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I t would appear tha t A is presently heterogeneous 
with respect to amino acid composition and tha t B 
may be much less so. On the other hand, both 
Fractions A and B are not grossly heterogeneous 
with respect to molecular weight of the monomer 
kinetic unit, since both gave symmetrical, but 
broad, peaks on prolonged centrifugation in 6 M 
urea. More significantly, the statistics of Table I 
indicate tha t there was no curvature at t r ibutable to 
heterogeneity of the ga vs. (ca — c0) plots since the 
standard deviation of the slope is low. 

Discussion 

There may be some advantage in using the Archi
bald principle in various solvents on a material 
with a known large activity coefficient term to see if 
a correct value for the term can be determined. In 
cases where the correction is small or known, the 
use of higher density solvents to slow down the sedi
mentation may extend the usefulness of the Archi
bald principle to higher molecular weight classes 
which yield pat terns too steep to measure accu
rately even at the lowest speeds and concentrations 
now practical. 

The da ta of Fig. 2 are taken from the same ex
periments reported elsewhere16 to show the varia
tion of (dc/dr)/rc with r and to locate the position 
of r& from the common intersection of such curves. 
I t was of interest to know whether such information 
also could be obtained from a ga vs. (ca — c0) plot, 

The foot-and-mouth disease virus system has 
been shown to consist of two particles which are 
regularly associated with the infection in animals and 
in tissue culture. The larger of the two is the in
fectious virus itself, which has a sedimentation co
efficient of S2O1W = 140 ± 10 5 (s-rate).2-5 Both 
particles exhibit complement-fixing (CF) activity. 
Recent information on the s-rate of the smaller par-
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(4) O. PyI, Arch. Exp. Vet. Med. (Reims), 10, (3), 358 (1956). 
(5) S. S. Breese, Jr.. R. Trautman and H. L. Bachrach, Biochemica 
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where the prime represents an incorrect choice of 
the position of ra. Treating ra as a variable, the 
data were analyzed to see what value minimized 
the quadratic term in the least squares polynominal. 
Actually, the very slight curvature reversed as ra 

was varied by 0.1 mm. on either side of the geomet
rical value of ra. This is interpreted to mean tha t 
the ga vs. (ca — c0) representation does not sacrifice 
the ability to determine ra, if desired. Also, it indi
cates one cause of non-linearity in the plot. But 
this curvature is so slight as to be normally unde
tectable; hence the wrong choice of ra will still 
introduce the same systematic error in MapP as it 
does in the (bc/br)/rc method—about 10% /0.1 
mm. on the plate. On the other hand, polydispers-
ity of molecular weight will yield a large curvature.'-' 
This has recently been discussed by Erlander and 
Foster.18 

The values of M found here for the chromato
graphic histone Fractions appear significantly 
greater than those reported by Luck, et al.,7 espe
cially for histone fraction B. Perhaps less degrada
tion is involved in the isolation. 
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t i d e and the partit ion of total C F particles has been 
reported by Bradish, et a/.s They reported the s-
rate to be 7.8 5 and assigned 50-100% of the C F ac
tivity to this smaller particle in preparations ob
tained from infected guinea pig, mouse and bovine 
sources. 

The purpose of the work reported here was to 
apply zone centrifugation for the quant i ta t ive sep
aration of the two sizes of antigens. Such a frac
tionation would enable direct measurement on crude 
biological fluids of the partition of the C F activity 
as well as provide the two antigens free from each 
other for subsequent experiments. Before inves
tigating the zone method, it was necessary to rede
termine the 5-rate of the smaller C F particle since 

