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Characterization of the Major Proteins of Tubers of Yam Bean
(Pachyrhizus ahipa)
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Tubers of six accessions of ahipa (Pachyrhizus ahipa) contained between 0.77 and 1.34% nitrogen
on a dry weight basis. This corresponds to 4.8 to 8.4% crude protein based on a nitrogen to protein
conversion factor of 6.25; but detailed analysis of AC230 showed that although 93% of the total N
was extracted with buffer containing 1.0 M NaCl, about a third of this was lost on dialysis. It was
calculated, therefore, that salt-soluble proteins comprise about 60% of the total tuber nitrogen, with
low-molecular-mass nitrogenous components comprising a further 30%. Electophoretic analysis of
the salt-soluble proteins showed similar patterns of components in the six accessions, with none
being present in amounts sufficiently high to suggest a role as storage proteins. Furthermore, light
microscopy failed to show significant deposits of protein within the tuber cells. Five “major” protein
bands, which together accounted for about 19% of the total salt-soluble protein fraction were purified
and subjected to N-terminal amino acid sequencing. Comparison of these with sequences in protein
databases revealed similarities to a-amylases, chitinases and chitin binding proteins, cysteine
proteinases (including major components from P. erosus tubers), a tuberization-specific protein from
potato, and proteins induced in soybean and pea by stress or the plant hormone abscisic acid,
respectively. It was concluded that the primary roles of these proteins are probably in aspects of
tuber metabolism and development and/or conferring protection to pests and pathogens, and that
true storage proteins are not present. The absence of storage proteins is consistent with the biological
role of the tubers as storage organs for carbohydrates (cf cassava tuberous roots) rather than as
propagules (cf yam and potato tubers).
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INTRODUCTION P. ahipa (ahipa), which is native to the Andean valleys of
Bolivia and Northern Argentinal( 2). Although the tubers of
these species are rich in carbohydrates, they have also been

(Ipomoea batatas, Convolvulaceae), and yabisgcoreaspp, reported tq cqntain between about 5'and 15% crud'e protein
Dioscoreaceae) are the most important species. Similarly, potato(2_6)’ which is between 1.5 and 5 times the protein levels
(Solanum tuberosurgolanaceae) and sugar begeayulgaris, reported for other tuberpus crops (7). . i
Chenopodiaceae) are important in temperate countries. Despite  We have therefore reinvestigated the protein composition of
the fact that tuberous organs may have different botanical origins P- @hipatubers to determine the total amount and identify major
(roots, stems, or hypocotyls) and the crop species are not C|ose|}pompone_nts WhICh could_ contribute to its nutritional quality or
related taxonomically, all are characterized by storing high levels P€ €xploited in the food industry.

of carbohydrates (starch and/or sugars) with low protein. Hence,

they must be combined with more protein-rich foods (e.g., MATERIALS AND METHODS

legume seeds or animal protein) to provide the protein require-

ments of humans or livestock. - ) X
Pachvrhizusi £l tive to South d containing a mixture of a peat-based compost (Levington M2) and a
achyrnizusis a genus of legumes, native to south and g, rejease fertilizer (Osmocote, 4.1 g/L). The plants were kept at

Central America, with several species being cultivated for their 55_30°c with a 16-hour day. Once established (about 6 true leaves),
tuberous roots rather than seeds. Thesd’ataberosus, which the plants were transferred to 20-cm pots (5 L) containing supports
is cultivated in Bolivia, Peru, Equado, and Bra#l; erosus, and watered automatically via capillary matting. Reproductive pruning
which is cultivated in Central America and the Caribbean; and was carried out to ensure tuberizati@) and to minimize the effects

of day length.

* To whom correspondence should be addressed [telephdad0) 1275 Localization of Tuber Protein. To establish the distribution of the
392181; fax+44 (0) 1275 394299; e-mail peter.shewry@bbsrc.ac.uk]. protein within the tubers, tissue prints of both longitudinal and transverse

Tuber crops are widely grown, particularly in the tropics
where cassavaManihot esculentaEuphorbiaceae), sweet potato

Plant Cultivation. Seeds of AC230 were sown in 10-cm pots (1 L)
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sections were taken. The cut surface of the tuber was blotted dry with tapje 1. Contents of Water, Nitrogen, and Total Protein (N x 6.25) in

tissue to prevent smudging and to remove excess starch, and thenrypers of Accessions of P. ahipa and P. erosus cv. Catalina
pressed firmly onto nitro-cellulose membrane presoaked in 10%

