
Immunological Identification of Organ Specific Proteins and 
Transcripts in Developing Barley Grains
Helge K lungland
Department of Food Science, Agricultural University of Norway, P.O.B. 5036,
N-1432 Äs-NLH, Norway

M arie Bosnes
Department of Biochemistry, The Norwegian College of Veterinary Medicine,
P.O.B. 8146 Dep., 0033 Oslo I, Norway
Z. Naturforsch. 48c, 609-615(1993); received February 10/May 10, 1993
Aleurone, Starchy Endosperm, Embryo, in vitro Translation, Tissue Specific Gene Expression

In vitro translated proteins from poly(A+)RNA of immature barley starchy endosperm and 
embryos were immunoadsorbed with antibodies raised against proteins of aleurone layers, 
starchy endosperm and embryos. Four starchy endosperm and eight embryo specific tran­
scripts were detected. In addition, several mRNAs were restricted to only two of the three tis­
sues.

Comparing SDS-PAGE patterns of the in vivo protein extracts against which the antibodies 
were raised, four aleurone, six starchy endosperm and four embryo-specific protein bands 
were detectable. As for the in vitro translated proteins, several in vivo protein bands were here 
present in only two of the three tissues.

Of eight known barley grain proteins for which antibodies were available, only three were 
present in developing embryos.

Introduction
One approach for understanding the m olecular 

basis o f organ developm ent and differentiation is 
the identification o f organ specific proteins, tran ­
scripts and their genes. In spite o f the long history 
o f cereal grain protein characterization, only a few 
tissue specific proteins or transcripts from  barley 
grains have been found. The main reason for this is 
th a t protein studies have mainly been m otivated 
by nutritional o r brewing problem s [1, 2] ra ther 
than  by problem s in developmental biology. In the 
barley grain, consisting o f the starchy endosperm , 
the surrounding aleurone layer und the em bryo, 
the m ost abundant group o f proteins is the pro- 
lam ins (hordeins) [3, 4], This heterogenous mixture 
o f storage proteins is encoded by a large gene fam i­
ly, for which the high level o f expression in the 
starchy endosperm  is m aintained by an upstream
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regulatory sequence element shared by m any of 
the cereal prolam in genes, the -300 element [5, 6].

A m ong the nine different abundant barley grain 
proteins investigated by M undy et al. [7] only ASI 
(am ylase/subtilisin inhibitor) and PSI (protein 
synthesis inhibitor) were found to be regulated in a 
tissue-specific m anner, i.e. being present only in 
the starchy endosperm . However, no data  have 
been published on the accum ulation o f these tran ­
scripts in the barley em bryo.

The m ain purpose o f our present w ork is to 
identify potential organ-specific transcripts in the 
aleurone, starchy endosperm  and em bryo. Three 
different approaches were used. Firstly, SDS- 
PA G E patterns o f in vivo proteins from  the aleu­
rone layer, starchy endosperm  and em bryo were 
com pared in order to  identify potential tissue-spe- 
cific protein bands. Secondly, antibodies raised 
against fractionated  proteins from  the three grain 
tissues were used to  im m unoadsorb proteins trans­
lated in vitro  poly(A +)R N A  of starchy endosperm  
and em bryo. Thirdly, to  complete the investiga­
tion by M undy et al. [7] on the expression pattern 
o f eight proteins in im m ature barley grains, in vitro 
translated  proteins from  em bryo poly(A +)RN A  
were im m unoadsorbed with the same set o f an ti­
bodies.
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P lan t m a teria l

Plants o f H ordeu m  vulgare L. var d is ticu m  cv. 
Bomi were grown under continuous light at 15 °C 
for 16 h and 10 °C for 8 h. The plants were sup­
plied weekly with a solution containing 0.02%  
(w/v) Superba, and 0.005% (w/v) calcium  nitrate. 
Seed age was estim ated as the num ber o f days after 
pollination.

