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ABSIRACT

Ttre effesLs of læation, eùtivar, storage, ard suscepti_birity to
the tnrrd-to--cool< Gfrc) defæL on eldrophoretic patterns of blacJ<

beans (Phaseolus vulcraris) were irvesLigatd. To investigate t¡ese

effects, six blacl< bean crrltiwars t/ere grcÃrn i¡r t}ree 1æations i-lr

G¡atenala" The tinue rqr-rird for adequate cækirq was deternri¡d for
eac}t salrple i:rurdiately after ha:rrest, usirq a ldattson bean mker. T5e

cootciry tirr€s for beans frcsn two læations were detennind ag-aiJr after
approxi:ratery six nucntlls of stor:age at zsoc. Ttre isoenzr¡res of
peptidase, ¡æroxidase, ¡nlg*rarcr oxidase, acid phosphatase, esterase,

phosphoglucosoisonerase, ard glutaÍate oxaloacetate transaninase frcnr

the cotlzledon, root, st€m, ard reaf tissues hrqre separated

electrophoretically" The electrcg*roretic patterns of cotlrledon storage

proteins solubte i¡ s tf acetic acid ard i¡r 0.1 M acetic acid containirg

1.08 nuercaptoetharrcl were determi¡d usirq acid-¡nrlacr:ylanide gel

electrophoresis (acid-PÀcE) " sDs-PÀGE patterns frcnn coerldon proteins

soluble in sodirmr cùrloride solution, acetic acid, etharnl, ard frcsn

residual proteins were also o<anind.

To fi¡rtJ1er investigrate tlre effert of storage, tr^ro q¡Ltivars were

stord for 6 n¡cnths at tfrree teJrFrature levers 19o, z3o, arxl 36oc) . .At

each tenperature, ta¡o lots of beans rdere adjustd to ll2Z ard 16g

nucisture. coQrredon isænzryares, 5 M acetic acid sorubre cotlrledon

st'orage proteins, ard pùnseoli¡s were nucnitored electrophoreticalty.

The coof<irg ti:tue of frestr sanples røas sigmificantly affect€d ky

crrltiwar, Iocation, ard ttre interaction þtween cultivar a¡d læation
(p<0.001). After sjx nucntl¡s of storage, cæJ<irg tfures were highen for
npst sarpl-es" The i:sease r¡izrs significantly affectd by q.rl_tir¡ar
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(p<0.001)" Ttre c''lti¡¡ars san f'sarfin ard ICTA Lir€ gs-L2 e>&ibitd
greatest' fresh ha¡rCness as æ11 as tåe geatest, i-nrease in f¡¿rdnæss

ù-rjrg sLorage" High tarperabre ard hi$ ¡r¡cish-re prcarøtd t¡e
develo¡nent of tfIC beans ô-Eirg storage"

Cotlrledon e.sLerase elecù:cptroretic patterns Ðùibited locational

r¡ariation" No ottrer patterns were affectd þr location" Stan esterase,

root esterase, leaf pero¿i¿ase, rocrt, perociaase, ard. leaf acid

phosFhatase eld"Iibitd a¡l-tilnr rnri¿tiqr h¡t, rrcrt. all cr:lti¡¡a¡:s cculd be

uniE:ely ctassifid on the hsis of isoener¡roe patterns. ICm. Lire 85-12

ard San t4aÉ,in displayed uonique ester-ase i-soenzFrles (Rf = 0.41 altl
0.45) tñ-ile San l4a*,in also had a wr-ique l_e¡r acid phosFhatase

(Rf = 0.94), i:.d-icatÍrq that these nigtrt be

related to coof<irg E:ality.
Gerctype had a greater effecÈ orr s€d protei-n eletrcçùcretic

patterns tlan on e¡ìzyme patterns witå r¡ariation obsenrd r.rsirq acid-

PAGE (acetic acid/ nercaptætharnr e¡cb:adion) ard sDs-pÃGE (sodiun

ch-loride, acetic acid, ard residual e>cbacÈions). Al-1 cr¡ltir¡ars ccRrl-d

be uniquery classifid on tåe hasi5 of storage protein pattems. No

clear relationship was obse¡¡d betkæn stor:age protein patterns ard

coof<i¡q E:a1ity.

The effecÈ of stor-age crr ccÈyledcrr en4m€ ele@ronetic patterns

was rnj¡rfuraI. No ctrarqes re€re æeñld after 24 weeks r:¡der any storage

cord'itions" Pbaseolin protein patterrLs Þ¡ere likø,¡ise rot affectd' hry

storage" Three 5 M acetic acid soh¡bre protein bards (ko: ss, s9,63)

çeakerpd in int€nsiÈy o\¡er tire e,tren beans e€re stord at 36oc/16å

¡þi-sbJre. These ctrarqes qere rst eviderrt, sñen Ure beans ræ¡:e stcrd at
e%,/r2+ rci-sh.re.
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at JuEiapa (Â.), the INCAP fara (B), ard the greenhctlse
(c)." .. ".. " 25

Fignre 4"23 Representation of cultivar r¡ariation evident in tlre acid
PÄGE patterns of sed prrcteins sotuble in 0"1 M acetic
acid contahing 1"08 uærcaptætharæÌ" Left, to right:
Tauazulapa (T), San $ba{i¡ (S), S-retzal (O), Line g5-12
(L), OsEtta (O), arxlpecho.Aunríllo (p)." ."""..76

Figure 4.24 sDs-PÃGE electr@rorqe:an of sdir-m chlonide soruble
seed proteins. r,eft, to right: Tärazulapa (T), san lrar{.i¡
(S) o.Qtretzal (e), Lixe gS-1-2 (L), ostua (O), ard peclro
Ãnari,llo (p), grce¡n at Jutiapa (A), ttre l}{iåp farm (B),
a¡d tlp greenhcn:se (C) ". " ". ". " 79

Figure 4"25 Representation of q,rltiwar r¡ariation errident in t].e SDS-
PAGÏ patterrs of sdir-m cùrloride soluble seed proteins.
Left, to right: Tamazulapa (T), San ¡daÉ,in (S), eretzal
(e) , Lfuæ 85-12 (L), ffira (o) , ard pecho ¡¡nàiiffo e) " " gO

Figure 4.26 SDS-PAGE er@*ronqmn of acetic acid sorr:bre seed
proteins. Left, to right: Tarnazulapa (T), San lfaÉ,irr (S),
gretzal_ (Q), Li¡E 85-12 (L), Ostua (O) , ard pecho
ÀrariJ 1o (P) , ga:cnm at JuLiapa (A) , the INCAP fam (B) ,ard the greenhcuse (C)".

Figrure 4"27 Representation of cr¡l-tir¡ar r¡ariation evident in tÌre SDS-
PÀGE patterns of acetic acid soh¡ble seed prroteins" I"eft
to right: fa¡nazufapa (T), San l4arLi-n (S), gretzal (e),
f,i¡¡e eS-12 (L), Hta (O), ard peclro elrnrifto (p) . "..... 83

Figir.re 4"28 SDS-PAGE erectropÈroreEa:an of ræiduat sed proteins.
Left to right: fanazufapa (T), San ¡daÉ,in (S), eretzal
(Q), Line BS-1-2 (L), Hua (O), ard pectro anraritto 1e¡,
grcn/n at Jutiapa (A), the INCAP farm (B), ard the
greenhcuse (C) .. 

" " ". " 85

Figrr.rre 4.29 Representation of eù-tir¡ar variation evident in tlre sDS-
PÀcE patterrs of residual sed proteins. I-eft to right:
Tanazula¡n (T), San tfartin (S), e.retzal (e), Line BS-L2
(L), ostua (O) , ard pecho Anaril1o (p) . " ".... " 86

Figr:re 5.1 Harcness of red beans reasured after two hq:r coddry
tùrp" InitiaL rmi-strre content LZZ. " lO2

Figure 5.2 Harrcness of rd beans reasurd after tv¡o hcn¡r @lúÌg
tirre. Initial n¡cisb¡re content 169. " ]-:Oz

Figrure 5"3 }lardness of bl-aci< beans neasurd after tv¡o hcur coof<irlg
tirr€" Initial &ti.shrre content L2Z" " 103
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Figr:re 5"4 ltrardness of blacJ< þans neasurd after two hour cækirq
tinê" Initial nucisbure content 1,62" " l-03

Figiure 5"5 Representation of Fptidase (PP), ¡æroxidase (pOD),
¡nlyphenol oxidase (Prc), acid phosphatase (ACp), ard
estenase (EST) isoenzyne patterns obsen¡ed i¡r tlre
coþrledon of rd ard blad< bans" ao7

Figr:re 5.6 Rd han peptidase isænzylre patterns after 24 weel<s of
storage" 1OB

Figure 5"7 Btacl< bean acid phosphatase isoenzyne patterns after l-5
weeÌ<s of storage l_09

Figr:re 5"8 Acid-PAGE patterns of 5 M acetic acid soh:ble proteins
from red ard blad< þans stord at ÙoC/LZå n¡cistr:re for
O,3,9, asr aryd.z4 weel<s" Al2

Figure 5"9 Acid-PAGE patterns of 5 M acetic acid sotr:b1e protei:rs
from red arrd blad< þans stored at 36oc/16å npisture
for 0, 3, 9, l-5, ard 24 wee]<s" l-i_3

Figure 5.1-0 SDS-PAGE patterns of phaseolin suÌrunits from bl_acl<
beans stored for 24 weel<s urder warious conditions ]-.L4
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1" ïIrIRODUSIION

1"1- Bac]<grou¡rd

In terms of gIobal prduction, lqr-nnes provide a}nost as rmrch

dietary protein as wtreat, and substântially nucre Lhan coïn or rice
(Figure 1-"1) " Ttris is reflected in I-ati:n Anerica wtrere beâns are, after
cerealso tlre most fuportant source of proteìn, calories, a:li other

nutrients (Paredes-Iopez et aI", 1-989) " Because tlre prductj-on of beans

less land ard capital invesbnent t¡an tJre producLion of

livestæk, beans tend to b a rmre ilpoÉant protein source for t]re

¡rcor tlnn for tl.e rich" Significant gains i¡r the availability of beffrs

would corzespondirqfy result in great inprovemerrts i:r the nutritional

status of a vast segnnent of tJre worl-dts ¡npulation"

nræeasi:lg ttre world's prduction of beans has been nanprea ty

trrcst-hanrest handfi:4t problems" The developrnent of hard-to-cook (ffrc)

beans durirìg storage is a serious problem on Central Anerica (Stantey

and Aguilera, 1985). Ilard-to-cook þans are charasterized by requirirg

drarnatically rrþre cookirg tirre than do frestr or soft beans. The

develo¡xrent of the ÌII€ cordition is accelerated þr storage at high

teuperature and moisture levels (Figrure 1"1) " Tfiese corditions are

cotturlon, if not unavoidable, in Central Arnerica.

The IfI€ defesb, fuposes econcmic losses on a grory of farmers that

are already economically disadrrantaged" ft has been doq¡nented that

G:atenalan bans that wene bught frestr for usgo" 66/kq had to be sord

for us$O" as/kg after inadquate hardriry and storage (Booth, t-g8o) " rn
all of Central America arxt Panarna, ttre III€ conditj-on was estimated to

be res¡rcnsjþIe for Losses equiwalent to US$L2 rnill-ion in Lg77 (C,onzalez

de I'Iejia, 1-982) "



TABLE 1..1

üIorld production of protein by rnajor fod lqrunes a¡d cereals ix i-975
(1000 toru:es) 

"

frop kotei¡r

Soybæns

Dlrz þãns

Peanuts

Iegrmes, total

?iheat

Corn

Rice

Cereals, total

25 800

l_1_ 500

2 500

39 800

42 600

25 800

24 000

92 400

Source: Rocl<land arxl Radke (i-981).

Econornic losses occatr at the consufiÞr leve]- as well. Garci-a et aI.

(i-988) estimated that in ttre Peten rqion of G.ratenala aIone, the

i¡reeased cookirg tiJre required for ffrc bans cost consunprs the

equiwalent of US$z rn-iIlion of electrical energy annually. Ttris vafue is
sonevfiat deceptive as most residents of ttre Peten heat wittr wood rattrer

thran elestricity" Neverttrelp.s, wittr deforestation of the peten's rain

forest already a serious problem, the real- cost of ttre lfIC defecL nray

b þst considerd Ín ternrs of tlre release of @2 to the abrxrsphere a¡ld

the destrucb.ion of J_arrge 02 generatitg areas that acconpany defores_

tation"

Stratqies to combat the ITJC defesb, rnr:st consider the economic

situation of most Central Arerican ban prducers. The nrean annual
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incone for tlre ¡:oorest 2Oe" of tlre G:aternal-an ¡npuJ-ation is only US$350

(Table L"2) " Ttrj-s realistically rneans that ttrere ís no rþney avaj-Iable

to invest in technological . Any tecÏuroloqD¡ that effecEively

helps the ¡rcorest farners must b pracb,ically free r¡ùrite at the sarne

tfuue requirirq no capital costs for rnai¡rtenance" Pl-ant bredi-ng offers

a possible solution to tl.is problern. The developrent of a bean cultiwar

resistant to hârdenfu4r r:rder adverse corxtitions woul-d provide that
farner wittr a cheap, maintenance free technotogy to avoid l-osses due to

the FIIC defect."

Conve¡rtional nettrods of cultir¡ar identification of plants are

based on physical arrd nrcrphologicat differences. Because blacJ< ban

ct¡ltivars are often identical- in appearance, it is veqr difficult for
plant' breedens to identiff diffenent varieties if they do not have

access to @igree i¡forrnation" Electrophoresis is one tectrrique tlrat
hâs been used successfully to identify bean cul-tivars on the basis of

drenical dj-fferences rathen than physical d.ifferences (Basslri and

Adams, 7978¡ }fussain et a1", l-986) " Itrese stud.ies, horr,rever, used bean

cul-tivars tl¡at hrere alreadlr disti_nguishabl_e by nxcrpholqical

draraeteristics" An erectrophoretic technique that coul_d rapiùLy

distirqiuistr morpholqically identical blacl< bean rrarieties wouLd assist
ptanÈ breeders i¡ developirg a cultir¡ar that is resistant to the lfIC
defect'" Moreover, if elecLrophoretic pa.tterns could be used to pred.ict

the susceptibility of cul-tir¡ars to the IIIC defect., time-consrnúng

storage studies could also be avoided"
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TABI,E 1"2

Average annual incote of ttre poorest 2oZ of the ¡npulation of sevenal-
centrar Arrenican countries ix l-98o (adjusted to l_990 us
dollars).

Countrlr Income

G:atenala

EL Sa1r¡ador

Horduras

Nicaragua

Costa Rica

350

l_50

260

200

560

Source: C@AL (l-984) 
"

1-"2 Objectives

Itris thesis is divided into two parts. The rnain ¡n:f. of ttre study

addresses the foltovuing three objectives:

l-" To develop an electrophoretic technique capable of identifyirq
morphologically Ídentical blacl< ban cul_tir¡ars.

2" To identify electrophoretic patterns unique to cul-tivars

resistant to the IIIC defest"

3. To detenni¡e if }æan electrophoretic patterns are stable anongt

qrctuJirq locations.

A snallen secord shrdy (cfrapter 5) was desigrned to address the

last objective:

4" To detenni¡e if bean electrophoretic patterns are stabl-e duri-rg

storage"



2" I.,ITER¡fruRE RE\ruEi/ü

2"1- Bean Taxonomy

Ihe bl-acl< kean blongs to ttre s¡recies Phaseofus vul-qaris L. Ítre

genus Phaseolus, vihich blorqs to tlre farnily r.quninosae, represents a

wide variety of beans, such as murg bans (!" radiatus L. ) , LiJna bans

(P" lunab:s L. ) , runrcr bans (P. coccineus L. ) , ard adztùi bans (p"

angrularis (willd" ) Vüight) " Itre species !. vulgaris is distirquistred by

leaflets that are errtire, ovate, acr¡ni¡rate, ard have a rnarked pulvinus

at the base" ftre flcn^¡ens are brne on axi1lar1r, few-flcr¡ered lax

raceilÊs ard tlre pedicels are 5-B crn i¡ length (Iday, tgTg) 
"

!. r¡ulgaris strq,ss considerable r¡ariation in plant size ard in tJre

size, stra¡re, ard coror of ttre seeds" There is not, however, a crear

consensus as to hov¡ to classify tlre subspecies" F?om an evolutionarlr

perspective, sirEh (1-989) has suggested 12 gene poors based on

phaseolin electrophoretic patterns, rncrlphological ctrarasteristics, and

geqraphical distrih¡tion. or ttre other hand, ttre groupirgs used in
intemational trade are basd solely on seed characteristics: pa Þans

(naw), vihite kidney beans (eeat Norttrern group), red. kidney beans,

pixto beans, æanberrlr bans (Romano), black beans, ye1lo^r eye beans,

brcr¡m beans, ard pin]< þans (Iiay, r97g) " Both q¿sterns are not

categorical- as there are næmy interdiate forms.

Regardless of úrictr crassification q¿stem is used., there e><ist

rrBny genot]fpes within eadr subspecies" Moreover, the genoty¡æs often

aptrÞar to be noqphologically identical" Ttris is a parLicul-ar problem

for gerirpl-asn ba¡ù<s wttiù mrst determine if norpholqicalty identical

accessions are also genotlpically identical. Fl:rttrer clraracAerization

by biochenical means, sucùr as erectrophoresis, is usually required.



2"2 FasLors t}te Inffuence Electrophoretic pattetîs

2"2"1, @netics

Because proteins are the prducts of gene activitlz, they give a
good i-ldication of tl-e genetic rnake rp of an otrganisn. Ttanscription

e¡nvetts the DIG' genetic cde into mRl{A. $ihictr is i¡r turn transtated

into a protein (Figrure 2"1-). There are nany different proteins in a

given orEranisn servi:lg as Ðz)@s, structural conponerrts, storage

vetricles, ard a wide r¡arieþz of other fungtions" Se¡nration tectniques,

suctr as chronatography and electrophoresl-s, can þ used to se¡rarate the

proteins on tlte basis of ttreir size, ¡nlarit1r, elestrical charrge, or

other charasteristics. witÏr respecE to eledrophore.is, if a ctrange in
the DlG. affects tl.e size or tlre cha:rge, or even the ocistence of a

proteì:r, it will also affect, tJ:e electrophoretic pa.ttern. For t¡ris
reason' electrophoresis is a useful tool for cultir¡ar identification.
Cul-tivars, þr definition, are genetically different plants, ard si¡rce

ttreir DltA codes di-ffer, each cuftir¡ar strou1d have its cnnnr protein con-

plenent, artd hence, its craar elecErophoretic pattern"

There are, hcnrrever, sevenal otfier factors that, affect, the proteins

present in a given plarrt tissue - tlrey are not solely ttre function of
the DlG,. For ocançrre, it. has often been strcnn¡: ûtat enzlm€

eJ-ectrophoregrams can differ sigurificantly between leaf ar¡¿ root

tissues of the same plant, even ttrough the DldA of tJre cel-1s i¡r ttre
different tissues is identicar (Rarnirez et â1., L}BTí eassiïi and

Adams, 1978) " The slmttresis of qgecific proteins in a cetl can be

regulated by suctr thirqs as diffenentiat transæiption, translationat

repression' nRI\E stability, and ¡rcst-translational rx¡difications. Tüeel<s

(l-981) has described protei¡ bioslmttresis regtrlation in a well written
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review.

