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Abstract A genomic clone encoding the 7-kafirin gene 
from sorghum was isolated and sequenced. A 2938 bp 
sequenced fragment includes an intronless open read- 
ing frame of 636 nucleotides encoding a putative poly- 
peptide of 212 amino acids. Comparison of the deduced 
amino acid sequence of y-kafirin with the published 
sequences of 7-prolamins of maize, and Coix revealed 
highly conserved domains. The N-terminal region of 
these proteins contains the conserved hexapeptide 
PPPVHL, which is repeated eight times in 7-zein, four 
times in y-kafirin and three times in 7-coixin. The num- 
ber of PPPVHL repeats accounts predominantly for 
the differences in the molecular weights of 7-prolamins. 
Several putative regulatory sequences common to the 
7-kafirin and 7-zein genes were identified in both the 5' 
and the 3' flanking regions. Putative GCN4-1ike regula- 
tory sequences were found at positions -192  and 
- 4 7 6  in the 5' flanking region of 7-kafirin. In the 3' 

noncoding region, three putative polyadenylation sig- 
nals, two AATAAT and one AATGAA, were found at 
positions + 658, + 716, and + 785, respectively. In 
order to investigate the role of the putative GCN4-1ike 
motifs and other possible cis-acting element(s) of the 
y-kafirin promoter, a series of deleted and chimeric 
promoter constructs were introduced into maize, Coix 
and sorghum tissues by particle bombardment. Histo- 
chemical analysis of fi-glucuronidase (GUS) activity in 
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different tissues indicated that the element(s) respon- 
sible for tissue specificity is probably located in the 
285-bp proximal region of the promoter, while the 
remaining promoter sequence seems to carry the ele- 
ment(s) responsible for the quantitative response. 

Key words Gene expression • Tissue specificity • Seed 
storage protein • Sorghum • 7-Kafirin 

Introduction 

Prolamins are the major storage proteins of many 
cereals (reviewed by Shewry and Tatham 1990). They 
constitute a group of alcohol-soluble proteins that are 
deposited in protein bodies in the developing starchy 
endosperm. These proteins generally account for about 
half of the proteins in mature grains, and contain high 
levels of proline and glutamine, and low levels of lysine 
and tryptophan. Based on their solubility, zeins, the 
prolamins of maize, have been classified into three 
distinct classes: ~-, fi-, and 7-prolamins (Esen 1986). 
This classification was further extended to the pro- 
lamins of sorghum (DeRose et al. 1989) and Coix (Leite 
et al. 1990). However, solubility alone does not always 
reflect common structural features of such proteins. 
For example, Kirihara et al. (1988) sequenced a me- 
thionine-rich zein that has the solubility properties of 
fi-prolamins but its structure led them to introduce 
a fourth prolamin class, the cLzein. The 17 kDa coixin, 
one of the prolamins, of Coix, was first described as an 
c~-prolamin based on its solubility properties (Leite 
et al. 1990). However, after cDNA cloning, its sequence 
displayed high similarity to the 14 kDa fi-zein (Leite 
et al. 1992). 

In maize, 2-prolamins account for 5% to 10% of the 
total zein (Esen 1986) and are composed of two poly- 
peptides (Prat et al. 1987), one of 28 kDa and the other 
of 16 kDa. The 16 kDa 7-zein has solubility properties 
similar to the fi-prolamins (Esen 1986). The 28 kDa 
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7-zein is encoded by one or two genes, while the 16 kDa 
7-zein is encoded by a single gene (Gallardo et al. 1988; 
Das and Messing 1987; Das et al. 1991a, b). 

In Coix, ?-coixin represents about 15% of total pro- 
lamins and comprises a single polypeptide of 22 kDa, 
highly homologous to the 28 kDa 7-zein (Leite et al. 
1990, 1991). 

Sorghum endosperm contains a lower concentration 
of 7-prolamin than do maize and Coix. 7-Kafirin, the 
'/-prolamin of sorghum, accounts for 2% to 5 % of total 
prolamin and is composed of a single polypeptide of 
27 kDa (Evans et al. 1987; Taylor et al. 1989). 

The overall molecular data have shown a high degree 
of similarity between the genes encoding the prolamins 
of maize, Coix and sorghum, suggesting that these 
genes may have arisen from a common ancestor and 
that divergence occurred after species separation. The 
comparison of structural and regulatory sequences of 
these genes might allow a more precise definition of 
conserved domains important  for regulation of expres- 
sion and protein folding. 

In this work, the characterization of a 7-kafirin 
genomic clone is described. Sequences related to the 
protein structure and putative regulatory elements 
were identified by comparison with 7-prolamin genes 
from Coix and maize. The ability of the 7-Kafirin pro- 
moter to drive fi-glucuronidase (gus) gene expression in 
sorghum, maize and Coix, and its efficiency and tissue 
specificity in maize were studied by means of transient 
gene expression analysis. 

Materials and methods 

Plant material 

Coix lacryma-jobi var. Adlay, Sorghum vulgare cv. INRA 450, and 
Zea mays F352 single hybrid were obtained from the germplasm 
collection of the Department of Genetics, State University of Cam- 
pinas (Campinas, Brazil), and from Sementes Agroceres (S~o Paulo, 
Brazil). Immature seeds were obtained from field-grown plants. For 
transient gene expression experiments, immature seeds were sur- 
face-sterilized for 45 min with 5% commercial bleach and rinsed 
four times with distilled water. Seeds were sectioned longitudinally 
and placed in 100 mm petri dishes containing 15 ml of solid MS 
medium (Murashige and Skoog 1962) with the sliced surface facing 
upward. Embryos were isolated from sterile immature maize seeds 
and flattened in 100 mm petri dishes containing 15 ml of solid MS 
medium. Coleoptiles were dissected from seedlings 3 days after 
germination, sterilized for 5 rain with 5% commercial bleach and 
rinsed four times in distilled water. Leaves were dissected from 
7-day-old seedlings and sterilized as described for coleoptiles. 

Purification of 7-prolamins and N-terminal sequencing 

The ?,-prolamins were extracted from endosperms dissected from 
mature seeds of maize, Coix and sorghum and separated from other 
prolamins by differential solubility (Esen 1986). The purity of the 
7-prolamin fractions was verified by SDS-polyacrylamide gel elec- 
trophoresis (SDS-PAGE) (Laemmli 1970) followed by silver staining 

(Moreno et al. 1985). Molecular weight was estimated as described 
by Plikaytis et al. (1986). N-terminal sequencing was performed on 
a 477A Protein Sequencer. The resulting phenylthiohydantoin deriv- 
atives were identified using an on line phenylthiohydantoin ana- 
lyzer 120A (Applied Biosystems, Foster City, Calif., USA). 

DNA extraction 

Seeds of sorghum were germinated in the dark for 10 days. DNA 
extraction from leaves was performed according to Rivin et al. 
0982). 

