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HgC12-plasma does not manifest Ac-globulin 
activity, and the antithrombin titer is extreme- 
ly low. The prothrombin concentration of the 
HgClz-plasma when the latter is stored a t  
-20°C to -6O'C for 4 months remains un- 
a1 t ered . 

I n  all prothrombin determinations of the 
HgClq-plasma, the modified two-stage method 
of assay was used ( 11). However, because no 
_Ac-globulin is present in the HgC12-plasma, it 
is necessary to add a larger amount of beef 
serum (.Ac-globulin) to the incubation mix- 
ture than is normally used. We have found 
that a 1-400 total dilution of beef serum in- 
sures complete conversion, but even with this 
concentration. the conversion rate is slower 
than it is in normal plasma. 

The method of assay of Ac-globulin, as well 
as studies on the kinetics of the conversion 
phase of the clotting system, will be pmsented 
in detail in a subsequent paper. A modifica- 
tion of the 2-stage procedure(8) has been 
devised. I t  is sufficient to present here only 
the tenets on which the quantitative estimation 
is based. The amount of -4c-globulin in any 
given plasma is manifested as a function of 
3 variables: (1) the time when prothrombin 
conversion begins, ( 2 )  the rate of prothrom- 
bin conversion, and ( 3 )  the yield of thrombin. 
Therefore a quantitative measure of Ac- 
globulin can be represented by an area which 
is circumscribed by the activation curve (clot- 
ting time plotted against incubation time) and 
b y  straight lines through a constant, arbitrarily 

selected point on each axis. This area can 
be determined by the square counting method, 
one of the quadrature methods, or more simply 
with a planimeter. The amount of Ac-globulin 
of an unknown is determined by comparing the 
area of the unknown with that of a normal 
control. By referring the area to a standard 
reference curve, the A4c-globulin activity can 
be expressed in percent of normal. The pro- 
thrombin concentration is adjusted so that 
only small quantities of plasma are required 
for the measurement of Ac-globulin, thereby 
greatly minimizing the effect of antithrombin 
on the conversion rate and thrombin yield. 
-4 concerted effort was made to devise a one- 
stage technic for the quantitative determina- 
tion of Ac-globulin. The results of such an 
attempt were unsatisfactory because the three 
variables, noted above, could not be isolabed, 
and no one variable could be interpreted as 
being specifically related to Ac-globulin ac- 
tivity. 

Summary. The chemical and/or physical 
relationship between prothrombin and Ac- 
globulin apparently is very close as evidenced 
by the inability to denature, adsorb, precipi- 
tate or otherwise inactivate complletely, and a t  
times partially, the one, without completely or 
partially removing or inactivating the other. 
A method is described whereby oxalated bo- 
vine plasma may be rendered free from Ac- 
globulin, but not from prothrombin. 
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The loss of capacity for cell division result- 
ing from exposure to ultraviolet radiation has 
been shown in some instances to be restored by 
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( 1 - 5 ) .  Since the mechanism of this “photo- 
reactivation” remains o~bscure, it has seemed 
important to test the possibility that photo- 
dynamic action, a process requiring molecular 
oxygen(6), is involved. The data reported 
herein show that 0 2  is not essential, thus 
eliminating this possibility. 

Methods. Washed cell suspensions in 0.5% 
NaCl solution bufffered with 0.1 M KH2P04 - 
T\;a2HP04, usually containing about 1,000 cells 
per ml, were exposed to radiation from an 
intermediate pressure mercury arc through 
a Coret D filter. The intensity was approxi- 
mately 1 x lo4 ergs/cm‘/sec. of wavelengths 
0.27 p to 0.313 ,p; the method of dosage is 
described by Blum and Price( 7 ) .  In the sea 
urchin’s egg, complete recovery of rate of cell 
division occurs after dlelay by such dosage 
(4,7). For photoreactivation suspensions 
were illuminated in Thunberg tubes placed 
at a distance of 1 2  inches from a bank of four 
20 watt ‘fluorescent’ lamps (‘Daylight’ type). 
The reactivation is brought about by wave- 
lengths in the blue, violet and near ultra- 
violet ( 1-4), in which the fluorescent lamps 
are relatively rich. Aliquot portions of the 
irradiated cell suspension were transferred to 
a series of Thunbterg tubes arranged in pairs. 
One tube of each pair was wrapped in black 
cloth and placed (adjacent to the corresponding 
illuminated tube to serve as a ‘dark control’. 
Tubes were withdrawn a pair at a time at 
intervals during illuminatioa and plate counts 
made from each tube. The influence of 
oxygen was determined in similar manner 
except that of each pair of tubes one was 
evacuated. Both then were illuminated and 
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plate counts made. The virtually complete 
removal of oxygen from the evacuated tubes 
was indicated by the extinction of lurnin- 
escenlce in a dilute suspension of Photo- 
bacterium phosphorem connected to the same 
vacuum line. Bacterial luminescence is a 
particularly sensitive indicator for the presence 
of molecular oxygen (8). 

