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Cruciferin (12 S globulin) is a large, neutral, oligo-
metric protein synthesized in rapeseed (Brassica na-
pus) during seed development. It is the major seed
protein and is composed of six subunit pairs. Each of
these pairs is synthesized as a precursor containing one
heavy a-chain and one light 8-chain. Electrophoretic
analysis of cruciferin showed that four different a- and
four different S-chains exist. A cruciferin clone was
selected from an embryo ¢cDNA library. This clone,
pCRU], contains a 1518-base pair open reading frame
corresponding to a truncated NH,-terminal signal se-
quence followed by an a-chain of 296 and a 8-chain of
190 amino acid residues. Individual cruciferin chains
as well as peptides thereof were subjected to NH,-
terminal amino acid sequence analysis. The sequences
obtained from a specific a- and @-chain pair (a1 and
B81) showed total identity with the deduced amino acid
sequence from pCRU1. Further comparisons revealed
that a previously characterized cruciferin ¢eDNA clone
encodes one of the precursors for the closely related
a2/a3-82/33 subunits. The deduced amino acid se-
quences of the two ¢cDNA clones display 64% similar-
ity.

Rapeseed (Brassica napus) is today one of the major oil
seed crops in many parts of the world. The seeds are rich in
oil, but in addition contain a large amount of protein, which
constitutes some 20-25% of the dry seed weight (1). The
predominant protein species are napin (1.7 S) and cruciferin
(12 S). Napin is a low molecular weight, basic protein, com-
posed of two disulfide-linked polypeptides. It constitutes some
20% of the total protein content in the mature seed. Napin is
a well characterized protein (2), for which both ¢cDNA (3, 4)
and genomic clones have been isolated and analyzed (5, 6).
The 12 S storage globulin cruciferin is the major protein in
the mature seed, constituting 60% of the total seed protein at
maturity (7). Like other 11-12 S globulins (8), cruciferin is
an oligomeric protein, composed of six subunit pairs (9). Each
pair consists of a heavy «- and a light 8-chain with a total M,
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of some 48,000-54,000. The 11-12 S globulins are synthesized
as a-B precursors on the rough endoplasmic reticulum. After
their translocation across the membrane, they assemble into
a preform composed of three subunit pairs. These transport
intermediates eventually become deposited in vacuole-derived
organelles, protein bodies, where the final processing and
assembly into the hexameric form take place (10). Little is
known about the details of the synthesis, assembly, transport,
and processing of these proteins in general and cruciferin in
particular. In order to investigate these processes in detail, it
is essential to understand the relationship between different
cruciferin precursors and the mature chains. We have ap-
proached this question by comparing the amino acid sequence
corresponding to a cruciferin precursor cDNA clone to partial
sequences of cruciferin chains.

MATERIAL AND METHODS!

RESULTS

Characterization of Cruciferin—Cruciferin was isolated
from the rapeseed lines Hanna and S. Karat and subjected to
electrophoresis in SDS*polyacrylamide gels to resolve sub-
unit polypeptides. Nonreducing conditions revealed one major
size class of polypeptides with apparent molecular weights of
approximately 48,000-54,000 («-3) and two minor groups with
apparent molecular weights of 29,000-34,000 («) and 20,000-
23,000 (3). After reduction the polypeptides of the a-3 group
disappeared and the staining intensity of the other groups
increased (data not shown). In total four different «- and four
different 8-chains were present in cruciferin from both rape-
seed lines, although the staining intensity of individual poly-
peptides varied between the two lines. a2 and 3 migrated at
almost identical positions which precluded their separation
by preparative electrophoresis (Fig. 1).

In order to obtain protein sequence information on cruci-
ferin, individual cruciferin chains were electrotransferred to
polyvinylidene difluoride membranes. Peptides generated by
Staphylococcus aureus V8 protease digestion or cyanogen bro-
mide cleavage of cruciferin chains were also used for amino
acid sequence determinations (Tables I and II). The intact
@2/3 and a4 chains gave no NH,-terminal amino acid indi-
cating that they are blocked at the NH, terminus. The al
chain is probably also blocked in cruciferin from S. Karat,
but the homologous chain from the rapeseed line Hanna did

! Portions of this paper (including “Material and Methods,” Tables
I and 11, and Figs. 2 and 3) are presented in miniprint at the end of
this paper. Miniprint is easily read with the aid of a standard
magnifying glass. Full size photocopies are included in the microfilm
edition of the Journal that is available from Waverly Press.

