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The determinant of Group A serological reactivity for the fl-hemolytic streptococcus 
is a polysaccharide with side chains of rhamnose and end-terminal N-acetylglu- 
cosamine, the latter amino sugar being responsible for the antigenic specificity of the 
Group A polysaccharide (1, 2). Removal of the terminal N-acetylglucosamine results 
in an alteration of the serological reactivity of the residual carbohydrate so that the 
antibody specificity becomes directed to the rhamnose moiety (1, 3). While such an 
alteration can be produced by either chemical or enzymatic hydrolysis of the Group A 
carbohydrate, absence of the terminal amino sugar has been described in naturally 
occurring variant strains of Group A streptococci (1, 3, 4). 

Isolation of a variant strain of this type was initially reported by Wilson (4). Sub- 
sequently, McCarty and Lancefield (3) described a number of additional variant 
strains and also reported the isolation of another strain with a partial modification of 
its antigenic determinant. This latter strain, designated as intermediate, synthesizes 
a cell wall carbohydrate that reacts with antisera to both the Group A and variant 
antigens. Antibody prepared with the intermediate organism reacts with both Group A 
and variant carbohydrates. 

The present s tudy reports a temperature-dependent alteration in the syn- 
thesis of the cell wall carbohydrate by certain variant  strains. Carbohydrate 
extracted from a previously identified variant strain was found to react with 
Group A antiserum when the organism was grown at room temperature, while 
the same strain grown at 37°C had a cell wall polysaccharide that  reacted only 
with variant antiserum. A similar temperature-dependent variation in the 
serological reactivity of the carbohydrate was observed to occur with an inter- 
mediate strain. Immunochemical data are presented detailing the change asso- 
ciated with this temperature-related alteration, which appears to be a property 
of strains with intermediate characteristics. 

* This  s t udy  was supported in par t  by  grants  from the National  Ins t i tu tes  of Health,  U.S. 
Public Hea l th  Service (AI09645), and the  Florida Hear t  Association (72 AG 16). Par t  of this  
s tudy  was performed at the  Depar tment  of Pediatrics, Universi ty of Minnesota  School of 
Medicine. 
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Materials and Methods 

Slreptococcal Strains.--The variant (V) 1 and intermediate (I) streptococcal strains were ob- 
tained from Doctors R. C. Lancefield and Maclyn McCarty. The A-486-Var strain was the V 
strain on which our initial observation of antigenic variation with temperature was made. 
Another strain, C 121/46/4, also labeled as a V strain and isolated after further mouse passage 
of strain C 121/39, showed similar variation when tested. Subsequently, the C 121/39/8, a 
subculture of the I strain C 121/39 (3), was obtained from Dr. McCarty and used as a proto- 
type of the I group. Two ¥ strains (T/27A-32-18 and B/403-1022) obtained from Doctors 
Lancefield and Zabriskie had been tested and found to maintain their V antigenic characteris 
tic at 22 ° and 37°C. These strains were used as prototypes of the V group. The C 203-S strain 
(Group A, M-T3~pe 3) and F-60 (a Group A, M-Type 49 strain obtained from a patient with 
impetigo and nephritis) were used as prototypes for this serological group. 

Cultural Techniques.--Unless specified otherwise, bacterial growth was carried out in Todd- 
Hewitt broth (THB) (Difco Laboratories, Detroit, Mich.). After the initial observation of the 
temperature related variation in serological reactivity, organisms grown for studies at various 
temperatures were subcultured from the |yopbilized form into blood broth or onto 5% sheep 
blood agar. These subcultures were grown and maintained for the period of study at the same 
temperature as that of the final broth culture, i.e., either 37 ° or 22°C (room temperature). In- 
cubation at 37 ° and at 22°C of cultures for bacterial growth was usually carried out for 18 24 h 
and for 48 72 h, respectively. 

Preparation of Carbohydrates--The cells were harvested and cell walls prepared by disinte- 
gration with glass beads in a Mickle apparatus followed by differential centrifugation (5). The 
carbohydrate was solubilized from either whole cells or ceil walls by extraction in hot acid (6) 
or hot formamide (7). Preparation of 14C.labele d carbohydrates was performed using 14C_uni_ 
formly labeled glucose, as described previously (8). 

