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Abstract 

cDNA and genomic clones encoding narbonin, a 2S globulin from the seed of narbon bean (Vicia 
narbonensis L.), were obtained using the polymerase chain reaction (PCR) and sequenced. The full-length 
cDNA as well as genomic clones contain a single open reading frame (ORF) of 873 bp that encodes 
a protein with 291 amino acids comprising the mature narbonin polypeptide (M r ca. 33 100) and an 
initiation methionine. The deduced amino acid sequence lacks a transient N-terminal signal peptide. The 
genomic clones do not contain any intron. No homology was found to nucleic acid and protein sequences 
so far registered in sequence data libraries. The biosynthesis of narbonin during embryogenesis is 
developmentally-regulated and its pattern of synthesis closely resembles that of typical seed storage 
globulins. However, during seed germination narbonin was degraded very slowly, indicating that it may 
have other function than storage protein. Southern analysis suggests the existence of a small narbonin 
gene family. Narbonin genes were also found in four different species of the genus Vicia as well as in 
other legumes such as Canavalia ensiformis and Glycine max. In Escherichia coli a recombinant narbonin 
was produced which yielded crystals like those prepared from narbonin purified from seeds. 

Introduction 

Narbonin, a 2S globulin which accounts for up to 
2.6~o of the total globulins in Vicia narbonensis L. 
seeds, was isolated, purified and crystallized for 
the first time about two decades ago [33, 34]. 

Recently, the three-dimensional (3D) structure of 
narbonin at 0.18 nm resolution was determined, 
from which the protein sequence could be pre- 
dicted [ 16]. Narbonin structure closely resembles 
that of the enzyme triosephosphate isomerase 
(TIM), which is more commonly referred to as an 

The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under 
the accession numbers Z25532 (pNaN21/pNaC18), Z25536 (pNaF6) and Z25533 (pNaG2). 
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e/B-barrel or TIM-barrel structure [9, 37]. More 
than twenty proteins with this structural motif 
have been investigated and all were found to ex- 
hibit enzymatic activity. Narbonin is so far the 
only case of a protein with this structural type that 
lacks any known enzymatic activity. Since seed 
storage globulins typically lack enzyme activity, 
narbonin is thought to serve as a storage protein 
that is degraded during seed germination in order 
to contribute to the nitrogen nutrition of the grow- 
ing seedling. 

In contrast to the wealth of information about 
the 3D structure of the protein, the complete pri- 
mary sequence of the protein has not been deter- 
mined and very little is known about structure 
and expression of the narbonin gene. Here we 
report the isolation and sequencing of cDNA and 
genomic clones encoding narbonin, using PCR- 
based techniques. In addition, the developmen- 
tally regulated expression patterns of the gene 
during embryogenesis of Vicia narbonensis were 
analysed and the overexpression of the cDNA in 
Escherichia coli was achieved which should aid 
further structure-function investigations of this 
protein. 

Materials and methods 

Plant material 

Vicia narbonensis L. plants were grown in an en- 
vironmentally controlled growth chamber with a 
day/night regime of 16 h light at 23 °C and 8 h 
dark at 18 °C. At appropriate stages of seed de- 
velopment cotyledons were harvested and imme- 
diately used or frozen in liquid nitrogen and stored 
at - 80°C.  

Isolation of plant RNA, DNA and cDNA synthesis 

Total RNAs were isolated from plant materials 
by the method of Chomczynski and Sacchi [3] 
using the 'Total RNA' isolation kit (Promega) or 
by the method described by de Vries et al. [6]. 
Poly(A) + mRNAs were obtained using Poly- 

ATtract kit (Promega). DNA was isolated from 
3-5-day old seedlings using the salting-out 
method [27] adapted for plant materials (C. 
Becker, personal communication). First-strand 
cDNAs were synthesized by the First Strand 
Synthesis kit (Stratagene). Both strands of 
cDNAs were obtained by the Capture Clone 
cDNA synthesis kit (Promega). All experimental 
procedures using kits were performed according 
to the manufacturers' protocols. 

