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occur in. vivo; further, it suggests that in 
studies of viremia leucocytes should not be 
excluded from specimens to be tested. 

The observations with ECHO 9 and measles 
viruses do not justify the assumption that leu- 
cocytes are universally susceptible to viruses 
which are known to produce viremia. In the 
case of infection with type 1 poliovirus. viremia 
has been well documented 8 1 .  However, ex- 
periments similar to those now reported and 
conducted recently in this laboratory have not 
provided evidence that type 1 poliovirus multi- 
plies in leucocytes. 

Whereas leucopenia is associated with 
ineasles. in human infection due to ECHO 9 
virus the peripheral white count is usually 
within normal limits or slightly diminished 
and may rarely be elevated early- in the illness 
6,’i ; consequently, although it is suggested 

that both viruses may infect leucocytes in vivo, 
it is not clear that such infection influences 

Leucoc yte survival. 
Srtnunary. Propagation of ECHO 9 virus in 

suspensions of human blood leucocytes has 
heeri described. 
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Demonstration of Serological Specificity in the Reaction of Individual Gamma 
Globulins with Rheumatoid Factors by Hemagglutination.* (27054) 

W.4LLAcE Y. EPSTEIA ( 1 ritroduc-ed 1))  Ernest Jawetz) 
Thr ‘4llergy Clinic arid Rheicmatic 11iwn.w Group, Department of Medicine, 

r’nicersit\. o l  Caiifornirr School of  kfrdirinr, San Francisco 

Two general serological methods utilizing 
human gamma globulin for detection of 
rheumatoid factors in human serum are now 
being used. Human gamma globulin isolated 
by the Cohn alcohol fractionation method 
(Fraction 11) from pooled plasma may be 
coated on latex particles ( 1) or may be attached 
to red blood cells by means of a tannic acid 
bond(2). Although the sensitivity of the se\-  
era1 techniques utilizing pooled gamma glohu- 
lin vary, they are all characterized by an ah- 
sence of specificity for the several types of 
rheumatoid factor as defined by the second 
method in general use. The Gm system defines 
the rheumatoid factors by means of human Rh,, 
positive red cells coated with selected inconi- 

* Supported by grants from Bat. Inst. Health and 
Northern California Chapter of Arthritis and Rheu- 
matism Foundation. 

plete anti-D sera (3). The rheumatoid factors 
are defined as anti-Gm factors of differing 
tlpes depending on the Gm characteristics of 
the anti-D coat. Rheumatoid sera of the Gm 
ia  + ) type may be negative by this test or 
may show a marked prozone reaction. Harboe 
(4) has reported that such sera become posi- 
tive and lose their prozone reaction when the 
euglobulin fraction is studied free of the co- 
existing specific inhibitor contained in the 
serum pseudoglobulin fraction. 

Past efforts to utilize 7s gamma globulin 
isolated by physical and chemical means from 
individuals as a cell coating material to detect 
the several types of rheumatoid factors as de- 
fined by the Gm system have been unsuccessful 
(5,6,7). Isolated gamma globulin fractions 
from individuals have been either nonreactive 
or when partially denatured by heating or 
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other means have shown a reactivity similar to 
that of pooled commercial gamma globulin in 
its non-specificity. 

The present study was undertaken in an 
effort to utilize tannic acid-treated sheep ery- 
throcytes coated with 7 s  gamma globulin 
obtained from normal and rheumatoid indi- 
viduals to detect serologically distinguishable 
rheumatoid factors. 

Material and methods. Rheumatoid sera: Its 
euglo bulin and pseudoglo bulin fractions. Sera 
were obtained from patients with classical per- 
ipheral rheumatoid arthritis (R-sera) . Rheu- 
matoid factor activity was measured by the 
tanned cell procedure? of Heller et d. (2) after 
heat inactivation of serum complement and 
absorption with washed sheep erythocytes. The 
euglobulin and pseudoglobulint fractions of 
serum were obtained by the technique de- 
scribed by Ziff et al. (8) using dialysis against 
a M/150 phosphate citrate buffer pH 6.3. The 
precipitated euglobulin fraction after being 
washed in the same buffer was dissolved in a 
volume of pH 8.0 phosphate saline buffer equal 
to that of the original amount of serum used. 
Denatured material which would not dissolve 
was discarded. 

