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Sausea and occasional vomiting occurred 
in five patients, with daily doses of over 10 g 
per daj-. X o  other reactions were noted, and 
no effects were observed clinically or bio- 
chemical1,- upon the functions of the kidneys, 
liver. or heniapoietic tissues. 

Seven oi the 8 patients died after an ex- 
pected course of the disease: Case 3 is still 
alive. Secropsy examination in seven cases 
failed to reveal histologic evidence of toxic 
effects or other changes attributable to the 
ingestion ot' the chemical. 

Conclusion. Daily oral doses of 0.3 to 2 7  
2 oi mono0enq-1 ether of hydroquinone, for 
total closes of 2.9 to 1490 in 21 to 214 days, 

FOR ADSORBED -AXTIGENS 

had no effect upon the growth of malignant 
melan'oma in 8 patients. Ingestion of mono- 
benzyl ether of hydrquinone produced no 
toxic effects other than transient nausea and 
vomiting when the daily dose exceeded 10 g. 

1. Lerner, -4. B., and Fitzpatrick, T. B., Physiol. 

2. Peck, S. M., and Sobotka, H., J .  Invest. 

3 .  Oliver. E. -I., Schwartz, L., and Warren, L. H., 

4. Schwartz, L., Personal communication, 1951. 
5 .  Fitzpatrick. T. B., Personal communication, 

Rev., 1930, v30, 91. 

Derniat., 1911, v1, 3 2 5 .  

Arch. Derrtiut. and STph., 1940, 142,  993. 

195 1. 

Received March 1, 1952. P.S.E.B.M., 1952, 1-79. 

Bactericidal ,\ction AIediated by Antibodies Specific for Heterologous 
,intigens ,Adsorbed to Bacterial Cells. (19457) 

FRANK L. -ADLER. (Introduced by J. Bronfenbrenner.) 
F r ?  I H  the, Deprirfineiit of Blicteriology and Inziiatrnology I$'ashirigtozt 1-niversity School of 

MPdicine, St. Louis, Mo.  

IlanJ- grain negati\-e bacteria are killed, and 
some are lj-sed. when the!- are exposed to 
coniplenient and homologous antibody. It 
is generalll- believed that the antibody which 
mediate.; the killing of the bacterial cells by 
complement is. specific for somatic antigens 
[ 1-3 ) . though antibody specific for flagellar 
antigen; has heen held responsible for bac- 
tericidal serum activitj- against motile strains 
of ProffDlrs 4 )  . 

The present communication. based on data 
obtained i n  the course of a more detailed 
inr-es t i ga t io t i  o i y uali t a t ive and quantitative 
aspects o i  the bactericidal reaction,* is con- 
cerned with the site at  which the antigen- 
an tibody reaction responsible for cellular 
death occurs. 

I t  is known that bacterial cells may adsorb 
to their surl'ace components of the medium in 
xhich the>- are grown or suspended(5,6). The 
presence of some of these adsorbed substances 
can be demonstrated by the observation that 

* Thesis submitted in partial fulfillment of re- 
quirements ior the degree of Doctor of Philosophy 
at Washington University. 

such coated bacterial cells are agglutinated by 
antibody specific for the adsorbed substances. 
It appeared of particular interest to determine 
whether, in the presence of complement, re- 
actions between antibody and adsorbed anti- 
gen would cause the death of susceptible 
bacteria. That bactericidal activity might 
actually occur as the result of such reactions 
was indicated by the work of Angerer and 
Hartoch ( 7 ) who demonstrated accelerated 
lysis of P-ibrio cells which had first been ex- 
posed to suboptimal amounts 'of bactericidal 
horse serum and then to rabbit anti-horse 
serum. Bacterial antigens were chosen as the 
coating agents in this investigation because 
their use promised to throw some light on the 
quantitative aspects of the bactericidal re- 
action and also on the apparent lack of 
specificity in the bactericidal ,action of normal 
sera. These problems will be dealt with in 
subsequent papers. 