Oligonucleotide synthesis 

A degenerate primer P 72 (5'-GAR TAY ATI 
GGI GTI AAR CCI AA-3' ) was designed on the 
basis of the peptide region EYIGVKPN which 
forms a part of the N-terminal sequence of nar- 
bonin. A pair of adapter primers: AP 59/AP 60 
(5 '-GGC CCT GCA GGC CAC CGC GGT 
GAG CT-3') was synthesized as complementary 
strands. AP 60 was phosphorylated and then an- 
nealed to AP 59 resulting in a cDNA adaptor. 
Several narbonin sequence-specific primers for 
PCR: P 94 (5'-CAA CGT AGC AAA CGG CTC 
ATC-3'), NP 10 (5'-CCA TAT GCC TAA G/ 
ACC TAT CTT TCG GG-3'), NP 11 (5'-CGG 
ATC CTC ATC G/A TT TGG CGA GGA 
G-3 '), P 106 (5'-ATC TCC TCC TCC TCC TTT 
CAC ATT GTC AAA ATG CC-3') and P 107 
(5'-GAA AAT AAT AAC AAT GGG TCT TAT 
TTA ATA TTT TTA AAG GC-3') as well as 
various fluorescent dye-labelled primers for DNA 
sequencing were used. The oligonucleotides were 
synthesized on an A394 DNA/RNA Synthesizer 
(Applied Biosystems) and OPC-purified accord- 
ing to the manufacturer's protocols. 

PCR cloning and sequencing 

PCR assays were performed on a thermal cycler 
Autogene II (Grant) using a GenAmp kit (Perkin- 
Elmer Cetus). The assay conditions were: 96 °C 
for 0.8 min; 56 °C for 0.8 min; 72 °C for 1.4 min; 
94.5 °C for 0.7 min; 32 cycles followed by 8 min 
incubation at 72 ° C. PCR products were directly 



cloned into the pCRII vector of the TA-Cloning 
kit (Invitrogen). Plasmid DNAs were purified 
by the Qiagen plasmid purification procedure 
(Diagen) and were sequenced on both DNA 
strands using an ALF DNA sequencer (Pharma- 
cia) and fluorescent dye-labelled primers. The se- 
quence data were analysed using PC/GENE soft- 
ware (IntelliGenetics). 

Rapid amplification of cDNA ends (5' RACE) 

Using the 5' RACE system (Gibco BRL) the 
procedure was performed basically according to 
the manufacturer's protocol, except that instead 
of a specific primer (GSP1), oligo-dT was used 
for the first-strand cDNA synthesis by Super- 
Script reverse transcriptase. After dC tailing of 
the cDNA, it was amplified by PCR as described 
above using the 'anchor primer' of the kit, and the 
narbonin-specific antisense primer NP 11. 

DNA and RNA blotting techniques 

Samples of 10/~g plant DNA were digested with 
appropriate restriction enzymes, electrophoresed 
on a 0.8~o agarose gel, and blotted onto a 
Nytrans-Plus filter (Schleicher & Schuell) by 
capillary transfer. The procedures were carried 
out according to the laboratory manual of Sam- 
brook et al. [30]. For the RNA analysis samples 
of about 1 #g total RNAs per slot were blotted 
onto a nitrocellulose membrane under vacuum 
using a Hybri-Slot Manifold system (Gibco 
BRL). The blotted membranes were prehybrid- 
ized at 65 °C for 2 h, in 5 x Denhardt's solution, 
5 x SSC, 0.5~o Blocking reagent (Boehringer), 
0.5yo SDS and then hybridized at 65 °C, for 
12-14 h, in the same solution containing the Hin- 
d III fragment of pNaF6 as probe, labelled with 
[c~32p]-CTP using the Megaprime Labeling kit 
(Amersham). The membranes were washed twice 
with 2x  SSC, 0.1~o SDS, at65 °Cfor  1 h, fol- 
lowed by several washings with 0.5 x SSC, 0.1 ~o 
SDS under the same conditions. Membranes 
were exposed to Hyperfilm-MP X-ray films with 
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an intensifying screen (Amersham) at -80 °C for 
1-5 days. 