(6) C. J. Bradish, J. B. Brooksby, J. F. Dillon and M. Norambuena, 
Proc. Roy. Soc. (London), B140, 107 (1952). 
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The sedimentation coefficient of the smaller complement-fixing (CF) particle of the foot-and-mouth disease virus system, 
type A, strain 119, in bovine-passed material was determined by assay of moving boundary fractions from a swinging bucket 
rotor to be j20,w = 14 ± 1 5. Zone preparative centrifugation of the velocity type was used to separate infectious fluids into a 
virus fraction and a smaller particle fraction. Tests of cross-contamination revealed that there was less than 5 % of the origi
nal smaller particle material remaining in the virus fraction as determined by CF activity measurement. Correspondingly, 
there was less than 1% of the virus remaining in the smaller particle fraction as determined by infectivity measurement. 
Three different pooled samples of freshly harvested infectious vesicular fluid showed half of the CF activity to be in the 
virus fraction. The corresponding fractions from epithelial extracts showed only one fourth. 
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preliminary experiments failed to confirm the 7.8 5 
value. This was done by a non-optical moving 
boundary method, following the results of ultracen-
trifugation by the CF assay. 

Experimental 
Material.—These various biological fluids containing 

both foot-and-mouth disease virus, type A, strain 119 
(FMDV-A119), and smaller CF particles were obtained 
from: (a) tissue culture (TC) harvest from infected bovine 
kidney monolayers, partially purified and concentrated 
as described elsewhere,7 (b) fresh bovine tongue epithelium 
scraped from infected lesions and triturated in a mortar 
or in a blender with Veronal-buffered saline (VBS), £H 7.4, 
T/2 0.15 as a 10-20% suspension (in preliminary experi
ments epithelium was used which had been stored at —60° 
for 8-18 mo.), (c) bovine tongue vesicular fluid expressed 
24 hr. postinoculation. Epithelium suspensions and 
vesicular fluid were clarified within 4 hr. of preparation by 
centrifugation selected to pellet all contaminants, including 
bacteria, with s-rate greater than 10 times that of the virus. 

Complement-fixing Test.—A direct semi-quantitative 
CF test8 modified slightly from that of Traub-Mohlmann9 

with an overnight fixation period at 4-8° was used to deter
mine the highest dilution of antigen in a twofold dilution 
series capable of fixing 1.5 units of guinea pig complement. 
A constant amount of guinea pig serum containing specific 
antibody was used in all CF tests. Visual reading of the 
end-point was made, grading the level of fixation as 4, 3, 
2, 1 or 0. Tubes with a value of 3 or 4 were considered as 
fixing complement; 0 as 100% hemolysis. The actual 
dilution of the antigen at the end-point was used as the con
centration of the antigen in the sample. Starting material 
and subsequent fractions were assayed simultaneously so 
that per cent, recoveries could be calculated. This is the 
restrictive sense in which the abbreviation " C F act ivi ty" 
is used in this paper. From repeated determinations the 
error of this activity measurement was estimated to be 
± 2 5 % . 

Moving Boundary TJltracentrifugation.—The moving 
boundary technique was used to determine the s-rate of 
the smaller CF particle by centrifuging the boundary about 
2/i of the length of the tube in a swinging bucket rotor 
(Spinco SW 39). l0 The antigenic solution throughout the 
tube was initially compartmented against radial convection 
due to collision with the walls during centrifugation and 
torque due to deceleration by using a slight density gradient11 

layered as follows: 1 ml. of the solution containing 50 mg. 
of sucrose was put into the bottom of the tube, then 2 ml. 
containing 50 mg. and finally 2 ml. without sucrose. The 
highest density was thus about 1.02 g./ml. Sampling was 
done by removing measured volumes of approximately 1-
ml. fractions from the top with a Pasteur pipet of 1-mm. bore 
at the t ip. The position of the bottom of each fraction was 
read from a scale alongside the tube aligned so that the bot
tom of the tube was at 10.0 cm., its true radius from the 
axis of rotation. The CF activity of each fraction was 
measured, and the data analyzed to locate precisely the 
boundary position. 