Titers are expressed as the log, of the highest 
dilution causing agglutination using a 1 :28 
initial dilution in a pH 8.0 phosphate saline 
buffer containing 1 :2,000 bovine serum al- 
bumin. 

Isolation of gamma globulin. One serum 
from a patient with peripheral rheumatoid 
arthritis (R4360) and 2 normal Sera were 
used as the sources of gamma globulin. The 
2 normal sera, kindly provided by Dr. Hugh 
Fudenberg, were N4226, 7 s  Gm type Gm 
l ( a + b + x - )  G m 2 ( a - b + )  andN4227,7S 
Gm type Gm l ( a - b + x - )  Gm 2 ( a - b + ) .  
The 7s  gamma globulin from individual sera 
was obtained in 2 chromatographic steps. 

a )  Gel filtration utilizing Sephadex G-25 
(9,lO) was used to separate proteins soluble in 
0.004 M pH 8.0 phosphate saline (approxi- 
mately 95% of all serum protein-designated 
peak I )  from those gamma globulins not solu- 
ble at this low buffer electrolyte concentration. 

t Commercial pooled human globulin obtained 
through the courtesy of American National Red Cross, 
Washington, D. C. 

$ This fraction also contains the serum albumin. 

b) The 7 s  gamma globulin was isolated 
from peak I by means of anionic exchange 
chromatography on diethylaminoethylecellu- 
lose (DEAE) 5 as described previously(9). 

Isolated protein was preserved by quick 
freezing in a dry ice-acetone bath. The 7 s  
gamma globulin character of the isolated pro- 
tein was established by analytic ultracentrifu- 
gation and immunoelectrophoresis against a 
horse antiserum to normal human serum (10). 

Coating of cells. Washed sheep red cells were 
coated with the individual gamma globulins 
using the method described by Heller (2). A 
rabbit antiserum to pooled human 7 s  gamma 
globulin was used to establish that the cells 
were coated. The tannic acid-treated cells were 
exposed to a concentration of 1.0 mg of 
protein/ml. 

Inhibition procedure. A 0.5 ml volume of 
dilutions of whole serum or its pseudoglobulin 
fraction was used to inhibit agglutination by 
0.5 ml of a stated concentration of rheumatoid 
serum. The dilution of the agglutinating serum 
was added to the serial dilutions of the inhibit- 
ing material. The tubes were incubated at 
37°C in a water bath for 1 hour and 0.5 ml of 
a 0.25% concentration of the coated cells then 
added. The rack was then maintained at 4°C 
overnight. Complete agglutination is desig- 
nated as 2, indicating a flat blanket of cells, 
while total inhibition refers to a tight button of 
cells and is designated as zero. 

Results. Cells coated with the 7 s  gamma 
globulin from R4360 as obtained from the 
chromatographic procedures and after differ- 
ent degrees of heating of the isolated globulin 
were tested against 3 R sera which showed 
strongly positive tests using cells coated with 
commercial pooled gamma globulin. The re- 
sults shown in Table I indicate that all cells 
were about equally coated as indicated by the 
rabbit antiserum but that the strength of ag- 
glutination by R sera was much weaker with 
the unheated gamma globulin than with that 
heated to 48°C for 10 minutes. Heating gamma 
globulin to 63°C for 5 minutes causes loss of 
the specificity of the reactions as indicated by 
serum R4499 giving a pattern and end point 
identical with cells coated with pooled com- 
mercial gamma globulin. For these reasons all 

