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!The endosperm proteins of the maize mutants, opaque-2, ,opaque-7, floury-2, brittle-2,
 

land the double mutant of opaque-2 and brittle-2, were separated into five soluble frac­

tions by the Landry-Moureaux method. As compared to their isogenic normal counterparts,
 

ithe mutant endosperms had higher concentrations of albumins, globulins, and glutelin-3,
 

!and lower concentrations of prolamines. The combination of the opaque-2 and brittle-2
 

genes enhances this difference. Although the four mutant genes are located on three dif­

ferent chromosomes, they exert a similar effect on endosperm protein composition. Five
 

other starch modifying mutants with high lysine content resemble the brittle-2 mutant in
 

iendosperm protein compnsition, when the gene is present .either singly or combined with
 

lopaque-2. Therefore, the pattern of protein synthesis in all maize iutants with high
 
Because no synergistic
Slysine concentrations may be either identical or very similar. 


Seffect on lysine concentration is obtained when floury-2 is combined with opaque-2, dif-


Iferent pathways leading to reduced zein synthesis may exist in the floury and starch­!.n_ m~difmuants_!¢'j_ . 11g _concentxratiLons ......-­_Wy.in 
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Endospenn Protein Synthesis in Maize Mutants with 

Increased Lysine Contenteroduced from 

____ 

best available copy. .ants 

Abstract. TIw endoseprnt piot,'n.A ol ihe nuan: ,ntanils, opaque-2, opaque-7,
llotiry.2, brittle-2. ald the douh nutant o/opaque-2 and brittle-2, were separated
into five oubh l /ra tirs by the l.andry-Maourea m.iethod. As compared to their 
i'ogenic normal counterpart.%, the mutant endo.tperlrs had higher concen 
trationv of alionhin.. glohlin.,and gRhtelin-3, iandlower concentrations of prola-
mhines. The combinlation of the opaque-2 al(/ brittle.2 genes enhanced this difler-
enc'e. Althtough the four intutant gens are Iocated on three dill'rent chromootite.%, 
they exert a similar on endosperin protein composition. Five other starch-efel'ct 


We present data on the bt..mutant 

~andits com hinatIion with o..(asatypc 
example of the starch-modifying mu­

that exhibit more or less com. 
-ar"ibtre degrees of endcosperm defec. 
tiveness in the mature kernel. We have 
added, for comparison, the data on o.. 
adcI, untan ts in the same isogeni . 

ckgrod, and have included the o 
mutanti, whose complete amino acid and 
protein patterns have not been reported 
previotsly. The bti, gene is located on 
chromosome 4 ita S distinct from.l.c 

modifying intmtants with high hysine content resembeh tile brittle-2 mutant in endo-sper (f the br, 
spern proteit (onlpo.mition, when the gene is pre.sent either singly or combined 
with opaque-2. There/ore,tie pattern of protein synitievhigh /ysine concentration.s may bi in all maire mutants witheither identical or very %intilar.Because no 
slergistic c'fle't on lysine comcentration is obtained when tloury-2 IS ('omhined
wit/i opaqte-2, dillerent pathways leading to reduced :ein synthesis may exist in 

Sthe' flotoy) and/ ta, h -inoodilyinR itltants with high y.inte concentrations. 

In 1964 Mertz et al. () reportedthat the opaque-2 (o..)gene (chromo-
some 7) changed the protein composi-
lion and increased the lysine content 
of maize endosperm. Using a copper 
fractionation method (2), they found 
that the zein concentration of o,.endo-
sperm was lower, and the glutelin con-
centration was higher, than in normal 
endosperm. A second maize mutant with 
high lysine concentrations, floury-2 (fl.,)trol, and each gene had an enhanced 
(chromosome 4), was identified and 
reported in 1965 (3). Recently, Mc-
Whirter (4) identified a third maize 
mutant with high lysine content, 
designated opaque-7 (o,). This appeared 
as a spontaneous mutation in the inbred 

line W22: linkage studies (4) show itis located on chromosome 10. 
In studies of starch modifying mutant 

genes and their combinations with the 
o.,gene, we found that the sugary-I 
(sit,), shrunken- I (sh), shrunken.2 
(sh.,), (bt,),shriniken-4 (sil), brittle-1 
and britl/-2 (bt.) genes increased the 
lysine content of the endosperm sub-
tantially above the isogenic normal con-

effect on lysine when the gene was com-
bined with o,, (5). In addition, we found 
that the distribution of endosperm pro-
teins in these six mutants resembled that 
found inthe three floury maize types 
with high lysine content (o..,07, and f.). 

