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Table 1. Hemagglutination by rabbit serum after immunization with antigens from stages 
of the life-cycle of S. mansoni and S. douthitti. 

Hemagglu-
Antigen 	 No. injected tination titer 

Male worms, S. douthitti* 230,585 1:20, 1:80 
Female worms, S. douthitti* 234 1:40 
Male and female worms, S. douthitti* 218 1: 160 
Male and female worms, S. douthittit 3 ml of 1:100 by weight 1:40 
Female worms, S. mansoni* 345 1:160 
Immature female worms, S. mansoni* 115 0 
Male worms, S. mansoni* 530 1: 160 
Cercariae, S. mansoni* 12,000, 180,000 1:20, 1:80 
Cercariae, S. mansonit 6 mg in saline 1:20, 1 :40 
Cercariae, S. mansoni? 	 18,000, 21,000 1 :80, 1:  160 
Miracidia, S. douthittil 	 1900 0 
Spleens of mice infected with many 

eggs of S. douthittii 	 14.4 ml 1: 100 by weight 1:640 

* Saline homogenate. .iLyophylized antigen. 

$ Frozen cercariae in aquarium water. $ Living miraci idia in aquarium water. 


tosomatium douthitti (Table 1 ), and for units/ml), 1 drop of Streptomycin sul- 
the serums of six hosts immunized twice fate (0.5 mg/ml), and 1 drop of con-
weekly for 3 wk with various doses of centrated cercariae were added. Serums 
frozen cercariae of S. mansoni (Table 2 ) .  were diluted with 10-percent Ringer's 
Control serums of all the afore-men- solution, and control tests were made 
tioned hosts were negative by hemagglu- simultaneouslv with the diluent. S ~ o t  
tination. All serums in Table 1 were plates were placed in a moist chamber at 
tested a minimum of four times, and the room temperature (24' to 26OC), and 
titers recorded are averages. Since the readings were made the following day. 
number of rabbits immunized with a par- Except for the chicken and pig, hemag- 
ticular antigen is small, the titer for each glutination titers were much more sen-
animal immunized is listed separately. sitive. 

One rabbit immunized with frozen cer. As is noted earlier, the inactivated se- 
cariae of S. mansoni showed a titer of rums of several normal mammals agglu- 
1:80. This animal was reimmunized 3 tinated living schistosome cercariae. 
mo later, and the titer rose to 1:640. These serums were not titrated at this 
Agglutinins were not detected in rabbits time. Approximately 1 year later, after 
immunized with living miracidia of S.  these serums had been thawed and frozen 
douthitti and with immature female many times, the normal and immune 
worms of S. mansoni. Agglutinins were serums of the horse, cow, goat, and pig 
not detected in the serum of a rabbit im- were retested. Agglutinins in normal se-
munized with an antigen prepared from rums were observed only in the horse, 
a frog lung trematode (Haematoloechus at a titer of 1:8, and in all immune se- 
sp.) .  The titer of 1:640 obtained after rums at the same or higher titer (Table 
immunization with a lyophylized mouse 2 ) .  The agglutination of cercariae in nor- 
spleen-egg antigen was unexpected, since mal serum is probably caused by a non- 
this serum showed no in vitro activity specific agglutinin, since all normal se-
against living cercariae and very little ac- rums were negative by hemagglutination. 
tivity in immobilizing miracidia (8). The hemagglutination titer obtained 

Although saline extracts of frog lung from day to day for a single serum may 
trematodes have been used as skin-testing vary more than twofold. Fifteen hemag- " 
antigens in schistosomiasis ( 9 ) ,  antibod- glutination tests of a single immune horse 
ies could not be detected by hemagglu- serum were made over a period of several 
tination after immunization. The hemag- 
glutination test for this series of serums 
was more sensitive than the CHR (Cer- Table 2. Comparison of agglutination and 
carienhiillen Reaktion of Vogel and hemagglutination titers in animals immu- 

Minning, 10)  in detecting antibody; with nized with cercariae of S. mansoni. 
- . -

one exception (spleen-egg antiserum), 
thev were less sensitive than the mira- No. of Hemag-

ccr- Agg!uti- glutina-
cidium immobilization test (8) .  	 cariae natlon tion 

In  Table 2, the titers of serums for injected titer titer 
agglutination of living cercariae of S. 
mansoni are compared with hemagglu- Chicken 6,000 1:64 1:80 
tination titers. I n  uitro agglutination tests Cow 40,500 1:256 1:1280 
with cercariae of S. mansoni were made 26,000 1:64 1:5120 
in nine-depression Pyrex spot plates. Into 40,500 :32 : 1280 
each depression 0.5 ml of each serum di- Pig 25,000 1 : 128 1:320 