Selection of a recombinant clone encoding 7-kafirin 

Approximately 1.5 x 106 phages from a Sau3AI sorghum genomic 
library constructed in lambda EMBL-4 were plated out on 
Escherichia coli DL-538. Nitrocellulose blots were prepared 
as described by Benton and Davis (1977). Filters were prehybridized 
in 6 x SSC, 0.05 x BLOTTO (Johnson et al. 1984), and 50% for- 
mamide for 4 h at 42 ° C. Hybridization was carried out overnight 
under the same conditions, using the 28 kDa ~-zein cDNA clone 
pMEl l9  (Prat et al. 1985) as a probe. The PstI fragment of the 
cDNA clone was labeled with c~-[32p]dCTP by random primer 
extension using the Megaprime kit (Amersham). The filters were 
washed once in 1 × SSC, 0.1% SDS for 20 min at room temperature, 
and twice in 0.1 x SSC, 0.1% SDS for 15 min at 60 ° C. After auto- 
radiography, a unique positive plaque designated 10S was purified 
by two additional cycles of replating and hybridization. 

Mapping and sequencing the ,~-kafirin genomic clone 

The 7-kafirin genomic clone was mapped by the cos mapping 
technique (Rackwitz et al. 1984) using the ).-Mapping System 
(Amersham). The recombinant phage was sub-cloned into the 
pBluescript KS + vector (Stratagene) and sequenced on both 
strands using the T7 DNA sequencing kit (Pharmacia/LKB). The 
sequence data were analyzed using the DNASIS sequence analysis 
software (Pharmacia/LKB). The alignments were primarily per- 
formed on CLUSTAL V software (Higgins and Sharp 1989) and the 
best alignment was further arranged manually. 

Plasmid constructs 

For all the constructs, the sequence positions are given relative to 
the ATG initiation codon. 

pPKGUS 

The 5' flanking sequence of the 27 kDa 7-kafirin gene was isolated 
from the genomic clone 10S. The TaqI fragment spanning positions 

- 1198 to - 8 (see Fig. 1) was cloned into the ClaI site of pBlue- 
script KS + (Stratagene), resulting in the pKTT1. The SmaI-SalI 
fragment isolated from pKTT1 was inserted into the pRT103 vector 
(T/Spfer et al. 1987) digested with HincII and XhoI, replacing the 
CaMV 35S promoter. This construction was designated pPK103. 
Further, the/~-glucuronidase (gus) coding region was excised from 
pJII140 (Gallie et al. 1987) by digestion with NcoI and BamHI and 
fused into the pPK103 clone in the corresponding sites between the 
7-kafirin promoter and the CaMV 35S polyadenylation signal. 

pPK285GUS 

The - 2 8 5  to - 8  7-kafirin promoter fragment was excised from 
pKTT1 by digestion with EcoRV and SalI. This fragment was 
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ligated into pRT103 digested with HincII and XhoI, replacing the 
CaMV 35S promoter, producing pPK285. As described above, the 
9us coding region was further inserted into the pPK285 NcoI- 
BamHI sites. 

pRT103GUS 

This construct was obtained by inserting the 9us coding region into 
the NcoI/BamHI sites of pRT103. 

pRT90GUS 

The yus coding region was inserted into the NcoI/BamHI sites of 
pRT90, which was obtained by recircularization of the pRT103, 
which had previously been digested with EcoRV and HincII. 

pPK90GUS 

The 1190 to -285  ?-kafirin promoter fragment excised from 
pKTT1 by EcoRV digestion was inserted into pRT103 digested with 
EcoRV and HincII, producing pPK90. Then the 9us coding region 
was inserted into the NcoI/BamHI sites of pPK90. 

Transient expression assays 

All tissues were transiently transformed by particle bombardment 
performed with a home-made helium particle delivery device. Five 
micrograms of CsCl-purified DNA were used to coat 3 mg of 1 to 
3 t~m gold particles according to the method ofYe et al. (1990). Petri 
dishes containing samples of all tested tissues, arranged in a random- 
ized complete block design, were bombarded twice with 0.5#g of the 
plasmid. After bombardment, samples were incubated in the dark at 
27°C for 48 h. The tissues were then developed for histochemical 
GUS activity according to Jefferson (1987). The relative GUS activ- 
ity was calculated from the ratio between the number of blue spots 
obtained for each construct and the number obtained for 
pRT103GUS. 

Results and discussion 

Isolation and characterization of a genomic clone 
encoding 7-kafirin 

In order to isolate the 7-kafirin gene, a sorghum 
genomic library was screened with the 7-zein cDNA 
clone pME119 (Prat et al. 1985). One of the hybridizing 
phage, designated 10S and containing a 10 kb DNA 
insert, was characterized. The restriction map of the 
10S genomic clone as well as the 2938-bp fragment 
that was completely sequenced are shown in Fig. 1. 
Figure 2 shows the nucleotide sequence of the 7-kafirin 
gene. The 5' and 3' flanking regions consist of 1511 bp 
and 789 bp, respectively. The open reading frame of 636 
nucleotides encodes a polypeptide of 212 amino acids. 

The nucleotide sequence of the ?-kafirin gene ex- 
hibits only a few differences from the cDNA clone 
sorgH described by Barros et al. (1991). The coding 
region can be perfectly aligned with the sorgH clone, 
except for five nucleotides, four of which represent 
silent transitions, and a non-synonymous transversion 
of G to C at position + 236. A deletion of one T in the 
3' flanking region was also observed in the ~-kafirin 
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Fig. 1 Restriction map of the 10S ,2-kafirin genomic clone.The upper 
map shows the entire insert in the EMBL-4 lambda vector, with the 
structural region of the ~-kafirin gene represented by an arrow 
indicating the transcriptional orientation. The lower map shows the 
sequenced region of the insert. The positions of the TATA box, 
CATC box, prolamin box and putative polyadenylation signals 
are indicated. The small arrows indicate the localization of the 
39-nucleotide repeats 

gene. Sequence comparison with the ?-kafirin cDNA 
clone also revealed the absence of introns in the 
genomic sequence. Reconstruction experiments in- 
dicated that 7-kafirin, like the 28 kDa 7-zein protein 
(Gallardo et al. 1988), is encoded by one or two genes 
(data not shown). 

Conserved putative cis-acting regulatory elements 
were found in the 5' region of the 7-kafirin gene (Figs. 1 
and 2). The TATA box is located at position - 1 0 8  
whereas a putative CATC box was located 42 bp up- 
stream from the TATA box, at position - 150. Two 
copies of the sequence TGTAAAGT, the prolamin box, 
or " - 3 0 0  element", are present in the 7-kafirin pro- 
moter. As in other cereal storage protein genes, one 
copy is located - 340 nucleotides from the ATG (Kreis 
et al. 1986; Ottoboni et al. 1993), while the second is 
located at position - 618. Upstream of the more distal 
prolamin box, a repeated 39-bp motif was found at 
positions -1052  and -1162.  In the 3' noncoding 
region, three putative polyadenylation signals, two 
AATAAT, and one AATGAA, were found at positions 
+ 658, + 716, and + 758, respectively. 

