or Norwalk viruses in tissue culture.
Preliminary evidence suggests that the
gastroenteritis antigen is the etiologic
agent of “Norwalk” gastroenteritis and
belongs to the class of viruses known
as parvoviruses (9); studies by Provost
et al. (10) suggest that the hepatitis A
virus is also a parvovirus. We could not
demonstrate a serologic response to the
Norwalk gastroenteritis antigen with
paired serums from two patients with
hepatitis A, nor could we demonstrate
a rise in antibody to hepatitis A antigen
with paired serums from two volunteers
infected with the gastroenteritis agent
(Table 1). Thus, the two antigens do
not appear to be serologically related.

In a previous study a virus was re-
covered from cell cultures inoculated
with specimens from the Illinois volun-
teers (/7). This virus was subsequently
shown to be a parvovirus and to be re-
lated to the latent rat virus complex of
agents (/2). Although this isolate was
most likely a contaminant unrelated to
hepatitis A, the possibility of its asso-
ciation with the hepatitis A antigen was
examined with guinea pig hyperimmune
serum to the Kilham strain of latent
rat virus and particulate antigen of rat
virus grown in cell culture (/3). In
IEM studies done under code, a con-
valescent-phase hepatitis A serum from
the Illinois study did not react with rat
virus antigen but did with its homolo-
gous hepatitis A antigen; and the hyper-
immune rat virus serum did not react
with the hepatitis A antigen but did
with its homologous rat virus antigen.
Thus we demonstrated that the hepa-
titis A antigen was not related to rat
virus and, in addition, confirmed the
lack of an etiologic relationship of rat
virus to hepatitis A.

Cross et al. reported particulate fecal
antigens thought to be related to hepa-
titis A infection. However, one of these
was smaller (15 to 25 nm) than the
hepatitis A antigen (27 nm) whereas
the other was larger (40 to 45 nm),
and the latter appeared to be serologi-
cally related to hepatitis B antigen (/4).
Reagents are not now available to de-
termine whether the hepatitis A antigen
described here is antigenically related
to the fecal antigens described by Cross.

Commercial immune serum globulin
protects against or modifies hepatitis A
illness. To determine whether such
preparations contained antibody to the
hepatitis A antigen, we tested two lots
of immune serum globulin, prepared
by different :manufacturers: one was
rated as being strongly positive for
such antibody (3 to 4) (Fig. 1, E and
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F), and the other was found to have
a moderate quantity (rated 2) of anti-
body. Testing for antibody to hepatitis
A antigen may prove useful in the
standardization of potency of immune
serum globulin to be used in the pre-
vention of hepatitis A infection.

Our data suggest that the 27-nm
particle visualized in a stool filtrate de-
rived from a patient with hepatitis A
may be the etiologic agent of this dis-
ease. In addition, the discovery of this
viruslike antigen in the stools of pa-
tients with hepatitis A, and the develop-
ment of a serologic technique with
which to detect antibody to it, provide,
for the first time, a means of diagnos-
ing and studying hepatitis A.

STEPHEN M. FEINSTONE
ALBERT Z. KAPIKIAN
ROBERT H. PURCELL
Laboratory of Infectious Diseases.
National Institute of Allergy and
Infectious Diseases,
Bethesda, Maryland 20014
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Probit Transformation: Improved Method for Defining

Synchrony of Cell Cultures

Abstract. Cell numbers can be converted to probits that are used to compare
the degree and timing of synchronized cell cultures. Data from synchronous
cultures of Chlorella pyrenoidosa have been analyzed by this method by means
of a readily available computer program. The method can be used with any bio-
logical system that generates normal sigmoidal data.

The use of synchronous cultures of
algae has been of value in numerous
investigations of photosynthetic activ-
ity, pigment synthesis, nucleic acid
synthesis, and changes in metabolism
[reviewed in (/)]. A problem often en-
countered with synchronous cultures
of microorganisms has been the quanti-
tative comparison of the synchrony of
different cultures, because the cell
counts, when plotted against time, de-
scribe a sigmoidal curve rather than a
straight line. In describing synchrony it
is not sufficient to describe the growth
conditions, moreover, because even
when similar procedures are used the
synchrony often varies between experi-
ments. To circumvent this problem,

some investigators used parameters
that were a measure of the time re-
quired for completion of cell division
(2). These numbers are not easily ob-
tained and do not have the required
precision. Engelberg (3) later intro-
duced a more quantitative method. In
the improvement introduced by Spen-
cer et al. (4), the change in cell num-
ber was monitored every Y2 hour and
the resulting curve analyzed statistically.
This method has the advantage of in-
creased precision, but the necessity of
making frequent cell counts for each
culture at specific time intervals makes
it impractical for routine use.