Table I. Amino acid composition of defatied maize endosperm,. 
Amino acid concentration (grams per 100 gof protein) in 

Amino acid Oh43 W22 
+ fl a2 b,i oh, + o1 

Tryptophan 0.3 0.5 0.8 0.7 1.3 0.4 0.7
Leucine 16.4 15.4 12.1 12.3 8.3 15.9 12.5 
Isoleucine 4.3 4.3 4.3 4.1 4.1 4.3 4.3

Threonine 4.0 3.9 4.4 4.4 5.5 4.0 4.4
Methionine 2.4 3.7 2.7 3.4 2.4 3.2 3.2 
Cystine 2.1 1.4 2.1 2.0 2.3 2.4 1.9 
Phenylalanine 6.8 6.1 6.0 5,6 5.2 6.7 5.2Tyrosine 5.9 5.1 5,2 5.1 4.9 5.8 4.9
Valine 5.2 5.2 5.9 5.6 7.0 5.7 6.7
Histidine 3.0 2.9 3.4 3.2 3.6 3.6 4.1 
Arginine 3.4 5.8 5.1 5.0 7.2 3.7 5.2 
Glycine 3.3 3.2 4.9 ,4.6 7.4 4.0 5.2
Alanine 10.1 8.9 8.2 8.3 7.5 8.5 7.9 
Serine 6.0 5.3 5.4 5.6 5.6 5.4 5.6
Aspartic acid 7.5 7.2 9.5 8.1 10.7 6.7 9.4
Glutamic acid 30.0 26.4 23.6 23.6 19.0 27.4 25.5 
Proline 11.3 9.5 9.8 9.6 8.9 tL.5 11.0 
Protein (percent) 11.8 12.3I,, 10.1 13.4 12.9 8.5 7.3 

mutant i, translucent and shrunken
 

Near ioge c stblines of o., af.,t
and
 

hE..o es O recre pat. 
six ackcroses to the recurrent parent.The dtlle m mtln b..o. was,isolated 
by a system of backcrossing and selling. 

which permitted the classification for 
the segregatlion of the hi. gene in thebackground of the o,, gene, The double 
mtmant ertdosperin is opaque and 
shrunken, and the mature kernels are 
comparable in defectiveness to those of 
the hr.. mutant (7). 

The dry corn kernels were soaked in 
distilled water for 30 minutes, and were 
then separaled with a scalpel into per­
tarp, emhryo, and endospern. The 
endosperms were dried in air overnight, 
were defatied with hexane. and were 
ground to a fine powder in a bll mill. 
The concentration of nitrogen was de­
termined on the powder hy r',e micro-
Kjdahl technique. 25-mg samples 
were hydrolyzed with 100 ml of 6N 
HCI tnder reflux for 24 hours, the acid 
was removed in a vacuum on a rotary 

evaporator, anti the residue was taken 
up in pH 2.2 citrate buffer. This solu­lion was applied to the columns of an 
automatic amino acid analyzer (Beck­
man-Spinco). Data were obtained on 

Lysine 1.6 2.7 3.5 3.3 5.3 2.3 3.8 single hydrolyzates because duplicate 
hydrolyzates on many similar maize 
mutant samples did not differ by more 
than 5 percent in their lysine content, 
The concentration of tryptophan was 
determined in 100-mg samples of de­
fatted powder by a colorimetric method 
(8)

Portions of the powdered defatted 
e d p r (hs 

endosperms I g each) were subjected 
to fractionation sequence D of the 
procedure described by Landry and 
Moureaux (9), Fraction I contains pro­
reins soluble in saline (albumins, globu­
lins): fraction II. zein (prolamine):­
fraction III, glutelin-I: fraction IV. gln. 
telin-2" and fraction V, glhtelin-3, 

tr a show ththe emhr.o .~Other data (5) so thatl m :. 
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Table 2. Nitrogcn ditribunion in mai,,cendusperms. 