Rabbit 18,000 1 :32 1:  160 
lution, plus 1 drop of Penicillin g (4000 

26 AUGUST 1955 

months. Except for the first two tests 
where the titer dropped from 1 :12560 to 
1 :320, the titers of 12 other tests fluc- 
tuated between 1 :640 and 1 :2560 (three 
tubes). The average titer for all tests was 
1: 1280. This titer was obtained in six 
of the 15 tests. Experiments with cells 
of different sheep, batches of normal rab- 
bit serum. and lots of tannic acid bv vari-
ous manufacturers indicated that these 
variables were not responsible for fluc- 
tuation in the titer. The sensitivity of the 
test may vary with the solubility of the 
cercarial antigen used to coat the sheep 
red cells, since several batches of cer-
carial antigen were used. Work is in prog- 
ress to obtain a soluble cercarial fraction 
that may be superior to the present an-
tigen, and preliminary hemagglutination 
studies with human serums are being con- 
ducted. 

IRVINGG. KAGAN 
Zoological Laboratory, Un ive~s i t y  
of Pennsylvania, Philadelphia 
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Effect of DDT on Enzymatic 

Oxidation and Phosphorylation 

Despite numerous attempts to elucidate 
the mode of action of D D T  [2,2-bis(fi- 
chlorophenyl) -l,l,l-trichloroethane] on 
adult houseflies, it must be recognized 
that this phenomenon has not yet been 
explained. Sacktor (1) reported that 
D D T  inhibited cvtochrome oxidase of 
houseflies, and suggested (2 )  that one of 
the explanations for the resistance of 
adult flies to the insecticide might be the 
greater oxidase activity developed in re- 
sistant strains. Recently Morrison and 
Brown (3) summarized much of the lit- 
erature on this subject and reported 
D D T  inhibition of cytochrome oxidase 
from American cockroaches. In  the 
course of our search for DDT-sensitive 
reactions of adult houseflies we have dis- 
covered an effect of DDT that appears to 
be different from any reported previously 
( 4 ) .  This effect consists of DDT-inhibi- 
tion of oxidation of citric acid cycle 
intermediates, and of oxidative phos-
phorylation, when oxidation and phos- 



--- 
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phorylation are catalyzed by subcell 
particles from adult houseflies. The in- 
hibition occurs at concentrations of D D T  
at which cytochrome oxidase appears to 
be unaffected. 

Two hundred and fifty well-fed house- 
flies ( 5 ) ,Musca domestica, of mixed sex, 
that had been previously anesthetized by 
chilling in the cold room, were gently 
ground for 2 min in a mortar with 10 ml 
of homogenizing medium. The homoge- 
nizing medium was adjusted to pH 7.4 
and contained 0.1M potassium phos-
phate, 0.25iM sucrose, and 4 pmoles/ml 
each of pyruvate, citrate, u-ketoglutar- 
ate, succinate, and malatr, which were 
added as preservatives of the particles. 
The resulting brei and a subsequent 5-m1 
rinse was squeezed through 8 thicltnesses 
of No. 40 cheesecloth into a 15-ml plas-
tic centrifuge cup. Immediately afterthis, 
the cellular debris and chitin were re-
moved by sedimentation at 460 g in a 
rrfrigerated Servall centrifuge for 3 min. 
'The particulate fraction I\ as separated 
from the decanted low-speed supernatant 
bt centrifuging at  12,800 g for 5 min. 
The particles were suspended in 5 ml of 
buffer and resedimented at 12,800 g for 
5 min. The washed fraction was dis-
persed in 8.5 ml of homogenizing me-
dium for addition to \Yarburq flasks. All 
equipment and solutions were prechilled 
in ice before use, and all preparatory 
steps, other than centrifugation, were 
conducted in a cold room. Microscopic 
examination of the particulate prepara- 
tions showed a uniform field containing 
small particles that were stained with 
Janus green B. I t  is to be noted that 
en hen ascorbate was used as the principal 
substrate, each flask also contained 1 
pmole of each of the substrates included 
in the homogenizing ~nedium. 

I t  may be seen in Table 1 that inhibi- 
tion of oxidation of a substrate mixture, 
and of oxidative phosphorylation, was 
virtually complete at 5 x 10-5M (17.7 

Table 2. Comparison of effect of DDT on ascorbate oxidation with effects on oxidation of 
citric acid cycle intermediates and phosphorylation by subcell particles from houseflies." 
TCA denotes equimolar mixture of pyruvate, citrate, u-ketoglutarate, succinate. and 
malate. 

-- -- -

Added Phosphory-
Substrate 
( ,umoles) 

cytochrome 
c conc. 