A simpler solution follows from the
fact that the change in the rate of cell
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division follows a normal distribution
function, with the maximum rate of
cell division at the midpoint of the
curve. The time curve for the total cell
number is the integral of the cell di-
vision rates up to that time and, there-
fore, has the same shape as the integral
of a normal probability curve. For this
reason, the sigmoidal growth curves
from various experiments can be eas-
ily compared by converting the cell
numbers to probits, This transforma-
tion converts a normal sigmoidal curve
to a straight line (5). In the case of
cell division, the plot of probit against
time produces a straight line having a
midpoint corresponding to the peak of
the cell division rate (probit of 5.0),
with the reciprocal of the slope equal-
ing the standard deviation of the cell
release rate. These two parameters,
the time of maximum cell division and
the spread of the cell release rates
around this midpoint, are all that are
needed to define degree of synchrony.
These parameters can be thought of
as analogous to the wavelength of the
absorption maximum and the half-
bandwidth commonly used in spectros-
copy. :

Figure la shows the sigmoidal curve
obtained by plotting percentage of cell
division against time for a synchronous
culture and a subculture of Chlorella
measured 2 days apart. The cells in
the experiment were synchronized by
prior treatment with alternating illumi-
nation of 14 hours of light and 10
hours of dark for 7 days. Daily dilu-
tions were used after the third day to
keep the initial cell number constant.
Cell number per milliliter was deter-
mined with a model B Coulter coun-
ter (6). Figure la shows only that all
divisions occurred within a single 4-
hour span in the life cycle. Figure 1b
is a plot of probit values against time
(in hours) of the cells described in
Fig. la. The midpoint, probit equals
5.0, is 9.8 hours after darkening the
culture, and the probit slope is 1.75
hr—1, which corresponds to a standard
deviation of 0.57 hour for cell release.
These two values define the synchrony
of the culture. Time zero, the point of
reference, was the end of the 14-hour
light period. Selection of a different
zero time affects only the cell division
midpoint. The standard deviation for
cell division is a critical parameter for
describing the synchrony of the cul-
ture. If the cell division spread is too
great, physiological changes that re-
verse themselves every few hours dur-

ing the cell- cycle would- be -averaged-
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out and not seen. The time required for
95 percent of the cells in a synchro-
nous culture to complete division is a
span of =+ 2 standard deviations. In
the culture described in Fig. 1, 95
percent of the cells divided in a 2.28-
hour span of the cell cycle (4 X 0.57
hour).

The introduction of the probit trans-
formation by Bliss (7), a simplification
of Gaddum’s (8) method of using the
normal equivalent deviate, provided a
useful tool for describing dose-response
cffects of various chemicals by de-
termining the dose that would affect
half of the organisms tested, and also
the effect of different doses on the
organisms tested (spread of effective-
ness). The probit value corresponds
to a given probability in a normal dis-
tribution curve having a variance of
1.0 and a mean of 5.0. As the proba-
bility approaches 0 or 1.0, the probit
values decrease or increase without
limit. For drug dose curves, the loga-
rithm of the drug concentration is used
to produce the normal response curve.
With cell division data, we found that
the dosage value of time was best left
lincar rather than logarithmic.

To convert cell number (N;) to pro-
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bits, the proportion of objects respond-
ing (P;) is calculated as follows:

Py = (Ni— No)/(Ne — No) (1)

where P is the proportion responding;
N, is the numter of cells per milliliter
at time i; N, is the number of cells per
milliliter before division has started;
and N, is the number of cells per milli-
liter after all division is completed.
Since the number of cells counted is
large, this proportion can be used as
probability. The proportion value is
converted to probit directly (9) or,
alternatively, converted to a normal
deviate by means of a normal proba-
bility table and the probit obtained by
adding 5.0 to the value for the normal
deviate. A simple approximation de-
vised by Hastings (I0) for computer
use calculates normal equivalent de-
viate from the proportion, and the re-
spective probits are calculated from
these values. The error in this approxi-
mation is less than 1 in 107, The for-
mula for the calculation, not valid for
probability values of 0 and 1.0, is as
follows:

k = c[g — (2.515517 + 0.802853¢ +
0.010328g°)/ (1.0 4 1.432788g -+
0.189269g* - 0.001308¢%)] )

Fig. 1. (a) Cell 50~

number of two con-
tinuous synchronous
subcultures of Chlo-
rella pyrenoidosa at
various stages of the

Cell number (% of maximum)

life cycle. These cul-
tures were exposed

to the same synchro-

nization treatment 4
and were measured BT
2 days apart; O and
(@ indicate the differ-
ent cultures. (b)
Probit values of the
data in (a) plotted
against time in the
life cycle; S.D., stan-
dard deviation.