C-TBST-75. The membrane was placed in a total protein stain (60% accession/ H,0 N protein
(v/v) ethanol, 20% (v/v) acetic acid, 20% (v/v) distilled water, and 1 species cultivar % FW % DW %EW  %DW
mg of Coomassie BB R250/&nand then destained (60% (v/v) ethanol, -
20% (v/v) acetic acid, and 20% (v/v) distilled water). P ZE:EZ e s o 22 3
Protein Extraction. Tubers of the si¥P. ahipavarieties (AC102, P ahipa 230 788 077 128 48
229, 230, 251, 254, 526) aitl erosugcv. Catalina) were peeled, cut P. ahipa 521 78.0 0.77 1.36 48
into 2-cn? pieces, and freeze-dried. The dry pieces were ground to p. ahipa 524 80.0 1.23 1.92 77
flour which was sampled for total N analysis (Kjeldahl methéy, P. ahipa 526 76.0 1.18 2.33 7.4
The remainder of the flour was used for extraction. A 100-g portion of  P. erosus Catalina 88.6 0.43 0.35 2.7

flour was mixed wih 1 L of extraction buffer (0.05 M sodium phosphate
buffer, pH 7.4, 100 mM PMSF, 1 M NaCl) and stirred continuously
for 2.5 h at 4°C. The mixture was then filtered through two layers of glasshouse at IACR-Long Ashton wifh erosuscv. Catalina
muslin. The solid residue was retained, and the filtrate was centrifuged hejng grown under similar conditions. Samples of peeled tubers
at 10,000 rpm (4C) for 25 min. The supematant was collected and .o the five replicate plants were bulked, and their dry weights
stored at 4°C. The pellet was combined with the residue from the and nitrogen contents were determined. Fheahipa tubers

muslin filtration, re-suspendea il L of extraction buffer, and stirred . - . .
at 4 °C for 2.5 h. This process was repeated three times. The contained about 75—80% water with Kjeldahl N contents

supernatants from the three extractions were pooled and labeled the'@nging from about 0.77 to 1.34% dry weightaple 1).
salt soluble fraction. An aliquot of this fraction was retained for total ASsuming a conversion factor of 6.25, this corresponds to
N analysis and SDS-PAGE using 12% Tris/glycine gé)( The gel between 4.8 and 8.4% protein on a dry weight basis and 1.3 to
separations were quantified using the Bio-Rad Geldoc 1000 system.2.3% on a fresh weight basis. In contrast, theerosusubers

Proteins remaining after extraction of the soluble fraction were contained more water (88.6%) and less protein, 2.7 and 0.35%

extracted from the residue using 1 L sddium phosphate buffer (pH on dry and fresh weight bases, respectivalglfle 1).
7.4, containing 1% (w/v) SDS and 2% (v/v) 2-mercaptoethanol). The  preliminary studies with freeze-dried tubers f ahipa
solution was stirred at 4C for 2.5 h, followed by centrifugation AC230 showed that 93% of the total tuber nitrogen was
(10,000 rpm, £C, 25 min). The supernataringoluble fraction) was o5 cted with 0.05 M phosphate buffer, pH 7.4, containing 1.0
retained, dialyzed against distilled water overnight, and freeze-dried M NaCl and PMSE to inhibit endogenous proteinases. Of this
for total N analysis and SDS-PAGE. The residue was retained for total o . ndog p . !
N analysis to determine the efficiency of the extraction process. about 31% was lost on dialysis with & low cut-ofl{(3500)

The soluble fraction was further fractionated using ammonium Membrane, demonstrating that about 62% of the total tuber
sulfate precipitation at 30, 50, and 90% saturation. Following centrifu- Nitrogen consisted of salt-soluble proteins and about 31% low
gation at 10,000 rpm (4C), the pellets were re-suspended in 0.05 M M nitrogenous compounds (presumably peptides, amino acids,
sodium phosphate buffer, pH 7.4, and dialyzed (using a low cut-off etc.). A further 3.3% of the nitrogen was recovered by further
membraneM, 3,500) against distilled water overnight. The three extraction with the same buffer containing 1% (w/v) SDS and
fractions were then freeze-dried, and a sample of each was separatego (v/v) 2-mercaptoethanol (with 1.5% being lost on dialysis)
by SDS-PAGE. To purify the individual proteins, a sample of each |eaying about 2% of the total tuber nitrogen in the insoluble
fraction was re-suspended in 0.05 M Tris/HCI buffer, pH 7.5, and  oqiq,e |t was, therefore, concluded that the bulk of the tuber

separated on an anion exchange column (DEAE Sepharose). Bound . : ) - -
proteins were eluted with a-@0.5 M linear gradient of NaCl. The itrogen comprlsed sr?\lt soluble proteins, and further studies were
focused on this fraction.

