
thymidylate triphosphate (dTTP). Re- 
sults of experiments in which reduction 
of labeled cytidylic acid (CMP) and 
guanylic acid (GMP) was coupled 
with the DNA polymerase system (13) 
are shown in Table 1. Hydroxyurea 
(1.3 X 10-"M) inhibited incorporation 
of CMP and GMP into DNA in this 
subcellular system by more than 90 
percent. This inhibition is comparable 
in degree to the inhibitory effect of 
hydroxyurea (1.3 X 10-'M) on in- 
corporation of thymidine into intact 
cells. 

Two observations offer strong evi- 
dence against the concept that a dis- 
ruption of oxidative phosphorylation is 

pertinent to the inhibitory effects of 
hydroxyurea on incorporation of ribo- 
nucleotides or thymidine into DNA. 
(i) An ATP-generating source was not 
used in the subcellular studies. (ii) 
2,4-dinitrophenol, a compound known 
to induce a decrease in cellular ATP 
concentrations, inhibited incorporation 
of leucine but not thymidine in our 
cell system (6). 
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Deoxyguanosine (10-3M), however, 
was apparently inert; this nucleoside 
may be poorly phosphorylated by our 
strain of HeLa cells. 
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ters cellular synthesis of DNA by in- 

terfering with ribonucleotide (diphos- 
phate) reduction. The inhibitory ef- 
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suggest that these tissues may provide 
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serve inhibition of incorporation of 
thymidine into DNA of treated rats, 
the relation between the effects of 
hydroxyurea in isolated systems and in 
intact animals requires further clarifi- 
cation. 
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are two electrophoretic variants of 
catalase. The variations are under ge- 
netic control, and the heterozygote 
shows three hybrid enzymes with mo- 
bilities intermediate between the parent- 
al enzymes. Thus, maize catalase may 
exist as a tetramer, and the hybrid 
enzymes may be formed by random 
association of two different catalase 
monomers. 
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variations in various organisms have 
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catalase. The variations are under ge- 
netic control, and the heterozygote 
shows three hybrid enzymes with mo- 
bilities intermediate between the parent- 
al enzymes. Thus, maize catalase may 
exist as a tetramer, and the hybrid 
enzymes may be formed by random 
association of two different catalase 
monomers. 

A large number of genetic enzyme 
variations in various organisms have 
been described (1). Isozymes (2) have 
not been studied with the same inten- 
sity in plants as in animals, but some 

been described (1). Isozymes (2) have 
not been studied with the same inten- 
sity in plants as in animals, but some 
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Fig. 1. Scheme of electrophoretic varia- 
tions of catalase from maize endosperm; 
1, F; 2, FH; 3, SH; and 4, S. The arrow 
shows the direction of migration toward 
the anode. The broken line indicates a 
hypothetical catalase zone that has not 
been visible in the zymograms. In sample 
2, the band above the dotted line, and in 
sample 3, the band below the dotted line, 
are only occasionally visible in the 
zymograms. 

important findings have been made con- 
cerning electrophoretic enzyme varia- 
tions in maize endosperm (3). Of spe- 
cial interest are the formation of hy- 
brid esterase enzymes and the gene 
dosage variations of those enzymes in 
the triploid endosperm demonstrable 
in reciprocal crosses. We have been in- 
vestigating the formation of catalase 
hybrid enzymes in maize. 

Individual maize kernels were re- 
moved from freshly harvested ears and 

punctured to release the liquid endo- 

sperm, which was collected on a piece 
of filter paper (5 x 5 cm). The ears 
were collected on the 16th day after 

pollination, the time at which the liquid 
content of the individual kernels is 
almost entirely composed of endosperm. 
This simple method of extracting endo- 
sperm is entirely satisfactory and gives 
the same result as that obtained after 
a more complicated treatment involving 
homogenization and centrifugation (3). 
The filter papers were inserted into a 
starch gel and subjected to electro- 
phoresis in a discontinuous buffer sys- 
tem (pH 8.6) (4) until the visible bo- 
rate front zone had migrated about 7 
cm from the sample slot. After the 
electrophoresis the gels were sliced hor- 
izontally and stained for catalase ac- 
tivity by a modification of Hale's tech- 
nique (5). The gel was soaked first 
for 1 minute in 0.5 percent hydrogen 
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peroxide, washed twice in distilled 
water, and then immersed in a 1 percent 
solution of potassium iodide acidified 
with glacial acetic acid. The peroxide 
releases iodine which stains the starch 
gel dark blue except in the areas where 
the catalase activity has destroyed the 
peroxide. 

Endosperm extracts from different 
maize stocks harvested on the 16th day 
after pollination show one sharply de- 
lineated zone of catalase activity. In 
contrast, extracts of some animal ma- 
terials (HeLa cells, human erythrocytes, 
and homogenized whole Drosophila in- 
dividuals) tested with the same tech- 
nique invariably showed very wide, 
blurred zones of catalase activity. Two 
electrophoretically distinct catalase var- 
iants were found in different stocks. 
The variant with a faster mobility to- 
wards the anode was called F and the 
slower variant was termed S. 