Characterization of 7-prolamins 

The 7-prolamins of Coix, sorghum, and maize were 
purified to homogeneity as demonstrated by silver 
straining after SDS-PAGE (Fig. 3). The apparent mo- 
lecular weights of ?-coixin, ?-kafirin, and ?-zein were 
estimated to be 22, 27, and 28 kDa, respectively. The 
shorter 16 kDa 7-zein was not purified in the same 
fraction as the 28 kDa 7-zein, as previously demon- 
strated by Esen (1986). Figure 4 shows a comparison of 
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Fig. 2 N u c l e o t i d e  and deduced 
amino acid sequence of the 10S 
7-kafirin genomic clone.  
Nucleotide positions are 
numbered 5' to 3' and are 
indicated on the left side of each 
line. The 39-nucleotide repeats 
( - 1161 and - 1052), prolamin 
boxes ( - 618 a n d  - 340), C A T C  
b o x  ( - 150), T A T A  b o x  ( - 108), 
as well as the putative 
polyadenylation signals ( + 658, 
+ 716 and + 758), are underlined 

-1511 
-1434 
-1356 
-1278 
-1200 
-1122 
-1044 
-966 
-888 
-810 
-732 
-654 
-576 
-498 
-420 
-342 
-264 
-186 
-108 
- 30 

1 
49 
17 

127 
43 

2O5 
69 

283 

95 
361 
121 
439 
147 
517 
173 
595 
199 
673 
751 
829 
907 

985 
1063 
1141 
1219 
1297 
1375 

AATAT GC CT CAGTAT TATAT TAAAACAT GAGAAATT T GAT GCTAGCAT TAT T TT TTAAT TTAGAT TAAGAT T GCTAT 
GAAATAT GAAT CAAGCAT CACATTAAATAGGCTACCAT TAAAT T T T TATAATAAT T GGA CAAGATAACTATAAT T T T 
AAT T T TACAGTAAAAAGCATAGGCAAGCAT T T T CAAAAAAAAGT GTACTAAAATT TAT GATAT T TT T T GT T TACCGCA 
T C-GAT CTACATAT GT GGAGCT GAACAAAAT T T GT T TTATAATT T T TAGAT T T T TGTAT GAAT TAT TAT GTAT T TAT TA 
AT T T TCAGT CGAT T TAAAAAATAAAAGAAAAGTAAAT T GGAGAT T T TACAT T GGGAACCTAGAAAAT T TT T TATT T T T 
T T T CT CT CT T CCAT CGTAACGATT CT GGGCT GATTGGGCCTACAGAGAGGAGAGCGAAAGC GAAGTAATAT GAGAT T T 
TACAT TAGGAACC CTAGAATATT T T T TAT T T T GTTT TT CCCCT T CTAGAAAAGT T GGATGGAGGAGGCCAT CGGTAAA 
CC GAACACGGACAAGAT CA~GAAAATAT T T GGCAAACTAAAAT T TT GGCT CT T TATAGATAGGTATAGAT 
T T GGGT TAAGAACAGTAGT CGGACAT T CCACGCT T T GT TAAGT T CT T T T T T TACATAACAAGAATAGAAT CACGCT CT 
GTAGGCTCGTCAGACCGTACCTTTCTAAGGAAGTCGCTTTGGGTAGTTCAGTTG-GCGAGAAAAGCCTTCCTACCTTTG 
CAGGTCCATCGGC~CGACTACAACCCGTGGCTCAATCCCGGTT CTTGCGGTGTCTTGGCAACATTCTTGTTGGAAGAT 
ACCAGAAGGT T GCT CCAC GGGTAAT CT TGACACGTAT GTAAAGT GATGAGGAACAT T GAACGAACATT GGCAT GTAAG 
CT CTATAAT T GGT GT TAT CCATAACAACGT CGCAGAACAT CACAAATT GCACGT CAAGGGATT GGGT CAGAAACAAAT 
CGT CT CCGT GTACAACGAAGT GGT GAGTCAT GAGCCAT GT T GAT CT GATATATACATAGCACACACGACAT CACAAAC 
AAGTCATACTACATTACAGAGTTAGTTTCACCTTTCAAGTAAAAACAAAGTAGGCCGGAGAGAGGACAATAATCCTTG 
ACGT GTAAAGT GAAT TTACAAAGCCATATAT CAAT T TATAT CTAAT T CGT T T CAT GTAGATAT CAACAAC CT GTAAAA 
GGCAACAAATT GAGCCAC GCAAAAT TACAAGT GAGT CCAAATAAACCCT CACAT GCTACATAAAAGT GAAT GAT GAGT 
CAT GTATAT CT GGCAAGAAACT GTAGAAGCTACAGT CAT CGGTAGCAAAGAAACACAAGAAAAT GT GCTAATAAAAGC 
TATAAATAACCC T CGTACGCCTAT GCACAT CT CCAT CACCAC CACTGGT CT T CAT T CAGC CTAT TAACT TATAT CTAT 
CTACTCCAGAGCAGACAAGAACT CGACACCAT GAAGGTGTTGCTCGTTGCCCTCGCTCTCCTGGCTCTCGCGGCGAGC 

Met LysVa 1 LeuLeuVa IAI aLeuAl aLeuLeuAl aLeuAl aAl aSer 
GCCGCCTCCACGCTTACAACCGGCGGCTGCGGCTGCCAGACACCTCAT CTACCACCACCGCCGGTTCATCTGCCGCCG 
AlaAlaSerThrLeuThrThrGlyGlyCysGlyCysGlnThr ProHisLeuProPro Pro ProValHisLeuPro Pro 
CCGGTGCATCTGCCACCGCCGGTGCACCTGCCGCCGCCGGTTCACGTGCCACCGCCGCCACCACAATGCCACCCACAC 
ProValHisLeuProPro ProValHisLeuPro ProProValHisVal Pro Pro Pro ProProGlnCysHis ProHis 
C CTACT CTACCGCCCCACCCACAT CCAT GC GCTACATACCCACCGCAT CCAAGCCCGTGCCACCCAGGGCAT CCCGGA 

ProThrLeuProProHis ProHis ProCysAlaThrTyr Pro ProHis ProSer ProCysHis ProGlyHis ProGly 
T CCTGCGGTGTT GGCGGCGGCCCCGT CACCCCGCCGAT CCTGGGCCAGTGCATCGAGTTCCTGAGGCATCAGTGCAGC 
SerCysGlyValGlyGlyGlyProValThr Pro ProIleLeuGlyGlnCysI i eGluPheLeuArgHisGlnCysSer 
CCGGCGGCGACGCCCTAC T GCT CGCCACAGT GCCAGGCGT T GCGGCAGCAGT GCT GT CAGCAGCT CAGGCAGGTGGAG 
ProAl aAlaThr ProTyrCysSer ProGl nCysGl nAlaLeuArgGlnGlnCysCysGlnGlnLeuArgGlnValGlu 
CCGCTGCACCGGTACCAGGCGATCTT CGGCGT GGTCCTGCAGT CCATCCAGCAGCAGCAGCCGCAAGGCCAGTCGT CA 