A n tibod ies

Polyclonal antibodies (kindly provided by Dr. 
M undy, Carlsberg Research Centre, Copenhagen) 
were used against the following seed proteins:

(1) PSI, a “protein synthesis inh ib ito r” with a 
m olecular mass o f 31 kD a [7, 8], also referred to as 
protein K [9]. (2) Protein C, a chitinase o f 28 kD a 
[9, 10]. (3) PAPI, a “probable am ylase/protease in­
h ib ito r” o f about 12 kD a [11, 12], (4) ß-amylase o f 
57 kD a [13], (5) ASI, an a-am ylase/subtilisin in­
hibitor o f 21 kD a [14], (6) The chym otrypsin in­
hibitors CI-1 and CI-2, with m olecular masses o f 
around 9 kD a [7, 15, 16], In addition, antibodies 
against fraction X, a protein fraction isolated from  
beer which includes protein Z o f abou t 40 kD a, 
were used [17, 18],

In vivo p ro te in  ex tra c tio n  and  a n tib o d y  p rep a ra tio n

Proteins were extracted from  freeze-dried pure 
aleurone layers (21 D A P grains), starchy endo­
sperm  (21 D A P grains) and em bryos (34 D A P 
grains). The tissues were isolated as described [19], 
Two hundred milligrams o f aleurone, 1.3 g o f sta r­
chy endosperm  and 300 mg o f em bryo tissue were 
ground with a pestle and m ortar, defatted in bu ­
tane-l-o l (10 ml per g, 2 * 30 min) and petrol ether 
(10 ml per g, 1 x 30 min) and dried in vacuo. A lbu­
mins were extracted in 5 ml o f 5 m M  dith iothreito l 
(D TT) (3 x 1 h). F rom  the rem aining pellet, g lobu­
lins were extracted in 5 ml o f 0.5 m N aC l (3 x 1 h). 
Following repelleting, hordeins were extracted 
from aleurone and starchy endosperm  in 50% 
(v/v) isopropanol, according to D oll and Andersen 
[20],

Protein concentration in album in and globulin 
extracts was m easured with the Bio-Rad protein 
assay kit, and in the hordein extract by the m ethod 
o f Lowry e t al. [21]. After concentrating by TCA- 
precipitation (album ins and globulins) or water-

M aterials and M ethods precipitation (hordeins), 125 |ig o f each protein 
fraction were dissolved in loading buffer and ap ­
plied to gels for coomassie staining. SDS-PAGE 
was perform ed as described by Klemsdal e t al.
[22]. The rem aining album in and globulin extracts 
were freeze-dried before immunization.

To obtain  antibodies against album ins and 
globulins from pure aleurone, starchy endosperm  
and em bryo tissue, samples o f 550 îg, 1500 |ig and 
1500 ng (album ins) and 220 |ig, 360 |ig and 750 yig 
(globulins), respectively, were injected 10 times 
subcutaneously in rabbits according to standard 
procedures [23],

Tissue p rep a ra tio n  an d  isolation  o f  p o ly  (A +) R N A

F or isolation o f poly(A +)R N A , pure starchy 
endosperm  tissue was prepared from  21 DAP 
grains, and embryos from  26 DAP grains. In the 
classification system for wheat caryopse [24], the 
barley em bryos and endosperm s are both  in stage
IV, characterized by increasing cell size and sto r­
age protein accum ulation, i.e. when tissue differen­
tiation is completed. This corresponds to the late 
cotyledon-early m aturation  phase, as defined by 
G alau e t al. [25], Twenty one days corresponds to 
the peak o f storage protein m R N A  synthesis in the 
starchy endosperm , and is the last stage at which 
the tissue easily can be separated from  the sur­
rounding aleurone cells [7, 26, 27],

Poly(A +)R N A  was isolated as described by 
M undy e t al. [28].

In v itro  translation

Poly(A +)R N A  was in vitro  translated in rabbit 
reticulocyte lysate supplied with [35S]methionine, 
as described by M undy e t al. [7].

