
tants of Saccharomyces cerevisiae which 
are not able to ferment galactose were 
used (9). One of the mutants was con- 
sidered to be galactokinaseless (genotype 
g1G2 (10), while the other one is appar- 
ently defective in a system involved in 
the transport of galactose (genotype 
G1g2 ) (11). 

The activities of the enzymes involved 
in the galactose pathway were deter- 
mined by means of recently developed 
methods (8, 12, 13). 

Galactokinase activity was found to be 
present in G1g2 cells when it was in- 
duced by galactose, but it was always 
completely absent in gjG2 cells (see 
Table 1). These results are in complete 
agreement with the finding that, in yeast, 
the galactokinase activity is under the 
control of the gene G1. The role of the 
G2 gene in the "active transport" of 
galactose is under investigation. 

By the addition of galactose either to 
the cells growing on glucose-salts medium 
or to cells suspended in buffered acetate 
solution, a very striking synthesis of the 
galactose enzymes takes place even in the 
galactokinaseless mutant (see Table 1). 
Although a-galactose-l-phosphate, the 
normal substrate for a-galactose-l-phos- 
phate uridyl transferase, is not formed, or 
at least not in detectable amounts, this 
enzyme and the subsequent enzyme, uri- 
dine diphosphogalactose-4-epimerase, are 
nevertheless induced. The absence of 
uridine diphosphogalactose-4-epimerase 
in unadapted yeast was unexpected, 
since uridine diphosphoglucose, the other 
substrate for this enzyme, is always 
present (6). The fact that the a-galac- 
tose-l-phosphate uridyl transferase was 
induced without the formation of any 
detectable amount of its substrates was 
also contrary to expectation; with tech- 
niques developed in this laboratory (12), 
less than 0.0002 'mole of a-galactose- 
1-phosphate or uridine diphosphogalac- 
tose formed per milligram of protein per 
hour could have been detected. 

It is, therefore, difficult to explain the 
observed phenomena on the basis of se- 
quential adaptation unless one assumes 
that a few molecules of a-galactose- 1- 
phosphate are able to induce a-galactose- 
1-phosphate uridyl transferase. Further- 
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more, an even smaller number of uridine 

diphosphogalactose molecules would, in 
turn, induce the uridine diphosphogalac- 
tose-4-epimerase. A more reasonable hy- 
pothesis is that free galactose itself acts 
as the "gratuitous," and multi-, inducer 
of the biosynthesis of two successive en- 

zymes of the galactose pathway in the 

galactokinaseless mutant. A more de- 
tailed paper describing additional data 
which support this hypothesis is in prepa- 
ration. 

It should be emphasized that in the 

present case galactose appears to initiate 
the induction of at least three enzymes, 
catalyzing entirely different types of re- 
actions: galactokinase, catalyzing phos- 
phorylation of the reducing group of ga- 
lactose; a-galactose-1-phosphate uridyl 
transferase, catalyzing the transfer of a 
uridyl group; and uridine diphosphoga- 
lactose-4-epimerase, catalyzing an inver- 
sion. Free galactose has already been 
shown to be an inducer for P-galactosi- 
dase (14) and 13-galactoside permease 
(15) in Escherichia coli. 

A number of other pentoses and hex- 
oses have been tried, but thus far only 
galactose has been found to serve as an 
inducer. 

Note added in proof: After the pres- 
ent paper was submitted, Mills et al. 
reported that uridine diphosphogalac- 
tose-4-epimerase is present in unadapted 
Saccharomyces fragilis [Biochim. et Bio- 
phys. Acta, 25, 521 (1957)]. We repeated 
the same type of experiments reported 
here, but used S. fragilis, and the results, 
in complete agreement with the present 
findings with S. cerevisiae, show that 
uridine diphosphogalactose-4-epimerase 
cannot be detected in unadapted yeasts. 
HUGUETTE DE ROBICHON-SZULMAJSTER* 
National Institute of Arthritis and 
Metabolic Diseases, National Institutes 
of Health, Bethesda, Maryland 
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Table 1. Specific activities of "galactose enzymes" in an uninduced and induced galacto- 
kinaseless strain of Saccharomyces cerevisiae. Cells were grown aerobically for 48 hours 
at 25?C in glucose synthetic medium (16) (with and without galactose); activities were 
determined on a dialyzed "Nossal" (17) extract; substrates for steps 1, 2, 3, and 4 were 
galactose, Gal-l-P, UDPGal, and UDPG, respectively. 

Specific activity [ (tmole x 104) / (min x mg)] 

Galactose G Gal-1-P UDP - UDPG 
in growth Galacto- uridyl UDPGal-4- pyrophos- 
medium kinase transf erase ep e phorylase 
(mg/ml) (step 1 ) (step 34) 

0 0 0.1 0 91.7 
1 0 89.6 57.0 125.0 

3 JANUARY 1958 
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Apparent Shifts of Absorption 
Bands of Cell Suspensions and 
Selective Light Scattering 

Absorption spectra of cell suspensions 
are usually determined by the measure- 
ment of transmitted light beams. Cell 
suspensions attenuate an incident beam 
in two ways-by absorption and by scat- 
tering. The effect of scattering is almost 
always of the same order of magnitude 
as that of absorption. It is generally as- 
sumed that scattering varies gradually 
and uniformly with wavelength and that 
it therefore does not greatly alter the 
positions and shapes of absorption bands. 
Recently, however, it was found that pig- 
mented algal cells scatter light with a 
strong spectral selectivity (1). Sharp 
scattering peaks occur on the long wave- 
length sides of the major absorption 
bands. The experiments described in this 
report were carried out to determine 
whether light scattering can seriously dis- 
tort the absorption spectra of cells (2). 

