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COMMUNICATION TO THE EDITOR 
Fractlonation of Soluble Proteins of High-Lysine 

and Normal Sorghum Grain 

TO THE ED!TOR:
 
The discovery that opaque-2 and floury-2 mutant strains of maize had an 

improved r.rotein quality (1,2) has stimulated considerable research on the 
improve;arent of protein quality of other cereals. A mutant gene (il), similar to 
opaque-2. was recently identified in sorghum by Singh and Axtell (3). After 
screening over 9,000 lines in the world sorghum collection, Singh and Axtell (3) 
were able to select two dented floury lines of Ethiopian origin, IS 11758 and IS 
11167, which are high in lysine concentration at relatively high levels of protein. 

When the opaque-2 gene is incorporated into normal maiie. the prolamine 
(zein) is reduced and the glutelins, albumtins, and globulins increased, restilting in 
a larger amount of lysinc in the whole kernel. In this communi".ation we report 
the distribution of soluble protein fractions in high-lysine sorghum kernels and 
compare them with the fractions in the normal sorghum with similar genetic 
background. I'henotypically the high-lysine .orghums, IS II 167 and IS 11758, 
can be easily distinguished from normal sorghum by their floury and dented 
endosperms. By normal sorghum, we mean that which issimilar to varieties and 
hybrids in commercial production having rounded kernels with some vitreous 
endosperm and low lysine content. A cross was made between high-lysine 
sorghum (IS 11758) and the normal variety, Redlan. leads from live different F, 
plants of the above cross with the segregating F., vitrcow,and floury kernel! were 
used for this study. Iligh-lysine and normal sorghumn grains from each head, 
along with parent Redlan and IS II 758 and anothei" high-lysine line, IS It 167, 
were used in tie protein fractionation procedure. Kernels ,erc ground in a Wiley 
mill, defatted, and then ground to a fine po\%der using a s halh inill. Proteinbmll 
was fractionated accord ing to the ILandry-Moureaux procedure (4)as previously 
applied to sorghum (5). Lysine was determined on these ground samples by ion
exchange chromatography (41. 

Table I indicates the differences in protein distribution and Iysine levels 
betweer. the high-lysine and normal sorghums. The percentage of soluble ni
trogen is higher in the first fraction and lower in the second and third fractions in 
high-lysine sorghum when conpa red with normal. [hcre isalso an increase in the 
percentage of protein in tlie fifth fraction in high-lysine sorgh Um when compared 
with normal. 'hie high-lysine kernels were 0 to 36'i higher in protein and 56 to 
79% higher in lysine (based on protein) than the normal kernels. 

The lirst fraction, representing the albumins, globulins, an(1 free aimino acids 
soluble in sodium chloride solution has tile highLst amount of lysine in 
comparison to other protein fractions, and any increase in its percentage 
distribution would naturally increase the percentage of lysinc in the whole 
kernel,. The classes of proteins solubili/cd by isopropanol (Iraction II), and 
isopropanol containing mcrcaptoethanol (fraction Il l).are relerred to as kafirins 

'aper No. 5002. P'tirduc Agriculturil I Xp'rineni StiliOlr Hc~cIatch %%itsN pp(ricd b)h( I iS Apric) rt 
tn ini tionail l)cclopmeni Ihrough contract 117+,%ith lurduhe Inijcrsilh 

Jambunalhan, R., and Mcw,, F. I. Amino acid composition oi ,hoic kernel and endosperm protein fractionsof 
sorithum (unpublished daia). 
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TABLE I
 
Nitrogen Distribution in the Whole Kernels of
 

Normal and Hligh-Lyslne Sorghums'
 

Redlan X 

Fraction Redlan 
IS11758 
F Kernels IS 11758 IS 11167 

I Saline 10.0 i5.3" 
[22.4] 

26.0 25.3 

I Isopropanol 15.7 26.4 
113.7] 

10.3 15.2 

Ill l')propanol + 2-ME 31.3 26.5 
[20.2] 

19.6 19.3 

IV Borate Buffer + 2-ME 4.5 4.3 
[ 4.3] 

6.5 4.5 

V loratc Buff," + 2-ME + SDS 29.3 22.5 
[33.5] 

27,2 29.5 

['oral Nitrogen Extracted (%) 90.8 95.0 
[94.1] 

8v.6 93.3 

'0i'rotein 13.53 13.0 
[15.6] 

18.5 16.3 

Li.ysine' 

'llercent of total nitrogen. 