A n a lysis  o f  in vitro syn th esized  p ro te in s

TC A  precipitable radioactivity was determined 
and aliquots taken for analysis o f total in vitro  syn­
thesized polypeptides (0.5 x 105 cpm /lane), for im- 
m unoadsorption o f protein fractions (5.0 x 105 
cpm /lane), and for im m unoadsorption o f specific 
proteins (7.5 or 10 x 105 cpm/lane). Im m unoad­
sorption was otherwise done as described by M un­
dy e t al. [7].

SD S-PA G E was perform ed as described by 
Klem sdal e t al. [22], The 14C labelled protein 
m arker consisted o f 6.5, 12.5, 25, 46 and 69 kD a
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proteins (Amersham). Gels were prepared for 
fluorography as described by Jonassen et al. [29]. 
Films (Hyperfilm  ß-max) were exposed from 1 to 
35 days. D ensitom etrie scanning of fluorogram s 
was done in a Shimadzu CS-930 spectrophoto­
m eter. Relative am ounts o f given single proteins 
were estim ated as described by M undy et al. [7],

Results
P urity o f  isolated tissues

The purity  o f the aleurone layer preparation  is 
dem onstrated  in Fig. 1, showing that the B 1-hor- 
dein, the m ajor protein of the starchy endosperm  
(lane 3), is virtually absent from  aleurone extracts 
(lane 2). The m ost abundant hordein o f the aleu­
rone (Cy, 66 kD a) does not correspond in m olecu­
lar m ass to any previously identified starchy 
endosperm  hordein, whereas Cx (56 kD a) corre­
sponds in m olecular mass to the C b-hordein de­
scribed by Klemsdal et al. [22]. Cross sections of 
isolated starchy endosperms and embryos (not 
shown) showed that the preparations were free 
from  contam inating tissues.

In vivo proteins

SD S-PA G E patterns of the album in and globu­
lin extracts o f aleurone layers, starchy endosperm

Fig. 1. Coomassie-stained SDS-polyacrylamide gel of 
prolamins from aleurone (lane 2) and starchy endo­
sperm (lane 3) of 21 DAP barley grains. Curves in the 
right panel represent densitometric scans of lane 2 
(upper part) and lane 3 (lower part). Lane 1 contains 
molecular mass markers (kDa, Pharmacia).

and em bryos used for raising antibodies (see be­
low) are shown in Fig. 2. F o u r aleurone- (lane 2, 
band 2 and lane 4, band 1, 2, 4), six starchy endo­
sperm- (lane 3, band 1, 2, 4 and lane 5, band 1, 2, 
6), and four embryo-specific (lane 7, band 1, 2, 3 
and lane 8, band 1) protein  bands, were identified 
on the gels. In addition, a 31 kD a album in band is 
present in both  the aleurone extract (lane 2, 
band 1) and the em bryo extract (lane 7, band 5), 
but absent or highly reduced in the starchy endo-

Fig. 2. Coomassie-stained SDS-polyacrylamide 
gel of albumins and globulins of 21 DAP aleurone 
(AL, lane 2 and 4), 21 DAP starchy endosperm 
(SE, lane 3 and 5) and 34 DAP embryos (EM, 
lane 7 and 8). Lane 1 and 6 contain molecular 
mass markers (kDa, Pharmacia). The embryo 
lanes were run on a separate gel, resulting in 
slightly different migration of the proteins from 
the two other tissues. Different arrows mark out 
protein bands specific to the embryo (►-), star­
chy endosperm (►), aleurone (t>), embryo and 
starchy endosperm (—►), embryo and aleurone 
(—>), starchy endosperm and aleurone (<>).



612 H. Klungland and M. Bosnes • Barley Organ Specific Geneproducts

Table I. Molecular mass estimates, given in kDa, of bar­
ley grain tissue-specific in vivo and in vitro protein bands. 
For explanation, see the text.