ResuEts. The photoreactivation of the 
facultative anaerobe, Escherichia coli, strain 
B, is illustrated in Fig. 1 by a typical experi- 
ment. Reactivation was not found to be very 
sensitive to temperature in the range of 22”  
to 37”C, and was about the same whether 
the hydrogen ion concentration was acid or 

FIQ. 1. 
Percent of initial count of a suspension of E.  

coli after exposure t o  ultraviolet radiation (- 2.5 
X 106 ergs/cm2; = 0.270 p t o  0.313 p ) ,  and 
subsequent illumination with visible lightt for 
various lengths of time (open symbols, upper 3 
curves) and in the dark (solid disks, lowest curve). 
Broken and solid lines refer t o  2 different cell BUS- 
pensions, each containing 880 cells per ml before 
exposure t o  ultraviolet radiation, the former illu- 
minated at  22°C and the latter a t  37°C. The pH 
of the salt solution was 6.98 in all except that rep- 
resented by the next to uppermost curve (tri- 
angles) which was 5.4. 

8. Harvey, E. N., Living Light, Princeton, 1940, 
Princeton Univ. Press; Meyer, K. P., Helv. Phys. 
Acta, 1942, v15, 3. 

t Zero time refers t o  the time at  which illumin- 
ation with visible light was begun. A few minutes 
elapsed between the end of ultraviolet irradiation 
and the beginning of illumination, during which 
all specimens were kept in the dark. 
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FIG. 2. 
Photoreactivationt of E. coli  in  presence and 

abseiicc of 0 2 ,  after exposure t o  ultraviolet radia- 
tion (5.5 X 106 ergs/c-m2; X = 0.270 p t o  0.313 p ) .  
Initial plate count before irradiation was 1,100 
cells per nil; p l X  of the salt solution mas 6.9; 
temperature during illumination, 221°C. 

That photoreactivation takes place in the 
virtual absence of molecular oxygen is demon- 

strated by the data in Fig. 2. The close 
agreement of the counts indicates that photo- 
reactivation is completely independent of 0 2 .  

Dulbecco" has recently observed that photo- 
reactivation of bacteriophage, in the presence 
of the host cells, is also independent of molec- 
ular oxygen, supporting the conclusion that 
photodynamic action is not the mlechanism 
involved. 

Efforts to study the same phenomenon in 
a more strictly aeliobic organism, Bacillus 
cereus, were unsulccwsful because no appreci- 
able photoreactivation could be demonstrated. 
Typical data are illustrated in Table I. In 
these experiments, suspensions of wholly vege- 
tative cells were obtained by inoculating glu- 
cose nutrient agar plates with spores and 
washing the cells after 5 hours incubation a t  
3 7 C. Microscopic observation confirmed 
that spore germination had been complete, and 
new sporulation had not begun. I t  will be 
noted that considerably higher dosages of 
ultraviolet were required to reduce the plate 
count than in' the case of E .  coli, and that 
subsequent illumination caused no significant 
increase. Thus although photoreactivation 

TABLE I. 
Influence of Illuiniiiatioii bj- T-isible Light, on Plate Counts of Bacillus cereus After Exposure to U1- 
tral-iolet Light. T'egetative cells from 5 hour cultures on 1% glucose, nutrient agar plates a t  37OC, 
m s h e d  and resuspended in  0.5% XaC1 solution buffered at pH 7 +- .02 by 1 M KH2POq-va2HPOq. 
Suspension 9, irradiated after two days' storage in the refrigerator; B, same suspenslon irradiated 

after 6 days; C, different suspension, after 3 weeks' storage in the refrigerator. 

