
determined under conditions of high 
background illumination (0.28 mlam). 
Also, these animals were thoroughly 
light adapted prior to the experiment 
by exposing them for 2 hours to the 

light from a 60-watt bulb suspended 
over their home tank. 

The spectral sensitivity of animals in 
group 2 was carried out under mesopic 
conditions (0.01 mlam). In each case 
the background illumination was pro- 
vided by the room's fluorescent lights 
and stray light from the projector. The 
level of background illumination was 
determined for groups 1 and 2 by mea- 
suring with an exposure photometer 
(Salford Electrical Instruments Ltd., 
London) the amount of light reflected 
from the white cardboard base upon 
which the container was placed. 

During a threshold run the stimulus 
light was left on for 5 minutes before 
being interrupted by a mechanical shut- 
ter. Ten minutes were allowed between 
trials, and on successive trials the inten- 
sity of the stimulus beam was reduced 
in steps of approximately 0.2 log unit. 
The animal rarely, if ever, responded 
to the onset of illumination, and the 
adequate stimulus appeared always to 
be the sudden diminution in light inten- 
sity. However, once the animal had re- 
sponded, it seemed to enter into a re- 
fractory phase for a period of at least 
5 minutes, during which no change in 
light condition would produce a closure 
response, although it was still possible 
to elicit such a response by mechanical 
stimulation. Because of this, it was nec- 
essary to allow at least 10 minutes to 
elapse between trials. The threshold at 
a particular wavelength was determined 
by taking the lowest intensity at which 
the animal would respond twice in the 
course of three successive trials. 

The spectral sensitivity curves are 
shown in Fig. 1. Individual results with- 
in each group were pooled; each of the 
experimental points in Fig. 1 represents 
an average threshold. In each case the 
appropriate correction factor has been 
added to compensate for the difference 
in light energy transmitted by different 
interference filters. Standard deviations 
were computed for the data within 
each group and are represented in Fig. 
1 by the vertical lines on the curves. 

It is immediately apparent that at 
least two different types of photore- 
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It is immediately apparent that at 
least two different types of photore- 
ceptors with different spectral sensi- 
tivities contribute to the overall spectral 
sensitivity of this animal. One of these 
appears to be maximally sensitive at 
approximately 475 to 480 m,%, and the 
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other at approximately 540 m,/. In the 
absence of direct spectrophotometric 
measurements on the photopigments of 
this eye we cannot conclude that the 
two peaks in the behavioral sensitivity 
curve represent two visual pigments, 
since the data might equally well be 
explained by assuming the existence of 
one receptor pigment and a screening 
pigment with an appropriate absorption. 
For the sake of comparison the points 
of Dartnall's (12) nomogram for a 
visual pigment with absorption maxi- 
mum at 475 m,t are also displayed in 

Fig. 1. 
Comparing now the spectral sensi- 

tivity curves between groups 1 and 2, 
we see that when the level of back- 
ground illumination is low the relative 
increase in log sensitivity of the 475-min 
region is several times greater than the 
corresponding increase in sensitivity of 
the 540-m,t region. This suggests that 
at low background levels of illumination 
the photoreceptors which mediate sensi- 
tivity in the 540-m,u region may have a 
high-response threshold relative to the 
475-m,t photoreceptors. The possibility 
that under conditions of high back- 
ground illumination sensitivity in the 
475-m,t region may be depressed by ac- 
tive inhibition of other photoreceptors 
must also be considered. In general, the 
situation appears to be similar to that 
which occurs in the vertebrate retina, 
where it has been shown in goldfish that 
the rod portion of the photopic visibility 
curve shows a considerable increase in 
sensitivity, relative to the cones, when 
the background illumination is reduced 
(9). These considerations lead one to 
suspect that the eyes of Pecten may 
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Human serum lipoproteins have not 
been extensively examined by elec- 
trophoresis in either starch gel or 
acrylamide gel, presumably because of 
inadequate technical methods (1). The 
technique described here provides (i) 
low gel concentration to permit migra- 
tion of large lipoprotein molecules, (ii) 
subsequent stiffening of the gel for 
further processing of the pattern, (iii) 
an improved stain for use prior to 
electrophoresis, (iv) direct comparison 
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possess photoreceptors that are func- 
tionally similar to the rods and cones 
of the vertebrate retina, and that under 
suitable light conditions the spectral sen- 
sitivity of this animal is likely to display 
a Purkinje shift. 