Materials and methods.  The antigens em- 
ployed for the coating of bacteria were ex- 
tracted with trichlloroacetic acid as described 
by Boivin (8). They were precipitated by the 
addition of alcohlol to a final concentration of 
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75% by volume, washed repeatedly in 75% 
alcohol, and finally dried over calcium chloride 
under aseptic condftions. When required, 
sufficient amounts lof dry antigen were weighed 
out to yield the desired volume of the 0.1% 
solution (in physiological saline) to be used 
in the coating procedure. In  order to coat 
bacterial cells of one species with antigens 
derived from another species, the growth from 
three 18-hour slant cultures was harvested 
and washed twice with saline. The packed 
cells were then evenly suspended in 5 ml of 
the sterile 0.1% solution of antigen, and a 
similar amount of cells was suspended in 
saline, to serve as control. After 30 minutes 
of incubation at  room temperature, with oc- 
casional agitation, both cell suspensions were 
diluted with saline until they contained ap- 
proximately 5 x lo4 viable cells per m1.t To 
test the bactericidal activity of immune sera 
against coated (test) and uncoated (control) 
bacteria, the method of Felix and Olitzki( 1 )  
was modified so that more nearly quantitative 
titrations could be obtained. Serial dilutions of 
inactivated immune serum, in 0.2 ml amounts, 
were distributed into a series of sterile tubes 
and, while the tubes were kept in an ice-water 
bath, the following reagents were added in 
quick succession: 0.2 ml of the standard in- 
oculum of bacteria (approximately 1 O4 viable 
cells), 101 minimum hemolytic units of comple- 
ment (contained in 0.1 ml of a suitable dilu- 
tion of specifically absorbed fresh guinea pig 
serum), and 0.5 ml of half-strength broth. 
After mixing of the contents the tubes were 
incubated at  37°C for 30 minutes, returned to 
the ice-water bath, and 2 ml of chilled, 
quarter-strength broth were added to each 
tube. Finally two 1 ml aliquots from each 
tube were transferred to Petri plates and mixed 
with proteose No. 3 agar a t  45°C. Colonies 
present after 18 hours of incubation at  37°C 
were counted by the microscopic method 
described by Felix and Olitzki ( 1 ) , Controls 
for the sterility of the various reagents, for 
lack of bactericidal activity of either the 

t Because the serial dilutions required in bhis step 
generally involved a 100001-fold dilution of the sus- 
pending fluid, it was not necessary to wash the 
cells free of unadsorbed antigen. 

immune serum or of complement alone, and 
a control on the bacterial content of the 
inoculum (immune serum and complement 
omitted) were included in each test. 

Application of Student's "t" test for sta- 
tistical significance to a large number of data 
obtained in these and other bactericidal tests 
demonstrated thak a difference of 15% 
between 'the number of colonies present on the 
inoculum control plates and the number of 
colonies arising from any given experimental 
mixture of immune serum, bacteria, and com- 
plement, was highly significant. Therefore, 
the titer of a serum was defined as the highest 
dilution of the serum which under the stand- 
ard conditions of the experimental procedure 
caused the death of 15% or more of the 
inoculum. In order to free the immune sera 
used in these experiments and the guinea pig 
sera which were employed as complement of 
undesired antibodies, absorptions were car- 
ried 'out with massive doses of heat-killed, 
washed cells of the indicated bacterial strains. 
Absorptions of the guinea pig sera were carried 
out a t  0-4"C7 those of the immune sera at 
37"C, for one hour, twice in succession with 
each absorbing organism. The immune sera 
were prepared by immunizing rabbits with 5 
to 6 doses of bacteria. The bacterial cultures 
were obtained from the stock collections of 
the Department of Bacteriology and Immu- 
nology, Washington University: and the De- 
partment of Bacteriology, University of Ken- 
tucky. 

The data presented In Table I 
show that cells of each of the 3 Salmonella 
species tested (S. miinchen, S. potsdam and 
S. ballerup) could be rendered sensitive to the 
bactericidal action of complement in the 
presence of an anti-Escherichia coli immune 
serum if they were first exposed to a solution 
of E .  coli antigens. This bactericidal ac- 
tivity against coated bacteria was present 
even in high dilutions of the immune serum 
( 1 : 640 to 1 : 210,480), while uncoated (con- 
trol) cells were not killed by any of the serum 
dilutions tested. 

