
tility and decrease in respiration of the 
sperm, followed by death of the cells. 
Apparently, with a more concentrated 
suspension of cells, sensitization is pro- 
longed. The reason for this is not known 
at the present time. The protection af- 
forded by the addition of catalase to the 
medium indicates that a photochemical 
oxidation producing H202 is occurring 
as a result of the radiation. 

In order that this phenomenon may 
be defined as photodynamic action, it 
is necessary that there be some fluores- 
cent substance present which can absorb 
radiant energy (7). The activated sen- 
sitizer transfers its energy to an accep- 
tor, presumably a cellular protein, which 
then undergoes oxidation. To determine 
the source of the photosensitive agent, 
the effect of light on spermatozoa sus- 
pended in various media was tested. 
Since these cells will not survive at room 
temperature for a prolonged period of 
time, except in coconut-milk extender, 
it was necessary to modify slightly the 
experimental design and expose the sam- 
ples to a higher light intensity (1400 
ft-ca) for a shorter time. The results are 
shown in Table 2. The data clearly re- 
veal that the photosensitive agent is not 
a constituent of any of the media tested 
or of the antibiotics which supplement 
them, although the latter may enhance 
the photochemical reaction. Comparison 
of Tables 1 and 2 indicates that the 
effect of radiation-presumably an oxi- 
dative process-is in accord with the 
Bunsen-Roscoe reciprocity law (7). Fur- 
ther, the effect is independent of tem- 
perature, as demonstrated by the results 
with the skim-milk diluent at 5?C. 
These are characteristics usually identi- 
fied with a photosensitized oxidation 
(7). 

On this basis, then, it can be con- 
cluded that there is a photosensitizer 
present within the sperm itself and that 
the radiation affects the cell directly. 
Calcutt (8), working with Paramecium, 
suggests that light has a direct action 
upon the test material, inducing a cellu- 
lar change which facilities the photo- 
dynamic response. This phenomenon 
apparently involves cytoplasmic dam- 
age, as compared with the nuclear ef- 
fects of ultraviolet radiation (9). 
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Mechanism of Enzyme Inhibition 
by Phosphate Esters 

Abstract. A theory for the rapid specific 
reaction of certain phosphorous-contain- 
ing esters with many proteolytic enzymes 
based on the ability of phosphorous to 
form one additional bond relative to car- 
bon is presented. A stable tetrahedral 
phosphate ester is compared with a labile 
tetrahedral orthocarbonyl ester and a rela- 
tively stable pentagonal enzyme-phosphate 
ester complex is compared with a pen- 
tagonal enzyme-carbonyl substrate com- 
plex. The latter complex is assumed to be 
the transition state in the enzyme-cata- 
lyzed reaction. If the theory is correct, it 
opens up the possibility of studying inter- 
mediates and transition states from the 
known structures of chemical inhibitors. 

The specific reaction of a group of or- 
ganic phosphate esters of the type 
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R'(RO)PX 

where R is an alkyl group and R' an 
alkyl or alkoxy group, with a class of 
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esterases and phosphoglucomutases has 
long been known. Some pertinent chem- 
ical facts concerning the inhibition re- 
action are: (i) The reaction products 
are the degraded fragment (X) and the 
enzyme, phosphorylated on the hydroxyl 
group of a serine residue (1). (ii) The 
reaction is stoichiometric with the num- 
ber of enzymatic sites and not with the 
total number of serine residues. (iii) The 
reaction proceeds with a high velocity 
with all the enzymes for which the stoi- 
chiometric relationship holds. (iv) The 
phosphorylated enzyme is catalytically 
inactive. 

The extreme velocity of the inhibition 
reaction contrasts with the rates of ho- 
mogeneous solution reactions of the phos- 
phate esters. Tetraethylpyrophosphate, 
for example, is remarkably stable in neu- 
tral aqueous solutions. Even di-isopro- 
pyl-phosphofluoridate is much more 
stable than acetic anhydride (2). None- 
theless, it reacts much more rapidly and 
specifically with suitable esterases. 

In this report we wish to suggest that 
the action of the phosphate esters dif- 
fers from that of most other enzyme 
inhibitors in that it is the unstable tran- 
sition state of the enzyme-substrate com- 
plex which is imitated by the inhibitor 
in one of its stable combinations with 
the enzyme. More frequently, it is as- 
sumed that inhibitor action is effected 
by imitation of either the substrate itself 
or a stable combination of substrate with 
enzyme. 

If our postulate is correct, one can 
understand why the side group specific- 
ity of the inhibitors is so different from 
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that of the natural substrates of the en- 
zyme. It is presumably hydrogen bond- 
ing and electrostatic interactions at or 
close to the ester linkage which makes 
the enzyme combine so much more 
strongly with the transition state than 
with the substrate, which in turn causes 
the lowering of the activation free en- 
ergy for reaction. Owing to the stability 
of phosphorous compounds with one 
more covalent bond than can occur in 
analogous carbon compounds, this larger 
interaction energy is available for bind- 
ing the inhibitor molecule. 