Serological Techniques.--Hyperimmune rabbit Group A and V antisera were initially pro- 
vided by Dr. Rebecca Lancefield and subsequently prepared in our laboratory. The Group A 
antisera used showed maximal reactivity with a solution of formamide-extracted A carbohydrate 
(0.1 mg/ml), giving a maximal (+ + + +)  precipitation reaction by the qualitative capillary 
precipitin technique (9) and minimal reactivity (4-) with formamide-e'~tracted V carbohydrate 
(0.1 mg/m]). This latter reaction was not immediate as with the A antigen, but occurred 
slowly and increased in intensity while standing at room temperature over 15-20 rain. The V 
antiserum utilized reacted maximally (+  + + +)  with the variant antigen and showed minimal 
(4-) reactivity with Group A carbohydrate. In certain experiments the sera were adsorbed with 
the heterologous cross-reactive A or V cells before use. 

Qualitative capillary precipitin techniques were performed according to the method of 
Swift, Wilson, and Lancefield (9). Testing with formamide-extracted carbohydrates was car- 
ried out at concentrations of 0.1 mg/ml in phosphate-buffered saline (PBS). Quantitative im- 
mune precipitin studies were performed as described by McCarty and Lancefield (3). Immuno- 
diffusion studies were carried out in 1% agarose (10) and the plates incubated at room tempera- 
ture (22°C). In these studies the antigen solution consisted of formamide extracted carbohy- 
drate at 0.1 mg per ml of PBS. Radioimmune precipitin technique studies were performed as 
previously reported (8). 

Analflical Methods.--Rhamnose was determined by the method of Dische and Shettles (11). 
Quantitative glucosamine was determined by a modification of the Elson and Morgan pro- 
cedure (12). 

EXPERIMENTAL 

Variation of Serological Reactivity with Culture Incubation Temperature . -  
Our initial  o b s e r v a t i o n  on the  a l t e ra t ion  of the  serological r eac t iv i ty  wi th  cu l ture  

1 Abbreviations used in this paper: I, intermediate; PBS, phosphate-buffered saline; THB, 
Todd-Hewitt broth; V, variant. 
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incubation temperature was made when a THB culture of a "V" organism, the 
A-486-Var strain, was allowed to grow at room temperature (22°C) for 65 h. 
Formamide-extracted carbohydrate from cell walls of this culture showed no 
appreciable reactivity with V antiserum but reacted strongly with Group A 
antiserum. When the procedure was repeated with the modification of incu- 
bating the final THB culture at 37°C, the carbohydrate reacted with V anti- 
serum and showed minimal reactivity with Group A antiserum. Repeat of the 
experiment using the same subculture with parallel incubation of the cultures 
at 22°C for 18 and 72 h and at 37°C for 18 h, yielded the results shown in Table 
I. Incubation at 22°C for 72 h enhanced the reactivity with Group A antiserum 
without altering the V reactivity. 

Further evidence for the temperature-related effect of culture incubation on 
the serological reactivity of the A-486-Var carbohydrate was obtained when the 
cultures were incubated at 22 °, 30 °, and 37°C. Subcultures grown at these tem- 

TABLE I 
Variation of the Group Serological Reactivity of the Streptococcal A-486-Var Strains with 

Temperature of Culture Incubation 

Strain 
Incubation Serological reactivity 

Qualitative capillary precipitin 

Temperature Time A antiserum V antiserum 

h 

A-486-Var 37 °C 18 -- + + + + 

22°C 18 + +  + 
22°C 72 + + +  + 

peratures were used to inoculate 500 ml of THB, which were further incubated 
for 24 h at the same temperatures. The carbohydrate extracted from the cells 
by the hot formamide technique was reacted with Group A antiserum in the 
quantitative immunoprecipitin technique. As shown in Fig. 1, the degree of re- 
activity of the A-486-Var carbohydrate increased with decreasing culture incu- 
bation temperatures. Chemical analyses of the carbohydrates (Table II)  re- 
vealed a direct correlation between the glucosamine content and the amount of 
antibody precipitated by the carbohydrate. 