% The abbreviation used is: SDS, sodium dodecyl sulfate.
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FiG. 1. Separation of cruciferin polypeptides by SDS-poly-
acrylamide gel electrophoresis. Purified cruciferin was reduced,
alkylated and applied to an SDS-polyacrylamide gel (10-15% acryl-
amide). After electrophoresis protein was detected by staining the gel
with Coomassie Brilliant Blue. Individual - and 3-polypeptides are
numbered. «2/3 consists of two chains of similar size. Lane A,
cruciferin from the rapeseed line Hanna; lane B, cruciferin from the
rapeseed line S. Karat.

show the presence of an NH,-terminal amino acid (Table I).
All -chains (81-4) yielded an NH,-terminal amino acid. 52
and 33 were identical in all positions determined. Since the
32-chain was present in higher amounts in Hanna than in S.
Karat the former line was used when the 82-chain was isolated
and sequenced.

Isolation and Sequencing of a ¢cDNA Clone Encoding a
Cruciferin Precursor—Rapeseed embryonic mRNA was sub-
jected to translation in vitro in the presence of [**S]methio-
nine and subsequently immunoprecipitated with the anti-
cruciferin antiserum. Analysis of the precipitates by SDS-
polyacrylamide gel electrophoresis showed that three [**S]
methionine-labeled cruciferin precursors (P1-P3) are encoded
in the mRNA.?

A ¢DNA library consisting of 2000 clones was constructed
from embryonic rapeseed mRNA. Fifty randomly chosen
clones were screened by hybrid selection of mRNA followed
by protein synthesis in vitro in the presence of [*S]methio-
nine and immunoprecipitation with an anti-cruciferin anti-
serum. Of several clones that hybridized to cruciferin mRNA,
one was chosen for further characterization. This clone,
pCRU1, hybridized specifically to mRNA that encodes the
two largest precursors of cruciferin (P1 and P2). The other
%8-labeled precursor (P3) was not detected under these con-
ditions (data not shown). The pCRU1 insert hybridized to an
embryo mRNA of 2100 nucleotides on a Northern blot (Fig.
2) and was subsequently sequenced. The endonuclease restric-
tion map along with the sequencing strategy are shown in Fig.
3, and the DNA sequence is presented in Fig. 4. pCRU1 has
an insert of 1704 base pairs in which a single open reading
frame of 1518 base pairs was found. There is no initiation
codon in the ¢cDNA sequence, indicating that the clone is
truncated at its 5 end. Two consensus sequences for polyad-
enylation were found in the 3’-untranslated region. The one
closest to the translation stop codon is apparently not used
in the mRINA species corresponding to pCRU1. Due to trun-
cation 3’ of the second one we cannot conclude that this one
is used either, although it appears likely. Comparison of the
amino acid sequence deduced from the pCRU1 nucleotide
sequence with the amino acid sequences obtained from cru-
ciferin chains and peptides clearly establishes that pCRU1
encodes the al-81 precursor. It also shows that the NH,
terminus of the a-chain corresponds to codon 21 of the pCRU1
insert and that of the $-chain to codon 317. This finding
suggests that if no further processing occurs apart from the
removal of the signal sequence and the proteolytic cleavage

*J. Rédin, unpublished results.