Probit value

0 12 14 16 18 20 22 Tp 26
Time (hours)
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where & is the normal equivalent devi-
ate; ¢ is —1 for proportions under .5;
¢ is +1 for proportions above .5; and
g is [In(1/p2)]1*%. Here, p; equals P;
(the proportion responding) for P;
values of .5 or less, and equals (1.0 —
P,) for values greater than .5. The re-
quired probit value Y, is

Y=k+5 3)

Finney (/1) provided a computer
program for calculating probit values.
This program calculates the y intercept,
the probit slope, the chi-square relia-
bility values, and degrees of freedom
for each analysis. This maximum like-
lihood iteration program converges
quickly and stops when two successive
iterations produce changes less than
10—7, The program is part of the
standard International Business Ma-
chines scientific subroutine package
(12) and is included in the library
subroutines at most computer centers.

To use this program for analysis of
cell division, the cell number data, N;
is converted to proportion responding,
R;.

R‘: (Nt——Nu)/Nu (4)

The total number of cells at the end of
the measurement is converted to the
total number of subjects tested, U.

U:(Ne—-Nu)/No (5)

These formulas are then added to
the beginning of the probit computer
program to convert the experimental
data into the form needed for the
program (/3); or a separate program
can be written with the converted Fin-
ney program as a subroutine.

The computer analysis of the syn-
chronized cultures of Chlorella is shown
in Table 1. All cultures listed were
synchronized by light-dark illumina-
tion, but the cell densities and iight in-
tensities varied between experiments
except for the last four subcultures.
The y intercept (a) and the slope (b)
are part of the printout of the pro-
gram. The mean division time, T,
was calculated by the following for-
mula:

Tw=1(5—a)b (6)

The chi-square values and the degrees
of freedom were used to determine
the goodness of fit of the data to the
theoretical normal curve. These cal-
culations show the power of the probit
method in determining degree of syn-
chrony. The midpoints of the rate of
cell division occurred at essentially the
same time, but the standard deviation
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Table 1. Analysis of 19 synchronous cultures
of C. pyrenoidosa by means of the converted
Finney program (I1). The time of maximum
cell release was calculated from Eq. 6. The
error expressed is the standard error of the
mean.

Proba-
Igetg{" Slope t, mean bility
(a) (b) (hours) of fit
(%)
13 hours light, 11 hours dark
— 521 0.98 10.44 95
— 176 0.69 9.84 97
— 7.84 1.20 10.74 >99
— 6.73 1.13 10.41 94
— 5.35 1.00 10.31 >99
— 1145 1.65 9.98 87
— 702 1.17 10.25 76
— 929 1.39 10.29 #
10.28 = 0.10
14 hours light, 10 hours dark
— 13.29 1.69 10.81 88
- 8.58 1.28 10.65 97
— 3.03 0.78 10.26 84
— 6.38 1.18 9.63 97
— 10.19 1.66 9.17 96
— 696 1.26 9.53 62
— 6.94 1.23 9.71 81
— 135 123 10.01 2%
— 11,78 1.70 9.89
— 12.52 1.79 9.81 ®
— 10.13 1.55 9.75 ®
993 = 0.13

* Indicates not enough measurements for chi-
square analysis.

of cell division rates varied because of
culturing conditions. If there had been
more than one synchronous population
of cells in the culture, the plot of pro-
bits against time would show two or
more linear regressions with time, and
the accompanying high chi-square
values would have indicated synchrony
problems.

The data of Spencer et al. (4) were
also analyzed by the modified Finney
program. The standard deviation ob-
tained with the computer program was
0.63 hour as compared to 0.61 hour
that they obtained, and the mean time
of cell division was the same, 10.8
hours, Theoretically, if the time inter-
vals of their measurement had been
short enough, the two methods would
have been equivalent. The chi-square
analysis gave > 98 percent correlation
of their data with the probit transfor-
mation. The ease of computation of
the probit values and the important
advantage that the cells do not have
to be counted at specific time inter-
vals make the probit analysis an excel-
lent method for comparing cell syn-
chronies.

Probit analysis can be applied to
analyze any Dbiological system that

yields normal sigmoidal data. In the
case of cell synchrony, any measurable
quantity dependent on the cell cycle
can be converted to probits and used
to determine the synchrony of the sys-
tem. With microorganisms, cell num-
ber is the easiest quantity to measure.
Probit analysis of cell numbers pro-
duces, probit slope and midpoint, which
accurately describe the time of maxi-
mum rate of cell division and the
spread of cell division. When probit
values are used with other parameters
such as the number of autospores re-
leased per mother cell, temperature,
pH, and synchronization techniques,
synchronized cultures can be completely
defined and easily compared to each
other.
WiLLIAM G. HAGAR
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