Tiselius12 has expressed the mass transport in a sector 
cell in such a way that the sedimentation coefficient can be 
calculated from the depletion of the material above a perme
able partition. Ray and Deason13 have given the deriva
tion for a cylindrical tube under "non-convective" sedimen
tation. I t was desired here to make the calculation of s in 
two steps, the first to determine the boundary position 
and the second, to convert this displacement from the me
niscus, with the time and speed data, to an s-rate. To this 

(7) H. L. Bachrach and S. S. Breese, Jr., Proc. Soc. Exptl. Biol. 
Med., 97, 659 (1958). 
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1750, Exhibit L.) 
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(1954). 
(12) A. Tiselius, K. O. Pedersen and T. Svedberg, Nature, 140, 848 
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end, the mass transport expression12'13 has been solved for f, 
the location of the boundary. This yields directly 

«-»«.« = rjf = i _ ( r p _ r a)(i _ Q)/rp ( i ) 

in which Q is the fraction of the initial material recovered 
between the meniscus at ra and the partition level at rp in 
the concentration plateau region of the tube ahead of the 
boundary. An alternate derivation of equation 1 which 
does not use s explicitly, nor depend upon its constancy can 
be made from the expression for the concentration in the 
plateau as rtc"/r. The quantity of material present be
tween r„ and rp is equal to that calculated as though the 
plateau concentration extended back from rp to f. Then 
Q can be expressed directly as 

n = {r*c°/r){rs - f) 
^ c°{r* - r.) 

from which equation 1 follows. 
I t is not known, a priori, in the non-optical applications 

which fraction will extend into the plateau. So the assay 
results on each fraction are included with those preceding 
to make a series of two compartment cells with a variable 
partition level r, the bottom of each successive fraction. 
Equation 1 can be applied to calculate an ' 'apparent bound
ary position," with the purpose of determining the con
stant value f, which will be obtained when the fractionation 
is in the plateau. To this end, equation 1 is generalized 
by replacing f by r*, the apparent boundary position, and 
Q by q as 

~* = Ti (Q-) 

~ rjr + 2 ( 1 - rjr) w 

now 
n n 

q= YJ Ci&Vi/c" X) Az,i (4) 
« - 1 t = 1 

is the fraction of the initial material recovered between the 
meniscus r, and the partition level r, and c° and c\ are the 
concentrations of the initial solution and the ith fraction 
when the volume between )-a and r is divided into n not 
necessarily equal fractions of volume A»i. 

The amount of error introduced into r* by the error in the 
assay can be determined by differentiating equations 3 and 4 

-Ar* = (r*aAa)<z(l - rjr)(dc/c) (5) 

Here the error (dq/q) is assumed constant and equal to 
(dc/c), the error in the assay. Equation 5 shows that dr* 
depends upon q and is zero for the cut at r, which represents 
an upper compartment just emptied, i.e., 2 c-,Av = 0, even 
though the assay error itself is large. 

After using the observed CF titers of the various fractions 
to locate the boundary position, f, the s-rate in Svedbergs 
was calculated from 

where r, is the radius at the meniscus, u is the angular ve
locity, and t is the equivalent centrifugation time, which is 
the time a t full speed plus V J of the duration of acceleration 
and deceleration. 

Zone Centrifugation.—The velocity type of zone cen
trifugation14-18 was used to separate the virus from the 
smaller CF particle. A 4.5-ml. sucrose gradient (0 to 200 
g./l.) without antigenic solution was used, giving a maxi
mum density of 1.07 g./ml. The initial gradient was made 
by twirling a saw-toothed wire to smooth out the two sharp 
boundaries between three solutions of different density 
carefully layered in the tube by pipet. These solutions 
were, first, 1 ml. of 200 g./l . sucrose in the buffer, second, 
2.5 ml. a t 100 g./l . , and finally, 0.5 ml. of buffer alone. I t 
was found that this gradient would support an initial zone 
not exceeding 4 % protein; hence starting materials were 
diluted with VBS when necessary. In preliminary experi
ments where 1-ml. initial samples were used, the three 
layers for the gradient had volumes of 1, 2 and 1 ml. In 
most experiments 0.5 ml. of antigenic solution was layered 
carefully on top. The rotor was immediately placed in the 
ultracentrifuge (Spinco model E) , and slow acceleration 

(14) M. K. Brakke, Arch. Biochem. Biophys., 45, 275 (1953). 
(15) M. K. Brakke, ibid., 55, 175 (1955). 
(16) N. G. Anderson, Exptl. Cell Res., 9, 446 (1955). 
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started as soon as the chamber was closed. Five 1-ml. 
fractions were taken from the top at the completion of the 
centrifugation, using a Pasteur pipet. The speed and 
equivalent time were selected so that the vhus zone moved 
through about 3 ml. The upper two 1-ml. fractions were 
considered the "smaller-particle fraction," and the lower 3 
ml., the "virus fraction." 