Aleurone in vivo 322232 132 12'
Starchy in vivo 88 ' 62' 452 422 1 6 'l l 2
endosperm in vitro 90' 57' 19' 152
Embryo in vivo 54' 522 50' 46'

in vitro 92' 87'82> 671 5414 7 '43125l
Starchy in vivo 142
endosperm in vitro 42' 412 39'3 392 3 372 3 312 291
and aleurone 14' 713
Embryo in vivo 31'
and in vitro 492 40' 613
aleurone
Starchy in vivo 42' 382 352
endosperm in vitro 52' 322 272
and embryo

1 Albumin.
2 Globulin.uioD unn.
3 Detected only by antibodies raised against aleurone 

proteins.

sperm extract (lane 3). A 14 kD a globulin band is 
present in the aleurone and starchy endosperm  ex­
tracts (lane 4, band 3 and lane 5, band 5), but no t 
in the em bryo (lane 8). In addition, a 42 kD a albu­
min band, a 38 kD a and a 35 kD a globulin band 
were present in the starchy endosperm  (lane 3, 
band 3, and lane 5, band 3 and 4, respectively) and 
the embryo (lane 7, band 4, and lane 8, band 2 and 
3, respectively), but absent from the aleurone ex­
tracts (lanes 2 and 4). Estim ated molecular mass 
and solubility characteristics of these protein 
bands are listed in Table I.

In vitro proteins

Polyspecific antibodies: The fluorogram s o f the 
SD S-PA G E pattern  o f total in vitro translated p ro ­
teins from  poly(A +)R N A  of starchy endosperm  
and em bryos are shown in Fig. 3, lanes 3 to 16. 
C om parison between the in vivo proteins and in vi-

A N T I B O D I E S  R A I S E D  A G A I N S T

69

46

25

1 2 .5
6 .5

.5
5

69

46

25

12

6 .

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
T5
Vto

u
En
<
CO Cd w w w s U 2 w 2 u £IS

2
>-<
>-1 CO u CO C/) u CO u w W w txj CO

Fig. 3. Fluorogram of SDS-polyacrylamide gels of [35S]methionine-labelled polypeptides synthesized in vitro from 
mRNA of 21 DAP starchy endosperm (SE) and 26 DAP embryos (EM), adsorbed with antibodies directed against 
protein fractions as indicated in the top panel (lanes 5-16). Lane 1 contains the molecular mass markers (kDa), lane 2 
shows the rabbit reticulocyte translation lysate preparation without addition of mRNA, and lanes 3 and 4 contain the 
total translation products from the starchy endosperm and embryo, respectively. For symbols, see legend of Fig. 2.
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tro  pro teins adsorbed with antibodies against the 
respective protein fractions (Figs. 2 and 3), indi­
cate a good im m unogenic response to the extract­
ed proteins.

U sing antibodies directed against starchy endo­
sperm  album ins and globulins to im m unoadsorb 
proteins from  starchy endosperm  poly(A +)R N A , 
six album ins (lane 5, bands 1, 2, 4, 5, 6, 7) and 
three globulins (lane 7, bands 1, 2, 3) were ad ­
sorbed which were no t detectable in the embryo 
transla tion  products using the same antibodies 
(lanes 6 and 8). Three o f these album in bands (lane 
5, bands 4, 5, 7) and two o f the globulin bands 
(lane 7, bands 1, 2) were also adsorbed using an ti­
bodies directed against aleurone proteins (lane 13, 
bands 1, 3, 4, and lane 15, bands 1, 4, respectively).

U sing antibodies directed against protein ex­
tracts from  em bryos to adsorb proteins translated 
in vitro  from  em bryo poly(A +)R N A , 9 album ins 
(lane 10, bands 1 -9 )  and one globulin (lane 12, 
band 1) were detectable that were absent from  the 
starchy endosperm  translation products (lane 9 
and 11). Two o f these protein bands (lane 10, band 
8 and  lane 12, band 1) were detectable when an ti­
bodies directed against aleurone proteins were 
used to  adsorb  the same in vitro translated proteins 
(lane 14, band 1 and lane 16, band 1). The protein 
bands are listed in Table I.