Expression in E. coli 

An Nde I/Bam HI fragment containing the whole 
narbonin-coding sequence of the cDNA clone 
pNaF6 was generated by means of PCR using the 
primer pair NP10/NP11 and inserted into corre- 
sponding sites of the pET12a expression vector 
(Novagen). A single colony ofE. coli, strain HMS 
174 (DE3), harbouring the expression plasmid 
was grown in 3 ml LB medium containing 50 #g/ 
ml ampicillin at 37 °C for 3-5 h to reach an 
OD6o0 n m  of ca. 0.3-0.6 units. Then IPTG was 
added to a final concentration of 0.5 mM and the 
expression was achieved under the control of the 
T7 promoter for 3-5 h. The bacterial cells were 
harvested, resuspended in 50 mM Tris, 10 mM 
EDTA pH 8.0, and disrupted by several cycles of 
sonication, each 20-30 s with an interval on ice, 
using a Vibra-Cell sonicator (BioBlock). The total 
lysate was assayed or separated into soluble and 
'inclusion bodies' fractions by centrifugation for 
30 min at 4 °C and at 13 000 rpm. 

Prow& analysis, purification and crystallization 

Total proteins of different stages of the develop- 
ing and germinating cotyledons were extracted 
with 0.1 M Tris-HC1 pH 9.5, 0.27 M NaC1, 0.1~o 
SDS. Protein samples were prepared in SDS 
gel loading buffer containing 0.2~o 2-mer- 
captoethanol and denatured by heating for 5 min 
at 100 ° C. Equal volumes of extracts were loaded 
on SDS gels according to Laemmli [24]. For 
western analysis proteins were blotted onto 
Immobilon-P membrane (Serva) or nitrocellulose 
membrane BA 85 (Schleicher & Schuell) using a 
Mini Trans-blot Cell (BioRad) and detected by 
antibodies raised against the native narbonin. Re- 
combinant narbonin was purified from the soluble 
fraction of the cell lysate of E. coli expressing 
narbonin cDNA using 300-500 ml bacterial cul- 
ture as starting material. The same purification 
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procedure was applied as for the native narbonin 
[33]. Protein crystallization was performed as de- 
scribed previously [ 17]. 

Results 

PCR cloning of narbonin cDNAs 

Using the degenerate primer P 72 in combination 
with oligo-dT, a nearly full-length cDNA frag- 
ment of about 1.1 kb was amplified. One of the 
clones sequenced was shown to be narbonin- 
specific because fragments of its derived protein 
sequence corresponded to known peptide regions 
of the protein (Fig. 1, pNaC18). 

For the amplification of the 5' ends, the syn- 
thetic adaptor A 59/60 was ligated to the ends of 
the double strand cDNA, then the adaptor primer 
AP 60 and the internal narbonin-specific anti- 
sense primer P 94 derived from the sequence of 
the clone pNaC18 were used. A single PCR 
product of about 0.46 kb was obtained, cloned 
and sequenced. The sequences obtained from five 
clones cover the complete N-terminal peptide and 
contain a corresponding additional region, the 
shortest of 16 bp (pNaN14) and the longest of 
33 bp (Fig. 1, pNaN21) upstream from a codon 
for proline, which is known to be the N-terminal 
amino acid of the mature narbonin polypeptide. 
In addition, cDNA fragments containing the 
whole coding sequence and the complete 5' end 
were amplified using the 5' RACE technique. The 
longest 5' end of the clones obtained consists of 
44 bp upstream from the proline codon (Fig. 1, 
clone pNaRN6). Thus, using both the primer/ 
adaptor strategy and the 5' RACE technique we 
have obtained similar 5' ends of narbonin tran- 
scripts. On the other hand, primer extension ex- 
periments did not give any longer extension prod- 
uct (data not shown). Hence, we conclude that 
the methionine codon found directly upstream 
from the N-terminal proline is the initiation codon 
for the gene. 

A full-length cDNA clone pNaF6 was isolated 
using the pair of narbonin-specific primers P 106/ 
P107 designed after the two cDNA ends were 
known. 

Characterization of narbonin cDNA clones 

The full-length cDNA clone pNaF6 is 1158 bp 
long and contains an ORF encoding 291 amino 
acids (an initiation methionine codon plus the 
complete narbonin mature polypeptide chain, Mr 
ca. 33 200). Accordingly, the mature polypeptide 
has M r ca. 33 100, which agrees with the results 
obtained by SDS-PAGE. Overall, the sequence 
displays 70~o identity with the amino acid se- 
quence predicted from the X-ray derived 3D 
structure at 0.18 nm resolution [16]. The 30~o 
mismatch was caused by difficulties in distin- 
guishing between Asn, Asp and Leu as well as 
between Gin and Glu and between Thr and Val 
at this resolution [ 14]. The cDNA-derived amino 
acid sequence contains the three peptides analy- 
sed earlier, except for four glutamine residues that 
were determined as glutamic acids from the pep- 
tide sequence data (Fig. 1). These glutamine resi- 
dues probably do exist in the primary translation 
products and were changed to glutamic acids ei- 
ther post-translationally or during protein purifi- 
cation as the result of protein deamidation [26]. 
In addition, the calculated pI of 5.26 of the de- 
duced polypeptide from pNaF6 is in good agree- 
ment with the value of 5.17 + 0.10 estimated for 
the native narbonin [ 33 ]. 

