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Summary

Protein fractions were extracted from endosperm isolated from developing
grains of Gabo, Insignia, and Dural varieties of wheat. The changes in otal nitrogen
and in the distribution of nitrogen in the various extracts were studied.

During development there was a rapid increase in the total endosperm
nitrogen. Most of this increase in nitrogen was due to an increase in the acetic
acid-soluble proteins.

Proteins present in the sodium pyrophosphate and acetic acid extracts were
chromatographed on diethylamincethyl (DEARE)- and carboxymethy? (CM)-cellulose
regpectively, The chromatographic elution patterns remained relatively constant
for each variety. The amount of each component per grain increaged throughout
development.

1. INnTRODUCTION

This paper reports part of an investigation of protein synthesis and accumula-
tion during development of wheat grain. Changes in protein composition of endosperm
have been determined by differential extraction of the proteins and subsequent
fractionation of the extracts by ion-exchange chromatography. Three wheat varieties
of different genotype and having different baking characteristics were used.

II. MATERIALS AND METHODS
(a) Plant Material

The three wheat varieties selected were T'riticum vulgare cv. Gabo and Insignia,
and T, durum cv. Dural. The plants were grown in field plots at the Waite Institute,
Adelaide. For the analytical studies, heads were harvested during 1959 and 1960
at selected time intervals between 12 days after flowering and maturity. At each
harvest more than 1000 heads were collected by hand from randomized sites; edge
effects were eliminated and sampling errors were reduced, as far as possible, by the
use of standard statistical procedures. The heads were transferred to a room at
2°C, mixed, and then stored at —15°C. The frozen grain was separated from the
heads by a mechanical thresher at —15°C and the chaff removed by suction by using
a vacuum cleaner.

Endosperm was isolated from frozen grain by hand-dissection for the harvests
up to 39 days after flowering, and was stored at —15°C (Jennings and Morton 1963).
For extraction of proteins the endosperm was freeze-dried and then ground to a
fine powder in & mortar.

* Department of Agricultural Chemistry, Waite Agricultural Research Institute, University

of Adelaide.
+ Present address: Castlemaine Perkins Ltd., Brisbane.

Awust. J, Biol, Sei.. Vol. 18, No. 2



FRACTIONATION OF PROTEINS OF DEVELOPING WHEAT ENDOSPERM 361

Grain from the later harvests (33 days after flowering to maturity) was milled
ont a Buhler mill to approximately 709, extraction, It was necessary to reduce the
moisture content of the immature grain to approximately 13%, by freeze-drying
before milling.

(b) Exiraction and Ion-exchange Chromatography of Proteins

The endosperm preparations and the flour samples were extracted after the
method of Coates and Simmonds (1961) by the standard procedure previously
described (Graham 1963), except that four additional extractions were made with
0-1x NaOH. The proteins soluble in sodium pyrophosphate were separated by
chromatography on diethylaminoethyl (DEAE)-cellulose (Coates and Simmonds
1961; Simmonds 1962), and those soluble in acetic acid by chromatography on
carboxymethyl (CM)-cellulose (Simmonds and Winzor 1961). Three or six columns
(1:8 by 15 cm) were used and were eluted simultaneously with buffer pumped
from a common reservoir by a bank of miero-pumps.

Protein in the initial extracts was estimated from the nitrogen content deter-
mined by a microKjeldahl procedure, and that in column effluents generally from
the optical density at 280 mg. The protein content of turbid fractions which oceur
when eluting the acetic acid-soluble proteins from CM-cellulose with sodium phosphate
and sodium hydroxide was determined by the Lowry procedure (Lowry ef al. 1951),

IIT. REsuLTS

The total endosperm nitrogen present per grain during development, together
with the amounts of nitrogen extracted into sodium pyrophosphate, acetie acid,
and sodium hydroxide were measured, and the results obtained for the 1959 and
1960 growing seasons are shown in Figure 1. In all three varieties there is a rapid
increase in endosperm nitrogen during development, Although the nitrogen present
in both the sodium pyrophosphate and sodium hydroxide extracts inecreases, the
greater part of the increase in total nitrogen is due to the changes in the acetic acid-
soluble proteins. Nitrogen present in the n-butanol extracts and remaining in the
residue after extraction with sodium hydroxide is omitted as this never exceeded
5 pg per grain.

The chromatographic elution patterns for the three different wheat varieties
were similar to those reported previously (Simmonds and Winzor 1961; Simmonds
1962). The elution patterns for three stages of development of Insignia, expressed
on & per grain basis are shown in Figure 2. From the sodium pyrophosphate extract
eight fractions were obtained as reported by Simmonds (1962}, although in both the
Insignia and Dural samples fraction D appeared as two peaks. From the acetic
acid extracts 10 fractions were obtained as described by Simmonds and Winzor (1961).