$ Coarse mesh, 0.9 mEq/g, obtained from Brown & 
Co., New Hampshire. 
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TABLE 1. Agglutinatioii l'attcrii of' R Sr ra  'l'c~stvtl \\ itli 
Cells Coated with Unheated arid tIeatt:d ( ; i l t i i i i i i i  

Globulin from K4,360. 
~ ~~ 

Serum R y-R4360* 1,ogt dilution of seriini 
cell (tnitial dilutioii--l:28\ 

coating 
1 2 : 1 1 5 6 7 t I  

cells used i r i  the follo\iing studies are coated 
with proteiti solutions after heating the pro- 
tein in a concentration o f  l 1tig o f  ~)roteiti/iiiI 
to  48 'C for 10 minutes. Y o  gIossl\ detec-tal)lt~ 
c.loudiiip of the solu\ ioi !  is 1)ro(lti(*e(l I)! t h i +  
degree of heating. 

4501 Whole serum 
Eug lo bul i n 

4405 Whole serum 
Euglo bulin 

2285 Whole serum 
Euglobulin 

4373 Whole serum 
Euglo bu li 11 

4647 Whole serum 
Euglobulin 

Rabbit antiserum 

7 
7 
8 

12 
8 
8 
9 

12 
x 

10 
5 

6 
8 
0 
0 
7 
8 
0 

12 
0 - 
r; 

Table I1 lists the titer of 5 whole R sera and 
their euglobulin fractions expressed as the log2 
of the dilution at the end point. All  posititt. 
tubes showed a inaxitnum agglutination pat- 
tern. The S sera used all shou-etl about the 
same end point to cells coated with pooled 
gamma globulin and showed the same or 
higher titers when their euglohulin fraction 
was tested with these cells. The results using 
the cells coated with individual gamnia 
globulins show that no individual coat dnpli- 

vales the coating of pooled gamma globulin. 
Serum R2285 is the only one reacting as the 
wglohulin to all coats while the other 4 each 
have one or more instances of a totally nega- 
~ i \ e  test when using euglobin. Serum R4405 
lacks rheumatoid factor for all of the individ- 
ual gamma globulins. The presence of a speci- 
firity of the 3 individual coats is shown both in 
the results using whole serum as well as the 
twglohulin fractions. Serum R2285 is the only 
one i n  this panel having rheumatoid factor 
reactive with the determinants of y-N4227 and 
this does not appear related to the euglobulin 
o f  highest reactivity with pooled gamma globu- 
l in  coated cells. 

Three R sera having strongly positive tests 
to pooled gamma coated cells but no titer to 
(.ells coated with y-N4226 were selected to test 
the inhibiting capacity of R sera and its 
pseudoglo bulin fraction against serum R4501 
11 hich aggultinates y-N4226 coated cells. Table 
I I la shows that 2 of these sera contain rheunia- 
I o i c l  factor elements in their euglobulin capable 

j I' reacting with y-N4226 coated cells. The 
~)~eurloglobulin fractions show no reactivity. 

TABLE 111. Inhibition of Rheumatoid Serum. 

Serum Log2 titer 
a) Characteristics of inhibitingysera 

R cells coated 
with yN4226 

Whole serum 

Pseudoglo bulin 
Whole serum 

Pseudoglo bulin 
Whole serum 

Pseudoglo bulin 

46.2 7 Euglobulin 

44'05 Euglo bulin 

4'373 Euglobulin 

0 
7 
0 
0 
0 
0 
0 

12 
0 

~~ ~ 

1)) Log2 dilution of 
Inhibiting material inhibiting material*tS 

(Initial dilution 1:lOO) 

1 2  3 4 5 6 7 8 9 1 0 1 1  1213 14 
K-lh3.7 Whole serum 1 2  2 2 2 2 2 2 2 2 2 2 2 2 

Pseudoglobulin 1 2  2 2 2 2 2 2 2 2 2 2 2 2 
K13.05 Whole serum 0 0 0 0 0 0 0 0 0 0 1 1 2 2 

Pseudoglobulin 0 0 0 0 0 0 0 0 0 0 1 2 2 2 
K4373 Whole serum 0 0 0 0 0 0 0 0 0 1 1 1 2 2 

Pseudoglobulin 0 0 0 0 0 0 0  0 0 1 2 2 2 2 

* Cells coated with -y-N4226. 
t Agglutinating serum R4501-0.5 ml of 156 

$ Control: .5 ml of 1:56 dilution of R4501; 
dilution in each tube. 