A total of nine mismatches in the nucleotide 
sequences of the cDNA clones analysed was reg- 
istered. Seven of them are found at the third 
nucleotide position of the respective codons and 
so do not alter the encoded amino acids. The 
other two mismatches lead to conservative amino 
acid substitutions (Val-79~Ile and Ser~194- 
Gly). Notably, two nearly full length clones 
pNaC18 and pNaRN6 independently obtained 
from different cDNA preparations and PCR am- 
plifications match perfectly, except for a single 
mismatch in the nucleotide at position 126. This 
is located at the third position of a codon and 
does not cause a change in the amino acid. Since 
the same nucleotide changes were obtained with 
different clones, of which both DNA strands had 
been sequenced, we believe that they reflect very 
closely related genes or allelic variants of the gene 
rather than PCR artefacts. 
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pNaC18: 
pNaF6: 
pNaG2: 

pNaC18: 
pNaF6: 
pNaG2: 

NP 10 
P 106  ) P 72  

) ) 

gartayati ggi gti aarcei aaCTC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  120 
ATCTCC TCCTCCTCC1-FTCAC A1-FGTCAAAATGC CTAAAC CTATCl'I-FC GGGAATAC AITG ffFGTGAAGC CAAACTC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

(N17) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a t ct cct cct cct cct t t ca ca t t gt ca aaa t gccTAAGcCTATcl-TFc~GGAATACAlTC~6TGTGAAGCCAb/kCTCAACAAcl-FFACATGAl-I-FFCCAACTGAAATCATcAACA~AGAA 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C . . . . . . . . . . . . .  l . . . . . . . . . . .  

M P K P I F R E Y I B V K P N S T T L H D F P T E I I N T E 
~oRI * * * * * * * * * * * * * * S V 

. . . . .  A.& . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  240 

. . . . .  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C . . . . . . . . . . . . . .  G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AC CTTGG/V~I'FC CACTACATTTTGGGCI-I'FGC CATFGAAAGCTAI-FACGAAAGTGGAAAAGGCACAGGAACI-I-FC GA~GAATCI-FGGCaATGI'F~I-FAI-I-fGGTC C ~ T ~ G  

T L E F H Y I L G F A I E S Y Y E S G K G T G T F E E S W D V E L F G P E K V K 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  360  

. . . . . . . . . . . . . .  A . . . . . . . . .  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G . . . . .  A . . . . . . . . . . . .  

. . . . . . . . . . . . . .  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A A l - I - F ~ C A T C C  AGAG GTAAAGGTGGTAATAb£~CATABGAGGTCGTGGC B1-FAACACTC CA1-FC GATC CAGCTGA~GAAAATGTATGG 6TI-FC~G CT~MTCACTC 

N L K R R H P E V K V V I S I G G R G V N T P F D P A E E N V W V S N A K E S L 
I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  480  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  gatgagccgtttgctacgttg 

AAACTGATCATC CAAAAATACABTGATGATAC-C GGCAACI-FGAI-FGATGGCA1-FCw~CATTCAITATCaAACACATCACIATC GGATC~AGC C Bq-rTGCTAC 6~TGBGCC MC~AT~A 

K L I I Q K Y S D D S G N L I D G I D I H Y E H I R S D E P F A T L M G Q L I T 
( 

P 94 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  600 

GAACTCAAGAAAGATGATGAC CTAAAC ATCAATGTGGTGTCGAI'rGCTC CATC C GAAAACAACTC ATC C CAI-FACCAAAAAI-fGTATAATGCAAAC~AAAGACTATATCAA1-FGGGI-r BAT 