Effect of Repeated Subculture and Storage at Various Temperatures on Sero- 
logical Reactivity.--Because the above "V" strain had been passed through 
several subcultures and stored for varying periods at 4°C, the following studies 
were performed with the same strain, A-486-Var, newly obtained in the ly- 
ophilized form. 

(a) The effect of repeated subculture was tested by inoculating the lyophilized 
preparation into two blood broth tubes, one of which was incubated at 22°C and 
the other at 37°C. Subcultures were then made from each tube on blood agar 
plates that were incubated at 22 ° or 37°C. Thereafter, 12 colony picks were 
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made from each plate  and inoculated into 12 blood bro th  tubes, respectively. 
Six tubes from each were then incubated at  either 22 ° or 37°C and subsequent ly  
used to inoculate corresponding T H B  cultures tha t  were incubated at  the same 
temperatures.  The  cells were harvested and extracted in hot  acid. The  results of 
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FIG. 1. Quantitative immune precipitin studies of Group A antiserum with Group A car- 
bohydrate and carbohydrate synthesized by the A-486-Var organism at various temperatures. 
The chemical composition of these carbohydrates is presented in Table IV. 

TABLE II 
Composition of Formamide-Extracted Carkohydrates Synthesized by Group A and A-4g6-Var at 

Various Temperatures 

Strain Culture Rhamnose Glucosamine Molar ratio (rham- 
temperature nose :glucosamine) 

C-203-S (Group A) 

A-486-Var 

% % 

37°C 54 27 2 4 

37°C 82 8 11.6 
30°C 71 12 6.5 
22°C 55 21 2.9 

the serological react iv i ty  of these extracts are shown in Table I I I .  Regardless of 
the p r imary  subculture incubation temperature ,  the major i ty  of the organisms 
grown at  22°C reacted with Group A as well as with V antisera,  while none of 
the organisms grown at  37°C showed significant reac t iv i ty  with the Group A 
antiserum. 
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(b) To test  the effect of storage of the subculture a t  4°C, an aliquot from the 
lyophilized prepara t ion  was incubated in blood bro th  and grown at  37°C over- 
night. A loopful was then streaked on a blood agar  plate,  which was incubated 
overnight  a t  37°C. After  overnight  growth, 20 colony picks were transferred to 
20 blood broth  tubes, 10 of which were incubated at  22°C while the other 10 
tubes were incubated at  37°C. After  24 h incubation,  an inoculum was trans- 
ferred to T H B  tubes, which were incubated at  the same temperatures  for 48 h. 
Acid extracts  of the harvested cells showed predominant  react iv i ty  ( + + + /  
+ + +  + )  with V ant iserum for all 20 cultures; five of the extracts  from cultures 
grown at  22°C also showed minimal  reaction ( + / + + )  with the Group A anti-  
serum. 

In  the interim, the 10 blood broth  tubes tha t  had been incubated at  22°C were 

TABLE III  

Effect of Culture Incubation Temperature on the Serological Reactivity of Acid Extracts from 
Multiple Colony Picks of A-486-Var Strain* 

First subculture Second subculture Serological reactivity 

No. of Incubation No. of Incubation No. of A antiserum No. of V antiserum 
strains temperature strains tempera- strains strains ture 

/~ 6 37°C 6 : neg 1 : 4- 

12 37°C 5 : + + + / + + + +  

"~ 1 : + +  
6 22°C 5 : + + + +  6 : + + + / + + + +  

6 37°C 6 : neg 6 : + + +  
Z 

12 22°C 1 : -]- 
"~ 6 22°C 5 : + + +  6 : + + + / + + + +  

Twelve colonies from blood agar plates were subcultured at 22 ° or 37°C (first subcul- 
ture), then six of each grown at either 22 ° or 37°C (second subculture). 

allowed to s tand at  4°C for 5 days;  aliquots were then transferred from these 
tubes to T H B  cultures tha t  were grown a t  22°C for 48 h. Acid extracts  of the 
cells from these cultures now showed almost  equal reac t iv i ty  ( + + + )  with the 
Group A ant iserum as well as reac t iv i ty  ( + + + + )  with the V antiserum. 