The structure of most phosphoric 
esters is of the kind 

O X 
o / 

P 

RO R' 

This imitates rather closely the pre- 
sumed intermediate in the SN2 hydroly- 
sis of a related ester 

O B 
\ / 

/ \ 
RO R' 

where B is a basic group. On the other 
hand, covalency of 5 is quite common 
among phosphorus compounds, and a 
metastable intermediate 

O R' 
\ / 

P-X 
/ \ 

PO G 

where G is a group from the enzyme, 
might also imitate quite closely the 
transition state for a Walden inversion, 
as is illustrated in the Fig. 1. 

A detailed discussion of the mecha- 
nism of esterase action has been given 
elsewhere (3). It should be clear 
that phosphorus esters are ideally suited 
to form stable structures corresponding 
both to the proposed enzyme-substrate 
tetrahedral complex and the pentagonal 
transition state for the reaction (4). If 
our speculations are correct, they may 
make possible the study of the geometry 
of the activated state by means of in- 
hibition studies (5). 
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Immunization of Mice against 
Toxic Doses of Homologous 
Elementary Bodies of Trachoma 

Abstract. Death of mice occurs 2 to 8 
hours after intravenous inoculation of con- 
centrated viable elementary bodies of 
trachoma. Toxic death can be prevented 
by vaccinating the mice with concentrated 
suspensions of homologous strains inacti- 
vated by formalin or phenol. Judged by 
toxic challenges, at least two antigenically 
distinct types of elementary bodies of 
trachoma occur in Saudi Arabia and 
Egypt. 

The relationship of elementary body 
viruses to the classical syndrome tra- 
choma, although much disputed in the 
past, has been more firmly established 
by the recent findings of Tang et al. (1) 
and Collier et al. (2, 3). These reports 
indicate that several properties are 
shared by the elementary body viruses 
derived from conjunctival scrapings of 
trachoma cases in China and Gambia. 
Before attempts are made to prevent 
trachoma by immunization procedures, 
it is important to determine whether 
the strains of elementary bodies from 
different regions are all alike antigeni- 
cally or whether there are multiple types 
which are immunologically distinct from 
one another. Toxicity for mice was re- 
ported as a property of strain SA-1, iso- 
lated from a trachoma patient from 
Hofuf, Saudi Arabia (4). Subsequently 
several other strains from the Middle 
East have been found toxic for mice (5) 
and the phenomenon thus offers a possi- 
bility for comparison of different strains. 
Since the elementary bodies of trachoma 
share the heat-stable common antigen 
derived from psittacosis-lymphogranu- 
loma viruses (2, 5), it should be noted 
that certain of the latter are also toxic 
for mice and that several antigenic and 
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Eight experiments were performed 
which involved vaccination and subse- 
quent toxic challenges of white mice. 
The vaccines were prepared from yolk 
sacs of chick embryos which were har- 
vested approximately 7 days after infec- 
tion with the various strains. Vaccines 
and normal yolk sac control materials 
were administered intra-abdominally, 
and the mice were challenged at various 
intervals thereafter by the intravenous 
inoculation of viable suspensions of ele- 
mentary bodies adjusted in concentra- 
tion such that each mouse received one 
certainly fatal dose. There were two 
types of controls for the vaccines: (i) 
normal yolk sac suspensions, and (ii) 0.85 
percent NaCl solution. The vaccines and 
control solutions were given on the basis 
of 0.2 ml/10 g body weight of the mice. 
The strains of elementary bodies were 
SA-1, SA-2, SA-5, and Egypt-2, derived 
from trachoma patients in Saudi Arabia 
and Egypt (5). 

The suspensions for challenge and for 
vaccines were prepared as follows: chick 
embryos, after 6 to 8 days of incubation, 
were inoculated with infectious yolk 
sac suspensions in dosages adjusted to 
cause death of half the eggs about 7 
days later, when the yolk sacs of sur- 
viving embryos were harvested. The in- 
ocula consisted of material derived from 
the 5th to 10th egg passage levels of the 
different strains involved. The yolk sacs 
were thoroughly mixed mechanically 
and stored at -60?C. Purification and 
concentration of the elementary bodies 
were accomplished by two cycles of 
centrifugation at + 4?C; each cycle con- 
sisted of 1500 rev/min for 15 minutes to 
eliminate gross particles, followed by 
5000 rev/min for 60 minutes to reduce 
the amounts of protein and lipids. Ex- 
posure to celite (7) before the second 
cycle was begun was also included in the 
procedure. 

After the second high-speed run, the 
sediments were resuspended in one- 
fourth the volume of the original yolk 
sacs. If the material was to be used for 
challenge, the suspending material was 
sucrose PG (8). If the material was to 
be made into vaccine, the suspending 
medium was phosphate saline buffered 
to pH 7.2. The suspensions of elemen- 
tary bodies were shown to be toxic for 
white mice; they were then shell frozen 
and stored at - 60?C until ready for use. 
In the preparation of vaccines, the sus- 
pensions were thawed and mixed with 
an equal quantity of freshly prepared 
0.4 percent formalin, or 0.8 percent 
phenol, in buffered saline. One lot of 
SA-2 vaccine was extracted with ether; 
this extraction replaced the step involv- 
ing celite. After overnight storage at 
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