E L K K D D D L N I N V V S I A P S E N N S S H Y Q K L Y N A K K D Y I N W V D 

. . . . . . . . .  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  720 

. . . . . . . . .  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
TATCAGI-FC BBCA~TCAAC~ CC-GTATCC AC/~TGATG C CI'I-FGTAGAGATC'FFTAAAA~TI-FA6AAAAAGh£TAC CATC CTCATAAAGTC CI-FC C ABCV~I'I-FAGCAC C GAC C C G 
. . . . . . . . .  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
_Y Q F G N Q Q K P V S T D D A F V E I F K S L E K D Y H P H K V L P G F S T D P 
• E * S * E E * * * *  * * * * * *  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  840 

CI-FGACACT AGCATAATAAAAI'rb£ACGAGATATA1-FCATTGGTGGCTGCACAAGACTCGTACAAACCI-I-FFCACTACCTGBTG i i i i i l i CTBGAACGCTAATGACTCCGTCA1-FCCC 

L D T K H N K I T R D I F I 6 G C T R L V Q T F S L P G V F F W N A N D S V I P 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ctcctcgccaaacgatga 
AAACBCBATGBGGAcAAACCl-~-FCATCGTAGAGCl-FACCTTGCAACAACTcCTcBCCAAAc6ATGA~TAACTc6cTATATCTAGCcAGcCA~TAATAAATCl-FFCATG~AT~TCATG 

K R D B D K P F I V E L T L Q Q L L A K R - 
( 

~ ~ 11 
. . . . . . . . . . . . . .  $ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  lOSO 
CATCAAABACTATAAGCTCTATATATAI-I'AAATAABACC CAI-r6TACI-FCI~C CATCTGTG t j i i i GTAI-rC TB1-FGTAABTGTBGABAA'I-FAC TrCTCI-rGTATCITrCATffrTATG 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  TTA6C CTTTAAAAATAI-rAAATAA6AC C CAI-rffl-rAFIAI-ITrC. ( P ol yA) 1158 
GGTCATGTATCACAGACTATAAGCTI-fATATBCTTTAgcet ttaaaaatattaaataagaceeatt gtt att at t t  tc 

( 

P 107 

Fig. I. Nucleotide sequences of the narbonin cDNA and genomic clones and the deduced amino acid sequences. Only the full- 
length cDNA clone pNaF6, together with the ends of other clones and the mismatches, are shown. Arrows indicate the primer 
positions. The nucleotides given in lower case are derived from the primers. The peptide fragments known from amino acid 
sequencing are underlined. Matched nucleotides and amino acids are represented by dots and stars respectively. The sequence of 
the region of 17 additional nucleotides, N(17), at the 5' end of clone pNaRN6 obtained by 5' RACE technique is: ACC AGA 
ACC AAT TTA TTA TCT CC. Three alternative potential polyadenylated signals are also underlined. 



66 

The C-terminal region of the cDNA-derived 
polypeptide sequence is two amino acid residues 
longer than that predicted on the basis of the 
X-ray diffraction analysis. This part of molecule 
was hidden in the 3D structure and its precise 
determination was rather difficult and presum- 
ably incorrect. C-terminal protein sequencing has 
confirmed that the C-terminal amino acid se- 
quence is Lys-Arg-COOH. 

Cloning and characterization of a narbon& gene 

Pairs of narbonin-specific oligonucleotides P 106/ 
P107 or NP10/NP11 designed on the basis of the 

narbonin cDNA clones were used to amplify ge- 
nomic sequences from the total plant genomic 
DNA by PCR. Products having the same size as 
those obtained with a cDNA library were ampli- 
fied. Correspondingly, no intron was found in the 
sequenced genomic clone pNaG2 (Fig. 1). Sev- 
eral mismatches which do not result in amino 
acid changes exist at the same positions as those 
found in the cDNA clones (see above). Two ad- 
ditional changes induce amino acid substitutions, 
one of which is non-conservative (Phe-22--, Ser) 
while the other is conservative (Ile-27~Val). To 
verify the sequence two additional genomic clones 
(pNaG3 and pNaG9) from the same PCR ex- 
periment were sequenced. The sequences of all 