Effect of Incubation Temperature on Serological Reactivity of Group A,  Variant, 
and Intermediate Streptococci.--Although the dual  reac t iv i ty  with both A and V 
antisera was less marked in our initial experiments,  the high degree of dual  reac- 
t iv i ty  obta ined in the above experiments suggested tha t  the temperature-de-  
pendent  var ia t ion in immunological reac t iv i ty  was due to an enhanced formation 
of a polysaccharide with intermediate  immunochemical  composit ion a t  lower 
temperatures.  To confirm this observation, similar studies were performed with 
other  V strains:  one of the strains was the C 121/46/4, which had been labeled 
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as a "V" organism, and two V strains, T/27A-32-18 and B/403-1022. The 
C-203-S Group A streptococcus was also included for comparison. Table IV 
SUlnmarizes the range of serological reactivities of the extracts obtained in 
several comparable experiments with the various strains. The Group A or- 
ganism maintained its serological specificity in cultures at both temperatures. 
However, the A-486-Var and C 121,./46//4 strains behaved in similar fashion, 
both showed enhancement of reactivity with Group A antiserum when cul- 
tured at 22°C. In contrast, the V strains, T/27A-32-18 and B/403-1022, con- 
tinued to maintain their antigenic identity with no demonstrable enhancement 

TABLE IV 
Serological Reactivity of Group A and Variant Streptococcal Strains after C~dture 

at 22 ° and 37°C 

Strain Original group Culture Growth 
designation temperature 

Serological reactivity* 

A antiserum V antiserum 

OD 650 nm 

C-203-S A 37°C -- 
22oc -_ 

A-486-Var "V" 37°C 0.300 
22°C 0.220 

C 121./46/4 "V" 37°C -- 
22oc 

T/27A-32-18 V 37°C 0.270 
22°C 0.330 

B/'403-1022 V 37°C 0.27.5 
22°C 0.220 

+ + + +  
+ + +  

- - /+  + + + +  
+ ÷ / + + +  + + + / + + + +  

- - /+  + + + +  
+ +  + 

+ + + +  
+ ÷ + / + + + +  

+ + + +  
+ + + +  

* Range of reactivity obtained in four experiments, 

of reacti,~ity with Group A antiserum when the cultures were incubated at 22°C. 
Various attempts at inducing increased Group A serological reactivity, either by 
varying the subculture and culture temperatures or storing subcultures at 4°C 
and randomly picking several colonies from blood agar plate subcultures, 
failed to enhance the serological reactivity of the cell wall carbohydrate of the 
T/27A-32-18 and B/403-1022 strains with Group A antiserum. 

Specificity of  the Serological Reactivity of the Polysaccharides . - -To characterize 
further the nature of the alteration of antigenic structure that occurs in the 
A-486-Var strain, immunodiffusion studies were carried out with formamide- 
extracted carbohydrates of this strain as well as Group A, V, and I organisms. 
As shown in Fig. 2 a, a single precipitin line occurs between Group A antisermn 
and carbohydrates of the Group A, I (grown at 22 ° or 37°C), and the A-486-Var 
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grown at 22°C (A-486-Var-22°C) but not with extracts of the A-486-Var-37°C 
or the V organisms. Reaction with V antiserum (Fig. 2 b) occurred with all 
carbohydrates tested except for the Group A polysaccharide. These findings 
proved that  the reactivity of the various polysaccharides with the antisera was 
specific and not due to cross-reactivity between the antisera used and the Group 
A or V antigens. As seen in these illustrations, the reactions of the various anti- 
gens with either the Group A or V antisera show a reaction of identity for all 
antigens reacting with the same antiserum. The specificity and relatedness of 
these reactions is further demonstrated in Fig. 2 c. Double lines of precipitation 
with reactions of partial identity were obtained in the reaction of the I and the 
A-486-Var-22°C antigens with the "AV" antiserum, while a single line of pre- 
cipitation with a reaction of identity was obtained in the reaction of the A-486- 
Var-37°C and the V antigens with the AV antiserum. 