Irtercellular differences in protein rnake up due to protei-n

sfnttresis rqulation would not, hcnrrever, b oçecLd witrrin cells of

the sanne tissue at tlre same physiolqical age" Cel-ls within the sarne

tissue would þ subject, to tlre sanre forces of rquJ-ation and would,

tlterefore, prduce the sanre set of proteins" The literature confirms

that electrophoretic pa.tterns are highly reproduciJcle within tìe sarne

þpe of tissue, Ìx¡t t¡ât differences i¡r the age or Qrpe of plant tissue

analyzed can have a drarnatic effect, on electrophoretic patterns (Olang

ard lla:rrold, 1-988; Rarnirez et aI" , L9g7) "

2"2"2 location

Because nitrogen for protein synthesis nn:st ultirnately corne from

the soil, it follows that soi] nitrqen l-evel-s rnay affect ttre protein

make læ of a plant. It is well ]mcr¡rn that increasing the nitrogen

l-evels i¡r the soir inqeases the yierd of a crop. r,eteji et al. (rg7z)

fourd, hcralever, tlnt yield ard crude protein v/ere generalJ-y negatively

concelated" Souza et aI" (l-973) reported that added leve1s of nitrogen,

phosphorous' and potassirmr had no effest on the percent protein in the

seed nor on the protein efficienq¡ ratio (pR) of p. vutqaris. The

stabifity of the PR woul-d irdicate that the protein ctrarasteristics of

the seed are not affected hV feÉ.ilizer 1evels.

Íhe minimal effect of læation on the seed proteia conplenent has

been confinìed þr actual electrophoretic work. Lee and Ronalds (1.;967)

re¡rcrted tllat effect. of location on r¡Èreat gliadin patterns hras

negligiJcle i¡ conparison with varietal differences. Adríaanse et a].

(l-969) tested beans that had been grcrarn in Tanzania and i¡1 Holland, on

clay ard sandy soirs, and with fertirization l-evels of o-j_20 kq N/ha"
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Although they fourd ssne minor differences, they stil-I concluded t¡at
eledrophoregrams klere irdeperdent of external corditions of grorøttr"

More recently, field þans grcnün in colonbia ard i¡ Ca¡rada prduced

identicar SDS-PAGE ard acid-PAGE patterns (Hussain et a1., t-986). Fierd

peas Çrc[¡rn i¡r four Canadian læations duïfuq two growirg seasons strcn¿ed

no location or season effect. (tnrssain et aI., 1_988a) .

2 " 3 fsoenz!¡me Electrophoresis

2 " 3 " 1, Biætrernical Backcrrourd

It has been well establistrd thât, wtrat are refemed to as single

mz)@s, often o<ist in several nrolecul-ar forms. When ¡4arkeÉ, ard

Moller (l-959) used starctr gel electrophoresis to separate protein

e:<trasts from Lleef healt, they found that there hrere several regions in
the gel that eùribited lactate detrydrqenase acb,ivier" Itultiple regions

of activitlr wene also discovered for citrate arxl rnalate detrydrogenase.

Íniey concluded that, there rnust b nr¡rerous different nrolecul-es tt¡at are

capable of catalyzi:q the sanp reasLion. The term rrisozlmrerr was

designated to refen to ttre distinst, nxlrecul-ar forms of an enzyme. rhe

term ltisoenzymetr is also conuronly used"

Isoenzlzlres rnay originate from several gene Ioci, eactr codi:rg for
one isoenzyne" rhey rnay also ocist as the products of al-re1ic genes,

scrl€tfunes called allozlznres (Figure 2"2) " Studies strc¡ur that these

isoenzYne patterns are i¡trerited. accordÍ¡g to Mendelían laws. Ilnlike

the j¡Ìrenitance of ctraracteristics such as eye color, the isænzynes

produced þr one allele do not rnas]< the prduct of the other a1lel-e. ftre

prducEs of both alIelic genes are epressed ix heterozygous

i¡diviù¡als (Moss, l-982),
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Although nerrbers of a set of isoenzyrrcs catalyze ttre sanre or vell¡

sjmilar reasLions, they do differ in ottrer funcLionaf charasLeristics.

For e nrgrle, they can diffen in size or clrar:ge as l{arkent, ard MoIIer

(1-959) denonstrated elec*ropÏroretically" It has also been slrcnr¡n that

isoenzynes can diffen in spcific activitlr (pesce et âr., ag67) ,

susceptiJcirity to irùrilcitors (plagernann et âÌ., l-960) , substrate

spcificity (RosaJ.ki ard ?üil]ci¡son, 1960) , aÌ'Ìd in stability (uara.is,

L980) " Moss (l-982) aclcroøledges that isoenzynres can have quite

diffenent charasteristics and that distìrguishirq beb¿een isoenzymes

artd conpletely different enz1rrrps can b difficult.
2 "3.2 O¡ttiwar fdentification"

Schwartz (1960), worklng with maize, reported ttrat isoenzlzme

electrophoretic patterns often r¡arid. amorq cultirrars of the sâne

species" As a result, it was recognized that elesLrophoresis coul-d be a

useft[L for plant cultirnr identification" Successfu]- ísoenzyne

proceå:res for cirltivar identification have since been developed for

¡ntatoes (Desbrough artd peloquin, 1968), peanuts (crrerq¿ and ory,

L973), barrey (Fedak, a974), aÌd soybeans (connan arxi Kianq, a977), as

wel-l as for rnany ottrer æops"

Although others had reported t]:e o<istence of isoenzrTmes ix
Phaseolus vurgaris (Robb et aÌ", t965; v{est and Gaïber, 1967), Bassiri

artd Adans (1978) were ttre first to investigate the ¡rcssiJcility of usi:rg

enzYlTle elecbrophoretic patterns for bean cultirrar identification" Usi¡g

starch gel electrophoresis, trrey anaÌyzed the l-eaf, stem, arxt ræt
tissue of 34 bean cultivars" The cultivars analyzed r¡rere widety

representative of Phaseolus vulg"aris a¡d i¡cluded lines from ttre Øeat

Norttrern, kidney, n¿r\Õ¡, pirrto, a¡xl blacl< gïoups" on tlre basis of leaf
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arxl stem esterases ard leaf, stem, arxl root peroxidases, tlrey were aJ¡l-e

to cl-assify ttre cul-ti¡rars jnto 28 grol¡ps. lihile rnany of the cul-tiwars

were readily identifiable kV irorphological differences, tlre value of

tl.is work rôias that it denucnstratd ûrat enz)¡ne elechrophoresis had

ptential for the n¡cre difficall-t. identification of cultir¡ars withi¡r a

s¡æcific conmercial class.

lileden (l-984) did a similar study hrt limited the r¡aterial-

analyzed to only vÈrite seeded snap beans. tlnl-ike tlre previous study,

ttris rnateniat lrras difficult to classify visually. sLaïch gel

electrophoresis r¡jas used to analyze ten enz]¡rt€s jx jJnbibed seed.,

seedli¡rg leaf , h1zpotyl, ard. root tissue. of the 90 curtivars

investigated, 52 Ðihibited unique cornbi¡rations of elechrophoretic

ptterns. the renainÍ:'rg 38 were segïegated i:rto l-4 sets, resultirq in a

total of 66 classes of rnatenial anrong the 90 cultir¡ars. Although not

able to uniErely identify eactr cultivar, these resul-ts i:rdicated that
electrophoresis r¡ns useful for disæininatjng cultivars witt.i¡r the same

comrercial class.

Ãltttough !ùeeden (l-984) develo¡d. a relatively sensitive mettrod of

cultivar identification, it was not a rapid procedure. To do 1_o enzlzme

assays for eactr cultivar would Þ verlr tilr€- consr-nnirq. Ttre use of
polyacr¡¡lanide 9e1, v¡hich generarry gives better resorution than

starch gel, miøIt have rduced the nr¡riber of enzymes needed for the

sane level of disc:cirnination" Cassava cultivars have þen identified on

the basis of esterase isoenzyires arone vtren separated on polyaolrlamide

(Ramìrez et aI. , L9B7).

Both researctrers (Bassiri ard Ãdarns, t97B; i{eeden, l_9g4) reported

that differentiati:g enz!ãrÊs were normally found in seedÌirg tissue
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e><tracts" Bctrash-s from r.trqerrninatd seds have not given satísfactory

discrimi¡ration (Itussain et a1., l-986) " Ttris is probably because enzlares

are relatively dor¡rant. in sed., beconLiry muchr ftcre asEive rqþn

germination"

2 "4 P:otein Electrophoresis

Usilg a general protein stain, suctr as Cærnassie Blue, has sevenal

aùrantages over enzlme stai¡s for cultivar identification" Vüith a

genenal protein stai:r, thene will be nË¡l:ìy mcre barxls present i¡r the

geI, resulting in a greater charce to obsen¡e divensitlr among

culti¡¡ars" SecorÌdfy, ttre proteins nny b denatr:rd with SDS as ttrere is
no need to conserve enzyne activitlr. Finally, there is no need to grcnnr

out seeùLings as is needd for enzlzne elecLrophoresis.

G?aham (l-963) l{"as amcrgr t}re first to use proteil elecbrophoresis

for cul-tivar identification" She den¡cnstrated ûlat ttre starctr gel

electrophoretic ¡ntterns prodr.rced from the acetic acid. soluble proteins

of viheat fl-our coul-d b used to dissfuninate varieties of Ttiticrm

vulcrare. Cultivar identification præedures have since ben develo@

for rnany crops ìncrudi:'lg ¡reanuts (Tombs, 1963), peas (Ilynes, l_96g) , and.

faba bans (Balratt, 1_9BO) amcrg others.

with respecL, to bans, Adriaanse et aI. (l-969) perforned an

oçeri]nent in \¡ÈIich r¡rater soluble seed proteíns were ortracted and

se¡nrated on starch gel urxler acid corditions (pH 3"1) " A wide warietlr

of cul-tiwars $/as ocamined, incrudi-rq green hans, stri:q beans, artd

bacon beans. It was fourd tbat even closely retated cultirrars of the

sane type of bean could often be identified" They were not, however,

abl-e to discrimi¡ate ainorg aIr r¡arieties. The effects of
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fertirization, cliratic corditions, arxl soir properties hrere

nqligiJcle. Thene lr¡ere soilte minor, inconsj-stent d.ifferences i:r
cultiwars grcem urder diffenent corxlitions, kx-rt ttrey did not affest
cu]-tir¡ar identif ication "

A studlz þz ltussain et al" (1986) investigated fietd þ¡n cul-tivar

identification usirq two q¿stens" rn the first, o.l_ M acetic acid

containirg 1-å 2-nrercaptoetlranol was usd to extracE seed proteins v¡hicfr

were se¡rarated on polyacrazlarnide gel urxler acid corditions (pH 3"1) " In
the secord, residuat proteins that rernai¡red after sequential s<traction

with sodiun cfiloride, ethanol, ard acetic acid solutions, \¡/ere

separated usi:rg SDS-PAGE" ffie seven cul-tivars analyzed were clearly
identifiable usi:rg both systems and resul-ts were reproducible. Itrey

also re¡rorted ttrat the patterns were not affected by location or þr a

perid of storage of six rnont}ls at ambient laboratory corditions. A

later study i:rdicated that tlrere coul-d be significant r¡ariation witSi¡r

diffenent accessions of tJre sante cultivar, alttrough intra-accession

variation !,ras generally nil (ftussain et aI., t-g88d) .

No work hâs yet ben publ-istred i:dicatirg that protein

electrophoresis is capable of disæirnirnti:rg anþng cultivars of ttre

sams cormencial or color class as has þen reported with erìzliirte

electrophoresis (I,rleeden, 1984). A protein nrettrod woul-d be preferable

because of its convenience ard sFed" A si:rgle protein ge1 courd give

rnore j¡rforrnation than several enzfne ge1 arxt would be no more difficul-t,
to produce"



1_6

2"5 Bean llardenilq

EÌectrophoretic cultivar identification technique= have ben of

nrost interest to plant bredens üLro must þ able to cfiaracterize ttreir
gençlasn collestions. In ttre past, tlre deveJ-o¡lnent of nerr plant

warieties has þen driven by agronomj-c considerations, such as tlre
desire for j¡c¡reased yield or ùisease resistance. There is, hcnalever, an

inæeasing anNcunt of work bei:"lg done usirq plant breedirg to address

nutritional considerations" The developnrent of a l_cnrr-enrcic acid/Iour

glucosinolate ra¡reseed, nctur lmcn¡¡n as canola, is an ocanple of a

successful genetic solution to a nutritional problem.

lvith respect, to hans, one of ttre rnost pressi:rg nutritionat
problerns ís tlre hardenirq that develop during storage under adverse

corNlitions (sLanley ard Aguilena, t-995). rn addition to ttre

considerable econo¡n-ic losses (Gonzalez de Mejia, LgBz), hardened beans

rquire sr-rbstantially ronger cooki-rq tfunes, i:rcreasirg the

susceptiJcility of nutrients to tJ:e::nal destmction. The kotei¡
Efficienq¡ Ratio (PR) has also been reported to decrease wittr hardness

(Antunes ard Sgarbieri, L979) "

There are two phenomena tlrat are associated wittr bean hardening.
!rlla::dshe11¡r refers to beans that do not irnbiJce sufficient water durirlg

the soakirq step, that is, tlre seed coat acts as a ba:rier to water r4r
take" rlardshell Ís not a great problem i-:r G:atenara as beans are

nortnally cooked wittrout a prior soakfulg step. The ¡rhard-to-øk¡¡ (Hrc)

¡ùenoruenon refens to soaked leglmes t}lat do not soften durirg cooki:rg,

even though tlrey have funbÍbed sufficient r¡rater. In ttris case, the seed

coat does not asL, as a barrier. Because it is such a serj-ous problem in
Central- Anerica, this tlresis wil-I deal exchisively wittr rrc phenonenon.
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2"5"L Fadors Affectirq Bean llardeni:E

Four fastors are lcrcm¡n to affect. the development of ttre tflIC defest

ùlriJlg storage: tire, relative ht.unid.it1¡, teneerature, ard t¡e ¡rx¡isture

content of ttre sed" I4oisture content ard tenperature are considerd

the rnost furpÈant, (Etias, a982). Relative htmìjidity Ís a fasLor i¡1 that
it affects ttre seed nxristr:re ard tfure is a factor only raitren tenprature

a¡d nucistr:re levels are above ceùtai¡t l-eve1s. Pinto þans stored at i-0å

npisLr¡re ard 8oc ùid not rquire i¡ræeased cookirq time even aften two

years of storage (Buff et aI" , L96g). Aguirera arxl Hohlberrg (l-9BB)

suggests that beans havirg a moisture content belov¿ B-gZ, or stored at
a teryeratlJre belc¡t¡ a7oc, will not harden significantly, independent of

the other wariable" Data collested from tlre Peten region in q¡aternata

indicates that, beans are routinely stored with moisture l-evel-s above

i-5? arxt at telrperatures abve 25oC, nnkiry ttren highly susceptibl-e to
the IIIC problem (Garcia arxl El-ias | 1gB7) "

In addition to tt¡e above four facbors, there is grorruirg evidence

ttnt genetics play a role in ttre developrnent of ttre IIIC defect.. Several

workers have reported tÌ¡at the hadness of frestrly ha:r¡ested beans is
sigrnificantly affected ky genotlpe (ctraderi et al. , a9B4¡ Hosfierd et
âI., L984¡ koctor ard Vtatts , Ig87). There is also evidence ttrat tÌrere

are r¡arietal diffenences i:: ttre rate of hardness increase durhg

storage. Bu:r et ar. (l-968) stored pinto, sanilac, and Lirna bans at
zl-oc arxt 16? noisture for !2 nucnths. Usirg a ndified Mattson Cooker,

Sanilac and Lima beäns e)ùibited greater haïdenillg rates than pinto

hans. vi¡diola et aI" (l-986) placd n¡rvy, pinto, brorn, red, arud bl_ac]<

beans urder storage at 4soc ard j-ooz R.H. Ilardness was tested by

squeezirq sirqle cooked beans between the forefirger and thlnrb. Itrey
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retrþrtd that threre were differences in the haïdenirq rates arrucrg the

cultivars" I'hite kleans hardend verl¡ quicl<J-y vùrile pinto ard brcn¡n:

þans hardened at a slcn'¡er rate" MicLraels arld stanley (l_98g)

establistred a broad sense heritability value of 0.53 for ttre I¡1C

defect., a r¡a1ue they considerd high enough to i-ndicate sigrnificant

genetic control.

Although there is general agreement on ttre factors that i¡fluence

þån harideni:ag, tltere is no consensus as to the physical or ctrenical

nechanisns that are responsiJcle for ttre developrnent of ttre IIrc

corditíon" severar tlreories have been put for:vrard: (1) kotein-phyb.ic

acid conplex: Phytic acid. is ]arcn¡r to reast wittr proteixs aryl it has

hen suggested tlrat tl.e resultant i¡sol'¡b1e conpJ-ex nny be res¡rcnsíb1e

for the hardening of þan telture (roras arxl ldarkakis, Lg75í Elias,

f,982) " (2) starctr retrqradation: Herlendoorn (rg7g) proposed that
hardeûjng irny b caused þz a si¡rúIar physical process as ttrat of the

retrogradation of starch, that is, anrlrlose molesul_es cÐni¡tg to
associate togettrer rrlcre closely, producirq a tough starctr rnatrix,

resulti:g in a harden ban. (3) sbarcfi geratinization: usirg

electron rnieoscopy, Aguilera ard Steinsapir (1995) reported ttìat hard

beans had ntore urqelatinized starctr granules than did soft bea¡rs after
tJ:e san¡e amount of cooking tirc" It Ís ¡nstu-Lated that the starctr of

Hrc be¡ns has some sorE of resistance to gelatinization. (4) Lipid
deterioration: lft¡neta (1964) ¡nsturated ûrat ripid oxidation and

pollzlrerization næty cause cfianges in water permeability Ì¡frich i¡ turn

would affecÈ cækirg tfune. More recently, it has been strcnn¡n that
hydrolysis of phosphati{rlctroline ard pfrosphati{zlethanolanine occur in
soybean ùrrirg storage (kiestry ard r.eopord, tg79). this would lead to
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cell ÍenÙcrane dqradation arN1 increased solute leakage resultirq i-n

deæeasd cell waII turgidity a¡xl decreasd cell wall separation on

cækirg. Solute leakage woul-d also ¡ùrysically bring together enzlãr€s

ard substrates involvd i¡ ttre hardenirg nechanisn" (5) Ctrarqes i¡¡ the

rniddle IareIla of cotlr]-don cells: There is c¡nsiderable microscopic

evidence irdicatirg ûtat haïd bans sho,¡ Iess celt separation r4rcn

øki:rg than do soft hans (Hincl<s arNl sLanley, l-986). rt is brieved

that æoss-IirÙriry of corponents in tlre rniddJ.e tamella of Ifß þans is
responsiJcle for hardness.

of tl.e five proposed nechanisns, charges i¡r ttre middle l-anrell-a of

the cotlrledon cells seem to enjoy widest supporf." ltre nliddle IameIIa

refens to ttre region r'ùrere the wat1s of pl-ant cells ahrt ard are held

tqethen" Pectin is one of ttre principJ-e conponents of this area. (þon

coolcing, ttre pectin is rapid-Iy dqraded causi:lg the cerl-s to separate

from one anottrer, produci:'lg the soft tÐ<hrre associated wittr cooked

beans" Any changes i¡ ttre rniddle IameIla ttrat v¡oul-d cause tLre cells to
hold together nþre tightry woul-d result in bans ürat are lilc. To

s-pport ttris theory, there is substantial evidence that relatively
soluble FCti¡ beco¡re-s cross-li:rked wittr dir¡alent cations to produce an

i¡soluble pectate conple>r that cements ceII r¡ral-l-s togettren. TSere is
also recent evidence that lignin-IiJ<e conploces form i:r the niddle

lamella vùrere ttrey would prevent ceII separation.