Fig. 2. Developmental pattern of narbonin gene expression: occurrence of the narbonin-speciflc mRNAs (A) and the accumula- 
tion of narbonin in the developing Vicia narbonensis seeds (B/C). Following developmental stages: I, 1-4 mm (18 DAF); II, 
4-6 mm (21-24 DAF); III, 6-8 mm (25-30 DAF); IV, 8-11 mm (31-36 DAF); V, 6-8 mm (42-48 DAF) were analysed. Samples 
of about 1 #g total RNAs from different stages were transferred by vacuum blotting onto a nitrocellulose filter. The slot-blot filter 
was hybridized with the [32P]-labelled Hind III fragment of pNaF6 as probe. SDS-PAGE was performed under reducing condi- 
tions on 1 mm thick 11.25% gel slabs with 0.5/lg of narbonin as the standard. The proteins were either stained with Coomassie 
dye (B) or transferred onto nitrocellulose membrane and detected by polyclonal antibodies raised against native narbonin (C). Na, 
V, Le-~ and Le-fi denote narbonin, vicilin, legumin-~ and legumin-fi, respectively. 
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three genomic clones were identical. Thus, the 
sequences of the cDNA and the genomic clones 
we obtained do not completely match each other 
indicating that they may be derived from different 
genes or alleles. Cloning of the promoter part of 
the gene in order to characterize in more detail the 
regulation of the narbonin gene expression is cur- 
rently under work. 

Expression of narbonin gene in developing seeds 

Narbonin mRNA and protein were isolated at 
five different stages during seed development. 
Narbonin-specific transcripts first appeared at 
21-24 days after flowering (DAF) and reached 
their maximum 25-30 DAF. Thereafter, the level 
of narbonin mRNAs decreased but they were still 
clearly detectable in the mature seeds (Fig. 2A). 
Correspondingly, narbonin protein was at first 
found in seeds at 21-24 DAF. It continuously 
accumulated with a pattern similar to that of 
vicilin and legumin, the major seed storage globu- 
lins (Fig. 2B/C). 

Degradation of narbonin in germinating seeds 

The mobilization of globulins during the germi- 
nation of Vicia narbonensis seeds was followed for 
a period of 24 days after imbibition (DAI). By 24 
DAI the plantlets have developed three to four 
leaves and their total dry weights are equal to or 
larger than that of the original seeds. SDS-PAGE 
and western blots show that degradation patterns 
of legumin and vicilin during the early and mid 
stages of storage protein mobilization are in gen- 
eral similar to that of storage globulins from field 
beans [25]. In contrast to the time course of le- 
gumin and vicilin, the level of narbonin decreased 
very slowly and the protein is still easily detected 
in cotyledons 24 DAI (Fig. 3). This result indi- 
cates that narbonin is not a true seed storage 
protein. 

Southern analysis 

After digestion of genomic DNA with three dif- 
ferent restriction enzymes and hybridization 
under stringent conditions, Southern analyses 

Fig. 3. Time course of narbonin degradation. Seeds were planted directly in wet soil. Cotyledons were harvested every 3 days over 
a 24 day period after imbibition. Total proteins were analysed by SDS-PAGE (A) and western blot (B). Methods and labels are 
the same as described in Fig. 2. 
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yielded two bands which strongly hybridized with 
the cDNA probe (Fig. 4). These are fragments of 
about 4.8 and 4.3 kb in Bam HI digests, 15.5 and 
2.8 kb in Hind III digests, and 4.0 and 1.5 kb in 
Eco RI digests, respectively. In addition, several 
less prominent bands were observed, that may 
arise either from cross reaction with a related 
gene or represent unspecific hybridization. The 
largest number of weaker bands were found in the 
Eco RI digest, whereby two bands were relatively 
small. The later are probably hybridization prod- 
ucts of the small fragment of the probe generated 
by an internal Eco RI site at position 128. As- 
suming that genomic fragments are intron-free 
and knowing that the cDNA probe (0.97 kb Hin- 
d III fragment of pNaF6) does not contain any 
Hind III or Barn HI sites, the existence of a small 
narbonin gene family with at least two members 
can be implied. 

Occurrence of narbonin gene(s) in other plant species 

Besides V. narbonensis, significant amounts of 
narbonin protein were found in the seeds of V. 
pannonica. The protein could be crystallized. The 

Fig. 5. PCR amplification of narbonin-specific sequences 
from genomic DNAs of various legume plants. Samples of 
about 0.1 #g total DNA were used as PCR templates. After 
32 cycles of amplification 5/~1 aliquots of PCR products were 
electrophoresed on a 1% agarose gel, stained with ethidium 
bromide and visualized on an UV transluminator. M, DNA 
markers (BioRad); Vn, Vicia narbonensis; Vp, Viciapannonica; 
Vf, Vicia faba; Vs, Vicia sativa; Ce, Canavalia ensiformis; Gm, 
Glycine max. 

twelve N-terminal amino acid residues were iden- 
tical to those ofnarbonin from V. narbonensis but 
there are differences in the primary structure as 
detected by peptide mapping [32]. 