1.56 1.85 
[ 3.1] 

3.27 3.10 

"Awrage values of kernels obtained from five different heads (55073-55077). First value is the 
rormal sample value followed by the high lysinc sample value in brackets. 

'Expressed as g. per 100 g.protein. 

and alcohol-soluble glutelins, respectively (4), and these proteins have the lowest 
content of lysine. The kafirins and alcohol-soluble glutelins average 52.9% in the 
normal sorghum as compared with 33.9% in the high-lysine sorghum. This 
reduction in fractions i and Ill accounts for part of the increase in the lysine 
content in the high-lysine sorghum kernel. The fourth fraction, which contains 
nitrogen soluble in borate bufler and mercaptoethanol, issimilar in normal and 
high-lysine sorghum. [he fifth Ifraction conta ins nitrogen solubl in borate 
buffer, mercaptocthanol. and sodium lauryl sulfate. 'his fraction increases in 
high-lysine sorghum when compared with normal sorghutm. Ilhius, the decrease 
in the percentage of solblc nitrogen in the second and third tractions of high
lysine sorghum is compensated by a concomitant increase in the first and fifth 
fractions. ' lie distribution patterns of high-lysinc Elhiopian lines IS 11758 and 
IS 11167 are similar to the average distribution patterns observed with the high
lysine [, sorghum kernels obtained by crossing Redlan and IS 11758. Studies on 
the ratio of nornial to high lysine kernels on segregaling heads (3) indicate that 
the high lysine character is simply inherited and can be easily transferred by 
standard plant breeding procedures. 
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Zein synthesis in opaque-2 maize endosperms is reduced to about 50% of 
normal with a concomitant increase in the saline soluble and glutelin fractions. 
Since the protein distribution patterns obtained with high-lysine sorghum are 
similar to those observed in opaque-2 maize, the gene action of these two mutants 
is probably similar. 

RAMAMURTHI JAMBUNATHAN 
EDWIN T.MERTZ 

Department of Biochemistry 

JOHN D. AXTELL 
Department of Agronomy 
Purdue University 
Lafayette, IN 47907 

Acknowledgment
 
We thank Lourdes Tanchoco for technical assistance.
 

Literature Cited 

I. 	MERTZ, E. T., BA"IES. I.. S., and NIELSON. 0. F. Mutant gene that changes protein 
compotition and increases ly'sine content of rnai/e endosperm. Science 145: 279 (1964). 

2. NELSON, 0. F., MER IZ, F, .. and BA I [S. I.. S. Second mutant geneallectingthearninoacid 
pattern of maiie endospeiin proteins. Science 15% 1469 (1965). 

3. SINGII. R.. and AX) FII.. J. [).Iligh Isinc mutant gone (hi) that improsc protein quality and 
biologic %alue of grain sorghun. Crop Sci. 13: 535 (1973). 

4. 	LANDRY, J.. ai,MOIJ FRFAUX. 1. Flddrog'inctftedcs gliittlines dui grain de mols: e tbia.tion 
slective ctcomptsition en acide, ainic,sdes tois tractininoltl's. Iull.Soc.( "hin. Iliot. 52: 
1021 (1970). 

5.JAM BUNATFIAN.R., ailtMI RHIZ. F.I.Relationship betseen tannin lee, ratgrowth and
 
distribution of protein, insorghum. J.Agr. Food Chem. 21:692 (19731.
 

[Received July 27, 1974. Accepted August 28, 19741
 

Reprinted from January-February 1976 CEREAL CHEMISTRY, Volume 52, No. 1
 
Published by the American Association of Cereal Chemists, Inc.
 

3340 Pilot Knob Road, St. Paul, Minnesota 55121
 