2 "5 "2 Pectate Forrnâtion

Phytic acid (PA: ¡q¡g-inositol hoaphosphoric acid) is ttre rnajor

resenvoir of phos¡rhorous i¡ the seed (Iolas and l[arkalcis, 1-;gTS). ft has

been irplicated i:r pestate forrnation as the rnai¡r supplien of the
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diwarent cations nedd for the eoss-IinÌ<irg of ¡rectin" phytic acid

has strorq cùrelatirq potential ard birds ionicatry to ca2+ ard nE2+, as

wetr as Fe3+ ard znz+, nakiry ttrem unavair-able biologicarry (Reder et
â1", 1988) . It is proposd ttrat tkre enzyne phytase hydrolyzes pA, i¡rto

íts constituent inositol ard inorrganic phosphorous ard releases the

ca2+ ard ¡4J2+" Ihe d,imlent cations are tlren free to cornbi¡e with the

pect'in in the middle lanella to form an insol-r¡bIe ca2+-I4J2+ peç¿ate

ccurple>< (Figrure 2"3) "

Several researdlers have reported corelations þtween pA levels
j¡r the seed and cooked Ie$¡rÞ to<ture. Hind<s and stanrey (l-986)

reporbed that blacl< bans stored urxler adverse conditions (3ooc/85å

relative hrrr"idity) e>ùribited a drainatic increase j:r cooked hardness

corres¡nrldi:'lg to a significant degrease i¡r PA Ievels. Kon arrd Sanstruc]<

(L981) added PA arxl EDIA to soakfug r¡nter ard proùrced sigrnificantly

shorEer tfur€s. Itre added PA arrd HIIA were thought to ctrel-ate

any free dir¡alent cations, rÌEl<iry them unarrailabl-e for pectate

fonnation" Bhatty and slinkard (i-989) found a sigrnificant relationsfrip

(p<0"01) þtween phytic acid content and shear force r¡a1ues of cooked

lentirs" ftrey concluded ûtat pA r¡i¿rs larrgery, if not entirely
responsible for tlre obsen¡d d.ifferences i:n ttre cookÍ-ng qtrality of

Ientil"

Otler researctrers have fourd no corzelation between pA ard cookirq

quality" koctor arxl ltatts (1987) analyzed tlree narryr bean cultivars i¡
tbree læations" fhey obsen¡ed t¡ât alttrough cookirg tjlT€s waried

significantly, no relationstrip could be establistred between phytate

content arxl cookì¡¡g tilr€s" studies wittr lentils have likewise shcx¡¡r no

relationstrip btween pA ar'Ìd cookirq quality (tüassimi et al. , L}TB).
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Tlrere is also evidence supprfing ttre rol_e of phytase i:r tLre

hârdenirq process, The activitlr of phytase has ben shcnun to increase

with tenprature idhicfr would corzesprdirgly pronrote the developrent of

the ÏfIC corxlition (Iotas ard Ì"farkakis, tg77). Vindiol-a et al-. (1986)

soaked IfiC }æa¡s in 0.05 M sd.irmr fluoride, a strong phytase inhibitor,
ard obsen¡d a dranntic irprovenent i¡ cookability over beans soaked

witlrout fluoride, irdicating tfrat hardness coul-d þ afrnost conpletely

preventd hV ûre inÌribition of phytase"

The rol-e of pecti¡ netlryl esterase has not been ortensively

investigated" rt, has þen suggested that tr>ecLi¡r rnetlryl esterase

activitY would increase the nr¡riben of sites on tlre pecti:r nuclecul-e

capable of birdirq ca2+ ard W2+. Jones ard Boulter (l-9g3b) re¡rcrled

that Fctin of frestr blacl< bans was 5l-å esterified. ftris value drop@

to LsZ after storage at 34oC arxt 75å relative hunidity for 6 months

suggesti:g that pectin mettryl esterase was astive in ttre stored beans.

Jones and Bourter (1983b) reported tlnt arong with ttre

dee.sterification of blac]< bean trÞcti¡, there r^ras a corzesponding

increase in celr i,traIl m¡2+ frorn 210 ug/g (ù'¡lc) to 354 ug/g ard i¡ cel_l

warr ca2+ frorn 120 ug/g to aß ug/g. The corzeration btween ltlz+ arn

percentage i¡so1ub1e pesEjx r¡¡as r-+0.93 (p<o.ool_) (Jones ard Boulter,

1-983a) " usirg kidney bans, Moscoso et al-. (j-984) confirrned that
j¡soluble pesti¡ levels incrreased durùrg storage at fr-igr tenpenature

ard n¡cisture leveIs. Sorre strrd.ies have failed to detect, cïrarqes ix
pectic substances as þãls ha:¡den (Kon, j-96g), ht i:r generar, the

evidence spprts a conversion of pesti:r to ca2+-I4g2+ pectate i:r l{rc
beans.
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The necÌ¡anisn for ttre trans¡nrtation of ca2+ ard t4f2+ from ttre

protoplasn to ttre rniddle laneIIa renai¡s unæçIained" Dissolved

rnatenial can pass through tlre celr wal-r qdte easiry knrt the

plasnalenua woul-d Þ irçerneable to divalent cations. It hãs ben
suggested that phoqgholipid hydrolysis nny dqrade ceIl mernbranes

sufficiently to a1low ca2+ ard rq*+ to rmve i¡rto the rniddle larne11a

(kiestly ard Leopold, 1979) "

2"5.3 Lignin Formation

Lignin is an constituent of prant cell warrs ard can

also be fourd in ttre middl-e larneIla (Esau, 1965) " It has been suggested

that, an increase in ceII wall adtresion rnay b due to an ilcrease in the

level of lignix or lignin-Ii-Ì<e conpounas in tJ:e niddle lanella/ce1t

wall region (HilcÌ<s ard sbanley, LggT). As the rignix conpto< deverops

afit cell bordj:rg j¡rcreases, cell separation during cooki:rg would be

n¡ore difficult" fhe proposed nectranisn suggests that the arornatic arni¡o

acids resulti:q from proteolysis serye as precursors for the forrnation

of ligni:r by ttre astions of ¡moxidase ard pollzphenol oxidase (Figure

2"4) "

Ihe o<istence of protease activiþr i¡ tlre bean seed has been well_

estabristred (Nielsen, 19BB). orinr a:xt sctroorcraft (j_968) suggested

tÌtat protease activiQz in stored seeds is related to hydration arrd

tenFerature, v¡ttich tÌ€¿tns that protease acbivity would increase with
storage teneerature arxl mcisb¡re" Ultracentrifuge patterns have shov¡r

üat' hida storag'e tenperatures ard hiinidities acrelerate ttre reduction

of high nrrclecul-ar weight protei¡ frastions ar¡d ttre related forrnation of

snarler fractíons (stantey ard Aguilera, 1985) " correspondingly, bür
geI filtration and elecLrophoresis have shcn¡r that ttre degradation of
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sed proteins acceleraLes urxter adr¡erse storage conditions, presr-mably

due to increasd protease activiQr (Hohlhrrg arxl Stanley, AIBT í ltussaín

et a1", i-989c) " HohlÞrg ard stanley (l-997) reportd protease acLivity
in bl-ad< klean seed tn¡t there wene no significant differences anong

storage tilnes or storage colditions"

God¿in a¡d Mencer (L972) have given evidence ttrat free arornatic

ani¡o acids, such as þæosiae and phenylalanine, serve as presursors to
f-ignin ilrcnorers. Hincl<s (l_985) propsed tlrat coþrledon peroxidase alrd

¡nlyphenol oxidase u¡ork in conjr:nction to prodrce a rignin-rjke
substance in the rniddle lane1Ia" EVidence frorn VtLrih.rxcre (1978) confirms

ttnt peroxidase is involved i:r ligni:r fonnation" AJ-though peroxidase

acbivitlr ocsurs in the bean coþrledon (Hohlberg ard Shanley, agBT), the

data pollphenol oxidase is contradicLory. Elias (i_982)

reported sigurificant levels of ¡nllpheno1 oxidase activity vitrile

Hohlhrrg arrd sEanley (i-997) obsen¡ed no astiviÇ at aIr. Resul_ts are

cmplicated by the inclusion of Ltre seed coat \,ñich has a high phenolic

content"

Ítre literature is also contradictory wittr regard to the ash¡al

e}<istence of lignin in hard beãns. nIoli-na et al. (1976) establ-ished a

cortelation coefficient of 0"91 for ttre relationslrip betr¿een lignified
protein content ard cooked ban torLure. Hixcl<s atd Stantey (1-986) used

microscopy to strcr¡¡ the hrild-rp of a lignin-IiJ<e conpourd in ttre middle

Iare1la ùìring storage. orttrer researcfreï's, however, have re¡rorted no

j¡sease ix lignirr i:r þans tìat hardened significantly duri:rg storage

(srisma et al" , a9B9¡ Rozo et a1., l-990) . The riteratr:re, t¡erefore,
rernains ambivalent abut lignin forrnation âs an oçIanation for þan
hadeniry although nucst recent str¡dies terd to deenphasize j-ts ro1e.
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2"6 Electrophoresis to kedict, tlre IfIC Defec*.

ü7hi1e ttre effectiveness of electrophoresis for cultiwar
íde¡rtification has }æen well docr¡rentd, there are also stud,ies shcffi-nq

that electrophoretic patterns can h corzelated to thre fr.¡nctional

pro¡renties of tlre cultiwars. Usirg 71- dreat cul-tiwars of d,iverse

qualiþr, CaÍpbe]I et al. (j-997) re¡rcd.ed veLl¡ higrl_y sigrnificant

corzelations between specific protein bards prduced by SDS-pAGE ard

bür dough o<tension ard dough resistance. Itussai¡r et al. (19g8d)

suggested tttat electrophoretic patterns rnay be correlated with seed

shape ard seed coat lusten of field bean cuÌtivars.

Because both pectate forrnation ard ligni:r forrnation are t¡ought to
b enzymatic processes, isoenzyne electrophoretic pa.tterns inay have t¡-e

potentiar to identiff IIrc cultivars" rt is ¡rcstuJ_ated that Hrc

cultirrars contain unique isoenzynres ttrat are partictrlarly active i¡ the

hardenirg process" rt rnay be tlnt two cul-tivars e)Òibit ttre sane level
of overal-l phytase activiþr, h¡t that the Ifrc cul-tir¡ar contai¡s a

phytase isoenzyne wittr a¡r espciatly broad. opti:naI teneerature curye

v¡hidr al-lcxus it to hydrolyze PA urxter a varieþr of cond,itions vùri1e tlre

resistant cultivar strcr,rrs equival_ent acbiviþz onfy within a narrcr^r

tenFrature rarge. on tÌ-e other hard, it rnay be üat I¡IC r¡arieties

contai¡r an esterase isoenzrTrne that is particularly acEive tø\rdrd pesb,in

ÙLrile resistant varieties have esterases that are nþre general in
nature"

lTre identification of an electrophoretic pattern r:nique to IIIC

cultir¡ars would not onfy give i¡fonnation as to the bioctrernical

nechanisns invorved irt hardenirÌg, hrt it, would also assist plant

breeders i.n screeni¡g newly develo¡red lines with regard to their
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cookirg quality. Ratlrer than havirq to gronnr sufficient sanple to do a

four to six rnonth storage studlr, cooking Enlity coul_d b predicLed þz

electrophoresis in just a few days usirq onry truo or three seeds.

Al-1 the enuyn€s considerd to b involvd in pectate aïd tignix
forrmtion have kleen strcn¡¡n to exist in multiple molecular forrns irr beârs

(Tabte 2'1) . ltte assays that have þen used to identify esterases ard

acid phosphatases identify broad farnilies of enzyrnes T^¡trich include

pesLi:r netlryt esterase arxi phytase.
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lu-tiple rmlecular
rrechanisns re¡rcrb.d

TABLE 2.1-

{"ry= of .enzyires i¡rvolved in postulated hardening
in þan tissues"

frlzyrTe
Tissues nòifitirq
ltuÌtipIe t4olecular Forms Reference

Acid phosphatase

Esterase

Peptidasel

Penoxidase

Pollphenol oxidase2

leaf, stem, root

Ieaf, h1pcotyl, root

leaf, stem

leaf, hlpocotyl

Ieaf

sed

leaf, stem, root

root

leaf

stem/Ieaf, seed3

Bassiri ard'
Adânts (1978)

I{eeden (1-984)

Bassiri ard
AdaÍts (1978)

IVeeden (1-984)

lVest ard Garber
Qe67)

ÌVeeden (7984)

Bassiri arrd
Ädams (l-978)

V[eeden (]-984)

Robb et aI.
(1e65)

Zenin and Park
(1_e78)

1 su¡strate: Irphenylalanyl proline
¿ Substrate: L-DOPA
3 Velvet bean (Stizolobiun deenirEianr.un)
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3" tr4at-eriars ard Methds: Effect. of c,enot!rce, lacation, and üre
Developinent of tÌre Ha¡d-to-Cook Defect, on nean trlectrophorãtic patteffls

3.1- Ì'Iaterials

Six cul-tivars of blacl< beans (Phaseolus vulgaris L. ) were obtaíned

frcrn the Institute of ltutrition of Central Auerica ard pananra (INcAp)

i¡ G¡atenala. T\¡¡o of the rmrieties wene native to ctatenala wh-i1e the

otlren four were i:rprovd cultir¡ars (Figure 3.1) . Itre seeds of aII ttre

cttlti¡¡ars were alncst identical in aptræarance with the o<ceptJ-on of San

I4alti-n r¡hiù had slightly larrger seeds" seed"tirgs were also identical
in appearance Íraldry visual cultir¡ar identification i:rq:ossil¡1e.

It is connnonly believd ttrat inproved warieties are harder ttran

ttre native, or rrffioll-orr varieties. ltris i^¡as confirmed by ttre work of

Rios-Siera (1988). Rios-Sierza (1-988) also reported cooked hardness

values for the inproved qrltir¡ars Tarnazulapa., etretzal, and Ostua,

cultivars hÈIich T¡¡ere analyzed in ttris study as wel1. Her re.sults

irNlicatæd that, vitren kept urxler tlre sanre storage conditions (4oc),

Tarnazula¡n was tlre hardest of tJle tt¡ree cul-tivars, follcnued by ostua

ard then Quetzal.

Eadl cuÌtivar v¡as grcñ¡¡rì in three læations in Gratemala duri:-q the

fall of 1988 (Table 3"1)" The sanples grcr^rt at Jutia¡n a:al i¡1 the INCAp

greenhouse hrere planted at an early and a ]ate date so thât eactr

cultirrar had two harvest dates. After ha:rrest, ttre nx¡isture content of
the beans was e-stablistred r:sirg a ble 4OO-B Moisture Testerl" The

sanples were kept. in papen bags ard stored under laboratory corditions

(23oc).

I Janes ÞIe corporation, 1-400{ rrdustriat ÍIay, Reù,üood cÀ 94063.
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}WffTVE L[NË:

*PtrfÐ Ã¡ARtrjIo - Native raterial derrclcgd kry læal fanrers in rqion
of Q¡esada, Jrrtia¡n in elatern1a.

*sAld ¡ßRIIN - Natir¡e mterial of San l4attirio cfrinaltenargo i¡r
Gratsnala" serætd frccn 900 plarrts witlr cêûÈai_n
draracteri.stics"

]MPMIEÐ TJNE:

Figr.re 3.1 Pdigres
asteri.sks

ard desæiptions of crultivars"
i¡xticate crultir¡ai:s usd"

Na¡res wit}r
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TABIE 3"1.

r.ocations v¡t¡ere ttre sanples v/ere gïcnün ard their harvest dates.

Jutiapa 906 meters abve sea l_evel"
Hot, drlr cli¡ate"

First ha:¡¡est: Septenrbr 05, l_988.
SecorNl harvest: January 26, l_999"

INCAP 1560 rneters above sea level. Sifuated near e:aternala citlzÞqerinental MderaLe, dry clirnate.
Farm

Ilan¡est: Novernber j-4, 19gg

ÏNCÀP
keenhouse

1499 neters above sea level-. situated in euatenala ciþr.
Moderate, controlled cli¡nate"

First har¡est: Septemben 26t A9gB.
Second ha:¡¡est: ¡4arch 03, l_999"

3"2 Cooking Oualit!'

Ihe cookÍ-rq quality of frestrly ha:r¡ested bans was deterrnined for
all satçIes. The sanples from ttre first harvest at Jutiapa a¡d from the

secord ha:r¡est in the greenhouse riùere analyzed again after
approximately six nronths of storage at laboratory corditions.

cookirq quality r^tas detenui¡ed usi:lg ttre l{attson Bean Cooker

quip@ with go g weights. The plurqer ti¡:s were 1 nm in diaireter. rtre

beâns were placed i:r disLilred waten ard quicl<ly brought to a boir.
cookirq conti¡rud until- all tlre ph:rqers drop@" Five seds from eactl
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eultir¡ar were analyzd ard økirg tilre rns recorded as the rean tÍ¡e
it tool< for ttre five plurgens to drop. All- cul-tivars wene analyzd in
triplicate"

3"3 Hrotein Deternri¡ration

Nitrogen content of tlre seed wittr tlre coat renx¡ved r,,ras neasured þ
the 3[ieo-Kjetdahl ¡4ethd usirq a Kjeltectr Analyzer from Tecator2

(IMel Auto l-030 Analyzer) (AoAc, \975). Tfie protein conversion fastor
was 6"25"

All sary>Ies r¡rere ttren dried þfore beirlg grourd for proteia

analysis, therefore, protei¡ varues are considered to b on a dqr

weiqht basis"

3. 4 Electrophoretic plrocedures

3"4.L Electrophoresis of Erz\znes

3 " 4 "L.i- Sanple keparation

fhe procedure for sanple pre¡nration a¡d the el-ectrophoresis of
enzylr€ e>trracts is based on tlre netlrds of }tussain et at. (19BBb) with
so¡re minor nxcdifications.

For se€dlirg analysis, seeds of each cultivar ÌÂ/ere genrLinated

between moist paper towels. When ttre elnerging hipocotyl was 2-3 crn

long', the seed was planted i¡r vermicul-ite and allc¡v¡ed to gro^r 1¡or 12

days urder greentrouse corditions. on tJre twel-fth day, ttre seedlirq was

separated i¡to its roots, prirnarr J-eaves, and stems. The stems were

2 Tecator AB, P.O. Box 70, S-263OL, Hoganas, Sweden.
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considerd to b tlre rqion btween ttre cotlzldon leaves ard prirna4z

leaves. ltre tissue was kept frozen until- analyzed. For the analysis of
coþrldon enzl¡¡l€s, three bans from each cul-tivar were soaked overnight

in distilled v¡aten arxl tJ:e seed coats renpved tlre fol-lcnøi:q nxrrnirg"

sanples were crushd tlroroughly in cold exhraction Ìx-rffer using a
glass rd as a ¡æstre" For starch ger elecLrophoresis, enough

strraction ÏNrffer vJ'as usd to prduce a pasty consistenq¿. For

ptlacrarlanide get electro¡ùroresis, slightly rncre Ìx-rffer was used so

tlnt a thin layer of sr-prnatant would form rrÈren the sanple hras allcn¡ed

to sta¡d for sevenal rninutes" Estenase bard quality was i:rqproved þr
centrifugirq the cruslred sanple f:or 20 rninutes at 15 600 X G at 5oc i¡r

an Eþperdorf 54a4 rnicro centriñrge3. rhe ba¡rd quality of the other

enzyn€s was not inproved by centrifugation. fhe extrasts were kept on

ice until applied to t]:e geI. Tlre ofrrasbion b¡¡ffen used r¿as a 0.1 M

tris-rnareate sorution, pH 7"4, containi:rg 20? glyceror, sz sol_ubl-e r{lp-
40, 0"5å Ttiton X-100, aÌrd L4 rM dittriothreitol. The Tïiton x-loo arxl

dithiothreitol were added just before use.

3.4 "L"2 Starch GeI Elestrophoresis

A l-0.6å starctr get !üas prepared usirg a tris-citrate/ üûrirm
brate rniJfture (Tabre 3 "2) " ore hour prior to use, the ger hras

refrigerated. Vfhatnan No. 3 filter paper was used to nn]<e 5 rmn X l-O rTûn

wiclcs rihich were d.ipped into tlre crustred sanples to absorb the e>trasb,.