1 CTGC G ACAGCCGTCGCAACGTTCGGGSTTCTCCTCGCTE 60
PCE‘PAVATFGVLLU 14

=1 +1
61 CTCM\CGGCTGTCTDGCMGGCMTCGCTRGGGGWCCTCC'ICAGCTRGGGMCGCG‘TGT 120
15 N 6 C L AJR @ 5 L G V P P Q L G N 34

121 MCCT’CG;\TMCT‘PAGACGHC?CCMCCTACOG.\MCTATCMGAECG.RGGCTGGTCGG 180
35 L bpDN L DV L ¢PTETTIIZ KSEWAGRER 54

181 GTCGMTRCTGGGJ\TCACMCAATCC‘I‘CAG.\TCCGRTGTGCTGGN'!‘CTCWCI‘CGT 240
5% VvV E Y W D H N Q A G V 5 V 5 R T4

241 GTTATAATCGAACAAGGCGGTCTCTACCTTCCTACCTTCTTCAGCTCCCCCAAAATTTCA joo
7 Vv I I E @ G G L ¥ P T FF & 8 P K I 8 94

301 ATCSTTGTTCAAGGAATGGGTATTAGCGGAAGAGTGETCCCTGGATGCGCGGAMMCCTTC 360

5 I ¥ ¥ @ 6 M 6 I 5 6 R VvV V P 6 C A E T F 114
361 ATGGACTCGCAGCCTATGCAAGGACAACAACAAGGTCAACCATGGCAGGGACAMCAAGGA 420
115 M D S @ P M Q 6 Q Q Q G Q P W Q G Q0 Q@ G 134
421 CARCAGGGTCAGCAGGGACAACAAGCGTCAACAGGGTCAGCAGGGACAACAAGGTCAACAG 480
13 © Q 6 Q Q 6 0 0 6 Q 0 6 0 0 6 0 0 G 0 0 154
481 GGTCAGCAGGGTCAACAGGGACAGCAGGGTCAGCAGCRGCAAGGGTTCCGTGACATGCAC 540
185 G Q @ 6 g @ 6 @ 9 6 Q@ Q ¢ 0 6 FR D M H 174
541 CMMGGTCGMC.RTGTTN ACH ATCATTGCCATTACTGCAGGCTCTTCCCAT 600
175 Q H VR HGD I I A2 ITAGS 8 H 194
601 TGGATCTACAACACCGGTGACCAGCCACTTGTCATTATCTGCCTTCTCGACATTGCCAAC 660
195 W I ¥YNTGDOQPULUWVIIOGCLILUDTIA AHW 214
661 TACCAARACCAACTCGACCGCAACCCAAGAACGTTCCGTCTGGCOGGARACAACCCACAG 720
215 ¥y Q ¥ ¢ L DR N PRTTFURIULAGW NWNUPOQ 234
721 GGCGG'I‘!‘CCCMC.\GCAGCﬂGCMCMCMCAGMCATGTFGAGCGGGTI‘CGACCCTCM 780
235 G 5 Q 0 0 Q Q0 QN M LS GFDFPQ 254