.5 ml of diluent; 

.5 ml of yN4226 coated cells. 
Result: 2+ agglutination. 
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The dilution of R4501 to be inhibited (1 :56) 
provides a control tube showing maximum 
agglutination using 0.5 ml of buffer in place 
of the dilution of inhibiting serum. Serial dilu- 
tion of the inhibiting materials were all started 
at a 1 :lo0 dilution relative to the whole serum. 
Table IIIb shows that a striking difference in 
inhibitory capacity exists for serum R4647 
which shows little or no inhibition ability com- 
pared to sera R4405 and R4373. The inhib- 
itory capacity of the pseudoglobulin fractions 
parallels those of the whole sera. All 3 of the 
sera examined for inhibitory capacity showed 
moderately elevated serum gamma globulin on 
paper electrophoresis. 
Discussion. Although the 7 s  gamma globu- 

lin isolated chromatographically from individ- 
ual normal and rheumatoid sera shows the 
ability to coat tannic sheep erythrocytes as 
indicated by a rabbit antiserum, the pattern of 
agglutination of such coated cells tested against 
rheumatoid serum was extremely difficult to 
read. Prior studies employing chemical and 
heating methods for the aggregation of gamma 
globulin have shown increased reactivity after 
such treatment as judged by the magnitude of 
the precipitation reaction between gamma 
globulin and rheumatoid sera( 5,11,12). No 
direct investigation of the aggregate content of 
the chromatographically isolated gamma glob- 
ulin was made in the present study. Our ob- 
jective was to obtain preparations of gamma 
globulin from individual sera which would 
exhibit a spectrum of reactivity to different 
rheumatoid sera similar to that observed in the 
Gm system utilizing select anti-D sera to coat 
human Rh( + ) cells. Serum R4499 proved a 
valuable reagent since it agglutinated cells 
coated with pooled gamma globulin yet failed 
to agglutinate cells coated with y-R4360. Heat- 
ing y-R4360 to 48°C for 10 minutes provided 
a coating material which gave a maximum 
agglutination pattern with R sera No. 4501 and 
R2285 yet showed no reaction with R4499. This 
differential reactivity was lost by heating y- 
R4360 to 63°C for 5 minutes prior to coating 
cells (Table I ) .  If pooled gamma globulin con- 
tains all possible determinant groupings and 
this accounts for its reactivity with all R sera, 
it is difficult to conceive how heat can impart 
such heterogeneity to the gamma globulin of a 
single individual which demonstrates a high 

order of selectivity after lesser degrees of heat- 
ing. A possible explanation may lie in the ex- 
posure of a portion of the gamma globulin mol- 
ecule which reacts with different rheumatoid 
factors and itself lacks determinant specific- 
ity. Aliquots of these same samples of individ- 
ual gamma globulins which were frozen and 
thawed several times or permitted to remain at 
room temperature or at 37°C for several hours 
showed the same augmentation of reactivity as 
produced by heating to 48°C for 10 minutes. 
This latter procedure would appear to provide 
a more reproducible reagent and is used 
throughout the present investigation. 