fractions from peaks containing protein were pooled, dialyzed against . .
water, freeze-dried, and separated by SDS-PAGE. SDS-PAGE of the salt-soluble proteins from all &ixahipa

Five fractions were selected fi-terminal amino acid sequence ~accessions showed that each contained multiple components
analysis. These samples were separated on 10% Tris/Tricineldgls ( With no apparent differences between theRigQre 1). In
and blotted onto Pro Blot PVDF membrane, and stained for protein, particular, all contained five “major” bands dfl, about
and the bands of interest were excised for sequencing. Automated44,000, 30,000, 27,000, 22,000, and 17,000 (labeled5Pih
Edman degradation was (?arried out using a pulsed Ii_quid mode PVDF Figure 1, track g) which were calculated by image analysis of
program on an Applied Biosystems model 491 procise sequencer.  ge| separations of AC230 to account for about 2.1, 5.4, 6.4,
Western Blotting. The tuber salt-soluble proteins and total seed 2.4, and 2.8%, respectively, of the total fraction. Therefore, the
proteins (0.25 mg of crushed seed in 1 mL of sample buffer; 0.0625 five ; 0
. proteins together accounted for about 19% of the total
2/'_ I’;—:I’SC/aHp(f(!)’ e?hi neo'?’ ai(;/(’ évéggo/f I?v%/v)l ?;:/g n(q\g;z]gm%ﬂé)s\j@r(g/?e o 5. fraction. Because the salt-soluble proteins accounted for 62%
| . of the total nitrogen in AC230, it can be calculated that P1—P5

rated by SDS-PAGE using 12% Tris/glycine gel®). The separated o . ; )
proteins were blotted onto nitro-cellulose membrane and incubated with together accounted for about 12% of the total nitrogen in this

polyclonal antibodies raised against pea globulin proteins (legumin, &ccession.
vicilin, and convicilin) (1:100 dilution) followed by a goat anti-rabbit No bands corresponding to the major seed storage proteins
alkaline phosphatase conjugate secondary antibody (1:6250). Bandsof P. ahipa(see below) were observed in the salt-soluble protein
were visualized using BCIP/NBT alkaline phosphatase color develop- fractions fromP. ahipaor P. erosustubers and no reactions
ment solution. were observed when western blotting was carried out with

_Total Nitroge_n Analysis._ The total N c_ontent was calculated'using antibodies to the seed storage globulins (legumin, vicilin, and
Kjeldahl analysis 9). A typical sample size of 0:50.7 g dry weight  ¢qnyicilin of pea (results not shown). This contrasts with the
was used and analyzed using KB8S Kiedatherm digestion SYSteM Lesults obtained wheR. ahipaseed proteins were blotted (see
(Gerardt). e . -

below) and indicates that the tubers do not contain typical

legume seed-storage globulins.

Purification of P1—P5 from Tubers of P. ahipa AC230.

Comparison of the Protein Content and Composition of The total salt-soluble proteins were initially fractionated by
P. ahipaAccessions and. erosus Six accessions d?. ahipa precipitation with ammonium sulfate (to 30, 50, and 90%
were grown in a replicate random block experiment in the saturation), and the three precipitates were separated by ion

RESULTS
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Table 2. N-terminal Sequences and M, Determined for Proteins P1 to
P5 from Tubers of P. ahipa Compared with Those of Related Proteins
|dentified in the SWISS—PROT Database
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Figure 1. SDS-PAGE of total protein fractions extracted from P. ahipa tuber samples: (a) marker proteins of M, 76,000, 66,000, 42,000, 30,000, and
17,000; (b—q) fractions from AC 102, 229, 230, 521, 524, and 526, respectively. The arrows indicate the five “major” proteins discussed in the text.

proteins including lectins (not shown) and hevein from rubber
latex (also shown iffable 2) (15). These chitin binding domains
are at theN-termini of the mature hevein and chitinase proteins,
as in P4. TheM, of P4 (approximately 22,000) differs from