Throughout the preceding discussion 
it has been assumed that the spectral 
sensitivity which has been measured 
represents the sensitivity of the eye. 
However, a note of caution is required 
in this interpretation, since the possi- 
bility is not excluded that other light- 
sensitive structures, perhaps located di- 
rectly within the nervous system itself, 
may be contributing to the spectral 
sensitivity of this animal. 

J. R. CRONLY-DILLON 
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Department of Physiology, 
University Medical School, 
Edinburgh, Scotland 

References and Notes 

1. M. F. Land, J. Physiol. 179, 138 (1965). 
2. W. J. Dakin, Proc. Roy. Soc. London 103, 

355 (1928). 
3. H. K. Hartline, J. Cellular Comp. Physiol. 

11, 465 (1938). 
4. J. Z. Young, Proc. Roy. Soc. London Ser. 

B. 245, 1-58, (1962). 
5. W. H. Miller, in The Cell, J. Brachet and 

A. E. Mirsky, Eds. (Academic Press, New 
York, 1960), vol. 4. 

6. J. J. Wolken, J. Opt. Soc. Am. 53, 1 (1963). 
7. H. K. Hartline, Am. J. Physiol. 130, 700 

(1940); ----, F. Ratliff, W. H. Miller, in 
Nervous Inhibition, E. Florey, Ed. (Pergamon 
Press, London, 1961); F. Ratliff, in Mach 
Bands (Holden-Day, San Francisco, 1964). 

8. H. Grundfest, J. Gen. Physiol. 15, 507 (1932). 
9. J. Cronly-Dillon and W. R. A. Muntz, J. 

Exptl. Biol. 42, 481 (1965). 
10. M. Jacobson, Quart. J. Exptl. Physiol. 49, 

384 (1964). 
11. W. B. Marks, "Difference spectra of the 

visual pigments in single goldfish cones," 
dissertation, Johns Hopkins University (1963). 

12. W. J. Dartnall, Brit. Med. Bull. 9, 24 (1953). 
13. A research grant from National Institutes 

of Health (contract NB 05992-01) is grate- 
fully acknowledged. 

19 November 1965 [ 

possess photoreceptors that are func- 
tionally similar to the rods and cones 
of the vertebrate retina, and that under 
suitable light conditions the spectral sen- 
sitivity of this animal is likely to display 
a Purkinje shift. 

Throughout the preceding discussion 
it has been assumed that the spectral 
sensitivity which has been measured 
represents the sensitivity of the eye. 
However, a note of caution is required 
in this interpretation, since the possi- 
bility is not excluded that other light- 
sensitive structures, perhaps located di- 
rectly within the nervous system itself, 
may be contributing to the spectral 
sensitivity of this animal. 

J. R. CRONLY-DILLON 
M.R.C. Research Group on Vision, 
Department of Physiology, 
University Medical School, 
Edinburgh, Scotland 

References and Notes 

1. M. F. Land, J. Physiol. 179, 138 (1965). 
2. W. J. Dakin, Proc. Roy. Soc. London 103, 

355 (1928). 
3. H. K. Hartline, J. Cellular Comp. Physiol. 

11, 465 (1938). 
4. J. Z. Young, Proc. Roy. Soc. London Ser. 

B. 245, 1-58, (1962). 
5. W. H. Miller, in The Cell, J. Brachet and 

A. E. Mirsky, Eds. (Academic Press, New 
York, 1960), vol. 4. 

6. J. J. Wolken, J. Opt. Soc. Am. 53, 1 (1963). 
7. H. K. Hartline, Am. J. Physiol. 130, 700 

(1940); ----, F. Ratliff, W. H. Miller, in 
Nervous Inhibition, E. Florey, Ed. (Pergamon 
Press, London, 1961); F. Ratliff, in Mach 
Bands (Holden-Day, San Francisco, 1964). 

8. H. Grundfest, J. Gen. Physiol. 15, 507 (1932). 
9. J. Cronly-Dillon and W. R. A. Muntz, J. 

Exptl. Biol. 42, 481 (1965). 
10. M. Jacobson, Quart. J. Exptl. Physiol. 49, 

384 (1964). 
11. W. B. Marks, "Difference spectra of the 

visual pigments in single goldfish cones," 
dissertation, Johns Hopkins University (1963). 

12. W. J. Dartnall, Brit. Med. Bull. 9, 24 (1953). 
13. A research grant from National Institutes 

of Health (contract NB 05992-01) is grate- 
fully acknowledged. 