The results shown in Table I1 indicate that 
the totality of reactivity found in the pooled 
gamma globulin coated cells is not found in 
any of the 3 individual gamma globulins. 
Three types of reaction patterns are noted in 
this study. In those sera which show strong 
reactivity to an individual gamma globulin 
coat in both the whole serum and its euglobu- 
lin fraction, the pseudoglobulin of that serum 
is presumed to be deficient in the inhibitor 
specific for the rheumatoid factor of the serum 
which is reacting with an individual gamma 
globulin coated cell. The frequent observation 
of higher titers for the euglobulin fraction 
compared to the whole serum would suggest 
this is a quantitative rather than qualitative 
lack. This does not imply that the serum is 
deficient in inhibitors complementary to other 
rheumatoid factor specificities. This is demon- 
strated in the reaction patterns of sera R2285 
and 4647. The presence of strong agglutination 
ability by the euglobulin with none demon- 
strable by the whole serum is taken to indicate 
an amount of inhibitor in the pseudoglobulin 
at least sufficient to react with all of that 
rheumatoid factor specificity present. Finally, 
the absence of agglutinating ability in both the 
whole serum and its euglobulin fraction for a 
cell coated with an individual gamma globulin 
indicates the absence of rheumatoid factor 
capable of reacting with that particular cell 
coating. From the results shown in Table 11, 
y-R4360 would appear more like y-N4226 than 
y-N4227. Rheumatoid sera having rheumatoid 
factor specificity Complementary to the deter- 
minant groups of y-N4227 would appear to be 
uncommon compared to those reactive with 
y-R4360 and y-N4226. 
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Based on the reasoning presented for the 
direct agglutination results, 2 of the 3 sera 
selected to study inhibitory capacity against 
R4501 (Table IIIa,b) show inhibitory capacity. 
The 3rd serum R4405 lacking reactive rheuma- 
toid factor for y-N4226 used as a coating ma- 
terial cannot be shown to have inhibitory ac- 
tivity for the specificity of this test system b!- 
direct agglutination. 

The results shown in Table IIIh indicate that 
serum R4405, although lacking rheumatoid 
factor activity for cells coated for y-N4226 
does contain significant amounts of an inhibi- 
tor for the y-N4226 versus serum R4501 test 
system. Although sera R4647 and R43'73 show 
a qualitatively- similar reaction pattern in Table 
IIIa they show a completely opposite inhibitory 
capacity in Table IIIb. The inhibitory capacity 
of the pseudoglobulin fractions of these sera 
were examined, to rule out the possibility that 
the lack of inhibitory capacity in seruni R464i 
is due to an exact balance of inhibitory nia- 
terial and rheumatoid factor in the whole 
serum. A possible explanation for the behavior 
of these 3 sera studied for inhibitory capacit?- 
based on multiple specificities for both inhihi- 
tory activity and rheumatoid factor activity is 
shown in Table IV. 

TABLE IV. Possible Mechanism of Inhibition and 
Non-Inhibition. 

~ 

System to be inhibited 

Cell Agglutinating 
coat serum R4501 

r-N4226 

1, 2 Anti 1 

Specificity of inhibiting sera 

Inhi- Rheumatoid factor 
bitioii specificity for 
s eci- cell coating 
{city yN4226 

~~ 

Inhibiting serum R4405 1 Lacks anti 1 & anti 2 
(L 

" R4373 1 Anti 1 
Non-inhibiting serum R4647 2 (( 2 

The ability of serum K4647 to show slight 
inhibitory ability is reniiriiscent of the findings 
of Harboe(l3) that anti-Gm(a) and anti- 
Gm(x) inhibiting substances can be found in  
small amounts in Gm ( a  - x - ) sera. 

Whether or n o t  the specificity of gamma 
globulin obtained from individuals wheri 
coated on tannic acid-treated red cells paral- 

lels that reported utilizing the sensitized human 
Rhl + ) cell system cannot be stated. Some 
type of specificity is apparent both by direct 
agglutination and by inhibition. This technique 
should permit classification of 7 s  gamma 
globulin types in both normal and rheumatoid 
individuals as well as classification of different 
types of rheumatoid factors without recourse 
t o  rare anti-D cell typing sera. The presence of 
several types of rheumatoid factor in the same 
serum has been noted previously by chemical 
fractionation(14,15) as well as by Gm typing 
( 16.17,18,19). The phenomenon of coexisting 
inhibitory material with rheumatoid factor in 
the same serum as noted in the Gm system 
especially in Gm ( a + ) individuals (4) seems 
also to apply to the present system. 