( M I  

DDT conc. 
( M I  

O2 "ptake 
(pg  atoms 

Ot./hr) 

lation 
( ymoles 
P/hr ) 

55 TCALi 
55 TC.4: 
55 TC;.A>t 
55 TCA:; 
100 ascorbate t 5 TCAi 
100 ascorbate t 5 TCA'i 
100 ascorbate t 5 TCAt 
5 TCAt 
5 TCAf 
5 TCAf 
5 TCAt 

* Except as noted in the table, the additions to the flasks were the same as those in Table 1. 
Each value represents results from one Warburg bessel. 

t Each value represents the average of results from two Warburg vessels. 

ppm) D D T  and that an appreciable 
effect occurred at 5 x lo-" (1.77 ppm 1. 
I t  was demonstrated in numerous other 
tests that the particulate preparations 
catalyzed oxidation of each of the sub- 
strates used i11 these experiments. There- 
fore, the data indicate that D D T  inhibits, 
directly or indirectly, oxidation of every 
compound included as substrate. 

T o  deterrninr M hether the effect noted 
was dependent upon inhibition of cyto- 
chrome oxidase, the oxidation of citric 
acid cycle intermediates and the oxida- 
tion of ascorbic acid were compared with 
respect to their susceptibility to D D T  
inhibition. Experim~nts not reported here 
demonstrated that oxygen uptake in this 
system reached a maximum when 50 to 
100 pmoles of sodium ascorbate was 
added to each flask and when the concen- 
tration of added cytochrome c rvas 
8 X 10-5M. These concentrations -,+ere 
therefore used for the experiment re-
ported in Table 2. I t  is apparent from 
the data in Table 2 that at least one-half 

of the ascorbate was oxidlzed through 
the cytochrome system, and it is reason- 
able to assume that most of it was so 
oxidlzed. Yet, under conditions in which 
the cytochrome system was loaded to a 
maxlmum, using ascorbate as the electron 
donor, no inhibition of oxidation was 
noted. I n  the same experiment, using the 
same particulate preparation, confirma- 
tion was obtained for DDT-inhibition of 
the oxidation of citric acid cvcle sub-
strates and of oxidative phosphorylation. 
I n  all of the experiments reported, this 
inhibition occurred in the presence or ab- 
sence of added cytochrome c. 

It does not appear that the DDT 
effects noted can be explained on the 
basis of an inhibition of cytochrome oxi- 
dase. Apparently D D T  inhibits some 
other reaction involved in oxidation via 
the citric acid cycle; this occurs at D D T  
concentrations far lower than those at  
which cytochrome oxidase seems to be 
affected. Further work is obviously re-
quired to explain completely the data 
reported. 

JOHN A. SAGKLIN 
E. C. TERRIERE 

LEMARF. RELIMEKT 

Department of Agricultural Chemistry, 
Oregon State Agricultural Experiment 
Station, Coruallis 
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Table 1. Effect of DDT on oxidation of citric acid cycle intermediates and on phosphory- 
lation by subcell particles from houseflies." 

Ethanol-DDT 
concentration 

Control 

Ethanol, 0.316 percent 

DDT, 1 x lO-'M (35.5 ppm) 

DDT, 5 x 10-'M ( 17.7 pprri j 

DDT, 1 x 10 % (3 .55  ppm) 

DDT, 5 x 10"M ( 1.77 ppm) 

DDT, 2.5 x 10i'M (0.89 ppm) 

DDT, 1 x 104M (0.355 ppm) 


Citric acid cycle Phosphorylationoxidation 
( u g  atoms O d h r )  ( pmolrs P/hr ) 

---.-

Expt. 1 Expt. 2 Expt. 1 Expt. 2 

13.8 12.6 34 3 0 
13.0 12.3 3 8 3 0 

1.5 1.5 0 1.5 
1 .O 2.0 0 2.0 
8.0 9.5 18 22 

10.0 10.5 2 2 2 6 
12.0 11.7 3 5 2 9 
12.3 12.1 32 3 0 

.-~p 

* Each value represents the average of results from two Warburg vessels. The  reaction was carried out in 
a final volume of 3.0 ml containing 200 pmoles potassium phosphate, l i 5  ymoles tris buffer (Sigma i--9), 
500 pmoles sucrose, 0.06 pmoles c~tochrome c, 10 pmoles MgSO,, 10 pmoles ATPNaz (Sigma), 6 mg plasma 
albumin (Armour), 5 mg hexokinase (Pabst), 200 pmoles glucose, and 11 pmoles each of pyruvate, citrate. 
a-ketoglutarate, succinate, and malate as sodium salts; 0.25 ml of the enzyme preparation was added to 
each flask. Final pH 7.3 to 7.4. Centerwell contained 0.2 ml 20 percent KOH. When D D T  was added 
(in alcohol solutions), the final ethanol concentration was 0.316 percent. 

3 i8  