I t  appeared of interest to determine, in a 
preliminary manner, whether cells of other 
gram negative bacterial species could also be 
conditioned to the killing action of comple- 

Results. 
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TABLE I. Bactericidal Action Mediated by Eschc~ichia coli Antiseruiii Against Salmonella Cells Whielr 
Have Been Coated with E. coli Antigens. 

Anti-E. cnli serum absorbed with 
X. potsdam tested against 

S. wiii?iche)i S. potsdam S.  balleriip 
Finn 1 cli lu t ion -1-n~ n a  t ed7 ,-Coated *-, ,-'CTncoa t ed-7 -Coated *- 

S. 111 iiwlien tested against S. ballerup tested against 

-En c oat ed-, -Coated *- 
of E .  coli So. sur- % S o .  sur- % S o .  sur- % No. sur- % S o .  sur- % SO. sur- % 

antiserum vivcd killed rived killccl rived killed vived killilcl rived killed vived killed 

1:80 
1 : 320 
1 : 1280 
1 : 3120 
1 : 20480 
1 : 81920 

co 11 t 1'01 5 
Seruiii 
Coinpltliiient 
Saline 

Titer 

3360 
34.50 
3460 

: 80 1 : 2048(0 

2920 0 1750 36 3310 0 2370 34 
2940 0 1860 32 3240 0 2610 28 
2880 0 2470 0 3210 0 30m50 16 
2830 0 2680 0 3280 0 3230 0 

2660 0 3540 0 

2880 2750 3190 3580 
28880 2'720 3220 3610 
2820 2700 3240 3550 

<1:80 1 : 640 <1:80 1 : 1280 

T-lBLE 11. Eactericiclal Aetion of Anti-S. typliosa 0 901 Serum Against Cells of Unrelated Bacterial 
Species, Coated with S.  typhona 0 901 Antigens. 

Anti-S. typliosa serum absorbed v i t h  
li. 2' ) I  c t /  I I  I o I I  ( a  e test ecl 8. wiurcescem tested 

:igninst K .  p'teuuioi!iacJ against S. iiinrcesceiz.s against P. morgani 
Fina 1 d ilut i o 11 -1-11 c D :I t ed7 ,-C oa t e d -.-- ,-LTnc oat ed-, -Coat r d '7 

of S. tjyhlrosci So. w r -  % S o .  sur- 9, So. SUP % No. sur- Yo So. SUP 740 No. sur- % 

P. morgani  tested 

-Cnc o a t ed-, -Cbst ed *- 

:intiserum \-iv(>d killed rived killed rived killed rived k i l l d  vived killed vived killed 

1:40 
1:80 
1 : 160 
1 : 640 
1 : 1280 

GI 11 t 1'0 Is 
Serun1 
Comple nien t 
Saline 

Titcr 

11.t. t 
2950 0 
3010 0 
3070 0 
3110 0 

3180 
3200 
3160 

<1:80 

2740 0:: 
2670 0 
2710 0 
2690 0 
2630 0 

2G10 
2 5 i 0  
2690 

<1:40 

1750 35 
2090 22 
2,740 0 
26iO 0 
2740 0 

2740 
2670 
2630 

1:80 

3280 0 
3210 0 
3190 0 
3440 0 
31.80 0 

3090 
3160 
3180 

<1:40 

1680 27 
1920 17  
2310 0 
2400 0 
2,360 0 

2300 

2370 
2,340 

1 :80  
~ ~ ~ ~ 

C'outcd with antigens extracted froin S. typhosa 0 901. t 1i.t. = not tested. 
t Less tlmn l.3yG of inoculuiii killed. 
Complement used was absorbed trike with S. typhosct 0 901, and twice with R. pnaimoniac., 8. mar- 

cescens. or P. i~iorgcr)ti, respecti~ely. 