By im m unoadsorption o f in vitro translated p ro ­
teins from  em bryo and starchy endosperm  tissues 
w ith antibodies against aleurone proteins, a fur­
ther search for transcripts present in only two o f

the three grain tissues was perform ed. This ap ­
proach  identified nine protein  bands com m on to 
bo th  the aleurone and the starchy endosperm  (lane 
13, bands 1 -5 , and lane 15, bands 1 -4 ), bu t ab ­
sent from  the em bryo (lanes 14 and 16). Three p ro ­
tein bands com m on to  the aleurone and the em ­
bryo (lane 14, band 1, 2, and  lane 16, band 1), but 
absent from  the starchy endosperm  (lanes 13 and 
15) were also detected. In addition, some protein 
bands were detected in bo th  em bryo and starchy 
endosperm  in vitro transla tion  products only with 
antibodies raised against proteins from  embryo 
and starchy endosperm  tissue, indicating absence 
o f these proteins from  the aleurone cells (lane 6, 
band 1; lane 8, bands 1, 2; and  lane 11, band 1). 
Estim ated m olecular masses o f the different classes 
o f tissue specific protein  bands are listed in 
Table I.

M onospecific antibodies: A m ong the eight p ro ­
teins assayed for in the present experiment, PSI, 
protein C and PA PI were no t detectable in either 
the starchy endosperm  o r the em bryo in vitro 
translation  products. A m ong the rem aining p ro ­
teins, ASI and protein  Z (in fraction X) were only 
detected in the starchy endosperm  in vitro  transla­
tion products, whereas ß-amylase, CI-1 and CI-2 
were also present in the embryo, although 
ß-amylase and CI-1 were reduced 100-fold relative 
to the starchy endosperm  level (Fig. 4 and 
Table II). The quantity  o f  CI-2 in the em bryo is 
com parable to  th a t in the starchy endosperm . 
However, the m olecular m ass o f CI-2 is lower in
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Fig. 4. Fluorogram of SDS-polyacryl- 
amide gel o f [35S]methionine labelled 
polypeptides synthesized in vitro from 
m RNA of 21 DAP starchy endosperm 
(SE) and 26 DAP embryos (EM), ad­
sorbed with antibodies as indicated in 
the top panel, A) ß-amylase, ASI, Frac­
tion X, B) CI-1 and CI-2. Molecular 
weights are in kDa. The electrophoresis 
of CI-1 and CI-2 was run on a 
11-22.4%  gradient gel instead of a 
8 -1 8 %  gradient gel, to improve the 
separation of the two MW-forms of 
CI-2 in EM and SE. More protein was 
applied in lane 4 than in lanes 5 and 6 . 
For symbols, see legend of Fig. 2.
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Table II. Relative amounts o f specific polypeptides im­
munoadsorbed from starchy endosperm and embryo in 
vitro translation products, estimated as described by 
Mundy et al. [7]. Densitometrie scanning o f  fluoro- 
graphs in a Shimadzu CS-930 scanner was used to esti­
mate the relative amounts o f radioactivity in lanes.

Protein MW
[kDa]

Number o f  
methionines

Starchy
endosperm

Embryo

ASI 21 2 149 _
Protein Z 40 4 141 —

ß-Amylase 57 15 21 0.3
CI-1 9 2 58 0.5
CI-2 9 1 14 26

the embryo than  in the starchy endosperm , indi­
cating the expression o f a different gene in this tis­
sue. The fraction X antibodies adsorb  a 23 kD a 
protein band in the em bryo th a t is absent from  the 
starchy endosperm  (Fig. 4 A, lane 6). This protein 
is not adsorbed from aleurone in vitro translation  
products (Cathy Kalvenes, personal com m un.), 
and is thus a potential embryo-specific protein.