ProLeuHisArgTyrGlnAl a I i e PheGl yValVa iLeuGl nSerI i eGlnGlnGlnGl nProGlnGlyGl nSerSer 
CCGCTCCCGGCGCT GATGGCGGCGCAAATAGCACAGCAACTGACGGCGATGTGCGGTCTAGGAGT~GCCAAGT 
ProLeuProAl aLeuMetAl aAl aGlnI leAl aGl nGlnLeuThrAl aMetCysGlyLeuGlyValGlyGlnProSer 
CCCTGCGCTTCT TGCAGCCCTTTTGCCGGT GGTGTCCACTATTAAAGAAACTATCTATACTGTAATAATGT TGTATAG 
ProCysAlaSerCysSer Pro PheAl aGlyGlyValHisTyr 
C CGCCGGATAGCTAGCTAGT TAGT CAT TCAGCGGCGAT GGGTAATAATAAAGT GT CAT CCAT CCAT CAC CAT GGGT GG 
CAACGT GAGCAAT GAC CT GAT T GAACAAAT T GAAAT GAAAAGAAGAAATAT GTTATAT GT CAAC GAGATT T CCTCATA 
ATGCCACTGACAACGTGTGTCCAAGAAATGTATCAGTGATACGTATATTCACAATTTTTT TATGACT TATACTCACAA 
T T T GT T T T T TTACTACT TATACT CGAACAAT T T GT T GT GGGTACCATAACAATT T CGAT C GAATATATAT CAGAAAGT 
T GACGAAAGTAAGCTCACTCAAAAAGTTAAAT GGGCTGCGGAAGCTGCGTCAGGCCCAAGTT TTGGCTATTCTATCCG 

GTATCCACGATT TTGATGGCTGAGGGACATAT GTTCGGCTTAAGCTGCAGCTTTGTAGTTAGTTTTGTTTTTGATTAT 
AT T TAATACTCTAT GCAT GT GCAC CAAGAT T T T TCT GGT GAAT TAAACAAGGCCTAATAACGT GAGTAGCGTATCTAA 
CTGTGACCTATAAAGTAGAGCACCTTTTTAGAGTAGGGC~TCCTTTTTTTAGAACTCTAT TTATT GCACCCAACTTCA 
ATAAGGGT CTTT TCATCCAAAATTAAGAGT CCTTACAT TACATCTAATCGTCTATT CATT GTCTATATTT TAATATAA 
AT CT TACT GTATAT CT T GTAGCACACTAGTAT GC CT CAAAGCCGACAATAAAT 

Fig. 3 SDS-polyacrylamide gel 
electrophoresis ( S D S - P A G E )  
analysis of 7-prolamins of maize 
(lane 1), sorghum (lane 2) and 
Coix (lane 3) purified by  
differential solubility (Esen 1986). 
T h e  n u m b e r s  o n  the  left indicate 
the positions of  m o l e c u l a r  weight 
markers in kilodaltons 
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6 6 -  
45-iiiiiii!i < ¸ 
2 9 -  
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1 4  - 
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the deduced amino acid sequence of the 27 kDa 7- 
kafirin with those of the 28 kDa and 16 kDa 7-zeins 
(Prat et al. 1985, 1987), and the 22 kDa 7-coixin (Leite 
et al. 1991). N-terminal sequencing of the first 6 resi- 
dues of the mature 7-kafirin revealed the amino acids 
TLTTGG, which, when compared with the deduced 
amino acid sequence of the pre-protein, revealed the 
absence of the first 19 residues in the mature protein. 
This 19-amino acid fragment is highly conserved in 
all 7-prolamin sequences, and probably represents the 

signal peptide. After processing, the deduced amino 
acid sequence corresponding to the mature 7-kafirin 
polypeptide presents a calculated molecular weight of 
20.3 kDa, which is 7 kDa smaller than the apparent 
molecular weight estimated by SDS-PAGE. This differ- 
ence, also observed in the 28 kDa 7-zein (Wang and 
Esen 1986), can be explained by the presence of high 
levels of positively charged amino acid residues, like 
histidine (7.77%) and arginine (2.07%). An indication 
that this explanation is correct comes from the fact that 
the 16 kDa 7-zein, which contains lower levels of his- 
tidine and arginine, does not present such discrepancies 
between deduced and apparent molecular weight. Like 
the 7-prolamins of maize and Coix, 7-kafirin is charac- 
terized by high levels of the amino acids proline 
(22.8%), glutamine (11.9%), and cysteine (7.8%). The 
amino acid sequence alignment also shows that the 
positions of the ten cysteines are conserved for all the 
aligned 7-prolamins. The large number and conserved 
locations of such cysteines suggest that this amino acid 



Fig. 4 Alignment of the deduced 
amino acid sequences of 
?,-prolamins. The amino acid 
sequences were deduced from the 
following clones: pME119 and 
pME177, (Pratet al. 1987) 
representing 28 and 16 kDa 
7-zein; pBCX22.5 (Leite et al. 
1991), representing 7-coixin and 
the 10S 7-kafirin genomic clone. 
The signal peptide at the N- 
terminus, as well as the repeat 
motifs are indicated. Identical 
residues and conservative 
substitutions are indicated by 
asterisks and dots, respectively. 
The gaps used to optimize the 
alignment are represented by 
hyphens 

7-zein (28kDal) 

7-kafirin 

~-coixin 

7-zein (16kDal) 

7-zein (28kDal) 

7-kafirin 

7-coixin 

7-zein (16kDal] 

7-zein (28kDal) 

y-kafirin 

7-coixin 

7-zein (16kDal) 

7-zein (28kDal) 

7-kafirin 

7-coixin 

7-zein (16kDal) 

181 

I < .... > < .... >< .... >< .... >< .... > 

MRVLLVAL/kLLALAASATSTHTSGG-CGCQPPPPVHL-PPPVHLPPPVHLPPPVHLPPPVHL 60 

MKVLLVAL;kL~AASTLTTGG-CGCQTP---HLPPPPVHLPPPVHLPPPVHLPPPVHV 58 

MKVLLVALALLALTASATSTQI-GGTCGCQPP---HLPPPPVHLPPPVHLPPPVHL ...... 52 

MKVLIVALALLALAASAASS-TSGG-CGCQTPP-FHLPP-PFYMPPPFYLPP .......... 48 
,.*************.,. ** ,*** • ** • , *** *** 

< .... >< .... >< .... > < ...... >< ...... > 

PPPVHLPPPVHVPPPVHLPPPPCHY-PTQPPRPQPHPQPHPCPCQQPHPSPCQLQ--GTCGV 119 

PPP ................ PPQCHPHPTLPPH ...... PHPCATYPPHPSPCHPGHPGSCGV 98 

.................. PPPQCHY-PTQPPRPQ-PQQPHPCPYQPQHPSPFQFQQPGTC-V 93 

................................. QQQPQPWQYPTQPPQLSPCQ--QFGSCGV 75 
• ** ,., • 

GSTP .... ILGQCVEFLRHQCSPTATPYCSPQCQSLRQQCCQQLRQVEPQHRYQAIFGLVLQS 178 

GGG PVT P PI LGQCI E FLRHQCS PAAT PYes PQCQALRQQCCQQLRQVE PLHRYQAI FGVVLQS 161 

GQGTQ- - - I LGQCI E FLRHQCS PAAT PYCS PQCQALRQQCCHQLRQVE PLHRQQAI FGVVLQS 153 

GSVGSP--FLGQCVEFLRHQCSPAATPYGSPQCQALQQQCCHQIRQVEPLHRYQATYGVVLQS 136 
, .*************.,*** *****.,.*****.***** ** ** .***** 