Infectivity.—Infectivity assays in bovine kidney tissue 
culture (TC) were made by both T C ID60 and plaque-count
ing methods.17-18 The plaque method gave the highest pre
cision of assay when TC-passaged virus was employed, but 
the ID5O assay was preferred for bovine-passaged virus, 
since plaques were not formed in the usual manner. Very-
limited use was made of mouse titration,10 injecting 0.05 
ml. intraperitoneal!}' into 8-12-day-old suckling mice and 
reading at 8-10 days postinoculation. 

Results 
Sedimentation Coefficient of Smaller CF Par

ticle.—Figure 1 shows the plot of (r* ± dr*) as a 
function of r for a sample prepared from fresh 

5 6 
APPARENT BOUNDARY POSITION r - ( c m ) . 

Fig. 1.—Moving boundary ultracentrifugation of smaller 
particle from FMDV-A119 system followed by CF activity. 
True boundary position is at 7.8 cm.; plateau of concen
tration extends from 8.3 to 9.5 cm.; ellipses, crosses and 
rectangles represent 3 separate tubes fractionated at different 
levels. The horizontal extent of the point represents an 
error of 2 5 % in the relative assay; 35,600 r.p.m., 350 
min., 17.5° in SW 39 rotor; epithelium suspension ca. 
10%. 

bovine tongue epithelium freed of virus by centrifu
gation. A plateau is evident between 8.3 and 9.5 
cm., with the corresponding value of f = 7.78 from 
the abscissa scale. In equation 6 this yields s = 
11.3 S. Correcting by 21 .5% (6.5% for tempera
ture from 17.5 to 20.0° and 15% estimated for the 
average density and viscosity effect of the sucrose, 
VBS, and 5 g.,/100 ml. slower sedimenting proteins) 
yields s2o,w = 14 .S. Since the range of level for 
which the line at r* could be placed corresponds to 
about ± 0 . 5 S, and since the temperature is known 
only within 0.5-1°, the limits are about ± 1 for 
this value of 14 5. Table I summarizes all the 
moving boundary experiments performed on the 
smaller C F antigen. The early runs were used to 
bracket the s-rate and to ascertain the conditions of 
speed and time so tha t the boundary moved about 

(17) H. L. Baehrach, W. R. Hess and J. J. Callis, Science, 122, 12G9 

2A of the length of the tube, as in Fig. 1. No sig
nificant effect on the 5-rate due to storage was re
vealed by these data, but more studies on fresher 
material would be desirable, since the method yields 
the weight average 5-rate of all the C F antigens 
present. 

TABLE I 

SEDIMENTATION COEFFICIENT OF SMALLER CF ANTIGEN IN 
FMDV-A119 BOVINE SYSTEM BY MOVING BOUNDARY 

PREPARATIVE ULTRACENTRIFUGATION 
CF 

Experi
ment 
no. 

1 
2 
3 
4 
5 
6 
7 
8 
9" 

10 
11 

Material® 

602 epith. 
602 epith. 
656 epith. 
602 epith. 
602 epith. 
602 epith. 
602 epith. 
513 epith. 
Pool 1 epith. 
Pool 2 ves. 
Pool 3 ves. 