Soluble nitrogen (rent of t in 

Fraction Oh43 W22 
- fl. 02 1t oQbt:, + o, 

_____________________________--
I (saline) 5.8 9.2 

It (zein) 59.0 49.1 
IlIl (glutclin-1) 5.8 9.0 
IV (glutelin-2) 12.7 7.6 
V (glutelin-3) 13.8 22.0 

(Total nitrogen 
extracted) 97.1 96.9 

of all four mutants and the double 
mutant hto.,, have similar amino acid 
patterns, with lsine content ranging 
from 5.4 to 6.1 percent of total protein, 

As compared to their notn :Ilisogenic 
counterparts (Table I), the four endo-
sperm mutants can be classified as maize 
mutants with high lysine content. The 
combination of the o, and bt.,genes 
increases the difference in amino acid 
content: lysine and tryptophan increase 
to 5.3 and 1.3 percent, respectively, and 
leucine decreases to 8.3 percent. When 
whole ground kernels of o.,,bt..,and 
the double mutant were each fed to 
two inbred Wistar rats at an amount 
that was 95 percent of the ration, for 
10 days, the animals fed the double mu-
tant Lgained an average of 4.8 g/day, 
which is 1.6 times that (3.0 g/day) of 
the animals on the other two liets (10). 
These initial tests suggest thaii the extra 
lysine and tryptophan of the doublemutant are available for growth pur-

poses. However, because of the shrunken 
endosperm of the double mutant, one 
would expect reduced yields for mature 
grains, making this nutritious kernel 
economically impractical for animal 
feeds. Nevertheless, even at twice the 
current production cost of normal corn 

(2 per pound), the double mutant 
could have value as a special food for 
infants, or as an edible corn in the 
green stage of development. 

Table 2 shows the protein distribution 
in the fractions extracted from each 
sample. All mutants show a substantial 
increase in proteins soluble in saline; 
again, there is an enhan:'ed effect with 
the double mutant. The zein concentra-tion (fraction II) drops with introduc-

!3.6 12.1 22.3 6.9 16.6 
26.9 26.1 2.9 40.6 20.3 

8.4 15.4 5.5 15.3 12.0 

14.0 8.7 12.2 12.8 18.8 
29.2 27.9 48.0 21.0 29.5 

92.1 90.2 90.9 96.6 97.2 

tion of any one of the mutant genes; the 
enhanced effect is ptonounced in the 
double mutant, where zein content drops 
to 2.9 percent. The major glutelin frac-
tion (glutelin-3, fraction V) increases 
with the introduction of each one of the 
mutant genes. The enhanced effect of 
the 0., and bt,, genes is evident, with 
this fraction comprising 48 percent of 
the soluble nitrogen (Table 2. column 
6). The endosperm proteins of near iso-
genic (Oh43), .sul,shl, sh,, sh4, and bt 
also have increases in lysine, albumins, 
globulins, and glutelin-3, and a reduc-
lion in zein, when the gene is present 
either singly or combined with o. (5). 

Complete amino acid patterns (with 
the exception of tryptophan) have been 
obtained on the protein fractions listed 
in Table 2 (5). The range of lysine 
values in these fractions was as follows 

Igrams of lysine per 100 grams of pro-
tein): 1, 3.7 :o 6.3; II, 0.1 to 0.5; III,0.4 to 0.8; IV, 1.4 to 2.8; and V, 6.4 

to 7.1. The increased lysine content 
(Table I) for fl.,bt2,0., o-bt2 , and 07 
is due primarily to increases in fractions 
I and V (proteins high in lysine con-
tent), and to decreases in fraction II 
(proteins low in lysine content) (Table 
2). 

These studies show that the m I-
tan, genes o.,, and o7 exertfl.,, bt.,, 

a similar effect, namely, a repression of
zein synthesis, and a stimulation of al-

bumin, globulin, and glutelin synthesis. 
Thus, similar effects are observed with 
mutant genes from three different 
chromosomes, and a synergistic effect is 
obtained when o., (chromosome 7) and 
hi.,(chromosome 4) are combined toform the double mutant. Since five other 

starch-modifying mutanl,, high in lysine 

content resemble the ht.. mutant in pro­
tein composition, either singl) or when 
combined with o., the pattern of pro­
rein synthesis in all maize types high in 
ysiiie content may be either identical 
or ey m a 
or very similar. 

In contrast to the starch-modifying 

mutant g,,ne-, no enhanced effect is ob­
served when flh is combined with o., in 
the Oh43 background. The double mu­
tant ()Jf., has a lysine concentration that 
is intermediate between Ihat of o., and 
(.2(5). Therefore, while the pattern 

of protein synthesis appears to be the 
same, the pathway leading to reduced 
zein synthesis in the fl.. may bemutant 
different from that in the starch-modify­
ing mutants. 
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