I LQQQPQSGQVAG-LL-AAQIAQQLTAMCGL- -QQPT PC P- -YAAAGGVPH 223 

I QQQQ PQGQS S PL PALMAAQIAQQLTAMCGLGVGQ P S PCAS CS P FAGGVHY 212 
I-QQQPIGQPL---ALMAAQIAQQLTVMCGVRQPMTSPCP-CSAAAGGAQY 199 

FLQQQ PQGE LA- - -ALMAAQVAQQLTAMCGLQLQQ PG PC P - CNAAAGGVYY 183 
**** , ***.***** ***. **. *** 

plays an important role in the formation of disulfide 
bridges during protein folding in the protein bodies of 
maize, sorghum and Coix. 

The N-terminal region of 7-kafirin (Fig. 4) contains 
the same repetitive sequences as the 28 kDa 7-zein 
(Esen et al. 19'82). The first common repeat motif, 
located adjacent to the conserved sequence CGCQ, is 
the hexapeptide PPPVHL. This motif is repeated eight 
times in 7-zein, four times in 7-kafirin and three times in 
7-coixin. The difference in the number of PPPVHL 
repeats is responsible for the major differences in mo- 
lecular weights observed for 7-prolamins in the three 
species. The short chain 16 kDa 7-zein contains only 
a few incomplete and modified versions of the 
PPPVHL motif. The fourth PPPVHL repeat of 7- 
kafirin contains a replacement ofleucine by valine. This 
replacement is also observed in one 28 kDa 7-zein re- 
peat. The second repeated motif of 7-zein is represented 
by the octapeptides QPHPCPCQ and QPHPSPCQ, 
which differ in only one amino acid (Wang and Esen 
1986; Esen 1986). This duplicated motif is less conser- 
ved in 7-kafirin and 7-coixin proteins. 

Comparison of the 5' and 3' regions of the 7-prolamin 
genes 

Figure 5 shows the nucleotide sequence comparison of 
the 7-prolamin 5' flanking regions. The 7-prolamin pro- 
moters share much similarity with the most conserved 
region comprising the proximal region surrounding the 
putative TATA box. On the other hand, it was not 
possible to identify a canonical CATC box. The 28 kDa 
7-zein promoter exhibits a substitution of an A to a G, 
and one TC insertion relative to the others. Two copies 
of the prolamin box are present in both the 5' flanking 
region of 7-kafirin and of the 28 kDa 7-zein genes. One 
of them is located at the same relative position in both 

genes, which is identical to the positions described for 
other prolamin gene classes of Andropogonea cereals, 
such as ~-kafirin (DeRose etal. 1989), ~-coixin 
(Ottoboni et al. 1993), ~- and/3-zeins (Brown et al. 1986; 
Pedersen et al. 1986; Liu and Rubenstein 1992). The 
presence of the prolamin box has also been observed in 
the prolamins of other cereals such as barley (Kreis 
et al. 1986), wheat (Summer-Smith et al. 1985; Colot 
et al. 1987), and rye (Hull et al. 1991). The 7-kafirin and 
the 28 kDa 7-zein genes also present one additional 
copy of the same sequence located in different but 
partially conserved regions of the promoters, while the 
16 kDa 7-zein presents only truncated versions of the 
prolamin box. 

Though present in many cereals, little is known 
about the role of the prolamin box in the regulation of 
gene expression. Functional analysis of the - 3 0 0  re- 
gion of zein promoters (Thompson et al. 1990; Quayle 
et al. 1991; Quayle and Feix 1992) has indicated that 
the prolamin box can stimulate the expression of pro- 
lamin genes and that this effect is position and orienta- 
tion dependent. 

Recently, M/iller and Knudsen (1993) demonstrated 
that the transcription unit of a C-hordein gene from 
barley is responsive to exogenously supplied nitrogen. 
This response seems to be mediated by positive and 
negative regulation involving GCN4-1ike binding sites 
(Hill et al. 1986), and prolamin box sequences. The 
interaction between GCN4-1ike motifs and the prolamin 
box was also demonstrated by in vivo footprinting of 
a low molecular weight glutenin gene in wheat endos- 
perm (Hammond-Kosack et al. 1993). A search for 
GCN4-1ike motifs (G(A/G)TGA(G/C)TCAT) in the 7- 
prolamin promoters revealed two copies at conserved 
position's (Fig. 5). The first one, located at position 
- 192 of the 7-kafirin promoter, is completely conser- 

ved in the 16 kDa 7-zein promoter and presents only 
one nucleotide substitution in the 28 kDa 7-zein 
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y-zein (28kDal) 

y-kafirin 

y-zein (16kDal} 

y-zein (28kDal) 

y-kafirin 

y-zein (16kDal) 

~-zein (28kDal) 

T-kafirin 

T-zein {16kDal) 

T-zein (26kDal) 

7-kafirin 

~-zein (16kDal) 

T-zein (28kDal) 

y-kafirin 

y-zein (16kDal) 

y-zein (28kDal) 

y-kafirin 

y-zein (16kDal) 

T-zein {28kDal) 

T-kafirin 

7-zein (16kDal) 

y-zein (28kDal) 

y-kafirin 

y-zein (16kDal) 

<PROLA> 

CT---TCGATCCAGGTGCAACCG-AATAAGTCCTTAAA-TGTTGAGGAAC 

GAAGGTTGCTCCACGGGTAATCTTGACACGTATGTAAAGTGATGAGGAAC 

CT--GT--ATTCACGGGTAATCTCAGCACGT-TATAAAGTGGTGAGGAAC 
. . ** • . ** . • ** **** ** ******** 

<PROLA> 

ACGAAACAACCATGCATTGGCATGTAAAGCTCCAA .... GAATTCGTTGT 

ATTGAACGAA .... CATTGGCATGTA-AGCTCTAT ..... AATTGGTGTT 

GCGGCCGGAACAACCATTGGCATGTAGAGCTCCATATATGAGTTGGTGTT 
. ************ ***** • • ** ** • 

-633 y-zein (28kDal) TGTCAAGCTAAATCTAATTCGTTTTACGTAGAT--CAACAACCTGTAGAA -272 

-601 y-kafirin TATCAATTTATATCTAATTCGTTTCATGTAGATATCAACAACCTGTAAAA -265 

-642 y-zein (16kDal) .................................................. 