Plate coun t  Illurninat ed Dark 
Dosage shortly after -- 

ultraviolet exposure to % Time of % % 
Initial S o .  of radiation ultraviolet initial standingt Plate initial Plate initial 
cells per ml ergs/cm2 radiation count (min.) count count count count 

B. 1490 

C. 180 2.7 x 106 1 0  

5 
10 
20 
40 

5.5 - 
J 

10 
20 
30 
40 
80 
95 

,536 
374  
288 
1iT 

9 
69 

8 
10  

8 
7 

11 

11 
1 0  

8 

* 

10.4 
7.4 
5.7 
3.5 

0.6 
4.6 
0.5 
0.7 

4.4 
3.6 
6.1 

5.9 
5.5 
4.4 

Jc 

588 
465 
367 
101 

44 
126 

30 
14 

0 

7 

10 
* 

* 
4 

3 

11.6 
9.2 
7.3 
2.0 

2.9 
8.4 
2.0 
1.0 

Y 

3.6 

5.5 
* 

* 
t 

1.7 
~ ~~ 

* Not plated. 
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occurs in diverse types of cells and is probably demonstrating that photodynamic action is 
a widely distributed phenomenon, it is not not involved. 
always readily demonstrable. Vegetative cells from young cultures of 

Bacillus cereus show no appreciable photo- Molecular oxygen is not es- 
sential for the photoreactivation of E. coli reactivation. 
after inactivation by ultraviolet radiation, Received March 7, 1950. P.S.E.B.M., 1950, v74. 

Summary. 

Comparative Action of Aureomycin, Chloromycetin, Neomycin, Q-19, and 
Polymyxin B Against Gram Negative Bacilli. (17801) 

BURTON A. WAISBREN AND WESLEY W. SPINK. 
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School, Ninneapolis. 

Although the number of effective anti- 
biotics continues to increase, infections due 
to gram negative bacilli still pose many 
therapeutic problems. I n  the present study, 
the sensitivities of strains of Pseudomonas 
aeruginosa, Aerobacter aerogenes, Escherkhia 
coli and Proteus vulgaris to neomycin, Q-19, 
polymyxin B, aureomycin, and chloromycetin 
have been determined. Sltreptomycin-resist- 
ant variants of E. coli have been compared 
with thle resistant variants of the same strain 
appearing with neomycin and Q-19. Studies 
on the mode of action of neomycin and Q-19 
are also presented. 

Materials and Methods:  * Neomycin, pro- 
duced by a member of the genus Streptomyces 
and discovered by Waksman( 1,2) , has been 
s h m  to be active against a wide variety 
of both gram negative and gram positive 
organisms. Q-19,t produced by a strain of 
Bacillus circzclans anld considered to be related 
to fthe polymyxin-aermporin type oi anti- 
biotic was discovered by Murray and Tet- 

* Neomycin and Q-19 supplied by Upjohn Co. 
Aureomycin supplied by Lederle Laboratories. 
Polymyxin B supplied by Pfizer Corp. 

It 
is a different antibiotic than the one described by 
McLeod (4), which was originally named circulin 
but has since been renamed polypetin. 
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rault(3). They reported it to be more 
active against gram negative than gram p s i -  
tive organisms. The activity of preparations 
from Bacillus polynzyxa and a related organ- 
ism, Bacillus eerosporus, against gram nega- 
tive organisms was reported almost simul- 
taneously by 3 groups of workers(5-7). A 
crude preparation of polymyxin B prepared 
by the Pfizer laboratory was used in this 
study. Aureomycin and chloromycetin, 
whose properties and effective bacterial 
spectra have been recently reviewed, were 
used as standards of comparison for the 
n m r  antibiotics( 8-10>. 

Neomycin, Q-19, polymyxin B, and aurm- 
mycin were stable and readily soluble in con- 
clentrated solutions of sterile saline. Fresh 
stock solutions containing 10 to 25 mg per 

3. Murray, F. J., Tetrault, P. A., e t  aZ., J .  Bact., 
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