Storage 
- 6 0 ° 

15 mo. 
15 mo. 
15 mo. 
15 mo. 
15 mo. 
15 mo. 
15 mo. 
18 mo. 
6 days 
Oday 
0 day-

Time 
4° 

(days) 

7 
8 
0 
1 

34 
30 
34 

1 
25 
30 
60 

recov
ery 
(%) 
120 
46 
80 
83 

61 
71 
57 

104 
100 
104 

J!0,W 
(Sveri-
berg) 

<72 
>12 
<72 
> 1 1 
<83 

10 ± 5 
13 ± 5 
16 ± 5 
14 ± 1 
13 ± 2 
13 ± 2 

" Number is the ear tag when individual animal was used; 
epith. = epithelium; ves. = vesicular fluid. b Depicted 
in detail in Fig. 1. 

Movement of Virus in Zone Centrifugation.— 
Figure 2 shows the distribution of the infectivity 
of T C virus following zone centrifugation. The 
virus moved as a zone, with 7 3 % total recovery of 
infectivity. Similar results were obtained in three 

I N F E C T I V I T Y 

(HI.-,.-,!. 
(18) H. L. Baehrach, J. J. Callis, W. R. Hess and U. Ii. Patty. 

Virnh.ey. 4, 224 (1957). 
( 111) U. II. Skinner, I'tuc. liny. Sue. McL. 44, 1011 iJI)Sl). 

A B C 

Fig. 2,—Zone centrifugation of TC FMDV-A119: (A) 
to represents the initial loading of tube; (B) /, the estimated 
final position of the virus from the infectivity results in (C); 
PFU is plaque-forming units, 25,980 r.p.m., 59 min., 21° 
in SW 39 rotor. 

of four experiments performed with slight varia
tions in speed and time. From the knowledge tha t 
the s-rate of the smaller particles is Vio tha t of the 
virus, it can be estimated tha t in moving the virus 
through 3 ml., the smaller particle will be moved 
through 0.3 ml. Thus the smaller particle should 
be in the top 2 ml., and the virus in the bot tom 3 ml. 
as indicated in Fig. 3A. The C F titer of T C ma
terial was too low to study the movement of the 
smaller particle. For this, the animal-source ma
terial was used, employing speed and time condi
tions found suitable for the T C material. 
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Fig. 3.—Separation by zone centrifugation of virus from 
smaller particle in FMDV-A119 bovine vesicular fluid. 
Numbers in parentheses indicate experiments averaged, with 
average total recovery immediately above; activity scales 
are in % recovered, 25,980 r.p.m., 64 min., 20-21° in SW 
39 rotor. Schematic in (A) is drawn from the infectivity and 
CF activity results in (B) and (C), respectively. 

Partition of CF Activity and Infectivity in Epi
thelium and Vesicular Fluid.—Table II contains 
the results of zone centrifugation applied to extracts 
from bovine tongue epithelium and bovine vesic
ular fluid. Individual data for complement fixa
tion and infectivity from each of five 1-ml. fractions 
are given, as well as the sums of fractions 1 and 2 
for the smaller particles and of fractions 3, 4 and 5 
for the virus. The epithelium columns show that 
69% of the CF activity and 0.8% of the infectivity 
were in the smaller-particle fraction. The corre
sponding partitions for vesicular fluid were 42 and 
0.02%. In four preliminary experiments on epi
thelium frozen 8-18 months, the average partition 
of CF activity was 82% for the smaller particle and 
< 9% for the virus. 

A schematic representation of zone separation of 
the two sizes of particles is shown in Fig. 3A. The 
infectivity and CF assays on the vesicular fluid 
used for Table II are indicated in Figs. B and C, re-

TABLB II 

PARTITION OF CF ACTIVITY AND INFECTIVITY B E T W E E N THE 

SMALLER PARTICLE AND THE VIRUS IN FMDV-Al 19 B O 

VINE SYSTEM BY ZONE PREPARATIVE ULTRACENTRIFUGATION 

Fraction0 

1 
2 
3 
4 
5 

Small (1 and 2) 
Virus (3, 4 and 5) 

Total 

. CF activity N 
Epi- Vesicular 

theliumk fluid,c 

% % 
50 
19 
11 
10 
3 

69 
24 

93 

25 
17 
17 
23 

6 

42 
46 

88 

Vesicular 
Epithelium, b fluid,c 

% % 
0.1 
0.7 

65 
< 9 8 
< 1 6 

0.8 
< 1 7 9 

< 1 8 0 

0.01 
0.01 

43 
5 
0 .5 

0.02 
49 

49 
" Five 1-ml. fractions numbered from the top down. 