-587 y-zein (28kDal) 

-561 y-kafirin 

-492 y-zein (16kDal) 

ATCCTTAACAAC-TCACAGAACATCAACCAAAATTGCACGTCAA---GGG -541 

A T C C A T A A C A A C G T C G C A G ~ u ~ C A T C A - - C , ~ R - T T C - C A C G T C , ~ R - - - G G G  - 5 1 7  

ATCCACCACAAC-TCGCAGAACATCA--CAAAAT-GTACATCAAGCAGCG -446 
**** ***** ** ********** **** * * ** **** * * 

TATT .... GGGTAAGAAACAATCAAACAAATC ...... CTCTCTGTGTGC -501 

-ATT .... GGGTCAGAAA ........ CAAATCG ...... TCTCCGTGTAC -486 

-ATTAATTGGGTGAGAAA ........ C A A A T C G G G C G T C T C T C C G T G T A C  - 4 0 5  
* * *  * * * *  * * * * *  * * * * * *  * * * *  * * * *  * 

< GCN4 > 

I ~ A G / L ~ A C A C - - - G G T G A G T C A T G C C G A G A T C A T A C T C A T C T G A T - - A T A  - 4 5 6  

A A C G ~ , G T  . . . . .  G G T G N G T C N T - - - G N G - C C N T G T T G N T C T G A T - - N T A  - 4 4 7  

AATGAAATATAATGGTGAGTCAC---GAG-TCACGCTGATCTGATGTATA -359 
** *** ********* *** ** * ******* *** 

CATGCTTACAGCTCACAAGACATTACAAACAACTCATAT---TGCATTAC -409 

TAC .... ATAC42ACACACGACATCACAAACAAGTCATAC---TACATTAC -404 

TATGCTAATAGCTCGCACGACATTGCAAACAACTCATACCACTACATTAC -309 
• , *** , ** ***** ******* ***** , ****** 

AAAGATCGTTTCATG ........ AAAA-TAA-AATAGGCCGGA-ACAGG -370 

A G A G T T A G T T T C A C C T T T C A A G T , ~ N ~ A - C , ~ , - A G T A G G C C G G A G A G A G G  - 3 5 6  

AGAGTTAGTTTC ......... GTGAAAAGCAAGAGTAGGACGGAGA--GG -270 
* ** * ***** **** ** * **** **** * ** 

<PROLA> 

A C J ~ , A T C C T T G A C G T G T ~ G T , ~ & T T T A C A A C ~ u ~ C - C C A T A  - 3 2 0  

ACAATAATCCTTGACGTGTAAAGTGAATTTACAA ......... AGCCATA -315 

, ~ N A T A A T C C T T G A C G  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 5 4  
* ** *********** 

y-zein (28kDal) 

y-kafirin 

y-zein (16kDal) 

y-zein (28kDal) 

y-kafirin 

y-zein (16kDal) 

?-zein (28kDal) 

?-kafirin 

y-zein (16kDal) 

y-zein (28kDal) 

7-kafirin 

y-zein (16kDal) 

y-zein (28kDal) 

~-kafirin 

y-zein (16kDal) 

GGCAACAAAACTGAGCCA--CGCAGAAGTACAGAATGATTCCAGATGAAC -224 

GGCAACAAA-TTGAGCCA--CGCAAAATTACA-AGTGAGTCCAAATAAAC -219 

--ACGTGCACATGAGCCACACGCAAGAGTACTGAATAAATCCAGATGAAC -206 
* ******* **** * *** * * * **** ** *** 

< GCN4 > 

CATCGACGTGCTACGTAAA-GAGAGT--GACGAGTCATATA--CATTTGG -179 

CCTC-ACATGCTACATAAAAGTGAAT--GATGAGTCATGTATA--TCTGG -174 

CCTCC ........... AAAAGTGAATGAGATGAGTCATGTATACATTTGG -167 
* ** *** * ** * ** ******* ** * *** 

<CATC> 

CAAGAAACCATGAAGCTGCCTACAGCCGTCTCGGTGGCATAAGAACACAA -129 

CAAGAAACTGTAGAA--GC-TACAGTCATC--GGTAGCAAAGAAACACAA -129 

CAAGAAACCGTAGAA--GC-TACCGCCATC--GATTTCATCATAGAAGAA -122 
******** * * ** *** * * ** * * ** * * ** 

< TATA > 

GAAATTGTGTTAATTAATCAAAGCTATAAATAACGCTCGCATGCCTGTG- -80 

GAAAATGTGCTAATAA .... AAGCTATAAATAACCCTCGTACGCCTATG- -84 

GAAATTGTGGTAATCGG- -AAAGCTATAAATAACCGTC - TATGCCTATGG -75 
**** **** **** ************** ** * **** ** 

CACTTCTCCATCACCACCACTGGGTCT---TCAGACCATTAGCTT ...... 38 

CACATCTCCATCACCACCACTGGTCTTCATTCAGCCTATTAACTTATATC -34 

CACTTCTCCACCACCACCACTGGACGTCAGCCTAGCAATTAGCTCAT .... 28 
*** ****** ************ * * * **** ** 

+1 

TATCTACTCCAGAGCGCAGAAGAACCCGATCGACACCATGAGG +6 

TATCTACTCCAGAGCAGACAAGAAC .... TCGACACCATGAAG +6 

---CGACTCCAGATTGG---AGAAC .... TCGACACCATGAAG +6 
* ******** ***** ************ * 

promoter. The second one, located at position - 476 of 
the 7-kafirin promoter, is completely conserved in 
the 28 kDa and presents only one nucleotide substitu- 
tion in the 16 KDa 7-zein promoter. The conserva- 
tion of these sequences at identical positions in the 
7-prolamin promoters suggests that they may play an 
important role in the regulation of expression of these 
genes. 