In determining the relative distribution of nitrogen in each fraction, the total
absorbance of each was caleulated and this was expressed as a percentage of the total
absorbance recovered from the column. The protein content of the turbid fractions
determined by the Lowry method was expressed in terms of equivalent absorbance
readings. Chromatographic separations of each extract were carried out in triplicate;
variations in the distribution of nitrogen in each component did not exeeed +59%,.



JANET 8. D. GRAHAM, R. K. MORTON, AND D, H. SIMMONDS

352

‘TeLIMBtU WiIsdsopus pef[iur pus pejodssIp
-pusy 109 Uo suooBIyxXe ageolldnp Jo suwew oyy oIt Sulomo moye (wruSuy pue ogqen) sABp gg 10§ PUB SLBP g I0] SON[EA UMOYS odw Agslrea
Y989 307 SUOI00I9XS egeandes omg Jo efuwd puw senfRA URSTL (U0SBIS Fulmoad 0961 (@) "UMOYE ore £38LIBA Yowe JOf BUOIABIIXS oyuawdes eaIyl Jo
agdumrl pue sen[eA ugswr uoswss Furmoad goeT (v) ‘oprxoIpAy WIMIpos N0 yils peposagxe ueSonmu (a1} fg.g [rd *prow apesr ReQ.( Y)s pojoByxe
uwefonymu (m) {F-f Hd ‘eyeydsoydorid wnpos wi)-( yiia peyosiyxe ueBomiu (1) {waforyru wiedsopue 12303 (1) :Sulemop woay swrg IIm [BAN(T
"AD WML T PUB “GIUSHEUT puw 0qey) a0 awbna - g jo wuedsopue Surdofesep jo ‘urerd sad 3 sw passeadxe guejuco usSoryiu ux sedusy)—1 ‘ST

DONINIMOTY HIALIY SAvA

05 0 05 o s 02 o 0 05 ar oF 0c ol Q 05 el
T T v r T T : T r
oo 001 -1 00l
=100l
a0z o0z o0z
- c0zZ ~J 008 1 00E < 0og
,-
! = 00r - oov Aoor 2
3 Ef
_ = GOE S SIovaix3 2
A S1OWHEX3 A7 \. SLOvHLIXY m S1ovdix3 1 any m
Jaxanaxd wigos (M) ¥ aov oimy (1) e zamcaaAn wngos (M) Jone i auzw (1) 4 o0s I
v H z
L. J Q
as or 0 oz al o o5 o s o 4 o Y o ol o 9
I T T T T = r T T T T ﬂ
z
=1
4 5
a4 oz qooz &
g
Jor 2
= —Hor g z
H oor
[ ] - e
1 o9 1o 09
i
O o
s ~Joe A oom
i |
' v Hoz1
4 oo Va Hoom
i SLOVHLXE fu WHIS0AN S19VHIX3 . . WISS0TNT
31¥HISOHdOEAd wruzos (1) Lo 3] 31vHdsOH2ouAd Wntaos  (1T) \.\ WL ®
NOSY3S 0961 (¢) . NOswvas esal ()

YVINDISNE———— Qavo —— Tvdnd ——-



FRACTIONATION OF PROTEINS OF DEVELOPING WHEAT ENDOSPERM 353

From the nitrogen per grain extracted by sodium pyrophosphate and by acetic acid,
and from the distribution of nitrogen in each of the fractions separated from these
extracts, the amount of nitrogen present in each fraction at each stage of development
of the endosperm was calculated.

Tables 1 and 2 show the nitrogen present per grain in each fraction of the
sodium pyrophosphate and acetic acid extracts at each stage of development of the
three varieties in the 1959 harvest. The results show that all the fractions are present
throughout development.
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Fig. 2—Changes in the chromatographic paiterns of protein fractions of developing endosperm
of T, yulgare cv. Insignia. Sodium pyrophosphate-soluble proteins were separated by chromato-
graphy on DEAE-cellulose, and the fractions were eluted as follows: I, 500 ml 0-006M glyeine,
pH 9-2; 2, 1L gradient of 0-3x NaCl in glycine buffer; 3, 400 ml 0-05x acetic acid; 4, 400 ml
0-1x NaOH. Acetic acid-soluble proteins were separated by chromatography on CM-cellulose
and the fractions were eluted as follows: A, 250 ml 0+005xM sodium acetate containing 1-Om
dimethyl formamide (DMF), pH 4-1; B, 11. gradient of 0-2m NaCl in acetate—-DMT buffer;
¢, 250 ml 0-005M sodium acetate containing 1:-0M DMF and 0-5m NaCl; D, 250 ml 0-006n
trisodium phosphate containing 1-0x DMF end 0-5u NaCl; &, 500 ml 0-1x NaOH,

IV. DiscussioN

In early investigations with whole wheat grain (Woodman and Engledow 1924;
McCalla. 1938) it was found that both the salt-soluble nitrogen and the glutenin
fraction increased throughout development, whereas gliadin increased rapidly in
the later stages. Similarly it has been reported that hordein increased rapidly during
the later stages of development of barley (Bishop 1930). Results obtained with wheat
plants injected with [14Clacetate were also interpreted as indicating that gliadin is
formed at & later stage of development and independently of other protein components
(Bilinski and McConnell 1958). However, Figure 1 shows that the storage protein,
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represented by the sum of that soluble in acetic acid and that soluble in sodium
hydroxide, increases rapidly throughout the period of development studied.