Species protein sequence M. reference those of the mature herein polypeptide (4695) and those of basic
P.ahipa Pl AL(LF(Q)G)(F)(N)® 44,000  this study chitinases (the bean amirabidopsisenzymes havindV, of
‘r’}’l‘:at g::my:;‘:‘; ;8: tiggmwgﬁ jgg;g ég approximately 35,000 and 34,000, respectively (16, 17)).
P. ahipa P2 g IDDLPDYVDDRY® 30000 this study P. ahipaproteins P3 and P5 also showed homologies with
P.erosus  cysteine proteinase  !DDLPDYVDXR 28,000 13 proteins in the SWISS-PROT database, although the functions
YGB1 of these proteins can only be inferred from their regulatory
P. erosus Cyszfg‘gzpmtei”ase 'DDLPDYVDWR® 26,000 13 properties. Thus, P3 showed homology with an internal sequence
) L 10 . in a protein encoded by a tuberization-specific gene from potato
P e eisationspectc “eempwekes e 15 (Accession number P33191, entry name TUB8_SOLTU) (18),
protein whereas P5 showed homology with proteins encoded by mRNAs
P. ahipa P4 IEQ(C)GRQAGGK 22,000 this study induced by stress (including possibly osmotic stress) in soybean
rubber  hevein 1EQCGRQAGGK1(°] 4695 15 (19) and the hormone abscisic acid (ABA) in p&8), The Mr
E‘g:dms Eﬂlﬂﬂiii 15838582882; 2‘;223 ﬂ; of P5 (= 17,000) was also similar to those of the soybean
P.ahipa  P5 IGVFVFSDETSY®  17.000 this study (16,772) and pea (16,629) proteins. As ABA is itself induced
soybean stress response 2GVFTFEDEIN 16,772 19 by water stress2Q), it can be suggested that P5 plays a role in
protein the response of the tuber to water availability.
pea ABA‘“ESPO”SE ’GVFVFDDEYV™ 16,629 20 Localization of Protein in P. ahipa AC230 Tubers. The
protein

* N-terminus not known.

homologies demonstrated for P1—P5 are consistent with these
proteins playing roles in the development and metabolism of
the tuber, in defense against pests and pathogens, or in resistance
to abiotic stresses, rather than as storage proteins. We therefore

exchange chromatography on DEAE-Sephacel. SDS-PAGE carried out analyses to determine whether protein deposits were
showed that individual fractions from the ion exchange separa- present in the mature tubers. Initial studies by tissue printing
tions were enriched in bands P&, which were blotted from  (Figure 2) showed that protein was uniformly distributed across
the SDS-PAGE gels onto Pro-Blot membrane féterminal the tuber. Blocks of tissue from within the tuber were, therefore,
sequencing. The sequences obtained for the first 10 amino acidsectioned and stained for protein for light microscopy. The
residues of P£P5 are compared with those of related proteins  staining was largely restricted to the cell walls and cytoplasm
identified in the SWISS—PROT databaseTiable 2. with no evidence for protein accumulation in the vacuole as
The sequence determined for P1 showed homology with the reported for storage proteins in a range of systems including
N-terminal sequences of cereabmylases and this identification ~ storage tubers of yanb{oscorea rotundatp(21, 22 and sweet
is also consistent with th&l, determined for P1 by SDS- potato (23), and seeds of many species including legug®s (
PAGE: approximately 44,000 compared with 45,000 for Similarly, there was no evidence for accumulation of protein
o-amylases 12). Similarly, P2 ofP. ahipa(M, approximately elsewhere in the cell (results not shown). It was concluded
30,000) is clearly homologous with two cysteine proteinases therefore, that tubers &f. ahipado not accumulate deposits of
purified from tubers ofP. erosus(M; 26,000 and 28,000) by  specialist storage proteins.
Gomes et al. (13) and with a developmentally regulated cysteine  Analysis of P. ahipa Seed Proteins.Comparative studies
proteinase from the slime moldictyostelium(14) (sequence  were also carried out on seeds of the six accessioRs alfipa
not shown). The sequence of P4 is related to the chitin-binding Their water contents varied from about 5.1 to 5.6%, with protein
domains of basic (class I) chitinases (including the bean and contents calculated (as N 6.25) to range from 42.9 to 48.6%
Arabidopsigproteins shown ifTable 2) and other chitin-binding  dry weight.
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Figure 3. SDS-PAGE of total protein fractions extracted from seeds of P. ahipa. (A) Gel stained with Coomassie BBR250: (a) marker proteins of M,
76,000, 66,000, 42,000, 30,000, and 17,000; (b—g) fractions from AC102, 229, 230, 521, 524, and 526, respectively. The major groups of 11S and 7S
globulin subunits are indicated in track g. (B) Western blots of the fraction from AC230 reacted with antibodies to (a) 11S legumin; (b) 7S vicilin; and
(c) 7S convcillin proteins of pea.