Comparison of the 3' flanking regions of 7-prolamin 
genes revealed a high degree of similarity in the up- 
stream but not in the downstream region relative to the 
poly(A) site. The comparison of the non-translated 3' 
regions upstream of the poly(A) site is shown in Fig. 6. 
The locations of the poly(A) sites in the 7-prolamin 
genes were deduced from known 7-prolamin cDNA 
sequences (Prat et al. 1985; Barros et al. 1991; Leite 
etal. 1991). Based on the alignment with these se- 
quences, five regions containing a putative poly- 
adenylation signal, designated PS-1, PS-2, PS-3, PS-4, 
and PS-5 in Fig. 6, were identified. The polyadenyla- 
tion signals of plants are not as well conserved as those 
of mammalian genes (Joshi 1987; Proudfoot 1991). 
However a canonical polyadenylation signal of mam- 
mals is present at the PS-2 region of the ?-coixin gene. 
The sequence AATAAT, described as the putative 
polyadenylation signal in c~-zeins (Marks et al. 1985) 
and ~-coixins (Ottoboni et al. 1993) is present at the 
PS-1 region of 7-kafirin, 16 kDa ?-zein and 7-coixin, 
and also at the PS-2 region of 7-kafirin and 28 kDa 
7-zein genes. The region containing the sequences PS-3, 

Fig. 5 Alignment of the 5' flanking regions of 7-prolamins. The 16 
and 28 kDa 7-zeins are represented by the nucleotide sequences 
of Zcl (Reina et al. 1990a) and Zc2 (Reina et al. 1990b) genomic 
clones, respectively. The positions of the prolamin boxes 
(<PROLA>), GCN4-1ike motifs (<GCN4)), CATC box 
(<CATC>), and TATA box (<TATA>) are indicated. Identical resi- 
dues are indicated by asterisks. The gaps used to optimize the 
alignment are represented by hyphens 

PS-4 and PS-5, located 16 to 42 bp upstream of the 
poly(A) site, includes, different versions of the AAT- 
GAA motif, which was recently indicated as the major 
polyadenylation signal for the 28 kDa ?-zein (Wu et al. 
1993). The AATGAC copy (PS-3), is completely conser- 
ved in all the 7-prolamin sequences and is followed by 
the less conserved PS-4, which is represented by AT- 
TGAA, GATGAA and AATGAA in the 7-kafirin, 7- 
coixin and 7-zeins, respectively. The AATGAA copy 
(PS-5) is completely conserved in all the 7-prolamins 
except for the 16 kDa 7-zein, which contains the 
AATGGA version. The finding of multiple poly(A) 
sites within the PS-5 region of the 7-coixin cDNAs 
indicates that either the PS-3 or the PS-5 sites may 
act as polyadenylation signals (data not shown). A 
conserved 14 nucleotide motif containing the CATGG 
sequence is located upstream of PS-3 in all 7-prolamin 
genes. This motif has been found to be essential 
for 3' end processing of the 28 kDa 7-zein mRNA 
(Wu et al. 1993). 
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?-kafirin 

y-zein 28K 

?-zein 16K 

y-coixin 

~-kafirin 

7-zein 28K 

7-zein 16K 

~-coixin 

7-kafirin 

7-zein 28K 

7-zein 16K 

7-coixin 

<PS-I> 

637 TAAA ..... GAAACTATCTA-TACTG---TAATAATG---TTGTATAGCCGCCGGATAGCTAG ...... CTA 690 

670 TGAA" .... GAAACTATG---TGCTGTAGTA .............. TAGCCGCTGGCTAGCTAG ...... CTA 713 

550 TGAG ..... GAAACTATG---TACTGTAGTAATAATG---TAATGGAGCCGCTGACTAGCTACCTATAGCTA 610 

598 TGAACTGAAGAAACTATATCCTACTGTAATAATAATGATGTAATATAGCCGCTGGCGAGCTAA ..... GCTA 664 
. . ******** . *** ** ****** . ***** *** 

<PS-2> <---CATGG .... > 

691 GTT-AGTCATTCA--GCGGCGATC-----GGTAATAATAAAGTGTCATCCATCCATCACCATGGGTGGCAACG 755 

714 GTTGAGTCATTTA--C-CGGCGATGATTGAGTAATAAT---GTGTCACG .... CATCACCATGGGTGGCAGTG 776 

611 GTTCACTCGTTTA--GCGGCGATGAG- ...... TAACGGAGTGTCACC .... CATCACCATGGGTGGCAGTG 669 

665 GTTTAGTCATTTAGCGCGGCGATG----GGTAATAAAAGT--GTCATC .... CATCACCATGGGTGACAATA 726 
*** * ** ** , ********* *** **** ************** ** 

<PS-3> <PS-4> <PS-5> 

756 TGAGC ...... AATGACCTG--ATTGAACAAATTGAAATGAAAAGAAGAAA-TATGTTATATGTCAACGAGA 819 

777 TCAGTGTGAGCAATGACCTG--AATGAACAA-TTGAAATGAAAAGAAAAAAGTATTGTTCCAAATTAAACGT 846 

670 TGAGC ...... AATGACCTG--AATGAACCA-TTGAAATGGAAAGGAATAA-TATATAGGGAAAAAGGATGT 732 

727 TATGCGAA-CAAATGACCT GAAGAT GAACAA- TTGAAATGAAAAGGAAAA- - TATATTACAAT TC 787 
* * ********** ***** , ******** **** . * *** 

Transient expression assays 

Microprojectile bombardment  of immature seeds was 
used as a transient expression system to investigate the 
role of the conserved cis-acting regulatory elements of 
the 7-kafirin promoter. The construct of pPKGUS,  
containing the gus reporter gene fused to a 1190 bp of 
the 7-kafirin promoter  is shown in Fig. 7A. Histochemi- 
cal analysis of GUS activity in bombarded seeds dem- 
onstrated that the 7-kafirin promoter  was able tO drive 
equivalent levels of gus expression in all three species 
studied (Fig. 8). Reporter gene activity was located ex- 
clusively in the endosperm, indicating that regulatory 
factors controlling tissue-specific expression of y-pro- 
lamin genes are conserved in sorghum, maize and Coix. 
No expression was observed when seeds were bom- 
barded with a construct containing the same promoter  
fragment in inverted orientation. Since the activity 
levels and tissue specificity driven by the 7-kafirin pro- 
moter were similar in the three species investigated, and 
because controlled pollination, a necessary condition 
for obtaining samples of synchronized seeds, is difficult 
to achieve in sorghum and Coix, further experiments 
using endosperms were performed in maize seeds. 

To analyze the cis elements involved in the tissue- 
specific activity of the 7-kafirin promoter, a series of 
deleted and chimeric promoter  constructs, summarized 
in Fig. 7, was delivered into coleoptiles, embryos, 
leaves, and seeds by particle bombardment.  The con- 
structs consisted of plasmids harboring the 9us gene 
under the control of the intact 7-kafirin promoter  
(pPKGUS, Fig. 7A) or a deleted version of the 7-kafirin 
promoter  containing only the first 285 nucleotides 
(pPK285GUS, Fig. 7B). This deleted version includes 
the putative TATA and CATC boxes and the proximal 
GCN4-1ike motif, but it lacks other possible upstream 
cis-acting reguiatory elements, including the prolamin 
boxes and the distal GCN4-1ike motif. The level of 
expression driven by each construct was standardized 
by comparison with a reference construct containing 
the gus gene fused to the constitutive CaMV 35S pro- 
moter (pRT103-GUS, Fig. 7C) (Benfey and Chua 1990). 
The use of a reference construct should minimize errors 
caused by differences in area, cell viability, tissue con- 