6 Three experiments on 2 pools averaged for CF and 3 for 
infectivity, TC ID60 method, 5-10% suspension of epi
thelium. ' Eight experiments on 3 pools averaged for CF 
and 2 for infectivity, 1 TC ID6o and 1 mouse method, 1:4 
dilution of vesicular fluid. 

spectively, which are consistent with the particle 
distribution proposed in Fig. 3A. 

Cross-contamination.—To interpret the above as 
partition between virus and smaller particles, it is 
assumed that all of the virus leaves the upper 2 ml. 
and that none of the smaller particle material ad
vances into the bottom 3-ml. virus fraction. How
ever, perfect fractionation is unlikely, and so with 
two assays for two particles there are four measure
ments of cross-contamination. With the FMDV 
system, where only the virus is infective, there are 
but three: (a) the percentage of virus infectivity 
that contaminates the smaller-particle fraction, (b) 
the percentage of smaller-particle CF activity 
that contaminates the virus fraction, and (c) the 
percentage of virus CF activity that contaminates 
the smaller particle fraction. These three will now 
be considered separately. 

The percentage of infectivity contaminating the 
smaller particle fractions (no. 1 and 2) is shown in 
Table II. The average is about 0.4%, with the 
highest value in any of the five experiments being 
2%. This cross-contamination could not be calcu
lated from the average infectivity recovered in the 
virus fraction since it is 130%, with a range from 13 
to 260%. 

The smaller particle contaminating the virus 
fraction was studied in two ways. Both are special 
cases, for neither represents the actual zone centri
fugation with the two particles present. The first 
way, with no centrifugation and standing the same 
length of time as the normal centrifugation experi
ment, measured the amount of the CF activity of 
the initial zone that moved into the lower 3-ml. vi
rus fraction. Fig. 4A shows the initial loading of 

CF AFTER 

STANDING SPINNING 

A B C 

Fig. 4.—Contamination of virus region with smaller par
ticle: (A) C0 represents the initial loading of tube; CF 
activity scale is in % recovered in the fractions shown after 
(B) standing and (C) centrifugation under conditions for 
Fig. 3. 

the tube. In Fig. 4B is the average of four experi
ments. The initial zone broadened considerably, 
but only 2% of the CF activity was found in the 
bottom 3 ml. (individually, 0, 0, 1 and 6%). One 
of the samples used was also infectious. Less than 
0.003% of this infectivity was detected in the lower 
region, with a total recovery of 40%. The second 
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way of determining how far the smaller particles 
advance into the virus region was done by centri-
fuging an essentially virus-free preparation and de
termining the CF activity in the lower region of the 
tube. Such a sample was obtained as follows: The 
supernatant fluid from a moving boundary ultracen-
trifugation, which pelleted most of the virus, was 
subjected to zone centrifugation to separate out 
only the smaller-particle fraction. The results of 
three experiments, shown in Fig. 4C, were almost 
identical to Fig. 4B, showing that the centrifuga
tion which was designed to move the smaller par
ticle through 0.3 ml. did not cause any more broad
ening of the initial zone than that which occurred 
by standing and subsequent handling. However, 
0, 3 and 4% of the initial CF activity was found 
below the upper 2-ml. fraction. The over-all aver
age of these three experiments and the four used for 
Fig. 4B shows 2% (range 0-6%) cross-contamina
tion of the smaller CF particle into the virus frac
tion. 