Crosses were made to demonstrate 
the inheritance of this variation (Table 
1). Two inbred lines of sweet corn 
were used: AA4 (University of Hawaii), 
with a fast band, and P39 (Purdue Uni- 
versity), having a slow band. Self pol- 
lination of AA4 gave only offspring of 
type F and self pollination of P39 
yielded S offspring. The hybrids be- 
tween AA4 and P39 had multiple cata- 
lase bands (Figs. 1 and 2). There were 
two distinct patterns of hybrid enzymes, 
one with three clearly distinguishable 
bands of which the fastest coincided 
with the F band, and another pattern 
with three bands where the slowest 
band had the same mobility as the S 
variant. Sometimes a fourth band could 
be seen. The hybrid pattern with an ac- 
tivity concentration in the fast bands 
was called FH and the one with a con- 
centration in the slow bands was called 
SH. The F, hybrids of the AA' X P39 
S cross were of the FH type, and the 
hybrids of the reciprocal cross were SH. 
Backcrosses yielded parental and hy- 
brid types in close agreement with the 
expected 1 : 1 proportions with one 
exception: in the cross P39 X (AAd 
X P39) one offspring of type SH and 
29 of S type were found, which is a 
significant deviation from the expected 
1 : I ratio. Reciprocal backcrosses 
showed different hybrid types. In the 
F2 generation there were four types F, 
FH, SH, and S; this is the only cross 
showing both hybrid types among the 
offspring. 

Our results may be interpreted as 
follows: The catalase variation is con- 
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I 2 3 4 5 
Fig. 2. Zymogram of electrophoretic variations of catalase from maize endosperm. 
1, Samples from four kernels of the AA4 strain; 2, samples from four kernels of the 
hybrid AA4 X P39 6; 3, samples from four kernels of the P39 strain; 4, samples from 
four kernels of the hybrid P39 X AA4 5; 5, samples from four kernels of the AAM 
strain. The arrow shows the direction of migration toward the anode. 

Table 1. Results from crosses made to demonstrate the genetic control of catalase variations 
in maize endosperm. 

Parent Catalase patterns of offspring 

Female Male F FH SH S Total 

AA4 AA4 30 0 0 0 30 
P39 P39 0 0 0 30 30 
AA' P39 0 30 0 0 30 
P39 AA4 0 0 30 0 30 
(AA5 X P39 ) AA4 13 0 17 0 30 
AA" (AA4 X P39 ) 18 12 0 0 30 
(AAt X P39 ) P39 0 16 0 14 30 
P39 (AAM X P39 ) 0 0 1 29 30 
(AA4 X P39 ) (AA' X P39 ) 10 15 13 22 60 

trolled by two codominant alleles (Ctf 
and Ct8). Individuals homozygous for 
the Ct' allele show only the fast moving 
catalase zone, and homozygotes for Cts 
have only the slow enzyme band. The 
types FH and SH are both hetero- 
zygotes (Ctf/Ct'). Type FH is pro- 
duced when the Ct' allele is contrib- 
uted by the maternal parent and thus 
is present in double gene dose. A 
double dose of the Cts allele in a cross 
where this allele is the maternal con- 
tribution gives the SH type. The F, 
accordingly shows two types of hetero- 
zygotes. Thus, the maize catalases may 
exist as tetramers and the hybrid pat- 
tern could be a result of random com- 
bination of two different catalase sub- 
units. The fastest catalase enzyme 
would then be composed of four F 
units (FFFF), the next band can 
be written as FFFS, the third band 
FFSS, the fourth FSSS, and final- 
ly the slowest band as four S-units 
(SSSS). In a diploid tissue the expected 
binomial proportions of these five pos- 
sible combinations would be 1: 4: 6: 
4: 1, on the assumption of random 
combination. The F, hybrids from an 

F X S 8 cross would be expected to 
show the following proportions of the 
five tetramers in endosperm tissue: 
16/81 FFFF, 32/81 FFFS, 24/81 
FFSS, 8/81 FSSS, and 1/81 SSSS. The 
observed variations in strength of the 
catalase hybrid bands are in good agree- 
ment with the theoretical expectation 
(Fig. 1). 

LARS BECKMAN" 
JOHN G. SCANDALIOS 

Department of Genetics, 
University of Hawaii, Honolulu 

JAMES L. BREWBAKER 
Horticulture Department, 
University of Hawaii, Honolulu 

References and Notes 

1. "Multiple molecular forms of enzymes," Ann. 
N.Y. Acad. Sci. 94, 655 (1961). 

2. C. L. Markert and F. M011er, Proc. Natl. 
Acad. Sci. U.S. 45, 753 (1959). 

3. D. Schwartz, ibid. 46, 1210 (1960); 48, 
750 (1962); Genetics 47, 1609 (1962); 49, 373 
(1964); 45, 1419 (1960). 

4. G. C. Ashton and A. W. H. Braden, 
Australian J. Biol. Sci. 14, 248 (1961). 

5. J. Paul and P. F. Fottrell, Ann. N.Y. Acad. 
Sci. 94, 668 (1961). 

6. Contribution 27 of the Pacific Biomedical Re- 
search Center. 

* Present address: Institute for Medical Genetics, 
University of Uppsala, Sweden. 

27 July 1964 

1175 