781 GTCCTAGCCCAGGCATTGAMMATCGACGTTAGGTTGGCTCAGGAGCTTCAGAACCAACAR 840
2% V L A Q@ A L K I DV R L A Q E L Q N Q @Q 274

84l GJ\CAGCAGMGAMCRTCGTTCGTGTI‘MGGGACCTTTCC&GGTTG‘DGAGGCCGCCTCTT 900
27 D 5 R G W I V R V K G P Qv 294

01 .\GAC.\GCCATACGhGAGTG&GC&GTGMMCACCCCCGTGGCCC&OCMMMCCCRCM 960
295 R Q 2 WRHPRGUPUPQS P Q 114

961 GACAACGGCTTGGAGGAGACTATCTGCAGCATGAGGACCCACGAGAACATTGATGACCCA 1020
315 D N6 L E E T I € 5 M R T H EHNTIDTDP 334

1021 GCCCGTGCTGACG'1'GTRTmCCCMCCTCGGCCG‘IEM.\CTAGCGCTMCMCTAC!CT 1080
335 A R [+] N L 6 R VTS A NS ¥ T 354

1081 TTACCCATCTTGCAGTATATCAGACTCAGCGCCACCCGTGGCATTCTCCAGGGTAATGCG 1140
355 L P I L @ ¥ I R L 8 A T R G I L Q@ G N A 374

1141 ATGGTGCTTCCGAAATACAACATGAACGCGAACGAGATCTTGTACTGCACTCAAGGACAA 1200
375 M V L P K _ Y N M N A N E I L ¥ CT Q@ G Q 394

1201 GCAAGGATTCAAGTGGTGAACGACAACGGACAGAACGTGCTGGACCAGCAGGTGCAGAAG 1260
3% A R I Q@ V ¥V N D N G Q NV LDOQOGQV QK 414

1261 GGAC.\GCTCG‘DGGTCATCCC.\CMGGATTCGCCTATGTTG’I‘CCRGTCCCRCCMCMC 1320
415 6 Q@ L VvV vV I P @ G F A ¥ V V @ Q 434

1321 'I‘TCGMTGGR‘I'I'J‘CTTTCMGRCWCGC'I'MCGCGATGGTC.\GC.&CTTTGGCCGGTAGA 1380
435 F E W I 8 F K T N A H A M 454

1381 hCC"I‘CGGCC'l"DGM:GGCAT‘T\:CCACTMMGTCATAACCMCGCTTTOCAMTTTCTCTC 1440
455 5 AL R ALPLE @ I 5 L 474

1441 GAGGAAGCTAGAAGGATCAAGTTCAACACGCTTGAGACCACTTTGACTCGTGOGCGCGET 1500
47 E E A R R I K F N T LETTULTUERATERG 494

1501 GGACAACCCCAGTTGATCGAGGAGATAGTCGAGGCTTAAGTTARAAACGTTTACTTTTACT 1560
dﬁSGQPQLIEBIVEA;;&

1561 [RATAARGTAGIGACATGGTTACTATTGTARTGGTCAGTTTGTAATCATGTCCACTCTARG 1620
1621 TTTTTAACGTATGTGTAAAATATGTGTCTAAAGAACACGCCGECACETCTCTTETATETA 1680

1681 ACCCTT ACCCCCCCC

Fic. 4. Nucleotide sequence and deduced amino acid se-
quence of pCRU1. Nucleotides and deduced amino acid residues
are numbered at the right margin. The arrow at —1/+1 denotes the
signal sequence cleavage site. The glycine-glutamine repeats (starting
at amino acid residue 121), octaglutamine sequence (starting at amino
acid residue 238), and the two direct repeats (starting at amino acid
residues 379 and 439) are underlined. An arrow between amino acid
residues 316 and 317 indicates the proteolytic cleavage site between
the a- and g-chains. The termination codon is indicated by three
asterisks. Two consensus polyadenylation signals are boxed.

of a single peptide bond between the a- and g-chain, this
c¢DNA clone corresponds to a precursor giving rise to an a-
chain of 296 amino acid residues (M, = 32,900) and a §-chain
of 190 residues (M, = 21,200).

DISCUSSION

We have compared partial amino acid sequences of isolated
cruciferin chains with the deduced amino acid sequences from
a ¢cDNA clone, pCRU1. This comparison made it possible to
establish that this clone encodes a precursor that contains the
a1-81 subunit. A previously characterized cDNA clone, pC1
(21), was also included in the comparison. pCl encodes a
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GGA CAA CAA GGA CARA CAA
GGA CAA CAG GGT CAG
GGT CAG CAG GGC CAA
GGA CAA CAA GGC CAC CAA
GGT CAA CAG GGT CAA
GGT CAG CAG GGC CAA
GGA CAA CAA GGA CAA CAG
GGT CAA CAG GGC CAA CAA
GGT CAG CAG GGT CAG CAA
GGT CAA CAG GGA CAA CAG
GGA CAG CAG AGT CAA
GGT CAG CAG GGC CAG

516 493
e}

A G A
GGT CAA CAG
C c

FiG. 5. Glycine-glutamine repetitive regions in cruciferin
sequences. The nucleotide sequences corresponding to the glycine-
glutamine repeats of pCRU1 (A) and pCl (B) are shown. The
consensus sequence is shown in C. The numbering refers to nucleotide
positions in the respective cDNA clone.