Surnmary. Gamma globulin (7s) isolated by 
chromatographic techniques from 2 normal 
i tidividuals and from one patient with rheuma- 
toid arthritis coats tannic acid-treated sheep 
erythrocytes and detects rheumatoid factors 
uith a specificity not found using pooled hu- 
inan gamma globulin. The serological speci- 
ficity of individual gamma globulin prepara- 
tions is destroyed by heating the protein to 
63'C for 5 minutes. The specificity is also 
observed in an inhibition system using whole 
rheumatoid serum or its pseudoglobulin frac- 
tion. The results may be explainable by the 
presence of multiple determinants in both the 
'TS gamma globulin isolated from individuals 
as well as in the rheumatoid factor complex 
found in individual rheumatoid sera. 

The author expresses his appreciation for technical 
a+sistance of Miss Mary Patricia Schaefer. 
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Interactions of the Oral Microbiota 
I. A System for the Defined Study of Mixed Cultures.* (27055) 

R. B. PARKER AND M. L. SNYDER (Introduced by N. M. Phatak) 
Department of Bacteriology, University of Oregon Dental School, Portland 

The net effect of a mixed microbial popula- 
tion is often greater or smaller than the simple 
sum of activities of the individual species 
growing in pure culture. It is therefore not 
possible to predict with certainty the influence 
of a single species, whose biochemical and 
growth characteristics have been determined 
solely in pure culture, on one or more different 
species. To the best of our knowledge there are 
no satisfactory techniques which allow mea- 
surement of interactions between 2 or more 
species of microorganisms growing in a dy- 
namic state similar to that of nature and which 
at the same time permit control over basic 
factors of growth and population. 

Until recently, attempts to assess bacterial 
interactions in vitro have fallen into 2 groups: 
a )  growth in closed systems with selective 
isolation of components at varying intervals as 
reported by Annear (1) among others, and b) 
effect of metabolites produced by one species 
on another, the organisms being separated by 
a permeable membrane or similar barrier as 
described by Wilson and Goaz(8). A quanti- 
tative aspect was approached by Rosebury (7) 
with his relatively simple "drop pair" technique 
in which each of 2 different species diluted 
over a one-thousand-fold gradient are cultured 
as overlapping pairs on agar plates. While this 
technique can be evaluated mathematically, it 

* This study slipported in part by the Ofict: of 
Naval Research. 

- _.. - - - _  - - -  - -  -___^.--_-__c - 

is restricted to 2 species at a time and yields 
little information on products formed. 

A limiting aspect of these methods (closed 
systems) is the lack of control over growth 
dynamics. Continuous culture permits con- 
trolling this factor and was suggested for early 
mixed populations by Rogers and Whittier (6) . 
More recently, Zybrycki and Spaulding(9) 
constructed a simple continuous system for 
mixed cultures but cited no data on the inter- 
actions observed. A more sophisticated concept 
of continuous culture stems from the contribu- 
tion of the chemostat by Novick and Szilard 
(5). The basic premise of this development 
assumes that multiplication of organisms in 
the growth cell is directly proportional to the 
rate at which some critical limiting nutrient is 
admitted to this cell. Novick(4) has also dis- 
cussed the growth of pure cultures in a 2-stage 
arrangement in which the output of a chemo- 
stat is fed to a second growth cell. If nutrients 
in the second system are not limited, it becomes 
possible to define mathematically the steady 
state growth which results so that:? 

F 
v2 

X,"k"m - F, + F,/V, +---' XIc = O  

In which: X,"  arid XZo respectively are the 
bacterial populations entering and leaving the 

t Mathematical symbols employed are those of the 
Airierican Standards Assn. as cited by (krhardt and 
Bartlett ( 3 ) .  