FIG. 2. Immunodiffusion precipitin reactions of carbohydrates from Group A (a), variant 
(v), intermediate (i), and A-486-Var (486) streptococci with Group A and V antisera as well 
as a combination of both antisera (A V). Carbohydrates A and V were obtained from organisms 
cultured at 37°C. Similar reactions were obtained with A and V carbohydrates from organisms 
cultured at 22°C. 

Correlation of the Serological Reactivity with Chemical Composition.--Solutions 
of the formamide-extracted carbohydrates used in the above study were ana- 
lyzed for their rhamnose and glucosamine content. The results of these analyses, 
shown in Table V, reveal that  the compositions of the carbohydrates correlate 
with the anticipated serological reactivity as previously described (3). The molar 
ratios of the rhamnose to glucosamine are lowest for the Group A organism and 
highest for the V strain. As expected, the I strain shows a rhamnose to glucosa- 
mine ratio intermediate in value between the above. These ratios are similar 
for carbohydrates from A, V, and I organisms grown at 22 ° or 37°C, with a 
somewhat lower ratio for the I organism grown at 22°C than that  obtained from 
the organism grown at 37°C. As can be seen, the rhamnose to glucosamine ratio 
obtained from the A-486-Var-22°C is similar to that  of the I carbohydrate, 
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while the ratio obtained for the A-486-Var-37°C approximates that of the V 
carbohydrate. 

Comparison of Structures of the A-4g6-Var and Intermediate Carbohydrates.- 
Prior studies by McCarty and Lancefield showed that the dual reactivity of the 
I polysaccharide was due to the presence of a major component capable of re- 
acting with both A and V antisera (3). To determine the basis for the dual re- 
activity of the A-486-Var-22°C carbohydrate, the following studies were carried 
out: 

Immuno&~usion studies: Various carbohydrate antigens were reacted in agar 
gel diffusion with a preparation containing equal amounts of the A and V anti- 
sera (Fig. 3). Single lines of precipitation showing reactions of identitv were ob- 

T;~LE V 
Analysis of Rhamnose and Glucosamine Contents of Various Solutions of Formamide-Extracted 

Carbohydrates Used in Immunodiffnslon Studies 

Culture Rhamnose Glucosamine Molar ratio Strain Group temperature 

F-60 

~g ~g 

A 37°C 151 73 2.4 
22°C 195 99 2.3 

T/27A-32-18 V 37°C 201 14 17.0 
22°C 296 19 18.0 

C 121/39/8 I 37°C 278 58 5.5 
22°C 167 44 4.4 

A-486-Var "V" 37°C 226 21 12.0 
22°C 210 42 5.8 

tained when either the A or the V antigens were reacted separately with the 
antisera (Fig. 3 a and b). An examination of the precipitation patterns obtained 
with the A-486-Var and I carbohydrates revealed certain differences: while the 
reaction of the A-486-Var-37°C carbohydrate (Fig. 3 c) shows a single line of 
precipitation similar to that obtained with the V carbohydrate (Fig. 3 b), the 
pattern obtained with the A-486-Var-22°C (Fig. 3 d) shows two lines of precipi- 
tation. No double lines of precipitation are evident in the reaction of the I car- 
bohydrates with the antisera (Fig. 3 e and f) ,  although a diffuse reaction may be 
observed in the reaction of the 1-37°C with the antisera (Fig. 3 e). 

Radioimmune precipitin reactions: The precipitin patterns obtained above 
suggested certain differences in the nature of the antigenic composition of the 
A-486-Var-22°C and I polysaccharides. While the presence of single lines of pre- 
cipitation for the I carbohydrate reactions was in line with the evidence pre- 
sented by McCarty and Lancefield (3) regarding the presence of a major corn- 
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ponent capable of dual reactivity, the presence of double lines of precipitation 
in the reaction of the A-486-Var-22°C pointed to the presence of two carbohy- 
drates with separate A and V reactivity. To confirm this possibility, the follow- 
ing studies utilizing the radioimmune precipitin technique were performed: 

Samples containing approximately 1 /~g of the various 14C-labeled carbohy- 
drate antigens were incubated with adsorbed A and V antisera or a combina- 