Using the narbonin-specific primers NP10/ 
NP 11 we have succeeded in amplifying narbonin 
genomic DNA fragments from four Vicia species 
as well as from jack bean (Canavalia ensiformis) 
and soybean (Glycine max) (Fig. 5). We have 
cloned and sequenced all of these genomic DNA 
fragments (unpublished data). The results ob- 
tained demonstrate that one or more narbonin 
genes exist in all the six legume plants that we 
have so far investigated. Therefore, we believe 
that narbonin genes are common or universal in 
legumes and may exist in other plant families as 
well. Whether the narbonin protein is produced 
by all of these genes and whether it specifically 
appears in the seeds of all of these plants remains 
to be investigated. 

Fig. 4. Southern analysis of Vicia narbonensis L. genomic 
DNA. The DNA samples were incubated overnight with an 
excess of Barn HI (B), Hind III (H) and Eco RI (E), respec- 
tively. The DNA digests were electrophoresed on a 0.8% 
agarose gel, blotted onto a Nytrans-Plus filter. The nearly 
complete insert of the cDNA clone pNaF6 (0.97 kb Hind III 
fragment), labelled with [c~32p]-CTP was used as hybridiza- 
tion probe. 

Expression of the narbonin cDNA in E. coli and 
crystallization of the recombinant narbonin 

In order to study the structure and function of 
narbonin further we decided to express recom- 
binant narbonin in bacteria. We have so far 
achieved expression levels of more than 50~o of 
total bacterial cell proteins (Fig. 6). The narbonin 
produced in bacteria is present in both the soluble 
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Fig. 6. Expression of the narbonin cDNA in E. coli. SDS-PAGE Coomassie-stained protein patterns (A) and the immunoblot of 
the same gel using antibodies raised against native narbonin (B). Shown are: M, molecular weight markers (Serva); T1-T2, total 
cell lysates; S 1-$4, supernatants; P1-P4, pellets after centrifugation at 13 000 rpm for 30 min at 4 °C (where the numbers 1 to 4 
are the numbers of the corresponding clones analysed); Na, native narbonin; C, total cell lysate of the control E. coli, strain HMS 
174 (DE3), without narbonin expression plasmid. 

and the 'inclusion bodies' fractions in approxi- 
mately equal amounts. Assuming that narbonin 
would more likely be correctly folded in the 
soluble fraction, we purified this fraction and have 
used it to raise antibodies. Under  the same con- 
ditions as used with native narbonin, the purified 
recombinant protein readily formed crystals 
(Fig. 7) with the same form [15]. 

Fig. 7. Crystalline preparation of the recombinant narbonin. 
Crystals were grown by pH shift during dialysis as described 
previously [32]. The bar in the upper right comer indicates 
0.5 mm length. 

Discussion 

Due to their quantitative predominance, the 11S 
and the 7S globulins (also termed legumins and 
vicilins, respectively) found in legume seeds and 
other angiosperms have been extensively investi- 
gated (for review see [2]). Much less is known 
about the minor components of seed proteins, 
often classified as the 2S protein fraction. Pro- 
teins with sedimentation coefficients of approxi- 
mately 2S are not only found in the globulin but 
also in the albumin fraction according to Osborne 
[29]. In addition to similarities in their solubility 
properties, upon which the Osborne classification 
scheme is based, many 2S proteins exhibit se- 
quence similarities and are structurally related to 
the cereal prolamins [31 ]. This group of 2S pro- 
teins includes biologically active proteins, like 
trypsin/a-amylase inhibitors [12] or 'allergenic' 
proteins [20], as well as storage proteins, such as 
the napin of rapeseed [8], the 2S albumin of sun- 
flower [21] or the sulfur-rich 2S albumin from 
Brazil nut [ 1 ]. They are synthesized as precursors 
comprised of an N-terminal transient signal pep- 
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tide which directs them into the endoplasmic 
reticulum, and, in most cases, they are further 
processed by limited proteolysis during their in- 
tracellular passage through the endomembrane 
system and final deposition in protein bodies be- 
longing to the vacuolar compartment of the seed 
storage tissue cells [ 13, 23]. 