SDS-PAGE of the total seed proteins showed multiple bands likely to range from about 3 to 5% crude protein. This value is
with M, ranging from below 20,000 to above 80,00tigure certainly higher than the protein contents reported for cassava
3A). Western blotting with antibodies to 11S (legumiR)gure (1—2% dry weight, (25)) and yams {B3% dry weight, (26))
3B track a) and 7S (vicilin and convicilinF{gure 3B tracks b and is within the range reported for sweet potate 10% dry
and c) storage globulins of pea revealed the presence of relatedveight, (27)) and potato (calculated as aboti6%6 dry weight
subunits inP. ahipaseeds. Groups of componentshf about based on data in Burtor2@)). However, it is below the values
22,000 and 35,000 (brackets A and BRigure 3A track g) reported forP. ahipaby others, 5—11% by Gruneberg et al.
clearly corresponded to the major acidic and basic chains, (4), 5—10% by Grum et al 5), about 7% by Tadera et aB)(
respectively, of 11S globulin subunits and were estimated to and about 8—20% by Sgrensen et al. (2). Similarly, the value
account for about 14% and 14.5%, respectively, of the total of over 9% protein reported for yam bean (presumably
fraction. However, the western blotting showed the presence erosus) by Barnes and Gomeg {s considerably higher than

of additional immunoreactive bands of intermedie Bands  that determined foP. erosushere (2.7%). The protein contents

antibodies to the pea 7S globulins vicilin and convicilin. conditions, but the levels in field grown tubers are unlikely to
exceed those of tubers grown under more optimal conditions
DISCUSSION in the glasshouse. It can be concluded, therefore, that the protein

Our results show that tubers &. ahipacontain between content of P. ahipatubers is sufficiently high to contribute
about 0.8 and 1.3% nitrogen on a dry weight basis. Although significantly to its nutritional_ p_roperties k_)ut not high enough
multiplication by a standard factor of 6.25 would indicate that for it to be grown as a specialized protein crop.
this represents about 5—8% protein, analyses of one accession Over 60% of the total nitrogen iR. ahipatubers was present
(AC230) indicate that only 60—70% of the total nitrogen in nondialyzable salt-soluble components (presumably proteins)
actually derives from protein. The true values are, therefore, and these accounted for about 90% of the total protein in the
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tuber. SDS-PAGE of the salt-soluble proteins showed a range (2) Serensen, M.; Dgygaards, S.; Estella, J. E.; Kvist, L. P.; Nielsen,

of components but none appeared to be present in sufficient P. E. Status of the South American tuberous legéhaehyrhizus
quantities to suggest a storage function. Similarly, light mi- tuberosugLam.) SprengBiodiversity and Conservatiofi997,
croscopy of tubers failed to show any protein deposits within 6,1581-1625. _ _
the tuber parenchyma cells. (3) Tadera, K.; Taniguchi, T.; Teramoto, M.; Arima, M.; Yagi, F.;

Kobayshi, A.; Nagahama, T.; Ishihata, K. Protein and starch in
tubers of winged bearRsophocarpus tetragonolobasd yam
bean (Pachyrhizus erosuk. Urban). Memoirs of Faculty

Previous studies of other storage tubers have shown that their
storage protein components appear to be derived from different

protein families, and may have secondary or residual activities. Agriculture Kagoshima Universit{t984, 20, 73-81.