19 November 1965 [ 

of multiple samples on a single gel 
slab. The technique reveals variations 
in electrophoretic mobility of 8/-lipo- 
proteins from different individuals and 
from the same individual in different 
clinical conditions. 

Serum samples were selected at ran- 
dom from the routine laboratory; they 
were from healthy individuals and pa- 
tients with various diseases, some of 
the patients having hyperlipemic sta- 
tus. Samples stored for several days 
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Lipoprotein Patterns in Acrylamide Gel Electrophoresis 

Abstract. Lipoproteins of serum stained before electrophoresis gave distinct 
patterns in acrylamide gel of 3-percent concentration. Samples compared in paral- 
lel on gel slabs showed qualitative differences in migration rates of /3-lipoprotein 
bands. 
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Fig. 1. (a to g) Serum specimens from 
subject B.S. taken at different times: (a 
and b) specimens 3 weeks apart; (c to g) 
samples taken during a glucose tolerance 
test, at half-hour intervals (g is the fast- 
ing specimen); (h) serum specimen from 
subject T.C. Electrophoresis in tris-EDTA 
buffer pH 9.0, 3-percent polyacrylamide 
gel, at 150 volts for 2.5 hours at 26?C; 
preliminary run for 15 minutes. 

in the refrigerator or for weeks in the 
freezer gave qualitatively identical re- 
sults. Hyperlipemic serums produced 
streaked patterns unless subjected to 

high-speed centrifugation before elec- 

trophoresis. 
The serum samples were stained, 

prior to electrophoresis (2), with a 

dye solution consisting of 1-percent 
lipid crimson (Gurr, London) in 

diethylene glycol; the dye was filtered 
before use. The combined serum (200 
A1) and dye solution (100 IA) were 

agitated for 5 minutes and centri- 

fuged (Spinco 152 Microfuge) for 20 
minutes. A small amount of precipi- 
tated dye was usually visible at the 
bottom of the tube. The clear super- 
natant (20 41) was placed for elec- 

trophoresis in a slot 1 cm wide. The 

supernatant was reddish-purple; if lipo- 
protein was absent from the sample 
the supernatant was similarly colored, 
although no stained band appeared in 
the pattern. 

The vertical cell described by Ray- 
mond (3) was used. The electrophore- 
sis buffer at pH 9.0 contained 50 g of 

ethylenediaminetetraacetate (EDTA) 
and 460 g of tris in 45 liters of water. 
All gel solutions were made up in this 
buffer. The cell was supported at an 
angle of 30., and 50 ml of an 8-per- 
cent gel solution [including 0.1 percent 
each N,N,N',N'-tetramethylethylene- 
diamine (TMED) and ammonium per- 
sulfate] was poured into the cell, form- 

ing a layer 3 cm deep at the bottom of 
the gel space. The 8-percent gel sup- 
ported the 3-percent gel subsequently 
poured, but did not form part of the 
electrophoresis pattern. After the sup- 
porting gel was fully polymerized, the 
cell was returned to the horizontal po- 
sition and 180 ml of 3-percent gel 
solution was poured into it. The 3-per- 
cent gel was allowed to polymerize 
21 JANUARY 1966 

Fig. 1. (a to g) Serum specimens from 
subject B.S. taken at different times: (a 
and b) specimens 3 weeks apart; (c to g) 
samples taken during a glucose tolerance 
test, at half-hour intervals (g is the fast- 
ing specimen); (h) serum specimen from 
subject T.C. Electrophoresis in tris-EDTA 
buffer pH 9.0, 3-percent polyacrylamide 
gel, at 150 volts for 2.5 hours at 26?C; 
preliminary run for 15 minutes. 

in the refrigerator or for weeks in the 
freezer gave qualitatively identical re- 
sults. Hyperlipemic serums produced 
streaked patterns unless subjected to 

high-speed centrifugation before elec- 

trophoresis. 
The serum samples were stained, 

prior to electrophoresis (2), with a 

dye solution consisting of 1-percent 
lipid crimson (Gurr, London) in 

diethylene glycol; the dye was filtered 
before use. The combined serum (200 
A1) and dye solution (100 IA) were 

agitated for 5 minutes and centri- 

fuged (Spinco 152 Microfuge) for 20 
minutes. A small amount of precipi- 
tated dye was usually visible at the 
bottom of the tube. The clear super- 
natant (20 41) was placed for elec- 

trophoresis in a slot 1 cm wide. The 

supernatant was reddish-purple; if lipo- 
protein was absent from the sample 
the supernatant was similarly colored, 
although no stained band appeared in 
the pattern. 