In experiments to demonstrate the amount of 
virus CF activity contaminating the smaller par
ticle fraction, zone centrifugation of virus, free from 
the smaller particle, was followed by CF assay. 
This should indicate how much CF activity fails to 
leave the smaller-particle fraction. I t was found 
to be difficult to obtain such a preparation, for the 
virus breaks down into smaller particles with han
dling. 3.2°-22 Since only small percentages of cross-
contamination are to be measured, virus degrada
tion during the dialysis necessary to remove su
crose was great enough to preclude establishing 
contamination limits. 

Discussion 
These experiments show that the major 14 S and 

140 5 particles can be separated in one centrifugation 
but do not establish that there are only two particle 

(20) J. B. Brooksby, in the second symposium of the Society for 
General Microbiology (1952) "The Nature of Virus Multiplication," 
Cambridge Univ. Press, 1953, p. 246. 

(21) F. Brown and J. Crick, Virology, 5, 133 (1958). 
(22) J. B. Brooksby, "Advances in Virus Research," Vol. V, K. M. 

Smith and M. A. Lauffer, ed., Academic Press, Inc., New York, N. Y., 
1958, p. 34. 

In this paper we are concerned with the binding 
of certain divalent metal ions to glutathione; they 
may be attached either to the amino and carboxyl 

(1) This work was supported by grants from the United States Pub
lic Health Service (H-31G9) and the National Science Foundation 
(G-3230). 

types in the FMDV system. The presence of other 
types might be ascertained by recycling the inter
mediate fractions from the first zone ultracentrifu-
gation. Persistence of the activity at some 
level other than that corresponding to the 14 5 and 
140 S zones would indicate such a component. Veri
fication could be obtained by measurement of its 5-
rate by the moving boundary technique as illus
trated in Fig. 1. 

A distinction must be made between the percent
age of a component that contaminates another frac
tion and the percentage of an observed activity that 
is due to a contaminant. Thus, if 5% of the smaller 
particle is in the virus region and the virus repre
sents only 5% of the original activity, then half of 
the activity in the virus fraction is due to the smaller 
particle. When zone centrifugation for the prep
aration of antigens free from each other is applied, 
an additional zone centrifugation of each major 
fraction from the first cycle presumably will reduce 
the contamination even further. 

In explanation of the differences between the s-rate 
found here for the smaller CF particle and that re
ported by Bradish, et al.,6 the limit of error of both re
sults should be considered. Bradish, et al.,6 derived 
the expression for the error in the s-rate due to an 
error in the assay, when using the two-compartment 
formula. Their expression is slightly different from 
that which follows from the dr* of equation 5 but 
indicates that the accuracy depends upon the upper 
compartment's being very nearly emptied. In 
their five experiments the ratio of c/c° was between 
0.39 and 0.63, with an average of 0.52. The corre
sponding averages of ra and r were 71.2 and 87.8 
mm., respectively. These data give an error, ds/ 
s, of ±27% using an assumed error of 25% in the 
assay (their n = 1.25). Thus, their reported 
value of 7.8 5 can be no better than ±2.1 5 by 
their own argument; however this does not com
pletely resolve the difference. There is, of course, 
the possibility that there is a real difference between 
virus strains, since their work was on type O, or that 
they were dealing with a breakdown product of the 
smaller particle itself. 
GREENPORT, N E W YORK 

groups of the glutamyl residue or to the sulfhydryl 
group of the cysteinyl residue. We have studied 
binding by titration with base, with and without 
added metal ions. To formulate the relations 
involved, we consider first the acid-base equi
libria involving the amino and sulfhydryl groups 
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Glutathione may combine with metallic ions, at two loci: either like an a-amino acid, by chelation through the amino 
and carboxylate groups of the glutamyl residue, or through binding at the cysteinyl sulfur. The interactions of several 
divalent metallic ions with glutathione and S-methylglutathione have been determined by titration. Since the sulfur 
atom is blocked in the S-methyl derivative, comparison of the data permits estimation of the relative importance of binding 
at the two loci in glutathione. For divalent Zn, Ni, Co and Mn it is estimated that 80, 10, 30 and 15%, respectively, of the 
bound metallic ion is attached at the sulfur atom. 