distinct cruciferin precursor which displays complete identity
with the available sequence of cruciferin chains «2/3, 82, and
3. Both the o2 and «3 as well as the 82 and 83 are highly
similar. The a2/3 chains were analyzed as a mixture but
showed virtually no sequence heterogeneity (Table I). 32 and
33 on the other hand which were analyzed separately were
found to be identical in all determined amino acids positions.
The o4 and B4 chains were easily distinguished from the other
chains. No ¢cDNA clone encoding a4 or 84 has so far been
isolated and characterized, but peptide mapping has suggested
that these two chains are synthesized together in a precursor,
P3. These data also suggest that precursor P1 codes for al
and B1, whereas P2 generates the mature chains «2/3 and
32/3.2

Three cruciferin-like genes, CRA1, CRBB, and CRC, have
been isolated from another Crucifer, Arabidopsis thaliana (22).
Two of these genes, CRA1 and CRBB, have been sequenced.
Comparison of these sequences with the available sequence
information on cruciferin precursors indicates that CRA1 is
the homologue of the pCl gene and that CRBB encodes a
precursor homologous to cruciferin precursor P3. No sequence
information is available on CRC. Accordingly, it is not yet
possible to definitely say whether CRC and the pCRU1 gene
are homologous. It is reasonable to assume that the different
cruciferin precursor genes have arisen by multiple gene du-
plication events. The data above accordingly suggest that
these duplications preceded the divergence of A. thaliana from
its Brassica relatives.

The cruciferin precursor undergoes a proteolytic event as it
is cleaved into the mature a- and 8-chains. The site for this
cleavage (Asn-Gly) is well conserved with those in other 11-
12 S storage globulin precursors (23). It is not presently known
whether additional proteolytic trimming of the COOH ter-
minai of the «- and 8-chains may occur.

The two cruciferin cDNA sequences are similar, but far
from identical. Alignment of the nucleotide sequences as well
as amino acid sequences reveals 64% identity. There is a
repetitive sequence in the middle of the pCRU1 a-chain. It is
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49 amino acids long and 47 of these residues are either glycine
or glutamine. A similar repeat is present in almost the same
position of the pCl a-chain, although it is a few residues
shorter. The nucleotide sequences encoding these two repeti-
tive segments consist of repeated blocks of nine base pairs
(Fig. 5). Many other plant storage proteins are known to
contain segments composed of simple repetitive elements (24—
26). It is assumed that this type of repetitive sequences
originate from slippage during replication and/or by unequal
crossing over. In the cruciferin family the original sequence
probably was GG(A/T/C)CA(G/A/C)CA(A/G) which during
evolution has been tandemly repeated more than 10 times.
Some of these duplications may have involved multiple units
of the basic 9-base pair repeat. Several of the repeats in pC1
are shorter by one triplet and may have duplicated separately
or as a part of a longer repeat unit. It is reasonable to assume
that the reiteration of this sequence was at least started before
the genes corresponding to pCRU1 and pC1 diverged. During
the time elapsed since then, the sequences have deviated
somewhat.