Discussion

O ur previous w ork has focused on the identifi­
cation o f aleurone-specific transcrip ts and the 
identification o f prom oter elements specifying 
gene transcription in the aleurone layer [19, 30]. 
D uring the w ork with the cD N A s representing 
aleurone-specific transcripts as well as transcripts 
com m on to both  the aleurone and the em bryo, a 
need for an overview o f tissue-specific proteins and 
transcripts in the barley grain was felt. In the pres­
ent study, 14 potentially tissue-specific in vivo a l­
bum in and globulin protein bands were identified. 
In this paper, we present SD S-PA G E profiles o f 
proteins extracted from  pure developing aleurone 
layers. A striking feature o f these gels is the lack o f 
abundant aleurone-specific protein  bands. This 
observation is com patible w ith the lack in aleurone 
cells o f massive protein stores like the highly abun­
dant B 1 hordein o f the protein bodies in the sta r­
chy endosperm  [31, 32], One possible candidate for 
the unidentified protein store in the aleurone 
grains [33, 34] is the prolam in Cy (Fig. 1). The lack 
o f highly abundant aleurone-specific gene-prod- 
ucts also agrees well with the observation that the 
aleurone-specific transcripts identified by differen­
tial screening o f a 20 D A P aleurone cD N A  library 
are o f m oderate-to-low  abundance [19].

Based on N orthern  analysis o f R N A  from  aleu­
rone layers, these transcripts have the capacity for 
encoding proteins in the m olecular range o f 10 to 
20 kD a. Thus, am ong the cD N A s representing 
aleurone-specific transcripts some m ight encode 
the aleurone-specific in vivo proteins contained in 
the 12 und 13 kD a bands (Table I). N o clones co r­
responding to the potentially aleurone-specific 23 
and 32 kD a protein bands (Table I) were detected 
in the screening for aleurone specific cD N A s. One 
possible explanation for this is that the transcripts 
accum ulate at an earlier stage than 20 D A P and 
therefore have escaped our detection. One such 
early transcrip t has been identified in the barley 
em bryo by Bartels et al. [35].

Based on the im munological properties o f in vi­
tro translated proteins adsorbed with antibodies 
directed tow ard different protein fractions, four 
starchy endosperm  and eight embryo-specific tra n ­
scripts were identified in the present experiments 
(Table I). C om parison o f the in vitro translated 
proteins w ith published data  and with in vivo p ro ­
teins is difficult for several reasons. M olecular 
masses o f in vitro translation products may be 
higher than  those o f their corresponding in vivo 
proteins due to unprocessed leader sequences, and 
protein band intensities on fluorogram s depend on 
the num ber o f m ethionine residues, which is highly 
variable (Table II).

In spite o f these com plications, several tissue- 
specific bands with similar m olecular masses do 
correspond to  each other on the in vitro  and in vivo 
gels. Thus, in the starchy endosperm , the in vitro  
and in vivo album in bands o f 90 and 88, 57 and 62, 
19 and 16 as well as the 15 and 11 kD a globulin 
bands, respectively (Table I), may represent the 
same proteins. The same may also be true for the 
three embryo-specific album ins with m olecular 
masses of 54, 47 and 43 kD a (in vitro) and 54, 50 
and 46 kD a (in vivo), respectively.

In addition to the tissue-specific protein bands, 
a num ber o f bands were identified in two o f the 
three grain tissues (Table I). Such gene products 
may reflect com m on functions shared by the two 
tissues in question. One example o f a com m on 
function between two barley grain tissues is the se­
cretion o f hydrolytic and proteolytic enzymes by 
the scutellum o f the embryo and by the aleurone 
layer during germ ination [28, 33, 34, 36], W hether 
this particular functional similarity is also reflected
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in the expression o f identical genes during grain 
developm ent is, however, unknow n.

Taking also quantitative aspects into considera­
tion, the present investigation reveals large differ­
ences in the overall SDS-PAGE patterns o f in vitro  
translated proteins from the three different grain 
tissues. However, we have listed as tissue-specific 
those in vitro translated proteins tha t could be 
identified in only one o f the three tissues.

H aving identified tissue-specific transcripts the 
question arises how they can be isolated for use in 
developm ental biology studies. One m ethod to iso­
late the transcripts is differential screening o f 
cD N A  libraries m ade from poly(A +)R N A  o f  the 
tissue and stage under investigation [19]. Im m u- 
noscreening o f selected cD N A  clones in expression 
libraries, using the same set o f antibodies as used

in the present investigation, can also be carried ou t 
for the identification o f cD N A s encoding the tis­
sue-specific proteins described in this paper.
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