FIG. 3. Immunodiffusion precipitin reactions of various streptococcal Group A (a), variant 
(v), intermediate (i), and A-486-Var (486) carbohydrates with a combination of Group A and 
V antisera (A V). Aliquots of the same solution of the antigen were placed in the top two wells. 

tion of both antisera (AV antiserum). The amount of labeled antigen precipi- 
tated by each antiserum was assessed using the radioimmune precipitin tech- 
nique described previously (8). As shown in Table VI, 97-100% of the A or V 
antigens were precipitated by their homologous antisera or by the AV anti- 
serum. When a solution containing 0.5/~g of each antigen (A + V) was incu- 
bated with the same antisera, about half of the total carbohydrate was precipi- 
tated with either the A or V antisera, while all of the carbohydrate was precipi- 
tated by the AV antiserum. 
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The results obta ined for the A-486-Var-22°C carbohydra te  were similar to 
those obtained with the solution containing equal amounts  of the A and V car- 

bohydra tes  (A + V), indicating tha t  the A-486-Var-22°C polysaccharide con- 
sists predominant ly  of almost equal proport ions of separate  molecules of A and 
V antigens. This  finding contrasted with results obtained for the I carbohy- 
drates.  The fact tha t  more than 90% of the I polysaccharide was precipi ta ted 
by  either the A or V antisera supported the conclusion tha t  this carbohydra te  is 
composed pr imar i ly  of one molecule possessing the capaci ty  to react with both A 
and V antisera. 

Enhanced Production by I Organism of a Polysaccharide with Group A Sero- 

logical Reactivity at Lower Incubation Temperatures.--Evidence suggesting an 

TABLE VI 
Precipilation of 14C_Labele d A, V, and A-486-Var-22°C and I Carbol~ydrates by A and V A ntisera 

Carbohydrate antigen Rhamnose Total Fraction of total carbohydrate precipitated* 
content radioactivity A antiserum V antiserum AV antiserum~ 

% cpm cpm % cpm % cpm 

A 46 582 578 99 132 23 597 
V 85 368 20 5 357 97 365 
A-}-V§ - -  465 298 64 250 ~4 463 
A-486-Var-22°C 53 494 338 68 365 74 498 
1-22°C 50 245 231 94 222 91 230 
1-37°C 50 203 181 89 195 96 184 

% 

100 
99 

100 
100 
94 
91 

* Approximately 1 #g of carbohydrate was used in each test. Normal rabbit serum precipi- 
tated 5% of the A, 6% of the V, and 8% of the I antigens. 

:~ Equal amounts of a twofold concentration of the A and V antisera. 
§ Solution of A and V carbohydrates for a final cGncentration in the test of 0.5 #g of each 

antigen. 

enhanced product ion of a carbohydrate  with Group A serological react iv i ty  was 
obtained in both the immunodiffusion and radioimmune precipi tat ion studies 
performed above. A stronger and less diffuse precipit in reaction was obtained on 
immunodiffusion with the 1-22°C than with the 1-37°C carbohydra te  (Fig. 3 e 
and f) .  I n  addition, an examination of the proport ions of the carbohydrates  
precipi ta ted by  the antisera in the radioimmune precipit in studies showed tha t  
more of the 1-22°C carbohydrate  precipi ta ted with the A antiserum, while 
more of the 1-37°C carbohydrate  precipi ta ted with the V antiserum (Table 
VI) .  Fur the r  evidence supporting this observation was obtained b y  doubling 
the concentrat ion of the ~4C-labeled carbohydrates  used in the radioiminune 
precipi t in  technique. While  no significant al terat ion in the proport ions of (A -b 
V) or A-486-Var-22°C carbohydrates  precipi ta ted by  the various antisera was 
obtained,  an exaggeration of the differences noted for the 1-22°C and 1-37°C oc- 
curred. Thus,  when 2 /~g of the carbohydrates  were incubated with the same 
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amount of antisera, 93 % of the 1-22°C carbohydrate was precipitated with A 
antiserum, while 86 % precipitated with the V antiserum. Opposite results were 
obtained when the 1-37°C carbohydrate was used: 77% of the carbohydrate 
precipitated with the A antiserum, while 93 % precipitated with the V antiserum. 