It is not known whether cruciferin subunits like those of
other 11-12 S proteins occur as a trimer in the endoplasmic
reticulum and as a hexamer in the protein bodies. The eluci-
dation of the relationship between the cruciferin precursors
and the different mature chains as well as the availability of
cruciferin cDNA clones will greatly facilitate studies on the
assembly of the cruciferin molecule.
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Seehs 1 ° 11 1 i 1 24 W L n L " % N
Seeds of a dihapleid lire of the B. napus w ety Svalofs Karat € & 18 € w [ wg A » 3 ] x v i
generously provided by Dr. Lena Bengtsson, (Svalsf AB, Swvaldév, Sweden). ) m. ) H a2 H 8 " - T o ¥ L . g
rapeseed line was used throughout these studies, xcept for some o il [} " 1 " k) ) 3 3 2? " 3 r L+ & i
amino acid sequence determinations where the rapeseed line Hanna (We & L L = ot e i} ) . Lf - = 3 2
AR, Landskrena, Sweden) was used. Seeds of this line were a kind g o a r H u T r B £ B [
Hans Svensk. ¥ 10 ¥ n T u ] 1 n u m » 4 i H
15 1 FH W 1 Lo L it v 1] L [ ¥ i W .
i i < ; ] [ ] 10 o H [ ) T E o % v H T 10
Extraction and purification of cruciferin. [ 1 " . 3 a1 o u 3 1] e 1 [ <t - -
Extraction of seeds was done as described by Crouch and Sussex (7 P g u £ ¢ . i : B 4 H E o 3 1
Cruciferin was subsequently purified from the crude extract by go w " 7 ] 3 [ ) W 4 A i 5 i T . & 5
chromategraphy on an 5-300 Sephacryl column (100xlem) (Pharmacia, Uppsala, & " 8. s ] L » w " [+ L & X s H "
Sweden) equilibrared with extraction buffer (10mM sedium-phosphate, pH 7.5; L] L o L 5 [ H : H H H I H !
0.5 NaCl: 1mM phenylmethylsul fonylfluoride) . Fractions containing ¥ 12 Q K T ) ¥ N v i T 3 ¥ 1 " .l
cruciferin were pooled and dialysed extensively against 20mM Tris-HCl, pH " ¥ I: 2 : H ﬁ H : L L) ¥ .: v ¥
8.0. The pool was then applied to a Mono-Q ion exchange chromatogr u 5 Q 1 Q 5 ] ] = -
celumn  (5x0.5 om) (Pharmacia), equilibrated with the dialysis buffer. A L 1] x 7 L u 3 w L *
linear gradient of 0-0.5 M NaCl was used to elute the bound proteins. The . % ! : . = 2 i 5 H H
purity of the eluted cruciferin was investigated as described below. L [l t & i ]
v 4 H 5
SDS-polyacrylamide gel electrophoresis and electrotransfer, H H i i
rude rapeseed extract was subjected to SbS-polyacryl 3% P s H 3
electrophoresis according  to  Dobberstein et al. a H 3 3
electrophoretically separated proteins were transfe d to Poly F ) ] 2
difluoride (PVDF) membranes (Millipore, Bedford, MA, USA) as describ s :‘ ;
Towbin et al. (12) with some minor modifications. After electrophoresis, v "
gels were soaked in transfer buffer (50mM sedium-phosphate buffer, pH ; H
for 15 min., Transfer was accomplished by electrophoresis at 400 =A for 4h at
+4%C. The PVDF membranes were thereafter treated as described by Matsudaira
{131. Bands of interest were localized by Coomassie Brilliant Blue staining 11 WG Senctes snquantitated smino acid
prior to their excision and use for amino acid sequence determination. B R apacted wnidentified amine acid
Proteolytic digestion of cruciferin chains using S.aureus VB protease.
Peptides were ganarated by limited prot@olysis With 5. aureus V8 protease as
described (14). Crude rapeseed extract was applied on an sDS-polyacrylamide
gel. After electropheresis the gel was stained with Coomassie Brilliant Elue Kb
and bands of interest were excised. The gel slices were then incubated in
scaking buffer ({0.125M Tris-HCl, pH 6.8, 0.1% 3DS and lmM EDTA) for &0
at room temperature. They were thereafrer inserted in the sample slots of a
second SDS-polyacrylamide gel (15-20% polyacrylamide) and overlaid with 5.
aureus V8 protease (5pg/lane). Electrophoresis was interrupted for &0 min
when the tracking dye was approximately 1 om from cthe separating gel, o
allow the proteclysis to occur in the stacking gel. Electrophoresis was then
continued and the resulting gel treated as described in the above section.
Cyanogen bromide cleavage of cruciferin chains. — 4.4
Cruciferin chains were :solated by S5DS-polyacrylamide gel electrophoresis "
and then processed for cyanogen bromide cleavage as  described (150,
Resulting peptides were separated by SDS-polyacrylamide gel electrophoresis,
electrotransferred to PVDF membranes and used for amine acid seguence
determination as described above.
Preparation of antiserum against cruciferin. — 1.6
Purified cruciferin (100pg) was injected into the popliteal lymph-nodes of a
rabbit. After 4 additional subcutaneous booster injections each with 100pg
of cruciferin the rabbit was bled. The resulting antiserum (K452) gave im
double immunodiffusion analysis against total rapeseed protein extract rise
to a single precipitation line. Western blotting analysis of total rapeseed
protein extract showed that the antiserum reacted exclusively with the four
cruciferin a-chains.
Amino acid sequence determinmation. — 0. 5
Peptides immobilized on PVDF membranes by electrotransfer were Secuenc
with an Applied Biosystéa 470 C sequencer using the PROFTA program (i 0.4
Biosystems, Foster City, ChR, USA). Phenylthichydantoin-aming acids (P
amino acids) were analyzed by on-line microbore HPLC identification using an
Applied Biosystem 120 A analyzer according to Applied Biosystem's Users
manual with some minor modifications. 50-100 pmole of protein were used for
the seguence determinations.
Morthern blotting.
oba was isclated from develeping B.napus seeds 35 days after
pellinatien (7,16). Polyadenylated mRMA was enriched by two passages through
an olige-dT cellulose column. Denaturing agarose gels were prepared and run
as described (1T). 2 pg of denatured mANA were loaded per lane on a 1% Fig. 2: g ing hybridi i of labelled cruciferin cDHA clone
agarose/formaldehyde gel and electrophoresed at 1.5 V/cm for 16h. Transfer PCRUL with B. napus embryo mRHA.
of mRMA to nitrocellulese filters and the subsequent treatment of the .
filters were #lso according to standard procedures (17). Polyadenylated mRNA was purified and ed in a d ing ag : gel.
After transfer to ni,:rssenulose- filter the immobilized mRMA was hybridized
Random priming and hybridization to Northern blots. to & randomly primed [““P)-labelled cDNA probe for cruciferin. The molecular
0.1 pg of pCRUl cDNA were random primed to obtain radicactiwvely labelled weight marker used was a denatured Hinfl digest of pBRI2Z.