ment and of antibody specific for substances 
adsorbed to their surface. One strain each of 
Klebsiella pneumoniae, Serratia marcescens, 
and Proteus morgani was selected, and cells 
of these strains were exposed to a solution of 
antigens derived from Salmonella typhosa. 
The coated cells, as well as uncoated cells of 
the test strains, were then exposed to serial 
dilutions of an anti-S. typhosa serum which 
had been previously freed of natur,al anti- 
bodies against the test strains by suitable 
absorptions. The results, presented in Table 

11, show that both the S. marcescens cells and 
the P. morgani cells which had adsorbed anti- 
gens from s. typhosa became sensitive to the 
bactericidal action of complement in the pres- 
ence of anti-S. typhosa serum, while the 
mucoid strain of K .  pneumoniae apparently 
failed to acquire sensitivity to this serum. 

The data pre- 
sented support the view that the bactericidal 
reaction is mediated by the reaction of anti- 
body (and complement) with antigens located 
at the surfmace (of the bacterial cells. Since i t  

Discussion and summary. 
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may be assumed, a priori, that sensitization to 
killing by complement requires attachment of 
certain minimum amounts of antibody to the 
cell, and this in turn depends on the presence 
of a sufficient number of specific antigen sites, 
the findings reported here may serve to ex- 
plain the reported successful sensitization of a 
heavily flagellated Proteus strain by anti- 
flagellar antibody( 4) ? and the consistent fail- 
ure to observe sensitization of the less heavily 
flagellated Salmonella strains by antibody 
specific for their flagellar antigens. 

The apparent differences in acquired 
sensitivity of the various test strains to the 
bactericidal effect of complement and of anti- 
body specific for ,adsorbed antigens need not 
be considered significant. In  some instances, 
such as in the case of  the mucoid Klebsiella 
strain, resistance may be inherent in ,the strain 
( 9 ) .  in other cases the composition of the cell 
surface may limit its capacity to adsorb the 
particular test antigen. Optimum conditions 
for adsorption were not extensively investi- 
gated. 

It is believed that findings presented here 
should be taken into consideration in the 
interpretation of apparently non-specific bac- 
tericidal activities of sera. Furthermore, since 
the bactericidal test is an extremely sensitive 

method for the detection of small amounts of 
antibody, further refinement of the technic 
may lead to the development of methods suit- 
able for the detection Qf trace amounts of 
antibody against antigens that may be ad- 
sorbed to suitable bacterial strains. 

Conclusion. The bactericidal activity of 
complement is mediated by the reaction be- 
tween antibody and antigens located at the 
surface of bacterial cells. These surface anti- 
gens need not be constituents of the cell but 
may be substances which have been antificially 
adsorbed to its surface. 
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Effects of Exposure to Cold and of Dietary Restriction upon Globulin 
Nephritis in Rabbits.” (19458) 

ROBERT H.  MORE^ AND DOUGLAS WAUGH. (Introduced by G. Lyman Duff .) 
Front the Department of Pathology, Pathological Institute, McGiEl University, Montreal, Canada. 

Glomerulonephritis has been induced in 
both rats and rabbits by a variety of experi- 
mental procedures( 1-9). These have included 
intravenous injection of heterologous serum 
proteins ( 1-4), anti-kidney antibodies (5-7), 
and extracts of ground kidney and strepto- 
cocci(8.9). Most attempts to increase or de- 
crease the severity of experimental nephritis 

* Th,is work was assisted by a Grant-in-Aid from 

t Now at the Department of Pathology, Qucen’s 
the Defense Research Board of Canada. 

University, Kingston, Canada. 

have been made with so-called “nephrotoxic” 
nephritis, i.e., that produced by injection of an 
anti-kidney serum from another species. This 
type of nephritis has been inhibited in rabbits 
by preliminary general exposure of the body 
to x-radiation ( 10). In  rats nephrotoxic 
nephritis has been prevented by restriction of 
dietary protein ( 1 1 ) . 

A very severe acute glomerulonephritis has 
been induced in rabbits by massive intraven- 
ous injections of bovine serum gamma globu- 
lin( 12-14), The present report deals with the 