The wicks l^/ere then blotted with paper touels to remove the q;<cess

rnoisture ard i¡sertd Ínto a slit Ín the get. wici<s dip@ ix t-.0å

3 rppenaorr Geratehau, Netheler ard Hjxz Gnk*{., posÈfach 65 a6 70,
2000 Hamb.Lrq 65, GDR.
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brorucphenol blue wene i¡se¡fd at eittrer end of tLre ger to ast. as

nnrkers"

Î'roist pieces of cl-oth røere usd nake contact. btween tlre elestrode

Ì¡¡ffer and ge1" Ttre n¡n v¡as initiatd wittr l-o nA of cuncent r¡ntil ttre
bronuc¡frenol dye had clearly nucvd into tJ:e geI, norrnally requi_riry r_5

mi¡rutes" The wicks were then remcved, t.lle r.p¡:er coorirg prate put in
place, a¡NÌ ttre curzent inæeasd to 20 nÈ, for 30 ninutes, ttren to 30 mA

for anotlrer 30 minutes, ard. finally to 35 nA until ttre erd of the nrn.

Ihe n¡n v¡as terminated lùren t}te bnonecphenol front had travelled l_o cm

from the origin" Ice water was circulated through the apparatus duïi11g

the entire procedure" After electrophoresis, ttre gets were removed and

sliced into i-"5 ntn ttricl< slabs for stai¡ringr. sbaïch gels gave best

resul-ts for acid pùrosphatase, ¡æptidase, peroxidase, and

phos¡ùoglucosoisonerase stai¡s "

3 " 4.L.3 PolvacrA¡l-anide C"eI Electrophoresis

A LoZ polyaq¿larnide gel r¡ras r¡sed to separate peroxidase and

pllzphenol oxidase isoenzynes v¡tril-e a L2Z gel was used for esterase ar.¡d

glutanate o><aloacetate transaminase" A 33 percent staclcirq geÌ was usd
in all cases. rhe optimal arncunt of sanple to be applied to the gel was

detenni¡ed oçerinentally. Anounts ranged from l-2 ul- for l-eaf esterase

to 35 uI for ræt esterase" A rnarken solution (o.ol-å bronucphenol blue

in e)<traction hrffer) uias applied to irxlicate tlre location of tJ-e front
ùirfug the run" Electrophoresis r^¡as i¡ritiated at 50 v arxl graùratly
inæeased (50 v eveÌf¡ 30 rninutes) to 2so v" Totar tirîe of
electrophoresis was approxirnately 6 hours. Ice water was circul-atd
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TABT.,E 3.2

Eletrqùoresis b:ffer q¡størs for isænzyne separation.

Starctr @I Electrcqtroresis:

Electrode E:ffer: f,it}¡-ir¡o bl:ate FËI g.1

0"03 M lithir¡n hlntroxide, 0.19 M boric acid

@1 E¡ffer: 9 ¡nrts tris cib:ate hrffer FÈI 8"4
1 part littrir¡n borate hrffer pII 8"1

TYis citrate b¡ffer:
0.05 M trfu, 0.008 M citric acid

Pollaolrtamide CeI Electrc6*roresis:

Electrode Bu¡ffer: O.]_ M tris borate pH 9.0

Stackirq Gel h-rffer: 0.125 M tris-HCI pH 6.8

Separatirg GeI Buffer: 0.325 M tris-HCL FÈI B.B

ùlrirq the entire prdure. All plyacq¡lanide electrophoresis was

perfonred usirg the LI(B 2OOO electro¡*roresis unit"

3"4,L"4 Bra¡me Stai¡s

Acid phosphatase:

sodir¡n naphthyr acid phosphate (50 nq) ard Fast Garnet æc sart
(50 Íg) were dissotved i¡ 50 ml of 0"1 M sod-iun acetate, Ê{ 5.0, arxl

filtered" Ihe ge1 r¿as j¡cubated i¡r the stai¡ solution for L-2 hor.¡rs at
37oc, rj¡sd with water ard fixd overnight in sog ethanor, 1? acetic

acid (InrssaÍn et a1", 19BBb) .
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Esterase:

A sdir¡n phosphate b¡ffer, pH 7.0, was prepared by nixirg 60 ml of
0"1-5 M sd,ir¡n phosphate n¡cnobasic and 40 nl of O.t-5 M sdir¡n phoqphate

dijcasic" ftre geI was placed i¡ ttre hrffen for 1o mi¡rutes at 37oC" A,

snall amount of acetone (5 nI) containirg 50 irg ofx-naphttryl acetate

and 25 n9p-naphthyl- acetate was then rrlixed witkr approximately 10 mI of
water ard addd to the bn:ffer. ttris r^ias incubated at 37oc for an

additional l-5 rni¡utes. Fast Blue RR (7s nq) vr¡as d,issofved in 20 nl of
uraten, filtered, and added to ttre b¡ffer. After one hour of staini:q,
the gel was wastred wittr water afil fixed overnight ix 50å ethanol, IZ

acetic acid ftrussain gþ al-., I}BT) .

Glutarnate Otaloacetate Tlransami¡lase:

A solution r^,as prepared þr dissolvirq 200 nq of lraspartic acid

arxl 100 rrg of x-ketoglutaric acid in zs mI of o.l_ M tris-HCr, pH B.o.

Just prior to use, 6 ng of plrido:a1-5-phosphate ard 7s ilg of Fast Brue

BB salt' were added. Itre solution was filtered and ttre gel i¡cubated one

hour at room tenperature in ttre dark. ft was fixed overnight i¡1 50å

ethanol, l-å acetic acid (Itussairr gþ aI., l_98gb) "

Peptidase:

solution A consisted of l-0 nq rrqryq¿r-rrleucine, l_o ilq rr
phenyraranyl-rrproli¡re, o"7s ry snake venom (siqna AsL47) , 2.4s ng

peroxidase (Signra P8l-25), ard.40 ng ¡4ncl2"4Þ2o i¡r ¡s mI O.O2 M disodirmr

phosphate, pH 7"5. Solution B consisted of 2Z agar in 0.02 M disod.ir¡n

phosphate, PH 7-5, T¡¡tlich !'ias boiled ard then cool-ed to 1ukewarm.

solutions A ard B v/ere ÍÉxed arorg wittr 15 Íq of 3-arni¡ro-9-

ethylcarbazol dissolvd in L ml of N,Ndinetlryl fonnarnide. The m1¡¡¡ure

uras trnrred over tJ.e geI ard allcnued to solid,ify. The ge1 was covened
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with plastic wrap ard allcr¡¿d to incubate overnight at ¡7oc. Ttre starctr

gel wittr agar overlay was fixd ix 50% ethanolo j-å acetic acid. Tfiis

prædure is a rndification of llarzis ard }tcpkÍnson eg76) "

Peroxidase:

A ni:<ture was prepard containjrg 3-anino-9-etlrylcarbazol (60 ry)
dissolvd in 5 nl of NrN-dirnethyl forrnanide arxl 75 ml O"z M sod.ir¡n

acetate, pH 5"0" Ttre gel was placed i¡r ttris rni>*ure aftt 3 drops of 30å

H2o2 added" Incubation tinre T¡ra-s one hour at room tenprature. Ttre gel

r{ta.s fixed 50å ethanol, Lz acetic acid overnight (Hussain et ar.,
r_e88b) 

"

Phosphoglucosoisomerase :

A solution was prepared þr dissolvi¡gr 10 ng frustose-6-phoqphate,

6 nq MDP' 6 nq 3-(4,5-dinetlrylttriazol-2-yl)2,5-di-phenyltetrazolir¡n

bromide (lfrT) , 20 Íq tær2"6Ír2o¡ a trace of glucose-6-phosphate

dehydrogenase (siglna G775o), and. a trace of phenazine rnettrosulphate in
75 nI of 0.1 M tris-HCl, PH 8.0. Ihe gel was incubated one hor¡r in the

dark at room teqperature and fixd overnight in 50å etlranol, l-å acetic
acid (ttussain g! a1", L98gb) "

Pollphenol oxidase:

The ger was incubated for 2 hours at 37oc i:: 7s ml of 0.1 M

ptassirmr diphosphate rucnobasic, pH 6.5, containi:rg a2s rw of rrÞpA.
rt was fixed overnight in 50å ethanol, l_å acetic acid (ctroi et ar.,
Le87).
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3.4.2 Eledrophoresis of Sed koteins

3 "4 "2. 1 Acid-Po1)¡aoa/lamide cel Electrophoresis

3 "4.2"1-"l- Sanucle keparation

Seeds were soaked overnight in distill-ed r¡¡ater to facilitate the

renxcval of the sed coats. Ttre seed coats were rerncved the follcnuing

day arNl tlre beans allcr¡red to dry overnight in a conveggion oven at
37oc" Itre dried beans were milld with a !üiley MilI4 through a 40 nestr

screen" Þ<trastions were perforned by nrixing 50 rg of grourd sanple

with zoo ul of extrasLi-on solution. The two e><traction solutions used

r'lere 5 M acetic acid arxl 0"1 M acetic acid containi:rg l_.oz 2-

nercaptoethanol" The rnùctr¡res were vortored for 3 mi¡utes and a1lov¡ed

to incubate at 4ooc for one hour. Aft€r centrifrrgation at l-5 600 X G

f.or 2o ninutes at rocm teileeratt:re, the sprnatant was nixed. (l-:1)

t¡ittr a so1utíon of 4oZ sucrose and 0.5å rnetlryl gïeerì in almrinr¡n

lactate bJffer, pH 3"1_" T\renty-five u]- of ttre resul-tÍng solution rr¡as

used for electrophoresis"

3 " 4 "2" 1-" 2 Electrophoresis

ErecLrophoresis viErs ca:ried out on an apparatus described W
sapirstein aJrd Busrnt< (l-995). Ítre sanpres hrere separated by a

modification of the metrrd dessibd by }tussain et al. (l_9g9b) (Table

3.3) " Curzent was set at 20 mA for the first 30 rni¡rutes a¡'¡d increased

to 30 mA for ttre rernai:der of the n¡n. Electrophoresis was ternri¡rated

when the green dlze front reactred tlre bottom of ttre geI.

4 erthur H. Itromas co., philadelphia pA.
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TABT,E 3"3

Electrophoresis Ìx¡ffer systens for protei-n separation"

Acid-Pollzacrarlanide GeI Electrophoresis :

C,el mi:<ture: acrlrlanide
N, N-metttylene bi sac'4rlarnide
ascorbic acid
ferzous sulphate
altrni¡n¡n lactate Ìnrffer, pH 3 " 1_

SìLlqfOSe
hydrqen proxide 3å

Elec*rde b¡ffen:

8g
o"4 g
0"1 g
0.001-5 9
80 ml
5g
150 ul-

2"5 g alwri¡r¡n ractate (Flul<a chrernical corp" Ilauppage NY)in l_ L viater, adjusted to pH 3"1_ with lactið acid.--

Sdir¡n Dodeqrl Sulphate-polyaoartanide Gel Electrophoresis :

Residual protein e*raction knrffer:

1-:l- n_ixture of Solutions A ard B.

Solution A: O"O5 M tris-HCl_, pH 8.3

Solution B: 0"5 M tris-HCl, pH 6.8 L2.5 ml_
l-0? SDS 2O.O m1
Glycero1 1O.O mI
Mercaptoethanol 5.0 ml_
Distilted wats 2.5 a1

Dissociatirg hrffen:

0"625 M tris-HC1, pH 6.g, containi:'lg 4oå sucrose, 2å sDS,
J-å nercaptoettranol, 2 nM ÐIÃ, ard -0"01-å 

brornophäno1 blue
(B:rcnrm et al. , L9BZ) 

"

Stackirg gel b_rffer:

0"1,25 M tris-HCI, pH 6"8, O. j_å SDS.

Separating ge1 hrffer:

0"625 M tris-HC1, pH 8.8, O.l_å SDS.

Elestrode b¡ffer:

0"025 M tris, O"L9Z M glycine, adjusted to pH 8.3 with
HCl, t_å SDS.
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The gers vrere stai¡d overnight in a firtered sorution of o.z g

@onassie Bfue R-250 (dissolvd in l-O ml- of 95å ettranol) i¡ z¿o ml- of
I2Z trictrl-oroacetic. ltre stajned gels were destai¡red witrr I2Z

trichloroacetic acid (Sapirstei¡ ard Bushul<, l_985).

Ilre relative rnobiliQr (Rn) of proteìn barxls was detenni¡rd by

assigning an arbitrarlr r¡alue of j-OO to the fastest rniqratjrg batld

present i¡r all sanple.s" The Rn of specific bards was detenn-ined by

dividirg the m-igration d.istance of tlre bard by the rnigration distance

of the reference barxt and mul-tiplyirq kD/ j_00"

3"4"2"2

3 " 4 "2. 2 " 1 Sanple keparation

A sequential e:<traction !,Jas perforrned usirg sodirrn chloride,

ethanor, ard acetic acid. The procedure r¡¡as starbed by mixinq 200 Íqt

grourd cotlrledon witTr 2"0 ml of 0.4 M NaCl" Ttre rni:<ture was vorte>ced

for 3 rni¡rutes ard allcr¡¡ed to stard for one hour at roon temperature.

Ihe mùcture was ttren centrifuged al 27 OOO X G for 20 rni¡utes at 5oc.

The sryernatant was removed arNl tlte procedure repeated wit¡ Z.o rnl of
703 etlnnol a:ll ttren wittr 2.0 nI of 0.1- M acetic acid. Just prior to
elecLrophoresis, ttre crear e:ctracts r,üere ÍLixed (l-:l_) wittr t]le
dissociati:g rxrffer, placed in a biti:q water bath for 5 rninutes, and.

then cool-ed quid<Iy j¡ ice water.

For the e><traction of ti:.e residr¡a1 proteins, the remainirg ¡:el1et
was vorte><d for 3 minutes v¡ith 800 uI of residual protein ertraction
b¡ffer" Itre mi¡<ture was placed i¡ a bilirg water battr for 5 minutes,
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allcn¿ed to cooÌ, ard centrifugd as abve. Best resul-ts were obÈai¡ed

by applying l-5 ul- of the dissæiatd NaCl- e><traction atd 20 ul- of the

residuar protein e¡<trastion to a r2z ger. No bards were prducd from

the ethanol and acetic acid ortracLions.

Because ttre etlranol ar:d acetic acid fracLions did not produce

results frsm the sequential otrraction, fresh sanples were e:cLrasted

directly wittr ttre two solvents. Ttre sane o,rtrastion procedure uras used

o<cept Ûl,at 100 Íq of gror:nd salrple was rnixed vrith 4oo ul- of solvent.

Although ttre di¡est, ethanol octraction still did not produce any bards,

good results were obtai¡ed vtren l-8 ul of the dissociated acetic acid

e:<t¡:action was applied to a 14å gel"

3 " 4 "2" 2. 2 El_ectrophore.sis

SDS-PAGE lrras ca:rid out

according to the proced:re

an LKB 2O0l_ electrophoresis unit,

LaemnÌi G97o). Separatirqr gef

concentration was L2Z for tl.e se¡nration of NaCI sofubl-e ar¡d residual
proteins. Because acetic acid soluble proteins were srnal1er, a 1-4å gel

was used for them"

Voltage was kept at 50 until ttre trac)<i:rg d}ze had rtloved. jnto t}re
se¡nrati:'lg ger" voltage was then i¡creased by 50 evell¡ 30 minutes ræ to
250 V" Ttre cu:rent was li¡nited to a naximt¡n of 70 mA. üJhen the trackirq
dlze reaclred the bottorn of the geI, tlre slabs were renpved and stai¡red

overnight in o.25e" Coornassie Blue R-250 in 50å nettranol, LZ acetic
acid. GeIs wene destained wittr a nethanol-:acetic acid:water (6:1:J-4

v/v/v) solution r_rntil tlre backgnourxl uras clear.

on

of



4"1- Cot]¡ldon lt.otein Content

For the sÍx cultír¡ars grcruün in three locations, analysis of
wariance indicatd that tbere ütas no overalt cul-tivar effest. nor !üas

there an ovenall location effect on the ¡wcentage of protei:e i¡r the

cotYldon (Table 4"L) " The nean proteia content for eadr cultirrar
rarged f.rot¡ 22"89? for Ostua tß 24"33? for Pecho Arnaril1o (Tab]e 4.2).
ltlith regard to tocation, the nrean protein content for tlre beäns gïcn^irì

at Jutia¡n ard at tlre Farm hrere similar at 23.462 ard 22.672

res¡æct'ive1y" Beans gïo$fil in ttre greerùrouse hrere somerñat higher at
25"L62" None of ttre differences between n€ans were significant.

There r¡¡as hcnn¡ever, a significant i¡tenasLion between clultivar and

location, irdicatirq that cultir¡ar d.ifferences were not consistent i¡
ranlci:lg from location to location. For ocanqrle, Tarnazulapa¡ euetzal,
ard Pecùo Amarillo e>ùri¡ited feast protein conterrt viLren grcnon at ttre

Farm, ritril-e Line 85-l-2 strcr¡¡ed ttre least protein percentage vltren grcrovn

at Jutiapa (Table 4.2) " Tarnazulapa, Line B5-l-2, ard euetzal yielded

highest protein in the greentrouse, uitrile pectro Annrillo yielded highest

at Jutiapa" Iocation had no sigurificant effest, on cotlzÌedon protein for
the cultivars San ¡{atti_n ard Ostua.

The resul-ts agree fairly well with the literature. Several

researchers have strc¡v¡r significant varietal artd locational_ d.ifferences

for protei¡ content (Tarxlon * al. , 1957; rantz et a1., l_958) . These

stuùies hcnvever, i¡cluded þans frcrn a wide rarge of corour classes.

l{hen only blacJ< bean strains were strrd,ied, no sigmificant strain effesb

I¡¡Ets obsen¡ed altlrough there l^ias a significant interaction þLween
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TABLE 4"1

Arnlysis of variarrce for cotyrdon protein neasureil€nts"

Ct¡ltiwar

Iocation

Cr¡l-tivar X location

Eror

5

2

1-0

18

9 "7I

38"97

207 "99

71,"25

o"49

4.92

5"25L

7

1 trxO.OS (Usi:g tlre Kimbalt inequality)

TABLE 4"2

Cotlrledon protein in six cultivars of G:atemalan blacJ< beans grown inthree locations.

24"46abL

25"41,

23"99b

19 " 5l-a

20"70

26"7Oc

23.46

l-7.30a

23"LL

22"L7a

27 "51b

24"45

21,"49a

22"67

28"O b

24"20

25.83c

24.60b

23 "53

24"80b

25"t6

23.26

24"24

24"O0

23 "87

22"89

24"33

23.77

*ltiv-or Mea-n

Tanazu1a¡n

San ¡{artix

$retzal

Li¡e 85-i-2

Ostua

Pecho Anaril-Io

Mean

1 ¡teans i¡ ttre same rq,r fotl-cn¡ed þr d.iffenent l_etters aresignificarrtly d.ifferent (p<0"05) .
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strain ard tlre season durirq $ñ.icfi ttre sarple !üas gïciî¡/r'ì (Hosfield et
â1", l-984) " A siqnificant interaction btween l-æation a¡d. rrarietlr was

also re¡nrtd þz Tardon et al. (IgS7) 
"

4"2 Seed Moisture

sanples grc[iün iJ:l ttre greenhouse were t]re driest vitren put i¡to
storage wittr nean noisture l-eve1s of l-0.52? ard ro.ggï for tl.e first
ard secord ha:¡¡ests respectively (Table 4"3) " The nrean moisb:re levels
for the Jutia¡n sanples were l-4.1-3å arxl a4.o4T for thre first arxl second

ha:¡¡e'sts respectively" The sarples gïc[¡¡lr on ttre Farm were ttre nrost

nuci-st with a nean r¡alue of l-B.Bi-å.