Fig. 6 Alignment of the 3' flanking regions of o/-prolamins. The 16 
and 28 kDa 7-zeins and 7-coixin are represented by the nucleotide 
sequences of the Zcl (Reina et al. 1990a), and Zc2 (Reina et al. 
1990b) genomic clones and pBCX22.5, respectively. The positions of 
five regions containing putative polyadenylation signals are in- 
dicated by <PS-I>, to <PS-5), and <CATGG) indicates a conserved 
motif essential for mRNA 3' end processing of 28 kDa ,l-zein (Wu 
et al. 1993). Identical residues are indicated by asterisks. The gaps 
used to optimize the alignment are represented by hyphens 

sistency, and competence of cells to be transformed. As 
shown in Fig. 9, bombardment  with the intact 7-kafirin 
promoter  resulted in maximum relative GUS activity 
in the endosperm. Surprisingly, coleoptiles presented 
a relatively high level of GUS activity driven by the 
intact 7-kafirin promoter. The result could mean that at 
early stages of seedling development, conditions in the 
cells of the coleoptile are similar to those in the endos- 
perm, thus allowing the expression of 7-prolamin genes. 
However, Northern blot analysis (data not shown) did 
not detect mRNA corresponding to 7-zein in the 
coleoptile. This contrasted with the observation of 7- 
kafirin promoter  activity in this tissue. The promoter  
activity could be explained by a condition in which the 
regulatory sequences of the 7-prolamin promoter  de- 
livered into the cells are exposed to the trans-acting 
factors present in the coleoptile. Since the gene was 
amplified in a bacterial plasmid, modifications such as 
methylation will not occur. This would allow the tran- 
scriptional factors present in the coleoptile cells to 
recognize the regulatory sequences and promote the 
transcription of the reporter gene. The endogeneous 
gene might be silent owing to methylation of the target 
sequences present in the promoter. Embryo and leaf 
presented only minimal GUS activity close to back- 
ground level. 

The construct containing only the - 2 8 5  promoter  
fragment (pPK285GUS) resulted in an approximately 
80% reduction in relative GUS activity in endosperm. 
A similar reduction was also observed for coleoptile 
but the tissue specificity for endosperm and coleoptile 
was maintained. These results suggest that the cis-act- 
ing element(s) responsible for tissue specificity are 
located in the - 285 fragment of the 7-kafirin promoter  
and may possibly include the GCN4-1ike motif. On the 
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A pPKGUS 

H3 Sp P E EV H3 N B X P Sp H3 

P~'- kaf GUS 3'35S 

B pPK285GUS 

H3 Sp P N B X P Sp H3 

285~,-kaf GUS 3'35S 

C pRT103GUS 

H3 Sp P H2 N B X P Sp H3 

P35S GUS 3'35S 

? 

D pRT90GUS 

H3 Sp P EV N B X P Sp H3 

-90 
9035S GUS 3'35S 

I:: pPK9OGUS 

H3 Sp P EV N B X P Sp H3 

-1192 -285 

P'},- kaf 9035S GUS 3'35S 

400 pb 

Fig. TA-E Schematic representation of chimeric GUS (fi- 
glucuronidase) constructs used in the transient expression assays. 
Distances are relative to the first residue of the initiator ATG codon. 
Unique restriction site enzymes are represented by: B BamHI, EV 
EcoRV, H2 HincII, H3 HindIII, N NcoI, P PstI, Sp SphI, X XbaI. 
A pPKGUS, the GUS-3'35S reporter under the control of the 
1192-nucleotide fragment of the y-kafirin promoter. B pPK285GUS, 
the GUS-3'35S reporter under the control of the 285 nucleotide 
fragment of the proximal region of the v-kafirin promoter. 
C pRT103GUS, the GUS-3'35S reporter under the control of the 
CaMV 35S promoter. D pRTg0GUS, the GUS-3'35S reporter under 
the control of the 90-nucleotide fragment of the proximal region of 
the CaMV 35S promoter. E pPK90GUS, the GUS-3'35S reporter 
under the control of a chimeric powder constructed by fusion of the 
proximal region of the CaMV 35S promoter and the distal region of 
the o/-kafirin promoter 

other hand, the elements responsible for the quanti tat-  
ive response seem to be located within the remaining 5' 
upstream promoter  sequence. To verify whether the 
reduction of the relative G U S  activity of the deleted 
promoter  was due to the absence of quantitative cis- 
acting elements we performed transient expression 
analysis with a chimeric promoter  construct  in which 
the distal p romoter  region deleted in the construct  

Fig. 8 Transient expression from the y-kafirin promoter in im- 
mature seeds of sorghum (upper part), Coix (middle), and maize 
(lower part) following bombardment with the pPKGUS construct. 
(A aleurone, E endosperm, EMB embryo, G glume, P pericarp) 
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Fig.9 Transient expression from whole, truncated and chimeric 
7-kafirin promoters in different maize tissues. GUS activity was 
normalized relative to the expression of pRT103GUS in each tissue: 
100% activity corresponded to 98 _+ 16 blue spots for endosperm, 
618 + 182 for embryo, 829 _+ 151 for coleoptile and 131 _+ 54 for 
leaves. The values represent the mean of three independent experi- 
ments. Lowercase letters over bars represent significant differences 
(P < 0.05) as determined by ANOVA and SNK multiple range tests 
(Steel and Torrie 1980) 

p P K 2 8 5 G U S  was  fused to  the  90-bp  p r o x i m a l  r eg ion  
of  the  C a M V  35S p r o m o t e r  ( p P K 9 0 G U S ,  Fig.  7E). 
F i g u r e  9 s h o w s  t h a t  the  a d d i t i o n  of  the  d i s t a l  r e g i o n  of  
the  ~'-kafirin p r o m o t e r  r e su l t ed  in l a ck  of  t issue specif i-  
ci ty,  a n d  in a th ree-  a n d  twofo ld  inc rease  in the  re la t ive  
G U S  ac t iv i ty  in e n d o s p e r m s  a n d  o t h e r  t issues,  r espec-  
t ively,  w h e n  c o m p a r e d  wi th  the  c o n s t r u c t  c o n t a i n i n g  
o n l y  the  90-bp  p r o x i m a l  r eg ion  of  the  C a M V  35S 
p r o m o t e r  ( p R T 9 0 G U S ,  Fig .  7D). A l t h o u g h  the  C a M V  
35S-90 f r a g m e n t  does  n o t  c o r r e s p o n d  to the  m i n i m a l  
p r o m o t e r  ( F a n g  et al. 1989), the  e x p e r i m e n t a l  c o n d i -  
t ions  used  gave  rise to u n e q u i v o c a l  resu l t s  r e g a r d i n g  
the  ac t iv i ty  a n d  t i ssue  spec i f ic i ty  of  the  7-kaf i r in  p r o -  
mo te r .  These  resu l t s  c o n f i r m  tha t  the  r eg ion  u p s t r e a m  
of  p o s i t i o n  - 285 of  the  7-kaf i r in  p r o m o t e r  c o n t a i n s  
e l emen t s  i n v o l v e d  in q u a n t i t a t i v e  t r a n s c r i p t i o n a l  r egu-  
l a t ion .  
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