Chemical analysis of the 14C-labeled I carbohydrate yielded a rhamnose to 
glucosamine ratio of 4.3 for the 1-22°C carbohydrate and a ratio of 8.3 for the 
1-37°C carbohydrate. These results, together with the results obtained above, 
provide evidence for an enhanced production of carbohydrate with Group A 
composition and reactivity by the I organism cultured at 22°C. 

DISCUSSION 

The temperature-dependent variation in the synthesis of the cell wall carbo- 
hydrate appears to be a property of certain streptococcal strains. While the 
associated alteration of serological reactivity was very striking during the earlier 
stages of our studies, subsequent studies after repeated subculture of the same 
strains resulted in a partial waning of this phenomenon. Initially, a preponder- 
ant Group A reactivity was found when the A-486-Var strain was cultured at 
22°C. This changed with further studies so that the reactivity with Group A 
antiserum became less intense and strong intermediate reactivity emerged. 

An attempt to provide an explanation for the "sudden" appearance of this 
phenomenon would be highly speculative. The supposition that this phenomenon 
might be ascribed to a contamination of the variant culture by Group A orga- 
nisms was not supported by the study on multiple colony picks. None of the 12 
isolates cultured at 37°C (Table III) showed reactivity with the Group A anti- 
serum. The finding of equal reactions with both Group A and V antisera by 11 of 
the 12 colony isolates grown at 22°C would suggest an alteration in the indi- 
vidual colony-forming organism related to incubation temperature. 

The findings on the dual reactivity of the A-486-Var polysaccharide produced 
at 22°C parallel those reported by McCarty and Lancefield (3) on the I poly- 
saccharide. However, our studies indicated the presence of a quantitative differ- 
ence in the proportion and nature of the polysaccharide produced by these 
strains. In their studies on the intermediate carbohydrate, McCarty and Lance- 
field (3) concluded that the I polysaccharide is composed of a major component 
with dual reactivity with Group A and V antisera. This conclusion is strongly 
supported by our studies using the radioimmune precipitin technique, which 
allows direct quantitation of the amounts of antigen precipitated by the specific 
antiserum. The difference between the carbohydrate produced by the A-486- 
Var at 22°C and the I organism is elucidated by both the immunodiffusion and 
the radioimmune precipitin studies. Despite the persistent cross-reactivity of 
the adsorbed V antiserum with Group A carbohydrate, valid conclusions can be 
made from the results obtained with the A antiserum and the combination of the 
A and V antiserum (Table VI). The A antiserum showed no appreciable cross-re- 
activity with the V carbohydrate, inasmuch as the radioactivity precipitated 
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with this antigen did not exceed that obtained with normal rabbit serum. 
Utilizing these data alone, one can conclude that about 50% of the A-486-Var- 
22°C poiysaccharide possesses only Group A specific reactivity, with approxi- 
mately 5-10% bearing dual antigenic reactivity, while about 90% of the I car- 
bohydrate possesses dual reactivity with 5-10 % having separate A or V anti- 
genic specificity. 

I t  is of importance to point out that this temperature-related variation oc- 
curred in the A-486 Var strain as well as in a strain that originally had a pro- 
pensity for producing an intermediate carbohydrate, the C 121/46/4. Other 
strains that were tested showed only V reactivity when grown at 22 ° or 37°C. 
While the A-486-Var had been designated as a V strain, apparently it had been 
noted to give mixed reactions on occasion (R. C. Lancefield, personal com- 
lnunication). 

One of the possibilities raised by these findings is that the group-specific car- 
bohydrate synthesized by the Group A streptococcus and its variant strains is 
usually heterogeneous. While Group A or variant carbohydrates are predomi- 
nantly synthesized under certain conditions, the synthesis of small proportions 
of the heterologous or intermediate carbohydrates may occur at all times. The 
present finding of an enhanced production of the A carbohydrate at lower tem- 
peratures by some variant and intermediate strains probably represents one con- 
dition that brings about a shift in the proportions of the carbohydrates syn- 
thesized for the particular strains investigated. Although similar changes could 
not be brought about by varying the culture incubation temperature of other 
variant strains, the possibility that other changes in the cultural conditions 
could also affect the proportions of carbohydrates synthesized by other A or 
variant strains remains to be explored. 