4"3 Initiat Cookirq Ti¡e

Analysis of variance for the i¡ritial cookirq ti¡ne strcwed higþly
sigurificant overall cul-tir¡ar ard location effects (Table 4.4). The

ctrltivar-location i¡teraction r¡ias arso significant.
with rqard to overall nean cookirg tilnes for cultivars, euetzal

had ttre lowest cooking ti¡re at 5l-"0 ÍLi:r (Table 4.s). pec¡o Arnaril1o and

ostua wene sirnilar at 53"7 ard 54"0 ni:r respctively. Tarnazula¡n arxl

Line 85-1-2 were similar at 55.r- and 55.5 inix respectivery. san Mâ,ti,,
was substantially hi*rer ttran the other cultivars at 62.8 nin.

vÙith regraïd to location, bans grq^/n at thre Farm cooked npst
quid<ly at 50.0 ni::l (Table 4"6)" Bottr harvests from ttre greenhouse were

sfunilar at 53"7 ard 51"6 nin for the first altl secord han¡ests

respectively. The lorgest cookinq tirr€s were for sanpres from Jutia¡n,
59"5 and 6l-"9 Íd:: for tlre first and secorxl han¡ests res¡rectiveIy.
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TABI,E 4"3

Initial nx¡istr:re content (å) of the sanples.

TarnazuJ.a¡n

San ¡4aÉin

Quetzal

Line 85-L2

Ostua

Pecho Anarillo

Mean

s.D.

13.89

74"82

74"64

t-3 " 40

L4"2L

l_3 " 83

L4"T3

0" 53

42.38

12.37

].6"69

1_3.66

45"49

l_3 " 65

L4"O4

L"73

49"24

l-8 " 96

l_8"48

].8"7L

L8 " t_9

L9 "28

18 
" 81-

o"43

9 "96

L]_.51_

t_0,73

].o"74

l_0"58

9.57

1-0.52

o" 68

L0"39

LI"23

l_1_" 35

1-1-"84

1-1" 09

l_0.0i_

l_0" 99

o"67

Ihe sigrnificant i¡teracÈion Þtween location arxl cultivar is
evident in Table 4.7 ï,'ùricù illustrates hcros d,ifferent ctrltivars
respordd differently in the r¡arious locations. Three cul-tivars, san

I4altin, Q'retzal, arxi Peclro Amarillo, had ttreir strortest cookirq tiJnes

uhen grcnvn at the Farm, v¡trile ttre ottrer three cultivars prduced tlreir
shortest cooldrg tiJnes vitren grcñ¡/n i¡ ttre greentrouse. All cultiwars
required the nx¡st cooki:q ti¡re vùren gîrcn^m at Jutiapa wittr the o<ception

of san ¡,IaÉ.i:r Ìrñich required rncst cookirg iltren grorn at t]le Farm.

rhis data i:rdicates that cultir¡ar arxt Iæation affect, initial
c¡or<ing tine abut equally" Ítre range for ttre nean cooking tj¡ne for tl.e
cultirnrs was 1-1-"8 rni¡r, vtrile for tlre origÌl of ttre bans, the rarge
üras alnost identical at 11.9 Inji¡. fhe geographic l-ocation r¡ùrene the

bãns were grcn¡/ll Ìiras mcre irrporfant than the tine of ttre ha:r¡est. At



46

TABLE 4"4

Analysis of r¡ariance for jnitial cæki:g the"

Ctrlti¡¡ar

æigi:r

O¡ftivar X Origin

Bror

5

4

20

60

1l_88.4

l_899 " 6

l_001-.3

Lr30"7

F

a2.6La

25.204

2"662

1 n O"oo1- usi:rg ttre Kimba}l inequaliQ.
' p<0.01 usi:'lg the Kimbal1 inequality"

TABI,E 4"5

Mean cookirq ti:re (rniautes) accordirg to cultivar inuned.iately afterha:r¡est usi:q the lrtrattson Bean Cooker.

Tine (ni:r)

S.D"

5l-.0a1 53.7ab 54. oab s5. i_ab 55.sab 62.8b

4.7 7"7 6"6 4"6 7"8 5"9

1 Means follcn¡¡d þr different letters are significantly different
(p<0"0s).

TABI,E 4.6

Mean coolci¡q time (rninutes) accordirq to sanple origin i:rurediatelyaftêr ha:r¡est usi:rq ttre l4attson Bean Cooker.

Tin€ (rniri)

S.D"

50. Oa1

4"6

5l-.6a

7"O

53"7ab 59.5b 6l-.9c

7.O 3"6 3"8

1 Means fol-loved by different, letters are sigmificantly d.ifferent
(p<0"0s).
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both Jutiapa ard at ttre greentrouse, tlre tjr€ of harvest did not

significantly affect. tlre coolcirg ti_n€"

Ttrere !ï,as no relationstrip þtween ttre initial cookirg ti¡re a¡d the

nx¡isture content of tlre beans. Beâns frcm Jutiapa had the longest

cookirq t'itlE vùrile havirq an i¡rterndiate r¡pisture level of
approximately I4Z (Tab1e 4"3) " Beans frmr ttre Farm had tJre strortest

cootdng tirre fx]t had the hi$rest rmisture content (approxirnately L9Z).

rhese results confirm !,Jhat hâs been previousry reported þr Grradeni

et aI" (l-984) arxl koctor arxl V[atts (7987) r¡¡tro observed that cookirg
quality of frestrly ha:r¡ested bans was significantly affected by bttr
location and genoþ4pe" A signifícant intenaction btween l-ocation and

genotlzpe has also been reported in the l-iterature (Hosfield .* al.,
L984¡ Éraderi et â1., j-994) . several v¡orkers have reported tlat
location actrually plays a larrger role tban genotlzpe wittr respect to ttre
cookì:g quarity of legr-unes (Bhatty et al. , r9B3¡ koctor ard vüatts,

L987). Itris irdicates that the developnrent of a good-cookirg genotype

rm¡st b spcific for the locatj-on wtrere it will be grcum since not a1l
genot)æes respord in trre sane rÞnner in a given r-ocation.
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Cækixg ti:re (rninutes)
Coo]<er.

TABLE 4"7

i:rurdiately after harvest usirq ttre l,'iattson Bean

58"7b

66"9b

s8.5b

66" 5c

60" r_b

6O"7c

54"9ab

53"3a

46"5a

52"4ab

50.3a

42"8a

50" 9a

67 "5b

48"5a

50.9a

50.5a

54 " Obc

50"2a

65.6b

49,l-a

47 "4a

47 "Aa

50.Oab

Tanazula¡:a

San ¡{aÉ.i:r

Quetzal

Line 85-12

Ostua

Pecho Arnarilto

60.6b1

60.7ab

52"3ab

60"5bc

62"0b

6L"2c

1- I4eans in t]re same rcn'¡ follCI¿ed þz different letters aresigmificantly different (p<0" 05) "

4"4 Final Cookixq Tfune

After approximately six montìs of storage at arnbient conditions,
the nrean cookirq tine for the þans from the first han¡est at Jutiapa
incrceasd l-3"3 mi¡ (Table 4.8)" Ttre bans form ttre secorxl han¡est at
tfie greentrouse i¡seased i:n nÞan cookirq tfurye only 2.7 nin. Ttre

difference in tlre increase can be related to the moisture leve1s of ttre
beãts from the two locations. Jutiapa. beans had a nre¡¡ nx¡isture l-evel

of l-4"132, úrile tJ.e greentrouse bans were drier at i-0.99å. rn general,

beâns will not' harden appreciably durilg strort-term storage if noisture
is kept belcn¡¡ r4z (Aguilera arxt Hotrlkrrg, 1988). For trris reason,
greenhouse beans rernained reÌatively stable duïirq storage.

For tlre high noisture barrs, the i¡crease in cookirg ti¡ne for san

¡4art'i¡ (26"3 Íti¡) was dramatically higÈrer ttran for the other cul-tivars
ard almost tr^¡ice that of Line 85-rz (L4"0 mi:r), trre cul-tir¡ar wtrictr



49

elhibited ttre no&, largest Ínsease. ostua strcp¿d the l-ov¡est inæease

in cookirq ti:re (8"0 nix) " San l,farLi:r also had the highest nucisture

content of ttre cultivars harvestd at Jutiapa (L4.82e"), vfiile Li¡e 85-

12 had the lcn¡¡est' at a3.4o? (Table 4.3). Since high rnoisture 1eve1s

pronote the development of the IfI€ defesL, tl.is ÍrigÈlt suggest t¡at paÉ.

of ttre wide difference in cootcirg tfue between San ¡daft.ix ard Line 85-

1-2 tuas due to tÌreir different ¡¡pisture l-evels. Hcnuever, it is fel_t that
the r¡ariation i¡ ntcisture amcrqt ttre cultir¡ars was too snal-I to account

for the r¡ariation obsen¡ed in cooki:g tirTe" Therefore, tlre data

i:dicate quite clearly that san },rarEj:r arxt Line Bs-:r2 are ¡nrticularly
susceptible to ttre IIIC defegE uÈriIe ostua seenìs sonerñat resistant.

varietal differences in haardenfug rates duri:rgr storage have been

well dæurentd for phaseorus vulcraris (Buff et al. , L96B¡ vi¡d1o1a et
al", 1-986) " Michaels arxl Stanley (l-988) reported that even witÌrin the

blad< colour classr tlre rate can warlz substantially between cultivars.
rhis evídence suggests there is at least soïne degree of genetic

i¡fluence on tlle developnent of ttre lfIC defesL. ft follcrars then, t¡at
breedirg rây b an effesbive stratqy to reduce losses due to ttre IIIC
defed."
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IABI,E 4"8

Ino:ease i¡r the rean cæki:q tine (rninutes) after six n¡cnths of storageat ambierrt corditions

Llrr_Eawar Jutl- fi-4"1_3å)¿ Grn2 /10"99?i

Tanazula¡:a

San ¡4aÉ.irr

Qretzal

Li¡e 85-L2

Ostua

Pecho Anarillo

Mean

g.7a2

26.3b

1l-" 0a

14.0a

8"0a

l-1-" 0a

t-3.3

0"sab

-6"2a

4.6b

6"sb

4.5b

3.0b

2.7

1 lftanber^s in ¡nrenttreses are the nean moisture contents for ttresanqcles frorn tbat 1ocation.¿ l"treans in t]re sanre colunn fotlcn¿ed þr different l-etters aresigurificantty different (p<0"05) .
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4.5 Erzlme Electrophoretic patterns

The isoenzynes of pptidase, peroxidase, ¡nl1zphenol oxidase, acid
phoqghatase, estenase, phosphogr-ucosoisornerase, arxr grutanate

o:<aloacetate transarni¡ase rüere separated hy electrophoresis to
investigate ttre relationstrip of their electrophoretic ¡:atterns with
cultir¡ar ard location. rtre resul-ts aïe discussed ín the follcnøirg
section.

4.5.1 Peptidase

Peptidase activity was most evident i¡ ttre cotyledon vÈrere three
bards were observed (Figrr:re 4"L) " Faint ba¡ds wene also present i¡ the
root ard in tlle stern extracts hrt no activitlr was notd in the leaf.
rhe bard with ttre R¡ value of 0.38 stained tlre darkest of tlre three
cotlrldon bands ard was present i¡ arr tissues e<cept ttre leaf. No

cultivar ¡¡ariation vns notd i¡ tlre peptidase patterns.

Most proteolytic activier would b e4>ected to occur in the seed

relative to tl:Ie otJter parts of the plant. seed protei¡s are broken dcn¡n

duriry gerrni'ation to provide free arni¡o acids necessaÐ¡ for pJ_ant

qrce¡bh" ni order for this to hap¡æn, a conplenent of proteases and

peptidases would þ needed to hydroryze trre seed proteins. This was

reflected i¡ ttre eledrophorqnanrs hùrich strcnsed peptidase r¡ras nn-rctr n¡cre

active in ttre cotlrledon than in ttre other tissues. weeden (l-9g4) also
fourd that ¡:eptidase activiþz was most easily detested i¡ seed ectracts
altltough only two baIrds were re¡rorted using rrpheny]-alanyl-lrproli¡e as

a substrate"
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e 0.6

W W

R¡ 0.4 W W

RT ST [-F

Figrr.re 4.1- Representation of peptidase ba¡cls oserved in ttre cotlzledon
(CT) , root (Rf), stem (ST) , arxl leaf (LF) .

e 0.6

Ry ø,4
#W æ "w" t

o 0,2
A B C A BÇ A EE

LO

Fignrre 4.2 cotyredon pptidase erectrophorqrarn of l,j:re 85-j-2 (L),
ostua (o), a¡rd pecùro Annrillo (p) " sanples were ha:¡¡ested
frcrn Jutia¡n (A), the rNCAp Farm (B) , and the greenlrouse
(c) 

"
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4"5"2 Peroxidase

Peroxidase activitlz Ìdas obsen¡d in all for:r tissues analyzd
(Figure 4"3) " cl-earest arxl most i:ntense bands were obse¡r¡d in the root
ÐtrJ:acts (Figure 4"4) " rhe patterns prducd from ttre ]eaf a¡Nt stem

e:ctracts were also clear. Coþrldon bards were fai¡t ard inconsistent
ard cor-üd only b seen vitren se¡nrated on ¡nlyacrazlanide geI.

Both leaf ard root peroxidase patterns e),fuibited cul-tir¡ar
r¡ariation i¡ ttre catlrodal region of ttre geI. Li¡e B5-l-2 oùribited a

unique slcrar miga:atil1g band (Rf : -0"26) arxl ttre absence of tlre faster
nigrating bard obsen¡ed i¡ ttre other cul-tivars (Rf : -0.33). tteeden

(r-984) re¡rcrted a similar variation (Rt : -O.32, -0.35) in ttre

cathodar rqion of the root ¡woxidase of v¡trite seeded bans.
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Figrure 4"3 Representation of peroxidase bards obser¡ed i_ncoþrledon (CT), root (Rf), stem (ST), ard Leaf (LF).
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Figure 4.5 Tpaf . peroxidase erectro¡Èroreg:am of Tarnazulapa (T), san¡,tartin (S) , e.retzal (O); r,ine Bs_12 (L) , o=tu" iO), ardpecho Arnarilto (p).
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4"5"3 Pollfchenol ol<idase

Root e>trracts prducd a cl-ear pollphenol oxidase trnttern (Figure

4"7). Stem arxl leaf e><tracts prduced bards too light to be recordd

wit]l pkrotngraphy. No trnlyphenol oxidase activitlr was observd in t]le

sed" No cultiwar effegt. vns obsen¡ed"

When knth root p114ùreno1 oxidase ar'Ìd root. peroxidase &rere

sepa::atd on lrclyacr1rlamide, the resulti:rg patteJîs hrere pracLically

identical (Figures 4.7, 4.8). AJ-tJrough tlis r¡ras nrost ohx¡ious with ttre
ræt ¡ntterns, t.}..e saue phenonrena was l-ater recognized in ttre leaf ard

stæm octracts" It appears as ttrough ttre substrates for ttre peroxidase

ard pollphenol oxidase assêIys r¡rere acted q)on by tlre sanÞ enzlnùg

q¿sten" Ttris was surprisi:'lg because t]:e substrates T¡¡ere vell¡ differerrt

i¡ st¡r¡cture" Irdihydro4z¡ghenylalanj¡e (mPA) used for the polyphenol

oxidase asffiy is an arornatic anino acid vÈrile 3-arni¡ro-9-etlrylcarbazol

is a distinctly different three-rirqed stmcLure (Figrure 4.9) "

Itrere is no clear consensus i¡ ttre litenatr¡re as to v¡trettrer or not

any appreciabte amount of ¡nly¡ùrenol oxidase activity takes place in
tÌre donnant coþrledon of Phaseolus vulgaris (Elias, I9B2¡ Stanley arxt

AErilera, 1985). fhis study i:rdicates tlnt pollphenol oxidase activitlr
tal<es place only in grcr^iirlg plant tissue. Suppor+i¡g ttris, tttayasef<frara

ard Deosthale (i-987) re¡rcrted ûrat polyphenor oxidase activiez in
lqltmue seeds i¡eeased to substantial levets only after germination"

No inforrnation s¡æific to phaseorus vurgaris has yet þen
publistred regardirag its pollphenol oxidase isoenzynes" Usi:ig velvet

þans (stizolobir¡n deeringiam¡n L. ) , zenin and park (1978) reported

three bar"ds in tlre sed ard two in t]:e reaf ard stem. Robb et ar.

(l-965) fourd four isoenzlzlnes in tlre leaf of Vicia faba L"
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Fi$Ee 4-6 Representation of tlre pol1t*renol oxidase bards obsen¡ed int]'e cotyledon (cr), root (FT) , stern (sf,) , and reåf (r,n) 
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Figure 4.7 Ræt pryphenor oxidase erectrophorqram of Tarnazulapa (T),
san ì4ad'in (s), enretzar 1g¡, r,ine es-12 (L), ffiua (ó), 'uirå
Pecho Auarillo (p).
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4.5"4 Acid phoE>hatase

Acid phoryhatase acLivitlr r¡¡as detected i¡r aII tissues of tkre þan
(Figure 4"1-o)" Ttre patterns varid considerably arucrq tissues witrr no

one barxl hiry ccflmlcn to all" rhe cul-tiwar San ¡4arLi:lr producd a unique

leaf pattern ttrat strø¡ed an o<ceptionarly fast rnigrati_rq barui (Rf :
o.94)(Figure 4-L1)" No otÌ¡er cultiwar or location effests were

obsen¡d"

Bassfui ard Adams (L978) re¡:ortd L0, 10, al:xl I acid phosphatase

bards i¡ the pri:rnq¡ leaves, steÍs, ard roots respectively for
Phaseorr:s vulgaris" This rr¡as substantialry nrore than ttre 4, 4, ard 3

bards observed in ttre sanþ respecLive tissues i:r ttris study.

Neverttreress, ttre blacl< bean stem pattern reported in ûris studlr was

essential-ly identical to tl.e combined leaf, hypocotyl, an¿ root sctract,

acid phosphatase pattern reported b[¡ úteeden GgB4) for wtrite seeded

bans"
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Figure 4.10 Re¡xesentation of acid phosphatase brds obse¡r¡d in ttre
coùlrtdon (CT) , ræt, (F[) , sLem (ST) , ard lr'af (f,F) 
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Figure 4.Ll- Leaf_ aci$ nhosæhatase_electro¡ùroregram of Tarnazulapa (T),
San ¡daftin (S), e_retzal (e) , Line e5_fZ (L) , Ostua ¡-O¡, 

'arn
pecùo Annril_lo (p),
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4.5"5 Estenase

Þ<trasts from all tj-ssues strcn,id promlnent estærase activiþr
(Figure 4"12) " r"eaf e:<tracts gave veLl¡ ¡rcr se¡nration ard it was not

¡resiJcle to count the barNls. In tlre othen tissues, ttrere appared to þ
ttlree zones of acÈ,ivit1r" ltre rnost catlrdal region was between the R¡

r¡alues of 0"12 tþ o"24, tlre rniddre rqion was btween R¡ value-s of 0.32

ard 0.38' ard ttre nurst andal rqion was located between the R¡ r¡alues

of 0.45 and 0"54"

lhe band quafiÐ of the cotlrledon e>ctracts !üas fairly poor,

possiJoly due to larrge arncunts of starctr in tÏre e>frracts T¡/frich could

i¡terfere with the nrcbility of the barrds through ttre gel (Figrure 4.13).
No consisterrt cultir¡ar d.ifferences were observed. Despite the ¡:oor ba¡d

quality of ttre geIs, ít was possiJcle to observe a ba¡d (Rf : 0.33) that
was consistently present only in o<tracts from seeds grqirn at ttre Farm.

rtris would suggest ûrat thene hras a l-ocation effect on cotlrredon

esterase isoenzlznes" It should þ noted that, sairples from ttre Farm had

a larrge anucr¡nt of insest darnage" Hcrr,rever, this t¡Jas probably not
responsÍJcle for the ertra barxt þcause ttre infected areas of ttre

cotlzledon were rerncved before analysis. The absence of ttre bard i¡ the
seed sarples from tJle greenlrouse ard Jutia¡n rnigtrrt b a factor of soil
corxiitions or cli¡atic corditions. I"linor electrophoretic variations due

to envirorntrental corditions are not conurxcn h¡t have previously bgen

re¡nrtd for beans (Adriaanse, .gþ aI., 1969) .