Absorption spectra of a suspension of 
the green alga Chlorella pyrenoidosa 
were measured in two different ways, 
one designed to maximize, the other to 
minimize, the influence of scattering. 
Both measurements were made with a 
Beckman DK-2 recording spectropho- 
tometer. 

Three possible arrangements of the 
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optical system are shown in Fig. 1. Ar- 
rangement a is the usual one. The pho- 
tocell is so far from the sample that it 
collects only light transmitted directly 
and that scattered within about ?+ 3 de- 
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Pho toc el (P) with arrangements a and c. The shapes 
and positions of the bands on the two 

[2 curves were identical, but the absorption 
between the bands differed slightly, 
probably because of multiple reflections 
between the diffusing plate and the sam- 

b) ple vessel. 
Figure 2 shows the absorption curves 

of a Chlorella suspension (10-3 ml of 
cells per milliliter) obtained with ar- 

[ _ . () rangements a and c and also the previ- 
_ _ ously reported scattering curve of this 

organism. The latter curve is for light 
scattered at 90 degrees but is qualita- 

ns of part of tively representative of light scattered at 
aotometer. most angles. 

Of particular interest are the differ- 
ences of more than 10 mgx between the 

ves an absorp- positions of the major bands on the two 
one most se- absorption curves. Similar differences 

ring. Arrange- are found in the absorption curves pub- 
cell to collect lished by Shibata et al. (3); however, 

to about 30 these authors emphasized only the sharp- 
.t c, suggested ness of the absorption bands as measured 
iuivalent to b with diffusing plates and did not draw 
)n of scattered attention to the differences in the posi- 
ly more con- tions of the peaks. 

, inserted be- Curve c is in reasonably good agree- 
small but rep- ment with other absorption spectra re- 
,ht striking it ported for Chlorella (1, 3, 4); presumably 
rrangement c, the positions and shapes of the bands on 
Lates made of it are approximately correct. The bands 
ie sample and on curve a, however, seem to represent 
l to minimize the sum of the scattering bands and 

the absorption bands (on curve c) of 
neter settings Chlorella which occur at different wave- 
e two arrange- lengths. Light interference effects, such 
nplification of as those observed by Lothian and Lewis 
the band half- (5) in similar studies of red blood cells, 
mgt for c at a may also have contributed to the differ- 
ess at shorter ences between our "absorption" curves. 
idicated that Neither mechanism by itself can explain 
influence the all related experimental results that have 
of the instru- been reported to date. However, the 
ion spectra of asymmetry of the distorted absorption 
ere measured bands on curve a about the actual ab- 

sorption maxima on c indicates that 
anomalous dispersion, which is also 
asymmetrical about absorption bands and 

6., which causes selective scattering, is of 
l * primary importance. 
,l, 1 We are investigating the effects of 
\ ( 
j scattering with a special spectropho- 

. 

,, -tometer that allows the making of meas- 
--' s urements of light transmitted or scat- 

tered at different angles. Some of the 
results, which confirm those shown in 

v. 
2 t Fig. 2, should be useful in interpreting 
1 

this distortion phenomenon. 
'625 I Chlorella cells of the same strain but 

. 
^ 

. 'o from other cultures gave quantitatively 
different results. While the red absorp- 
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ments a and c this maximum on the a curves varied, 
. Both absorp- with the culture, from 683 mgx to 691 
ns of original m^t. The bands at the longest wave- 

icate. Center lengths were obtained with the cells 
'da at 90 de- which appeared to be in the rapid 
nd E. Rabin- growth phase. 

We also measured pairs of absorption 

ments a and c this maximum on the a curves varied, 
. Both absorp- with the culture, from 683 mgx to 691 
ns of original m^t. The bands at the longest wave- 

icate. Center lengths were obtained with the cells 
'da at 90 de- which appeared to be in the rapid 
nd E. Rabin- growth phase. 

We also measured pairs of absorption 

curves for suspensions of chloroplasts 
and very small chloroplast fragments 
(6). The chloroplasts (average dimen- 
sion 5 to 6 gt) gave a curve like some 
of those of Chlorella. The suspension of 
small fragments, however, behaved more 
like chlorophyll in solution; its bands on 
curves a and c were identical in shape 
and position. 

The optical effect described here can 
significantly distort the positions and 
shapes of absorption bands of cells and 
their components. Some published ab- 
sorption spectra of cells may show the 
influence of this effect. The influence 
would vary with the optical system of 
the spectrophotometer and with the scat- 
tering characteristics of the particular 
suspension. 
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tissue (1). The administration of 
"tranquilizing" agents, such as reserpine 
(2) and promazine (3), prior to the in- 
jection of nicotinamide results in the 
level of DPN in the liver being main- 
tained at an elevated concentration for 
a prolonged period of time. This report 
(4) presents details of this observation 
and discusses some of their implications. 

Hybrid male mice [(BALB/c An x 
DBA/2J)F1, 8 to 10 weeks old, of 20 
to 25 g body weight] were divided ran- 
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