used in the final 
test in order to produce a color within the 
optimum measurable range (optical density = 
<0.4). When the color is not detectable, 2 
ml is taken for analysis; when the color is 
pale violet, 0.5 ml will suffice; while with a 
deep violet color, the solution should be di- 
luted with 1 or 2 volumes of solution C, and 
0.5 ml taken for analysis. The appropriate 
amount of the cell solution is pipetted into a 
Coleman cuvette,t and solution C added to a 
total of 5 ml. One ml of H20 is then added, 
and finally, 0.5 ml of the properly diluted F-C 
reagent is jetted in by a syringe. The rapid 
admixture of the color reagent with the solu- 
tion is essential; and the slow addition of the 
reagent without such rapid admixture leads 
to erroneous results. The controls consist of 
3 cuvettes, each containing 1 ml of crystal- 
line bovine albumin at  50 pg/ml instead of 
the H20 used in the test proper. A water 
blank is also run. Absorption is read after 30 
minutes at  660 mp; but the color remains 
stable for 2 hours. 

Calculation of results. Results of the test 
are most simply expressed in terms of the ~ 

bovine albumin equivalent of the unknown 
cell culture. For 4 different cell lines the ab- 

TSBLE I. Coiiversioii of ‘ Bovine Albumin Equiv- 
;tieat?’ of 8 Tissue Culture Strains to Cell Mass, 

Sitrogen and Number. 

Multiplying factors t o  
convert bovine albumin 

equivalent (mg) to 
Cell Cell 

mass Cell N count 
Cell liiie (n%> (mg> ( X  109 

,\louse fibroblast (Earle) 1.4 

Jiites tiiial epi tlieliuiii 1.5 

Huiiian leukeiiiia (Os- 1 . G  

#39 “liver” (Chang) 1.6 
KB (Eagle) 1.6 
Huiiian conjunctiva 1.7 

1.8 

HeLa (Gey) 1.4 

(Henle) 

good #111) 

( Chang 
‘ Lirer ’ ’ (Henle) 

.18 

.16 

.18 

.17 

.19 

.18 

.18 

.19 

.12 

.16 

.16 

.13 

.I8 

.15 

.17 

.14 
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TABLE 11. Progressive Growth of 3 Cell Strains as Measured by Protein Determillations and 
by Nuclei Counts. 

Cell line 1 2 3 1 
Days after planting culture 

Human leukemia PdS pg f S.D." 
(Osgood #111) Vt 

ccs x 104" 

/CC x 104 

V 
Ratio of protein, pg 

HeTla (Gey) P d  p g 2 S . D .  
V 

cc x 104 

/cc x 104 

cc x 104 

/cc x 104 

V 
Ratio of protein, pg 

Intestinal epithe- P d  pg k S.D. 
liuni (Henle) V 

V 
Ratio of protein, pg 

784 f 16 
2% 

97 .c 6.6 
6.8% 
8.1 

746 +- 19 
2.5% 

80 f 5.8 
7.2 % 

9.3 

454 +- 11 
2.4770 

51 1 4 . 2  
8.1% 
8.9 

1217 f 12 
1% 

144 f 4.5 
3.196 
8.5 

1025 3- 53 
5.2770 

101 -L: 16 
16% 
10.1 

743 3- 39 
5.3% 

77 f 8.8 
12% 
9.6 

1694 1 11 
.64$70 

21'7 -I- 9.3 
4.3770 

7.8 

1498 -L 60 
4% 

163 3- 15 
9.2% 
9.2 

1005 f 34 
3.3 % 

101 f 12 
12% 
10.0 

2520 f 43 
1.7% 

391 1.2 
11% 
6.1 

1988 2 159 
8.070 

267 & 39 
14% 
7.4 

1607 .+- 176 
11% 

204 -c 18 
8.8'5 

7.9 

* Mean of 4 replicate flasks stand. dev. ( c ) .  t Pearsods coefficient of variation 
loo. 

$ P d  = Protein determination; Ce = Cell count. 
mean 

sorption curve was a straight line function of 
the amount of cells up to an optical density 

( log :) of 0.4. t For a given cell type, the 

bovine albumin equivalent as measured color- 
imetrically may be converted to cell count, 
mg dry weight, total nitrogen, protein nitro- 
gen, or any other desired criterion, by appro- 
priate determinations on test suspensions 
simultaneously measured by the method here 
described. Some of these conversion factors 
are indicated for 8 cell types in Table I. 

An experiment to show the reliability of 
the protein determination as a measure of 
cell growth with 3 different cell lines is sum- 
marized in Table 11. A number of replicate 
T-15 \flasks were inoculated with each strain, 
and their protein content and cell count 
measured daily. The coefficient of variation 
in the protein content of 4 flasks varied from 
1 to 11 % , averaging 3%. The coefficient of 
variation in the cell count procedure varied 
from 3 to 16%, averaging 9.5%. With each 
cell line the ratio of the protein content to 
cell count remained essentially constant until 
the 4th dav. when there was a smaller amount 

of protein per cell, presumably indicative of 
a smaller average cell size. 

Summary. An analytical method for the 
measurement of cell growth in tissue culture 
is described, based on the Lowry method for 
the determination of protein, and employing 
a phenol reagent (Folin-Ciocalteau) for color 
development. The results, referred to a bo- 
vine serum albumin standard, may be con- 
verted to dry weight, nitrogen or cell count 
by appropriate conversion factors. Those 
factors are here given for 7 human cell lines 
and 1 mouse line. 
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