Both root ard stem esterase patterns 
",ñibited cul-tirrar

differences- Ræt e}trasts of san ¡4arti-n had a r:nique ba¡d. wittr an Rf
r¡alue of 0.45 ¡¡Èrite Line 85-12 had a rrni-que bard wittr an Rf value of
0"41- (Figure 4"14) " sten e>rL¡:acts of bttr san ¡rartin ard Line Bs-tz
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strcr¡d veqr little esterase acb,ivitlz in the mid-region (Figure 4.aq.
Line 85-l-2 agah shrøud a unique hftl witJr an R¡ vafue of 0.41_.

kevior¡s studies have re¡:ortd that estenase patterns are affectd þr
bean cultivar (vüest ard caïbr , L967 ¡ Bassiri arNl Ãdams I L97B) .

In all, thene were 7 bards present j¡r t]re cotlrledon, 11_ bards in
the root e><tracts, ard 1-2 barxls i¡ the stem exLracts. Th-is was nucre

than had Þen report.ed previously in hãns whren starc¡ gel had hen
usd as the separati:q ndiun. lfeeden (l-984) reporLed for:r d.istinct,

estenase baftls in s¡hite seeded þan seedlirqs. Bassiri and Adail¡g

(l-978), usirq a wide wariebr of phaseolus vulqaris cul-tir¡ars, reported

six bards in the reaf, four i¡ the stem, ard no activiþr at arl i¡r the

roots. rt, is clear ttrat separation of ban esterases on polyacrarlanide

is srpenior to se¡nration on starctr gel. Ramirez et. al. (19g7)

reported similar inprovements using polyaø1zlanide to separate cassa\¡a

esterases"
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R5 O.4

4.2

CT' RT.A RT.B RT"C ST.A ST.B ST.C LF

Figure 4"12 Representation of esterase bards obsen¡ed i¡ t]:e coþrledon
(CT) , root (RT) , stem (SI), ard Ieâf (tF) 
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o 1"Õ
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Figure 4. L4 Ræt esterase electroptroregram

l4aÉin (S), e.retzat (e), Line
Peqho Ararillo (p).
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Figr.rre 4"L5 Sbem esterase eledro¡ùroregrarn
¡{aft.i:r (S), eretzal (e) , Lile
Pecho Amarillo (p).
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4 " 5 " 6 Phosphoqlucosoisomerase

The phosphqlucosoiscnrerase patterns were nearly identical in al-l-

tissues (Figure 4.1-6) . Three ba¡rds (Rf : O"3l-, O"4O, O.4g) ûÍere coÍnÌcn

t¡ all e>ctrasts uilrile ttre coþrIdon otrracts prducd an o<tra faint
bard wittr æ Rf value of 0.35" Itre coþrledon exLracLs reveald that tlre
fastest rxrvi:q bard (Rf : o"4B) was actually rnade qp of two bands wittr

verY sirnilar mobilities" No cultivar or location effests were obsen¡ed"
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Figr:re 4.16 Representation of phosphoglucosoisonerase bards obseri¡ed in
tJæ cotyledon (CI), root (RT), stem (ST), ard l_eaf G,F,).

Bt O"5

A BCABCABC
Figure 4 "a7 cotryledon phosphogluc-ososisomerase etecÞophoregram of Li¡re

85-12 (L), ostua (o), ard pectro Amarirro (p). sanrqll-es were
harvested from Jutiapa (A), the rNCÀp Far¡r (B), ard the
qreerihouse (C).
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4 "5 "7 Glutanate G<aloacetate Tyansaminase

Glutarnate o:<aloacetate transaminase patt-erns u¡ere alrrucst identical
i¡ all tissues (Figure 4.1_8). T\uo hands (Rf : 0.26, O"32) Ìüere corTrrr¡cn

to all tissues úrile ttre sten otrractrs eùribited a fai¡t bard. with an

R¡ value of 0.29. No ctütirrar or Iæation effests were observed.
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Figure 4.1-8 Representation of glutannte o:<al-oacetate kansani¡ase band,s
obsen¡ed in the cotlrledon (CT), root (FT) , stem (gI), ard
Ieaf (r,f).

e 1.O
.:;&/Ft,u. iùew

R1 o.s

Figure 4.19 sbem glutarnate o>aloacetate transalrLirnse electrophoregram
of TärnazuJ_a¡n (T) , San l,Iarb.in (S), e:etzal (e) , Line BS-az
(L) , Ostlra (O), ard pecfìo Anarillo (p) .
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4.6 Sed Hrotein Electrophoretic patterns

the effesLs of cultivar, rocation, and cæking quarity on tlre
electrophoretic patterns of various cotlzldon protei¡ e><tractions were

irrvestigatd usirq acid-peCn arxl SDS-PAGE.

4 " 6 " L Acid-Po1]iaqr¡larnide C,eI Electrophoresis

4.6"L"1- E}<traction With 5 M Acetic Acid

A total of i-3 bands hrere present i¡r ttre 5 M acetic acid

e¡trractions (Fign:re 4"ZO). ltre for:r least mcbile baffs h¡ere not

consistently produced in all sarqlles. Íhere was, honrever, no apparent

pattern in ttreir inconsistenq¿. Ttre rernaining 9 ba¡'¡ds v/ere consistently
prducd ard strcnr¡ed no cultir¡ar or location variation.

Altttough a 5M acetic acid o<trasLion has been used successfully

for lentil cultiwar identification (Itussain, et ar., 1_989a) and for
centroserna cul-tir¡ar identification (Itussai:r, et al., 1_9BBc) , it was not

abl-e to disæi¡n-inate þtr¡¡een blacl< bean cul-ti¡rars. F\rt]rer
investigation ird.icated that a 5 M acetic acid extrastion coul_d

distirguistr btween Íþre distantly related phaseofus vulgaris
cultivars, such as þtween kidney, navl¡, arxl pinto bans (Figrure 4.2r).
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Figrure 4.2L

ø, ql¡,:W

Acid PAGE e1-e<*ro¡trrorqram of sed protei¡s solubre in s
M acetic acid. Left to right: brcrrin, blacJ<, ï¡hite, ard
kidney bans.
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4"6"L"2

Oepruairg on the cr.rltirrarn there were t-2 to l-4 bards present in
t]]e electrophoregran (Figure 4"22). o¡].tivar rrariation was evident j¡r

the cathdal rqion of ttre gel (Rn less than 5o). Al-1 cultir¡ars coul_d

h iderrtified hV a unique pattern o<cept ttre cul-tir¡ars euetzal ard Line

85-12 whiù shâred ttre sailÌe pattern (Figrure 4.23). Ttrere üi,as no

Iæation effesL.

Itussain et al. (Lgg6,1988d) had reported previously tlnt this
procedure could differerrtiate between Phaseotus vul-garis cul-tivars
altttough the cultivars tjley analyzed were of several differerrt col-ours

ard v/ere presuunably nìcre distantly related than the black Þans

analyzed in ttris study. This strr{r strcr,,rs, hcnøever, that tlte procedure

is r:seful for cuftivar identification for even veLl¡ cÌosety retated
Phaseolus vulgaris cultÍvars"
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Figure 4"23 Representation of cr¡r-tir¡ar variation evide't i¡r tlre acidPÀcE ¡ntterns of seed proteÍrs solubÌe in 0.1 M aceticacid contaiairg 
_1.03 i,=r""pt 

"tfr.rroi. Left t right:
TT"1lp" (T), Sanl,{aÉi¡ (S), ßretzat (e}. Line Bs.a2(L), ffiia (o), arxi pectro a*riifó fpl . 
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4"6"2

of the squentiat e>trractions with o.4 M sdir¡n ctrlorideo 7oZ

ethanol, o.l- M acetic acid, ard the residual protein q<traction

solutionu only the sdirmr ctrloride ard residual- protein extractions
resul-td in erectro¡ùroretic pa.tterns. After this was deternLi¡d, grourxl

cotyldon was e>trractr.d directly vüith 70? ethanol ard with o.t_ M acetic
acid r¿itlrout doirq ttre prior sq[uence of e><trastions. The direct. acetic
acid ortract'ion prduced rncre than 25 barxls Ïut the ethanol exbracb.ion

still resulted in a blarik geI.

4"6"2"r

neprdirq on the cultivar, patterns wittr 39 or 40 bards hrere

prduced kDZ SDS-PAGE of 0"4 M sodir-rn cfiloride soluble proteins (Figrure

4"24') " Cttl-tir¡ar r¡ariation !ìras evj-dent only anrong ttre lor,s rnol-ecul_ar

weight proteins (M.!'I" approximatery 22 000 to 33 ooo). Four disti¡ct.
patterns were observed (Figr-rre 4"25). The cul-tivar Tainazula¡ra u¡as not
distirgruistrabre from the cur-tivar euetzal, nor was san ¡,Ial:tin

distirqruíshable from ostua. Li¡e 85-1-2 elhibited a similar pattern to
tho-se of Tarnazulapa arxt euetzal, the only d.ifference beirg two bards

!ühiù stai¡ed substântially darker in Li¡e Bs-r2 thân ín ttre other
cultivars (M.vü. 22 o0o ard 26 ooo). rtris lr¡as not unoçecLed as

genetically, Tarnazulapa, euetzal, ard. Li¡e g5-l-2 are closely reJ_ated;

Qtretzal ard Tamazula¡ra share a ¡nrent r¡itrile Li:re g5_l_2 arxf Tarnazula¡n

also sÌrare a parent (Figure 3.1) " Ttrere r^ias no r_ocation effest..

kevious work done wittr sdirmr cùrloride solubl-e proteÍns has

concent¡:ated on using tlre phaseolins (G1- proteins) for determinirg tLre

evoÌutionarlz origins of phaseolus rml-craris (Brøm et al. I agìz; cepts



7B

et aI., l-986) " As þans from @ntral- Anærica charasLenistically have

ttre ¡¡Sanilac¡8 phaseolin pattern, looki:rg only at ttre phaseol-ins would

not b a useful ÍÌethd for the identification of eatenalan bl-acl< þan
cultivars" Hcr¡¡ever¡ âs ttris str¡dy i¡dicated, hÈren tTre errtire sdir¡n
dtloride soluble protein pattern was usd, reasonable discriminati:rg

trH^rer t¡as obsen¡d with only closely related cultivars þirg difficul_t,
to dissimi¡rate"
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Figr:re 4.25
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Representation of crrr-tivar r¡ariation eviderrt in ttre sDS-PÀGE pa.tterns of sodirmr ctrroride soluble seea proteins.
tsft t" risht: TT"".r?p" (r) , san t4arrin (sl I gr"tzur
(Q) , Line Bs-rz 1r,¡, ostua r'oi, .m pecho eiriiro rpl .
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4"6.2"2 0"1- M Acetic Acid Soluble Eroteixs

Acetic acid soluble proteins terdd to þ of lcm¡en iruclecular

weight, ard were consquently separatd on a 1,42 ger i¡stead of a L2z

polYaelrlarnide geI" cultiwar wariation was evident ancng proteins from

M"!{" 20 000 to 30 000 (Figrure 4"26). The closely related cultir¡ars of
Taniazulapa, Quetzal, ard. Li¡e 85-1-2 had nearly identical patterns r¡ltrile

the other n¡cre distantly relatd cultivars were readíty d,istirguishable
(Figure 4"27) " No Iæation effesE, v¡as obsen¡d.

soÍe si¡nitarities $/ere obsen¡d betr,¡een reduced acetic acid
solubl-e proteils se¡:arated i¡r an acid nredir¡n (Figrure 4.22) and tlre
acetic acid sol-r:ble proteÍns separated bD¡ SDS-PAGE at basic pH. ïn bttr
gels, ostua e)ÙIibits a unique pattern near ttre slcnnr migratirq erd of
the rqion of variation vitrile san ¡4aÉi¡ e*ribits sore unique proteins

near tlre fast, rnigratirq end of the region.
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4 "6 "2. 3 Re.sidual proteins

A totâI of 37 or 38 bards were present i¡r tlre residual qrtracts

Aepenairq on the cultivar (Fign:re 4"28). arl-tirrar ¡rarj-ation was evident

aillcng the protei¡s between M.!ü" l-9 OOO ard 34 O0O" Al-1 sultivars were

uniquely identifid by tlreir electrophoretic patterns with ttre

ocception of the closely related cul-tiwars Tarnazuta¡n and euetzal r¡¡trictr

shard the sane pattern (Figrure 4"29). No l-æation effest was obsen¡d.

rnJssain et" al" (1986) reportd that this procedr:re could be used

to disti:Tguish between Phaseoh¡s vulgaris cul-tivars. Itrey also re¡rcrted

Ûtat location did not, affest, elecErophoretic patterns. The current

shldy confirms ttre earlier literature ard also i-r'rdicates that, ttris
procdure is sensitive enough to discri:ninate between aIl br¡t ttre nucst

closely relatd cul-tivars withjn ttre black colour cl-ass of phaseofus

rrulgraris"
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4"7 General Discussion

on the basis of isoenzrTne eJ-ectrophoretic ¡:atterns, the six
curtivars could b se¡nrated i¡rto three grol4)s: Line gs-rz ïias

ident'ifiable by its Ieaf ard root poxidase ard by its root ard stem

esterase; san ¡44É'in was identifiable by its leaf acid phosphatase ard
by its ræt arNl stem esterase; Tarnazurapa, euetzaÌ, ostf,ia, a¡d pec¡o

Annrillo rnade r4r ttre last g:rclæ as they were not disti:lguishable on tlre
hasis of their isoenzlne patterns" Tfiese resul-ts irxlicate that
isoenzr¡ne electrophoresis, usi:lg these pa:f,icular enz)ãne.s, is not
effective for ttre identification of blacl< bean cultiwars. Ttre

sensitiviþ', ho,vever, midrt have ben i:rcreased by the use of other
enzymes that hrere not alraryzed in this study. For elcanqrle, lveeden

(1984) obtai¡ed better dÍsæimination of r¡¡trite bans by usirq te¡
different enzyrnes i:r contrast to ttre tlree enzl¡mes that e>ñibited
cultivar variation in ttris study. The ot¡¡ious disadvantage of usirg
such a larrge nrmrbr of enzynes to i¡crease the d.iscrilninatirg ¡rcwer is
that, the net].d quicl<ly hcorcs cunbersonre and ti:ne-consr-unirg.

Altttough enzyrre electrophoresis proved disappintirg ü/ith regard

to blad< bean ctll-tiwar identification, interestirq tr:erds were noted

wher¡ ttre patterns r¡/ere conpara wittr ttre cookirq quarity of ttre
different cul-tivars" Table 4.9 strcr¡¡s tlre sjx cultirnrs ran]<ed according
to their cooki:q tiInes fun¡ediately after ha:¡¡est vitril-e Table 4.1-0 rarks
the cuÌtivars accord.i:q to ttre rate by vihich ttrey hardened during
storage" rn boüt cases, san ¡{arti:r rari}<d higrrer ttran al1 ttre ottrer
sanples, foll-cn¡ed by Line 85-12" san ¡{al:Lin a¡'¡d Li¡e B5-l-2 were also
the two cultirrars ttrat, prducd unique isoenzyne patterns suggestirg
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TABI.E 4"9

tr ry erectrophoretic patterns ard rean cookirq tirne (mlnutes)inurdiately after ha:¡¡est"-

Cultirrar
OI]E PEC OST TAIIÍ I.85 SÀN

Tfurp (ni:r) 5l-.0a1 53.zab 54.oab 55.1ab 5s.5ab 62.gb

IeafPOD A A A A B A

RæIPOD A A A A B A

StenESI A A A A c B

RootESI A A A A C B

I.eaf ACP A A A A A B

1 Means i¡ the sailte ror^r follcnyed þr different l_etters aresignificantty different (p<0" 05) "

TABI,E 4 " ]-O

Ð:luylr€ electropholetic patterns ard increase i-n rþ¿ut cookirg tirrle(minutes) after six n¡¡nths of storage at ambient conditions.

Tjn€ (rnin)

reâf rcD

Root FOD

SÈem ESf

Root ESI

I-eaf ACP

g. oa1

A

A

A

A

A

9.7a

A

A

A

A

A

11.0a

A

A

A

A

Ã.

l-1-. 0a

A

A

A

A

A

l-4 " 0a 26"3b

BA

BA

CB

CB

AB

Cnltivar

1 Means in ttre sane rctr¡/ follcr¡¡d þr different letters aresignificantty d.ifferent (p<0" 05) .
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that t]lene rrÞy be sonre direct. relationship þtween cerLai¡ isoenzyne

patterns arxf cæklrq E:a1ity"

Clearly, not all isænazrnic variation can þ relatd to hardeniry.
For oanrple, ttre unique goxidase pattern producd by Line Bs-t2 is
J-ikely not involved ín the harldenirg process because iL was not also
prduced by san ¡4arti:l, tÌ¡e hardest cultivar of ure group. tïre stem

esterase patterns present anotlrer problern; the unique pattern of san

I4art'in is characterized ky ttre absence of bards that were present in
the softer cultirars, i:dicatiry that haad cul-tivars had no unique stem

esterase isoenzynes r^itrich rrligÊ1t be res¡:onsiJcle for hardeni:q.

The root estenase patterns, hcn.rever, do appear to b lirù<ed to
the hardeni:rg process. Both san Maft,Ín and Li¡re B5-a2 produced bar¡6s

that wene not observed in tJre softer cultivars. A possiJcle optanation
for the inseasd hardenirq of ttrese two cul-tivars would þ that ttre
unique esterase isoenzynes that they possess are involved specifically
i¡r the denrettro>q¿lation of pecb,in. Ttris woul-d i¡rcrease the nr¡riber of
sites on the pesbi¡ nrorecule capable of birdj¡q c,2+ arrd þÉ*,
resulti:rg in ttre fonnation of insorubl-e ca2* and W2+ pectate.

A si¡nilar oplanation can Þ poshrrated for the unique, strorqly
stainÍ-rq acid phosphatase band (Rf : 0.94) found i¡ t]:e leaf of San

¡4arti:n" rf ttre barxl represents a phytase (phytase befug an acid
phosphatase), ttris would j:dicate that san ¡{artin possesses a unique
phytase isoenzrTne capable of hydrolyzirg phytic acid, rere¡sing ug2+

and ca2+ for pctate forrnation in the rniddle Ìare1l-a. This would

erylain wlry ttre cul-tir¡ar san l{arLin was pa:ticularJ-y susceptiJcle to ttre
ÏfI€ corxlition.
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The rnajor wealmess wittr these hl4nttreses is that ttre isænzynue

patterns were obsen¡ed in twelve day old sedJ-irlg tissue arxi not i¡ tlre
sed vihere the hardenirq actually talces place. NeverLheless, it strcru¡s

that san ¡'fartiJl ard Llne 85-12 do possess ge',es that cde for unique

esterase ard acid phosphatase isoenzlrnes. fhe fast that ttrey were not
e>pressd i¡ ttre sed o<tracts rray b due to ttre isoenzymes bi::¡g burd
to other conpurcs i¡r ttre sed ard therefore not bi-ng extracLable wit¡
the tris-rnalate octrastion b¡ffer. Änothrer eçlanation nny be that ttre
prduct'ion of dernettro4¿Iated trrectirr arxl tlre hydrolysis of phltic acid
æcurzd durinq tJ.e early develo¡nnent of the seed ard that hy the ti¡re
the seed was rnatr¡re, the enzyrnatic activitlr res¡rcnsiJcle for hardenilg
!Ùas nÌcre or l-ess conplete ard the enzyn€s themselves degraded. rhis
woul-d eptain the absence of t]le isoenzynres in the seed

electrophoregrarns" Ãny fur{rrer hardenfug ttrat occurred duriry storage
would be att¡ih¡table to the ca2+ ard i\82+, produced earlier by the
phltase, slcrafly rúgratirg from t]re qtoplasn i¡rto t]re middle l-anellar
rqion l,¡here they would help forrn træctate conploces.