In legume seeds numerous 2S proteins have 
been investigated. Some of them, like the low-Mr 
'2S' pea albumin [10], also known as PAl  [19], 
as well as the 2S globulin conglutin b from Lupi- 
nus angustifolius [ 11 ], have a limited sequence ho- 
mology to the above-mentioned group of 2S pro- 
teins. A 2.8S globulin of unknown sequence that 
was isolated from soybean seeds [36] has been 
reported to have some trypsin/~-chymotrypsin 
inhibitor activities [22]. The major pea albumins 
PMA-L/S, also named as PSA [5] or PA2 [ 18], 
clearly belong to another type of 2S proteins, 
which appear to be located in the cytoplasm. The 
absence of an N-terminal signal peptide in the 
cDNA-derived amino acid sequence of the pro- 
teins seems to support this compartmentation 
[ 18]. Preliminary functional studies indicate that 
the pea albumins are much more slowly degraded 
and therefore persist much longer than the major 
storage globulins, legumin and vicilin, in the coty- 
ledons of germinating seeds. This argues against 
their function as storage proteins. 

Narbonin, which was isolated from the mature 
seeds of the narbon bean (Vicia narbonensis L.) is 
an additional representative of the heterogeneous 
group of legume 2S proteins. According to its 
solubility it was classified as a globulin [33, 34]. 
Here we report the characterization of a number 
of cDNA and genomic clones encoding narbonin, 
on the cDNA-derived amino acid sequence of 
this polypeptide, and on the formation of narbo- 
nin and its mRNA in the cotyledons of the de- 
veloping narbon beans. We failed to find any 
DNA or protein sequence homologous to narbo- 
nin in either the EMBL Data Library (release 39) 
or the SwissProt Database (release 29) of June 
1994. Since narbonin was shown to have a TIM- 
barrel structure [ 16] an alignment of the narbonin 
polypeptide sequence with those other proteins 
exhibiting the TIM motif was performed. Only 

very weak similarity was found, mainly in charges 
of certain amino acids (data not shown). The few 
amino acids that are conserved in narbonin may 
be related to structural domains which determine 
the same type of folding in these apparently evo- 
lutionarily unrelated proteins [9]. Therefore, we 
conclude from our sequence data that narbonin is 
a member of a new family of proteins present in 
legume seeds. 

The sequence data also show that narbonin, 
unlike the major storage globulins, such as legu- 
min and vicilin, lacks a consensus sequence for a 
signal peptide. Whether narbonin is a cytosolic 
protein, similar to the pea major albumin PA2 [ 5, 
18], or whether it is localized in protein bodies 
like the other storage globulins, remains to be 
elucidated. Some plant proteins, such as ~- 
amylase [28] or lipoxygenase [35], which also 
lack signal peptides but are located nevertheless 
in vacuoles, have been reported. A direct path to 
the lysosomal or vacuolar compartment, in which 
so-called peptide recognition proteins [7] are 
thought to be involved, has been proposed for the 
transport of such proteins [4]. 

Although narbonin was shown to be formed 
and accumulated in the developing seeds in a 
similar stage-dependent pattern as that exhibited 
by the major storage globulins in the germinating 
seeds, it breaks down only very slowly. Therefore, 
its function as nitrogen reserve for germinating 
seedlings is highly questionable. 

Southern blot analysis has shown that a small 
narbonin gene family exists. Furthermore, narbo- 
nin gene fragments were found in six different 
legume species indicating that similar genes may 
be distributed within the Leguminosae plant fam- 
ily. Searching for other narbonin-like genes and 
their expression products in different plants may 
help to clarify the structural origin as well as func- 
tion of narbonin. 

Narbonin is known to be easily crystallized 
[33, 34] and was the first 2S globulin whose crys- 
tal structure had been determined at 0.18 nm 
resolution. The 3D structure model of narbonin 
[ 16] was obtained before the primary structure of 
narbonin protein or gene was completely known. 
Our sequence data provide additional informa- 



tion for the refinement of the 3D structure model 
of narbonin. In this respect, comparison of struc- 
tural data obtained from the crystalline prepara- 
tions of the native as well as of the 'recombinant' 
narbonins should be of interest. This work as well 
as investigations of the intracellular transport and 
localization of narbonin are now in progress. 
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