probe. Prehybridizations and hybridizacions were done with forsamide=
containing solutions according to standard protocools (17). Washing of
filters was done at high stringency, ie. 3mM scdium citrate-HCL, pH 7.1:
30mM NaCl; 0.5% 5DS at 58%C two times 1h. Filters were exposed on X-ray film
with intesifying screens ar =-70%C.

Construction of a cDNA library and screening of clones. Pst I ¥mn I Pat I Pst I Hinc II XhioE Fat T
The cDNA library construction and screening of clones were as described (4) Tl
with the exception that an anti-cruciferin rabbit antiserum (K452) was used - - -
for the immunoprecipitations. — e e

— ——
Mucleotide sequence determination. —
ag eok i, sequencing was performed according to Sanger et al. (18 with -_—— —_— —_—
[*?5]a-thico-dATP as the labelled nucleotide. The M1} wvector used was 19 —— — —_-—

(18). The clones used for seguencing were obtained by cloning fragments — — _—

derived by restriction enzyme digestions into che pelylinker of MI13 mplb. — L .
Parts of the cDNA were also sequenced according to Maxam and Gilbert (20).
Synthetic primers used were synthesized with an Applied Biosystem 3IEQ
suclectide synthesizer.
100 bp
TABLE $: Aminio #Ei¢ peqeences of creciferin heavy CNAiRs N0 pepiides (gesesaled by Staph.
dsreus V8 protesss snd cyssogen bromide ol

ragel Fig. 3: Restriction map and for the analysis of the cDHA

alechain alive-z Azl asivEes 2 atvney insert of pCRUL.
. = Restriction sites relevant for the sequence analysis are indicated.
Cegradstion Aming Yieid  Amine Tield  Amine Tield  Amino Tield  Asins vield Aming Yigld  Aeins Yield ontal arrows denote direction and extent of sequence determination.
cpeie atid  ipmeler acid geoler acia ipsolel acia ipmsler acid (prelel  acia  (psslel acid  ipmolel information was obrained on 100% and B7% of the coding and non-
strands, respectively. Arrows starting with a dot denots sequence
3 " 5 » " A ® i Qi s " ] T » No CarE i Si
5 i 2 i 3 a . ] . £ e P N HH s carried out accordingly to Maxam and Gilbert (200.
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