In contrast to enz\'/me electrophoresis, rnuctr better cul-tivar
discrfud¡atirg p^rcr was actrievd usi:q seed proteins. Although no one

protein ofrract' was able to d.isæÍninate aÍÐrq all six cultivars, both
tlre residual protein e¡rtraction and ttre reduced acetic acid otrasLion
were abl-e to distinguistr five of the six cultivars (Table 4.].:I)" Al_l

six cultivars could ke uniquely identifid vitren ttre reduced acetic acid
octraction was r:sed in conjuncbion with the sodir¡n chl-oride extrastion
or in conjunction with the residual proteia e:<traction. As rdas

oq>ectd, no location effest. was obsen¡ed in any of the e]-ectrophoretic

patterns. The Iíteratr-¡re holds only a few e>anrpres of rocation
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affectinq electrophoretic patterns, ard vùren there hâs ben an effecL,
ít has not ben strorq enough to affecb criltivar identification
(Adriaanse, et al. , 1.:969).

ItIe cul-tivars Tarnazulapa ard Qtretzal were the n¡rst difficuÌt to
distirquistr with only t.}.e rducd acetic acid e><Lraction able to
identify d-ifferences. Tannzulapa. also e>ùLibited similar patterns to
those of Li¡re 85-l-2. Ttre similar patterns of t¡ese cultivars can þ
oçlained þr their pedigrees (Figure 3"1.). Tarnazula¡n shares a ¡:arerrt
witlr both Quetzal and Line 85-r2t irdicatirg that etectrophoretic
identification is nxcst difficrùt with crosely related blacl< bean

r¡arieties"

rtris study irdicates ttnt seed proteia elecbrophoresis is a

practical ard rapid rnetf¡od of bl-acl< þan cultivar identification. rn
npst cases' identification could þ done wi_thin 36 hours usi¡¡g ûre
acid-PAGE nrethodology" crosery relatd varieties however, miøt rquire
additionar octractions witJr diffenent sotvents to be corectly
identified" An furFoÉant adrrantage of seed protein electrophoresis over
enzlane electrophoresis is that vexlr 1ittle sairple is requir.ed a

pattern rray be produced from a single seed.

!{hen ttre seed protein patterns v/ere conpared wít}r the cookirg
quality of the d'ifferent cultivars, sorre i¡rteresti:1g t¡.erds râ/ere

observed" Table 4"LL ranks the cultir¡ars accordi:-lg to ttreir cæki:rg
tiJr€s at ha:r¡est ard Tabre 4.r2 accord.irg to ttre degree to hÈric¡r

hardness i¡eeased ùlriry storage. rn bûr cases, san ¡,rarti¡ ranked
sigrnificantry hi*rer tlran all the other cultivars. san ¡{artin also
produced acetic acid soluble protein patterns that, Ì¡/ere rnarkedly

different than those of ttre other cultivars. rn t¡e rduced s<trast,
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kotei¡r electrophoretic
Írurdiately after har¡e.st,.

TABLE 4"]-1.

patterns ard nean cækirg tix€ (nLinute)

5l-. Oa1

c

A

A

Ã,

53 "7ab

E

D

D

E

54" Oab

D

B

c

D

55 " ]-ab

A

A

A

A

55"sab 62.8b

CB

c

A

c

B

B

B

Tùre (nin)

0"1- M acetic
acid, 1? ¡dE

0.4 M NaCl_

0"1 M acetic acid

Residual

1 Means in t]:e saItp roi^r follcn¿d þr different l_etters aresigrnificantly d.ifferent (p<0" 05) .

TABLE 4"12

kotein electrophoretic ptterns and i¡eease in n*'n cookirg tine(rLinutes) after síx *ontü= of storage at arnbient corxlitions.

OrÌtir¡ar

Tin€ (rún)

0"1 M acetic
acid, l-å ¡m

0"4 M NaCl

0"1- M acetic acid

Resiùnt

8. Oal

D

B

c

D

9"7a

A

A

A

A

l-l-" 0a

c

A

A

A

1-l-.Oa

E

D

D

E

5

l-4.0a

c

c

A

c

26"3b

B

B

B

B

1 ¡tea¡rs jn the sanp row follCIud þr different letters aresigu:ificarrtly different (p<0. 05) .
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separatd at acid pH, a vetT proÍLiïEnt barxl was present for san ¡darb.in

at kn = 46 (Figure 4"23). The residual pattern was not as rnarkdÌy
different from the other cultiwars as the acetic acid ¡nttern was, ÌNrt

it arso strcn¡¡d a band (M.!ü. 28 5oo) unique to san r4artin, as wer_l as

tl'e abence of a band (M.vù" 31 ooo) vùricfi was commcn to arr other
cultir¡ars (Figure 4"Zg) .

The snaIl nlnnbr of cultir¡ars usd nnkes it inpssib]e to state
any hard conclusions regardiJq a rerationstrip between erecLrophoretic
patterns ard cookirg quality" NeverLheless, ttris stu{r did strcr,rr ttrat
acetic acid patterns were d.istinctly different i¡ the cul-tivar tt¡at
requfud u¡¡st cookirq tiJre" si¡ce enzlanatic processes aïe probably
i:rvolved in ttre developrnent of trre lrre defect, the unique
electrophoretic band obsen¡ed i¡ ttre hard cultivar rnay represerrt an

enzyne involved in the haïdenirg nectranism. Electrophoretic
draracterization of acid phosphatase strov¡ed that san ¡{aft.in hâs a
unique isoenzrTrne, not present in ttre other cultivars, that n'y
hydrolyze phytic acid, freeing d.ivalent cations for pectate for¡nation
i¡ t]le niddle lan¡eIl-a. one of tJle rrnique acetic acid soluble banJs nay
represent tJlis isørzr7ne"

rt' is crear that electrophoresis of seed protei¡ is a sensitive
arxl a rapid rettrod of cultir¡ar identification, even withj¡ a specific
colour class of phaseolus vurgaris. There is also evidence t¡at
suggests eJ-ecLrophoretic patterns of frestr bans ilÞy h able to predict,
a cultir¡ar's susceptiJcility to the Hrc defesb. Hcñuever, acid
phosphatase and esterase isoenzr¡re patterns appear to have Íþre
¡ntential âs predictors of Iüc varieties ftan rlo seed protein
electrophoretic patterns. More work, usi:lg a rmrctr greater nr¡nþr of
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saÏPles, neds to be done to confirm a relationstrip btweer¡
electrophoretic results arut cækÍrq Elality"

The absence of plYpheno1 oxidase arxl the nini¡na1 peroxidase

activiQr detected i¡ tkre coþrtdon woul_d suggest tlnt ttre phyLate

patllny ís more fuPorLant, i¡ ttre hardeni-rq process ûran the lignin
Fthrday" ttris is furftrer stpporLed þr strorqly stainirg cotyldon acid
phosphatase a¡xl esterase patterns" strorgly.

lhe effest of tlre location vùtene ttre þans ü¡ere grcn/rn n6y be

ignored with regard to t].e electrophoresis, hrt it does have an effect
on the initía1 hardness of the ban ard possibry on the rate of
hardenfuq ùrring storage. one night 

",æecE. 
soir phosphoror¡s to pray a

rore i¡ bean hardening si¡ce phytate is t]:e rnajor form of stored
phosphorous in ttre plant" since there was a sigrnificant. i¡teraction
btween genoþr¡pe ard location for initiar- hardness, it appeaïs as

tltough sone cultiwars are ncre susceptiJcle to envirormental variation
tlran are othens. Efforts to mini¡nize the lfr€ defest, through breedirq
will have to b s¡æcific to ttre region q¡here the beans are grcrÀ^.
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5.

5"1- Intrduction

one of the nucst fuwrLant quality charasL.eristics of d4z regunes

is tlre æki:q tiJre rquird for tlre softening of the sed. Duri-rq

storage at hid"t tenpr-atures aftl relative htmidities, lqrmes often
develop t}le hard-tæool< (Irrc) cord.ition rrhich resul-ts j¡r a drarnatic

ineease i¡ tlre cootdng tfuie requird to make ttre bans palatabre (Kon

ard Sanshud<, i-98L) " AJ-ttrough ttre necùanisns involved in ban haïdeni¡.q

are not fully urderstod, enzlznEtic processes are tkrought to p]_ay a

considerable role. Ítrene i-s evidence ûtat IÌrc beåns e*tibit, l-ess cel-l-

separation ùlrirq cookinq dr¡e to a hril-d up of pectate or lignrin-like
coreoun¿s i¡r ttre rniddÌe lanrella T¡¡Triclr seffe to celnent ttre coþzl_don

cells tqetlrer (Hixcr<s arld sLanley, l-9g6). Ttre fonnation of bth
pectate salts anl ligni:r conqrlo<es are tlrought to b the resul_t of
enzynatic reactions.

vüith re-q)ect to pctate fonnation, it has been proposed that ttre
en4zn€ phytase hydrolyzes phyLic acid into its constituent inositol ard
inorgnnic plrosphorous, thereblr reJ-easir"q Ca2+ ard 14.,2+ cations. The

cations are tlren free to combi¡e with ttre pectj:r i¡ ttre rniddle l-anell-a

of tl.e bean to form an i¡soruble æ12+-r{q.2+ pectate conpl+c. To i¡crease
tl¡e ntunber of sites available on the ¡æcti¡ molecule for birdirq the
cations, the pesLix rrny þ denetlro4¡l_ated by ttre action of pectin
tetttyl esterase (Bhatty ard slj¡]<arrd, 1989) . Added phltic acid has þen
reported to significantry deøease cooki_ng ti¡ne in beans, presmrably

þcause it chelated ttre free divalent cations, preventirq pec*ate

forrnation (Kon ard sanstruck, 1-981-) " virdiola et aI. (t-986) found that
hardenil]9 coul-d be alnost corpletely prevented by usirq sodir¡n ffuoride
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to inhibit phyLase activitlr. Jones ard Boul-ter (l_983b) re¡rcrted that
the dqree of pcEirl esterification in black Þans drop@ frorn 5l-å to
r5Z over 6 npnths of storage r¡rder cord.itions that pronxotd ttre
developnent of the ÌIrc cordition, givirg t]:e free d.ivalent cations rnore

sites to bild pesti-n. orttrer researchers, hcnnrever, have found no

evidence for the role of pestate formation in haïdenir.,g of bans (Kon,

1-968; vüassimi et al. , r979i kæt¡r ard vÍatts , rgBT).

usirg miæoscopy, Irincl<s ard stanley (rg}7) reported that l{rc
håns had a hrild læ of a lignia-like conpourxl in the niddl-e fane]Iar
rqion of the cotlzledon celIs. Ãn enzr¡natic nechanisrn !r,as propsed ttrat
suggests arornatic arnino acids resultirg from proteolysis serye as

precursors for the forrnatj-on of lignin via ttre astions of peroxidase

ard ¡nllphenol oxidase" rtre o<istence of protease activitlr in the han
sed has been werl establistred (Nielsen, 19gB). corres¡rcrdi:gry, boûr
gel filtration ard electrophoresis have strq,¿r ttrat ttre dqradation of
seed protei¡s accelerates urder ad'r¡erse storage corxiitions, presmably

due to increased protease activitlr (Hohlberrg and stanley, rggT í lïr:ssai¡
et aI", L989c). codwi¡ a¡rd Mercer (7972) have given evidence tlrat free
arornatic arnino acids, such as tlncosine ard phenylalanine, serve as

precursors to lignin monomsrs. AÌtlrough peroxidase activitlz occurs in
the bean coþrledon (Horrrbrg arxl sEanley, L}BT), the data concerni_ng

¡nllphenor oxidase is contradictory" Elias (i-9g2) reported significant
leve1s pollphenol oxidase activity úrile Hohlberrg and Stanley (]igï7)
observed no activitlr at all. Ttrere have been ottrer recent studies that
have re¡rcrtd no ineease in ligni¡ in hâns ü,^t hardened

siErificantly ù:rirq storage (sri=.r.'a et at. , r9B9; Rozo gf a1., r-990) ,

All- ttre enzymes involvd in pectate ard ligni¡n forrnation have been
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shcnrn to e'<ist in nmltiple npl-ecular forns in hans (Table z"L). ït rnay

be tbat only one isænzyne of aïry one group is i¡vorvd in ttre
hardening præess. rtre identification of ttre particular isænzrTnes

i¡rvolvd in tfre haïdeni-rg præess røor¡Id be a step tcnrrard identiqzing
the ¡rcssiJc1e ge¡Ies res¡nnsible for rnakirqr sone blacl< bean varieties
ftcre prone to the IfrC defest, than otlrers" The identification of the
spcific proteils dqradd durirg storage urder hardeniïq corxiitions
would also b useful- in validating the lignin forination hypothesis. The

object'ives of this studlr, ttrerefore, ïrere to deterrni¡re ttre stabilitlr of
isoenzrTire electrophoretic patterns during tlre hardenirg process ard to
identiff tlre seed prot-eins degradd duriry storage.

5"2 l4atenials ar"¡d Methods

rhe sarples used in this oçerirnent were obùained from carolina de

Gdi¡ez at ttre rnstitute of Nutrition of central Anerica a¡d panarna.

rnfonnation regardirg ttre hardness, phytate ]evels, ard dietary fibre
frastions of the sanples has been publistred in her Master of science

ttresis (cdinez, j-990). Ttre hardness results presented on pages r-oj_-r_Os

of ttris thesis are the work of Gdinez.

5.2"L Beans arxl SLoraqe prædure

Î\uo r¡arieties of d4r þåns (phaseolus vutgaris L, ) were coilected
from ttre Augrust i-9gg ha:r¡est i-n G:atenara. Braclc beans, var.
Tanazulapa, v/ere bought from farners in ,lutiapa. Red beans, Line ÞR_

364, v/ere obtaind from Ltre crAll-rctA research station, also i:r
Jutia¡n. Both r¡arieties were dividd into two l-ots anc the npistr¡re
content of ttre clea¡rd þans was adjustd to t_2? ard t-6? usirq a bl_e
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40-B ¡'Ioisture Tester. Eacùr nucistr¡re treahrent was t]:en divÍdd i¡to
three lots qùrictr were pac)<agd in seard plyettrylene bags arxr stord
at 9oo 23o, ard 36oC for 24 weeks.

5"2.2 ftardenirq fests

sùdã/ grans of beans were soakd in :oo rnl- distill-d water at 230c

for l-8 hours. soakii1g water r¡¡as discarded. Beans were cæked ijl boilfug
distitled vraten for trr¡o hours ard subsaÍpIes of 30 g draÍned beans were

set aside" cooked þans were allowed to cool for one to two hours, ard
then hardness was determined with an obtawa Texbt¡re Measurirq ezstem
(om4s)1 usirg a 10 crn2 e*rusion cell1 ard a 4s4.s kg loadcelJ-. The

CIIïvlS was attactred an þp1e II-E q¿stern.

rhe CII14s was calihnatd to give an oçerinrentar raxjmrrn force of
l9o kg" rhe eçerjJnental tinre was set at 30 s. Íhe eoss head speed was

set at 6"60 crn/rnin arrd the plurger was calibrated to descend to l- rmr.

nequirea calibnations T¡rere done evetlz tilne before star*ing the
conpression/exLrusion test in eactr sanple. Ilardness was rneasured as the
peåk force i¡ nevÈ.ons to exLrude 30 g cooked sarqrre, usùrg tìe ESRI

TexEure H:qrarn (lrggr)z 
"

The soaki:9, coolcirq, arxr. testirg procedr:re was repeated on trre
follcradrg day to give replicate results. sanples were tal<en eveL.,r three
weelcs ùtrirg tJle 24 weel<s of storage.

1 Canners l,Iaclrineqr Linritd, p.O.

2 hgiaeerinq and Statistical
Agrictrlture Canâda, O,btawa"

Box 1-90, Sirrcoe, Ontario"

Researctr Institute (ESRI),
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5"2"3 Electrophoresis

Electrophoretíc analyses were perfornd on frestr sanples ard after
3, 9 o l_5, arxl 24 wee]<s of storage"

5 "2 "3. 1- Enz!ryne Electrophore-sis

The prædure for sanpte prepa:ration arxl ttre electrophoresis of
er¡zlme octracts is based on the rettrds of ltussain É aI. (J-9BBb) wíth
scnre mi¡or rnodifications. Ihree bans frcm each treabnent were soakd
overnight i¡ distilled water a¡rd the seed coats renN¡ved ttre follcrarirq
rcrni:9" sanples hlere crustred ttroroughly in col-d e><traqtion b{:ffer
usirq a glass rd as a pestle. For starctr gel elecLrophoresis, enougfi

o.tracLion b¡ffer üras used to prduce a pasty consistenq¡. For
plyac4rrarnide ger electrophoresis, slightly rncre kn:ffer was used so

ttnt a thin layer of sr4pernatant would form vilren the salrple ïi¿rs al1q,¡ed

to star¡d for several ni¡utes. The extracts were kept on ice until
applied to ttre geI. The ortraction b¡ffen used r^¡as a 0.1- M tris-rnai-eate

sorution, pH 7-4, containi:g zoz gIycenoI, sz soluble F\rp-40, o.sz
Îriton x-l-00, ard L4 nM dithiothreitol_. the Ttiton x-loo ard
dithiothreitol were addd just before use.

Peptidase ard acid phæphatase gave bst resul-ts wtren separated on

a ].0"62 starch gel usirg a tris-citrate/liûrirrn borate b:ffer (Tab1e

3 "2) " Runnfu}g curzent u¡as initiated at l-o mA arrd gradually increased to
35 nA. Electrophoresis $ias tenninated vitren the front had travelled
approxirnately 1-0 crn. Ihe gel was sliced into 1.5 nun sl-abs for staini:.1g.

Peroxidase ard porlphenor oxidase were se¡nrated on a Loeo

pollacrazlanide gel unrile esterase was se¡raratd on a r-2å pollac4rlamide
gel" A 3Z stad<ing get !'iEts usd in all cases. optiJnal an¡cunts of
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e>{tiîact, nedd for electrophoresis wene detennined to b 30 ul_ for
¡nllphenol oxidase ard ¡reroxidase stains arxl 20 ul for ttre esterase
stain" Electrophoresis was initiatd at 50 v ard gradual-ly increasd
(50 V evela¡ 30 miJr) to 250 V" Trotal n¡n tfure was approxirnately 6 hor:rs.

The stainirq procdures usd to identify tlre isoenzlmes have þen
desæi-M previously: acid phosphatase ard peroxidase lrn:ssal', eË ar.,
l-988b); esterase (rtussaia et aI. , L}BT); ¡:ollphenor oxidase (ctroi et
â1", L987); pptidase (Ilarzis ard Hopkinson , 1976) .

5 "2 "3" 2 Seed protei¡ El_ectrophoresis

seds vrere soa]<ed overnight in distilled water to facilitate t].e
renucr¡a1 of tlre sed coats" Ttre seed coat ard ernbryo were renoved the
follcraiirq day ard ttre bans allcnved to dry overnight ín a convectj-on

oven at 37oc" The dried beans were nilled with a vüiley MiU-3 through a
40 nesh screen"

T\rso o<traction procedr:res were used. The first was performed þr
m¡.ing i-00 ng of ground sanple with 400 u.l- of 5 M acetic acid. The

niJ{tures were vortexed for 3 rninutes arxl allcr¡¡ed to incuhate at 4ooc

for one hour" After centrifugation at 15 600 x G for 20 minutes at ræm

tenFrature, tl-e Slærnatant was mixd (t-:L) wittr a solution of 4oz

sutrose ard 0"53 netlryl green illl ahrni¡r¡n lasbate hrffer, pH 3.r_.