Thus, patatin from potato exhibits activity as an esterase and (4) Gruneberg, W. J.; Buttner, G.; Delgado-Licon, E. Eucarpia
lipid acyl hydrolase 29, 30), sporamin from sweet potato is International Symposium on Breeding of Protein and Oil crops,
related to Kunitz-type proteinase inhibito23]), and dioscorin Pontevedra, Spain. 1988; pp 95—97.

from yam is related to carbonic anhydrag?,(31). Typical (5) Grum, M.; Halafihi, M.; Stolen, O.; Serensen, M. Yield

seed storage proteins have not been reported to occur in these performance of yam bean in Tonga, South PackHip. Agric.
tubers, and the 7S and 11S seed storage globulins which are 1994,30, 67-75. _ _ _
typical of legume seeds were similarly not detected in tubers (6) Fernandez, M. V.; Warid, W. A.; Loaiza, J. M.; Montiel, A. C.

of P. ahipa, although they were clearly major components in Development patterns of jicamBd#chyrhizus erosuks. Urban)
the seeds. plant and the chemical constituents of roots grown in Sonra,

Mexico. Plant Foods Hum. Nutr1997,50, 279—286.
(7) Barnes, J. A.; Gomes, A. V. The yam bean: a plant of promise.
Biologist (London)1998,45, 221—224.

The apparent lack of storage proteins Fn ahipa tubers
resembles the situation in cassava and may relate to the
biological role of the storage roots in these two species. Both (8) Nielsen, P. E.; Sgrensen, M. Reproductive prunirgiohyrhizus
cassava andPachyrhizusare perennial crops in which the ahipa (Wedd.) Parodi. 2nd International Tuberous Legume
tuberous roots act as storage organs for carbohydrates rather Symposium, 1996; pp 245—251.

than as propagules. In contrast, the tubers of yam, sweet potato, (9) Appro:ed Methods of the AAC@merican Association of Cereal
and potato act as propagules and contain storage proteins for Chemists: St. Paul, MN, 1987; Vol. II.

mobilization during sprouting and plant regrowth. (10) Laemmli, U. K. Cleavage of structural protein during the
Although no individual components accounted for high assembly of the head of bacterophage Wéature 1970, 227,

proportions of the total protein iR. ahipatubers, five bands 680.

were clearly distinguishable and were partially purified for ~(11) Schagger, H.; von Jagow, G. Tricine-sodium dodecyl sulphate-

N-terminal amino acid sequencing. Three of these (P1, P2, P4) polyacrylamide gel electrophoresis for the separation of proteins

in the range from 1 to 100 kD&nal. Biochem1987, 166, 368—

were related to proteins of known function which can be 379

proposed to l.)e involved in starch metabomimylase.) and (12) Baulcombe, D. C.; Huttly, A. K.; Martienssen, R. A.; Barker,
defens.e. agrfunst pests gnd pathogens (cysteine prpte|133$e§ ( R. F.; Jarvis, M. G. A novel wheat-amylase geneMol. Gen.

and chitin-binding proteins). However, only one major cysteine Genet.1987 209. 33-40.

proteinase ofM; about 30,000 was identified i®. ahipa, (13) Gomes, A. V.; Grace, S.; Barnes, J. A. Major proteins of yam
compared to two oM, about 26,000 and 30,000 reported by bean tubersPhytochemistry1 997,46, 185—193.

Gomes et al.13) for P. erosus. The other two major proteins,  (14) Williams, J. G.; North, M. J.; Mahbubani, H. A developmentally
P3 and P5, showed homology with proteins encoded by mRNAs regulated cysteine proteinase Dictyostelium discoideum
associated with tuberization in potato (P3) and induced by stress EMBO J.1985,4, 999—1006.

or ABA in soybean and pea, respectively (P5). These proteins (15) Soedjanaatmadja, U. M. S.; Hofsteenge, J.; Jeronimus-Stratingh,

may, therefore, be involved in the regulation of tuber metabo- C. M; Bruins, A. P.; Beintema, J. J. Demonstation by mass
lism, in response to either endogenous developmental signals ~ SPectrometry that pseudo-hevein and hevein have ragged
or exogenously applied stresses. It can be concluded therefore, t1e4rEr3mnaI sequencesiochim. Biophys. Actd994,1209, 144

that ahipa tubers do not contain specialized storage proteins
which are present in sufficient amounts to affect their nutritional
quality. Nevertheless, the high total protein content of the tubers

(16) Lucas, J.; Henschen, A.; Lottspeich, F.; Voegeli, U.; Boller, T.
Amino-terminal sequence of ethylene induced bean leaf chitinase
reveals similarities to sugar binding domains of wheat germ

c.om.p_ared .Wi'[h that of most pther tuberous crops could be agglutination FEBS Lett.1985,193, 208—210.

significant if used for feeding livestock. (17) Samac, D. A.; Hironaka, C. M.; Yallaly, P. E.; Shah, D. M.
Isolation and characterisation of the genes encoding basic and
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