The vertical cell described by Ray- 
mond (3) was used. The electrophore- 
sis buffer at pH 9.0 contained 50 g of 

ethylenediaminetetraacetate (EDTA) 
and 460 g of tris in 45 liters of water. 
All gel solutions were made up in this 
buffer. The cell was supported at an 
angle of 30., and 50 ml of an 8-per- 
cent gel solution [including 0.1 percent 
each N,N,N',N'-tetramethylethylene- 
diamine (TMED) and ammonium per- 
sulfate] was poured into the cell, form- 

ing a layer 3 cm deep at the bottom of 
the gel space. The 8-percent gel sup- 
ported the 3-percent gel subsequently 
poured, but did not form part of the 
electrophoresis pattern. After the sup- 
porting gel was fully polymerized, the 
cell was returned to the horizontal po- 
sition and 180 ml of 3-percent gel 
solution was poured into it. The 3-per- 
cent gel was allowed to polymerize 
21 JANUARY 1966 

for 2 hours, the excess gel above the 
slot form was removed, and the cell 
was then placed in the upright posi- 
tion. The buffer compartments were 
filled with buffer, and the slot form 
was removed. Circulation of the buff- 
er facilitated removal of the slot form. 

After a 15-minute preliminary run 
at 150 volts, 20 1u of the stained 
serum was placed in each 1-cm slot. 
Current was then applied at 150 volts 
with buffer recirculation. The tempera- 
ture of the cooling plates was con- 
trolled by circulating tap water (26? to 

30?C). After 2.5 hours, the visible pat- 
tern included one or more red bands 
in the ,B-lipoprotein region and two 
diffuse bands in the region of a-lipo- 
protein and albumin. 

For subsequent operations :a 3-per- 
cent gel was difficult to handle. There- 
fore a technique was developed to 
stiffen the gel before removing it from 
the electrophoresis cell. After comple- 
tion of the electrophoresis, the buffer 
was drained, the cell was placed in 
the horizontal position, the upper cool- 

ing assembly was removed, and the ex- 
cess gel was trimmed from the pat- 
tern. The remaining gel was covered 
with 120 ml of buffer containing 10 

percent of cyanogum and 0.1 percent 
of TMED, the persulfate being omit- 
ted. After 45 minutes, 30 ml of 0.5- 

percent ammonium persulfate was 
mixed with the gel solution. A cover 
was placed over the pattern to exclude 
air and permit the stiffening gel to 

polymerize uniformly. By this pro- 
cedure, a gel with strength close to that 
of an 8-percent gel was produced. 

The stained lipoproteins did not mi- 

grate satisfactorily in gels of greater 
than 3.75-percent concentration. In 3- 

percent gel the pattern exhibited a 
zone visible about 1 to 2 cm from the 

origin which reacted with antiserum to 

:-lipoprotein. In addition there were 
two diffuse stained zones about 7.5 
cm from the origin, one of which was 
identified as albumin by staining with 
amido black; the other, slightly slower, 
was presumed to be a-lipoprotein, which 
occurs in this position in other elec- 
trophoresis media. 

In this procedure the /-lipoprotein 
bands exhibited variations in mobility 
not heretofore reported. Figures 1 and 
2 show these variations in serum speci- 
mens from a single individual, and 
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either alone or with lipid crimson did 
not visibly alter the serum protein 
pattern in tris-EDTA buffer. How- 

ever, in buffers containing borate, di- 

ethylene glycol caused the appearance 
of an extra amido-black-staining band 
near that of transferrin. 
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Chloroquine: Mode of Action 

Abstract. The drug chloroquine is 
bactericidal for Bacillus megaterium; 
it inhibits DNA and RNA biosynthesis 
and produces rapid degradation of 
ribosomes and dissimilation of ribo- 
somal RNA. Inhibition of protein syn- 
thesis is also observed, evidently as a 
secondary effect. Inhibition of DNA 
replication is proposed as a general 
mechanism of the antimicrobial action 
of chloroquine. 

The antimalarial drug, chloroquine 
(Resochin, 1), forms a complex with 
DNA (2, 3) and inhibits in vitro re- 
actions catalyzed by DNA polymerase 
(4), RNA polymerase (4), and deoxy- 
ribonuclease (3). It also inhibits in- 
corporation of P32-orthophosphate into 
the nucleic acids of two plasmodia (5). 
Although bacteria are relatively insen- 
sitive to the drug (6) we have found 
a strain of Bacillus megaterium to be 
susceptible to chloroquine (7) and 
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