SUMMARY 

A temperature-dependent alteration in the synthesis of the group-specific 
polysaccharide was found to occur in two "variant" streptococcal strains, A-486- 
Var and C 121/46/4. These strains synthesize a polysaccharide with variant im- 
munochemical characteristics when grown at 37°C. However, when these or- 
ganisms are grown at lower temperatures, 22°C, an enhanced synthesis of Group 
A carbohydrate occurs. Other variant strains show no appreciable alteration of 
the cell wall carbohydrate composition when grown at lower temperatures. 
Studies on an intermediate strain show that this organism has a propensity for 
the synthesis of a polysaccharide with higher glucosamine content and enhanced 
Group A serological reactivity when grown at 22°C. 

Immunochemicai studies performed on the carbohydrates produced by the 
A-486-Var at various temperatures revealed that the appearance of Group A 
serological reactivity at lower temperatures is due to the additional synthesis of 
a polysaccharide with Group A specificity along with the continued synthesis of 
a variant carbohydrate. This finding contrasts with data obtained on the car- 
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bohydrate  produced by  the intermediate organisms that  appears to consist 
predominently of one molecule bearing dual A and variant antigenic determin- 
ants. 

The authors would like to acknowledge the skillful technical assistance of Carol Dahl and 
Glenn D. Swank, and the generous supply of antisera by Dr. Rebecca Lancefield. 

REFERENCES 

1. McCarty, M. 1956. Variations in the group-specific carbohydrates of group A 
streptococci. II. Studies on the chemical basis for serological specificity of the 
carbohydrates. J. Exp. Med. 104:629. 

2. McCarty, M. 1958. Further studies on the chemical basis for the serological 
specificity of Group A streptococcal carbohydrate. J. Exp. Med. 108:311. 

3. McCarty, M., and R. C. Lancefield. 1955. Variation in the group-specific carbo- 
hydrate of group A streptococci I. Immunochemical studies on the carbo- 
hydrates of variant strains. J. Exp. Med. 102:11. 

4. Wilson, A. T. 1945. Loss of group A carbohydrate during mouse passages of a 
group A hemolytic streptococcus. J. Exp. Mecl. 81:593. 

5. Salton, M. R. I., and R. W. Horne. 1957. Studies of the bacterial cell wall. II. 
Methods of preparation and some properties of cell walls. Biochim. Biophys. 
Acta. 7:717. 

6. Lancefield, R. C. 1928. The antigenic complex of streptococcus haemolyticus. I. 
Demonstration of a type-specific substance in extracts of streptococcus haemo- 
lyticus. J. Exp. Med. 47:91. 

7. Fuller, A. T. 1938. Formamide method for the extraction of polysaccharides 
from hemolytic streptococci. Br. J. Exp. Pathol. 19:130. 

8. Dudding, B. A., and E. M. Ayoub. 1968. Persistence of streptococcal Group A 
antibody in patients with rheumatic valvular disease. J. Exp. Med. 128:1081. 

9. Swift, H. F., A. T. Wilson, and R. C. Lancefield. 1943. Typing group A hemolytic 
streptococci by M precipitin reactions in capillary pipettes. J. Exp. Med. 
78:127. 

10. Clausen, J. 1971. Laboratory techniques in biochemistry and molecular biology. 
In Immunochemical Techniques for the Identification and Estimation of 
Macromolecules. T. S. Work and E. Work, editors. North-Holland Publish- 
ing Co., Amsterdam. 468. 

l h  Dische, Z., and L. B. Shetfles. 1948. A specific color reaction of methylpentoses 
and a spectrophotometric micromethod for their determination. J. Biol. Chem. 
175:595. 

12. Roseman, S., and I. Daffner. 1956. Colorimetric method for determination of 
glucosamine and galactosamine. Anal. Chem. 28:1743. 