No attempt is made here to correlate the acetic acid-soluble proteins and the
sodium hydroxide-soluble proteins with ethanol-soluble protein {gliadin) and dilute
alkali-soluble protein (glatenin), the classical subdivision of wheat gluten (Osborne
1907). Separation of ethanol-soluble proteins and acetic acid-soluble proteins by
starch-gel electrophoresis (Graham 1963) has shown that these groups of proteins
contain identical protein components. The protein extracted into sodium hydroxide
may contain some denatured protein which would otherwise be soluble in pyrophos-
phate and acetic acid. This is indicated in the decrease in the proportion of both the

TaBLE 1

PROTEIN FRACTIONS SOLUBLE IN SODIUM PYROPHOSPHATE OBTAINED FROM DEVELOPING GABO,
INSIGNTA, AND DURAL ENDOSPERM

Nitrogen present in each fraction expressed as ugjgrain. Values are means of triplicate

determinations
Chromatographic Fractions
Days
. Total
Variety after Nitrogen

Flowering | ~ " 08° A D E |GendH| TF b K

Gabo 19 33-3 2:2 4-3 4:1 2-0 5.7 -8 14-2
33 61-6 7-7 10-0 9-9 50 13-9 1-7 13-4

42 726 10-2 | I1-1 16-4 4-8 18-9 4-2 8-3

Insignia 19 27-3 2-3 3-3 2-2 4.7 4-7 1-9 §-2
33 64-1 8-6 9-4 12-6 11-4 12-6 2:0 7-6

42 76-0 14-7 5-9 15-3 15-0 11-9 3-6 9-9

Dural 12 37-3 1-9 76 2-9 3-1 59 2.2 13-6
26 81-3 109 [ 19-8 71 10-1 17-2 4-3 11-6

36 917 16-2 | 11-6 6.0 8-3 34-0 4-4 12-0

pyrophosphate- and acetic acid-soluble nitrogen in 1959 Dural samples between 26
and 36 days, which was probably due to partial denaturation during milling, as
considerable difficulty was encountered in the milling of this 36-day material.
Variations oceur in the proportion of nitrogen present in each extract according to
methods of pretreatment of endosperm material; there is an increase in the propor-
tion of sodium hydroxide-soluble protein both in milled samples as compared to
hand-dissected samples, and after extraction of lipids with n-butanol. The pyro-
phosphate- and acetic acid-soluble proteins have been separated further by ion-
exchange chromatography. The fractions (A-K of the pyrophosphate-soluble proteins,
and 1-10 of the acetic acid-soluble proteins) are heterogeneous when separated by
starch-gel electrophoresis (Graham 1963); nevertheless, the patterns are reproducible
and therefore measure changes in protein fractions during development.

Figure 2 shows that, during development, the changes in protein composition
are quantitative rather than qualitative. Tables 1 and 2 show that the amount of
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each of the protein fractions extracted increases during development. For each
variety, the proportion of many of these fractions remains relatively constant. The
proportion of fraction K (Table 1), however, declines during development in each
variety. This fraction consists of residual material on the chromatographic column
and which is soluble only in ¢-1xN sodium hydroxide. Fraction A (Table 1) and
fraction 10 (Table 2) appear to increase in proportion during development in each
variety. It can also be seen from Tables 1 and 2 that proportions of several other
fractions also vary but it is perhaps premature at this time to interpret the significance
of these trends. As there is little change in the amount of dialysable nitrogen per
endosperm during development (Jennings and Morton 1963), the increase in
pyrophosphate-soluble nitrogen per endosperm (Fig. 1) represents an increage in the
pyrophosphate-soluble proteins. The differences in behaviour between the two seasons
(Fig. 1) reflect marked differences in rainfall for the growing erop; 1959 was a year of
low rainfall in South Australia. The results show that there is a more rapid increase
in endosperm nitrogen during development of cv. Dural as compared with ev. Insignia
and Gabo. Durai has larger grains and these have a higher protein content, on a
dry weight basis, than do Gabo and Insignia. -

Although the results described here are reproducible and show the overall
changes occurring in the proteins of developing endosperm, ion-exchange chromato-
graphy fails to separate individual protein components of endosperm eoxtracts.
However, this can be achieved by starch-gel electrophoresis and as described in the
the next paper of the series (Graham and Morton 1963), starch-gel electrophoresis
gives a more detailed understanding of protein changes during endosperm development,.
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