Fifteen ul of ttre resultirq solution was used for electrophoresis.
Electrophoresis in 10å polyacrarlaln_ide gels at pH 3 " l- was accordirg to
Itussain et al-" (r-989b). rtre gels were stained overnight in a filterd
solution of o"2 g coornassie Bl-ue R-250 (dissolvd. in r_o m] of g5z

etìanol) in z+o ml of l-2å tricttloroacetic acid. The stai¡d gels were

3 ertfrur H. Itrornas Co., philadelphia pA.
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destained klith 1-2å trictrl-oroacetic acid (sapirstein ard Busfiti<u l-985).

Phaseolins ürere e<tracted hy rrcreo<irq l_oo ïrg of grourd sanpre

witfi ¡ ml 0.4 M NaCI, pH 2"4 for one nr-i¡r. Ihe nbrture was alIcm¡ed to
stard for one hour, foIlcm¡ed hy centrifugation at 20 O0o X G for 20 min

at l-OoC" Sdir¡n ddeqzl sulfate-¡nllacqrlamide ge1 elecgrophoresis

(sDS-PÃcE) ü,as carrid out on an LKB 2oor erectrophoresis unit
accond'i:lg to the procedure of r.aer¡nli (rg7o) wj-tÀ scne n¡cd-ifications.

rhe dissæiatirg h¡ffen was o.6zs M tris-HCr, pH 6.8, containirq 40å

suo:ose, 2å sDS, Lå nercaptoethanol, 2 rrM EurA, arxt o.o1_å bronophenol

blue (kcmn et aI" ' Lg82) " six ul of tlre dissociated sanple was applied
to the geI. rhe separating ger concentration was 1-4å. voltage was kept
at 5o until ttre tracJ<irg {re had moved j¡to t}re separatirg gel. Vottage

was then i¡seased by 50 everlr 30 ni¡r ræ to 250 V. The curzent was

limited to a naxi¡rn¡n of 70 mA. Vlhen ttre tracJ<irg dlze reactred tÌre bottom

of the gel, the srabs r¡rere rerncvd a:ll stained overnight i:r o.zsz
cocrnassie Blue R-250 in 50å nuetlnnol, lz acetic acid. Gers T¡/ere

destained with a methanol:acetic acid:waten (621,2L4 v/v/v) sorution
until ttre backgrotrnd was clear.

5.3 Results ard Discussion

5"3"1- Bean llardness

Figures 5.1- ard 5.2 strcnrv hardenilg aqross storage tinre for the
blacl< bans. Beans stored at 36oc shcr¡ed ttre greatest i¡røease
rqa:rdless of initial nroisture content. Beans with an i¡ritial n¡cisture

contenÈ of l-6å had higher haldenirq cur¡/es than those wittr a nx¡isture

content' of LzZ" Figures 5.3 ard 5"4 strcn¡ ttrat ttre same trer'¡ds were
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TABI,E 5.]-

Ilardness rnain effects of pooJ-d sanple-s averagd across ti:rle"l

Varietlr

l"lcistr¡re Content

TerrpratrJre

Variety/Moistr-¡re Content

Varieþr/Tenqærah:re

Moistr:re Content/TeJrprature

Varieþr/Moi sture/ Tenperature

3862"96

L94 
" 05

l-105 " 20

88"2s

12.l-8

86.46

o"23

0.000i_

o" 0001

0.0001-

0" 0001

0.0001_

0" 0001_

o" 791-0

1 F : F ratio; p : probabirity. Basd on T!¡:e rrr suTìs of squares.

Source: Godj¡ez (l_990)

TABLE 5"2

Ilardness tinre effegbs of poled sanples.l

Vüeel<

Varieþr/Vüeel<

fenprature/Vüeel<

Idoistt¡re Content/Vüeek

Variety/Tenperature/Vüeek

Varieþr/Moish:re Content/Vüeek

tr{oistr:re Content /Teûperature/I^Ieel<

Varieþr/Moistr.rre/Tenq:erature/Vüeel<

442.I7

31.63

37 "28

8"1-9

4"52

l_"80

3"65

7"02

0" 0001_

0" 0001

0.0001-

o" 0001_

0.0001

o"o773

0.0001_

o"4406

Ba-ed on Tlpe Iff SLüìs of Squares"
1 F : F ratio; p : probabiliry.

Sor¡rce: Godi¡ez (j-990)
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Ðfuibitd bY the rd keans altlrough initial hardness T,{as sonev¡trat

h-igher than for ttre blacl<s.

Analysis of tlre pold data iJxlicates ûlat ban wariety, rrucisture

content, arxl storage terlFrature had significant effesLs on hardness

(Table 5"1) " The significarrt rucisture content_warietlr interaction
irdicatd ttrat nu¡isture effects strould þ interpretd separatery for
eacft varieþr" Table 5"2 strcn¡¡s a strorq tirne effesL on hardness. Bean

varietlz, stor:age teneeratr¡re, and. nucistr¡re content had significant
effests on tlre tinre effest, as v/êllr irdicating that storage ti¡e should

also be considerd separately for eacùr warieþr.

rhis strrdY denxcnstrates a strorqr effect of tertprature on hardness

of beans wittr tJ:le effest of rucistr:re content not as strong. Ilardness of
both mrieties of kleans increased vÈren stored at 36oc, regardless of
initial nucisture content. Beån hardenfug arxl storage studies re¡rcrted
i¡ the literature have strcn^¡r sirnilar i¡creases ix haïdeniry resultirqr
from higher teneerature ard nucisb¡re content during storage (HixcJ<s a¡nj

stanley, r9B7¡ Hohìberg ard sEanley, r9}7i Moscoso et al. , rg}4). This
sppr{s the hlpttresis ttrat t}re hardening process is enzyrnatic since

hisrer tenFrahlre and rmisture levels woul-d pronote enzyrne activity.
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5"3"2 Electrophoresis

5 "3 "2. 1 Ðrzjryne Electrophoresís

It¡e enulr*es of the pctate path!,¡ay !üere representd by acid
phosphatase arxt esterase" Phytâse is an acid phosphatase (ro1as arxl

l4arÌ<akis, 1977), Ìn¡t klecause there are otlrer acid phoqphatases, not alr
bards present in tlre ge1 rnay have phltase activiþ2. Similarly, not aJ-I

esterase barxls n'y b spcifically pctin reHryl esterase ísoenzynes.

Both acid phoqghatase a¡xt esterase were present in tlre cotyledon. Acid
phosphatase gels strcrared one larrgte region of activiþz i¡r tlre area of R¡
: 0"25 ard a rucre distinct, bard witrr an R¡ value of o.42 (Figrure 5.5).
rn sone gels it was ¡nssible to see that the larrge acid phosphatase

rqion was aeLually rnade læ of 5 d.isti¡ct, bads. These 5 barxls were

evident only i¡ sanples stored at corditions of hiø temperature,

although they wene not always evj-dent at t¡ese corxlitions. Ttre reason

for ttris is not c1ear. seven esterase bards wene obsen¡ed. Esterase
patterns were variabre tN¡t no trerds could be identified.

of tlte tlree erìu\r'rcs involved in the pro¡nsed rignification
pathv¡ay, only peptidase strcn^¡ed a significant anx¡unt of activiþr. T\,uo

peptidase bards (Rf = 0.38, 0"54) hrere present in boûr cultirrars
(Figrure 5.5) , Peroxidase also producd two bards (Rf : O.27, 0.33) Ìx-lt,

they were fai¡t and not consistent. No polyphenol oxidase activity was

obsen¡ed. Itre patterns were not affected þr storage.

No one isoenzlzlre barul was notably nucre i¡tense in the bean sanples

held at ni$ tenprature arxl high rucistrire leve1s although these ¡gans

harrdened significantry. For this reason, it was not possiJcle to
identÍfy specific isænzylres invoi-vd in ttre enzlaratic har^denirg
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rìechanisms. ttre we¡k peroxidase bards ard l_acl< of any detectabte

¡nlyphenol oxidase activier would suggest that. pectate fonnation is
more apt to occur j¡r the cotlrledon than is liqni¡r forrnation.

o 1.O
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Figrre 5"5 Representation of ryptidase . (pæ), peroxidase (poD),pollzphenol oxidase (ppo), - acid prrosptiatase (Acp) , a,*d.

"=t".?=" (E.r) isoenzlme ¡ntterns o¡serveA i¡1 ft¿ cotyteOonof red ard blad< bans"
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Figrrre 5"7 Blad< bean acid phosphatase isoenzrTne patterns after r-sy*- "j storage. Storage corditions trãm teft to right:23ec/L6z rncistr:re; zøoc¡tzz nucisturer" zøoc¡tez nrcistúre;
soc ¡ tez nroisture ;' ztoc / täz noist :rã ; é6ci lzz' r*¡sb¡re.
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5 "3 "2" 2 Sed motei¡ Electrophoresis

A totar of L9 ba¡ds were obser¡¡ed in the 5 M acetic acid
e:<tracEion" Ttre four least n¡cbile barxls were not consistently present

in all sanples (Figrure 5.8) " rn the gels sTrø.m, ttre four barxls i¡r the

rd bans aptrÞar to b inc:re¡sj¡'¡g i¡r i_ntensity duriry storage Ìrut this
trerxl was not reprdrrcible" At ttre l-cnr tenprature ard n¡cistr:re 1evels,

arr other bards rernai:'rd stabre over storage. Hcnvever, at hidl
tereera.ture arxl n¡cistrrre IeveIs, two bands (Rn : 55 ard 59) clearly
weal<ened i:r i-ntensiQr over 24 weel<s of storage (Figrure 5.9). A ûrird
band (Rn : 63) weakened in intensity during storage i¡ trre black bean

sanples hrt did charqe appreciably in tJ,e red bans" The rest of the

¡nttern tns not affected kry¡ storage corditions or þr tlre lengrLh of
storage"

lhese resul-ts confirm earlier reports tìat 5 M acetic acid
e)<tractable protei:'rs strcn^r ctrarges over storage under corxlitions of high
teneerature ard hnrlidity (rtussaÍ¡r et al. , L9B9c). usÍrg ger filtration,
Hohlbetg ard Stanley (L987) suggestd that it, was the phaseolins that
were Þing dqraded duri¡¡g storage. Omng arNl llarrold (t-g8g) used sDS-

PAGE to deronstrate tlre bneakdcç,¡n of phaseolils in beåns ùra.1rg

gerrnilation. Hcnarever, after 24 weel<s of storage, this study found no

ctnrges were evident i¡ ttre SDS-PAGE phaseolÍn ¡ntterns at any storage

corNlition (Figure s.Lo) " This irdicates that the proteins ttnt were

degradd in tÌre 5 M acetic acid ecLrasLion wene not phaseolins, h¡t
some ottrer coþrledon protein.

Altttough protein degradation occurrd i:r conjunction wittr the
develo¡nent of ttre IIIC corvd.ition, the lcns levels of ¡:eroxidase and

pollphenol oxidase activiþr would. i¡dicate tbat the free ami:ro acids
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resulti-ng fron proteolysis \ùere r¡ot senri:g as precurærs for
lignification" ottrer researchers have also fourul little evidence for
the role of lignification in ttre developrent of ttre Iflc cond.ition

(s?isrma et a1., a9B9; Rozo et âf ., j-990) . rt nËy þ ûat these

proteins are bei:g dqradd preferentially âs a source of nitrogen to
naintain respiration or ttrey rny be i:Tvolvd in ¡raillard bü:cturniry which

can occur iIl beans durirq storage (pcnrrrie, l_990). No broamirg sras

achrally obsen¡ed durilql storage. ltre lcn¡ levels of penoxidase ar1¿

pollphenol oxidase would ird.icate, hcir,uever, ttrat the developnent of the

III€ co¡dition is nucre tlre result of a kuild læ of ¡rectate in ttre middle

lanella ttran t}re forrnation of ligrnin.
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Figrure 5'8 Acid-PAGE patterns of 5 M acetic acid soluble proteins frocrrd ard br-ad< beans stored aE goc/L2? nx¡isturJro, o, 3, 9,15, afil 24 weel<s"
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vüiûr respest. to tlre electrophoresis of general sed prot-eins,
paLterns prducd frcnt residual proteins arul from proteins solubl-e i¡
0"1- M acetic acid containirg l-.0å nercaptoettr,anol !üere able to
distirqruish five of ttre six cultivars. All six cultivars coul-d b
uniquely identifid vùren ttre rdr¡cd acetic acid octraeLion was used in
conjunction with t}Ie sd.iun chl-oride ortraction or with ttre residual
protein extract'ion" san ¡4arti:r, ttre slcr¡uest cookirg cultiwar, g>ùibitd
a unique acetic acid soluble protein, Ìxlt no clear ovenall trerd was

obsen¡ed þtween cooking tilT€ and sed protein electrophoretic
patt-erns" No location effect, was obsen¡ed.

In a related shrdy, the stabilitlr of elecLrophoretic ¡ntterns of
two bean cul-tir¡ars vns nonitored over storage r:nder several cond.itions.

A brack warietlr (TanazuJ-apa.) a'nr a red warietlr (mR-364) were stored
with two diffenent initial nucisture levels (12å ard l-6?) ard at three
different te¡reeratures (9oc, z3oc, ard 36oc) for 24 weel<s.

The hardness of mR-364 !üas consistently greater t},an û,.t of
Tarnazula¡ra tlrroughout the studlr" Teùrperature had the greatest effest on

ha¡denilq wittr high teneerature pronetirg hardenirg. Hi$ noisture
leve1s also promoted hardeni_rq during storage"

Peptidase, peroxidase, ¡rclyphenor oxidase, acid phosphatase, ard.

esterase patterns remai¡ed stable throughout storage at a1l corditions.
vüith rqard to seed proteins, several 5 M acetic acid solubl-e protei:r
bards weakened in intensitlr over ti:ne in beans stored under corditions
of hiø tenprature and npisb¡re. Itrese ctrange were not evide¡rt in
beans sLord at cooler teneeratures. No ctranges were evident in t1,e

phaseolin patterns under any storage cordition"
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6"2 Conclusions

1-" @kirq ti¡re of dq/ þffs was affectd þz genotlpe as well- as by ttre
Iæation lr¡hene the hans rdere grcñ,rrt.

2" cotyrdon protein electrophoresis üras effestive for trre
identification of nnrpholqicalry i:distirquish,abr_e bracr< bean

varieties" rsoenzYlr€ eJ-ectrophoretic pa.tterns, hcnnrever, did not oùribit
enousr r¡ariatíon to b used for cultivar identification.

3 " Ãcid phosphatase ard esterase isoenzlzlre etectrophoretic pa.tterns

appear to be related to cookirq quarity" IIaïd curtivars had unique
isoenzynres"

4, With the o<ception of coþzledon esterase, none of
seed protein electrophoretic patterns v¡ere affested
v'here tlre sarple !üas grcfi¡,n.

the isoenzynre or

by ttre location

5' solrÞ specific 5 M acetic acid soluble seed protei¡ bands weakened i¡
intensity durÍry storage at hi$r tenæra.tr¡re a¡rd moÍstr:re 1evels. These

proteins were not affectd at l-cr¡¡en tenperatures. Al-l- ottrer patterns
were stable over ti:re for a period of 24 weelcs.

6" The løv level of coþzledon proxidase ac..iviþr ard ttre r-acr< of
detesLable ¡nllphenol oxidase activier suggest that, Fstate h¡ild ræ i¡
the niddre larnella is a nucre plausi-bJ-e erylaration for the devel-o¡rnent

of the IIIC defecÈ ttran ís ligaification.
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6"3 Reconrnerdations for Fi:ture Researctr

l-' There is fairly conclusive evidence that bth genotlzpe ard læation
can affect, the cooki_rqr tine of frestrly han¡estd dq,, beãns (Ghaderi et
ar", 1984; Hosfierd et âr., r-9g4) . There are i:çJ_ications in the
literature that tlre sanre factors woul-d affesL, the develo¡nrent of t¡.e
rïrc defect, durirg storage, hcralever, no concrusive study has yet hen
publistrd" A studlz Ìnvestigatirg ttre genoþpic and locational effesbs
on tlre develo¡nnent of ttre Hrc cordition durirg the post-ha:rrest storagre

of dqr' beans would be useful in evaluati:rg the worLh of pursuirq a
bredilg program to inprove cookability. A set of 1-o to l-5 rnrieties
that have been wert clraracterized with respecb to cookirg quaritlr over
several seasorls' locations, arxi storage corditions would be o<tremely

usefirl for further research into the genetic effest on the developnent

of ttre IIIC defect,"

2" rtris study i:idicatd a possible rerationstrip between esterase arNl

acid phosphatase isoenzrTne patterns arvd cookirg tilre. The isoenzyne

patterns of a rm¡cÙt larrger nrn¡br of ban varieties need to be Ìorcn¿n in
order to establistr a statistically warid corel-ation betveen isoenzrTrne

patterns ard cookirq tiræs" By limitirq the varieties to the bracl<

color classr genetic variation not related to cækirq quarity could be

kept to a mi¡i:rrtm"

3" rhe GBC salt acid phoqghatase stain d.id not, produce gd quality
resul-ts on pllacrarlalnide gels arxl resofution was IFor on starchr gels.
Þspite ttre poor quarity of the results, acid phosphatase ¡:atterns
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st'ilt strcn¿d prornise as prdictors for ttre develo¡nnent of lfrc defest,. A

btter staini:rg præeùrreo preferably spcific to phytase, rnay give
even trucre dramatic resul-ts" one pssiJcirity would be to u.se hidl
perfortnance capillarlz electrophoresis (IDCE) to separate bean extracts
arul arnlyze eacjlr fraction for phyLase activiþr. The srnl-I volures
rquÍrd for HPCE rny make the deterrnination of phyEase activity
irpe'acÈica1 hcn'¡ever.

4" si¡ce the peroxidase arxt pollphenol oxidase stains ap¡:eared to
produce identical patterns, tlre specificity of ttre two assays s¡oul-d þ
investigatd"

5" Because of ttre ted.ious natr:re of visuarry conpari:rg

electrophoregrams, ner¡I cuftivar identification tecLuriques strould be

develo@ usi¡lq Hprc or HpcE which would alrcr¡¡ for the eaqr

digitization of resul-ts makiry conputer assisted cul-tirnr conparisons

mucùr ¡rpre convenient"
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APPMTDIX A

Mean cookirEr tine (nrinutes) of five seds usirq ttre r4attson cooker

I" Jutiapa, first harvest"

Arl-tir¡ar
Mean

-

Tainazulapa
San l,hrfin
Quetzal
Li¡e 85-l-2
Ostua
Pedro Amritlo

I27

65"0
62"O
55"4
58"8
66"O
66"2

55.8
57"8
44"6
68. O

6L.2
s6"8

6t_" 0
62"2
52"8
54"6
58.8
60"6

60"6
60 "7
52.3
60"5
62"0
6L"2

59 "7

If. Jutiapa, second harvest.

CuItir¡ar

Tamazulapa
San ¡4artin
Quetzal
Li¡e 85-l-2
Ostua
PedLro Auarillo

62"O
65"4
55"5
62"O
6l_"8
sB.6

53.0
70"6
54.O
66.0
64"2
62.6

61,"2
64"8
66. O

71-"4
54"2
60"8

58"7
66"9
s8.5
66.5
60.l_
60 "7

61,"9

frl. INCÀP Farm, first (onfy) ha:r¡est.

52"8
52.O
48"2
51-.0
45"4
47 "s

56"2
50" 0
42.8
5l_.6
5L"2
46"4

55.6
58"0
48"4
54"6
54"4
34"6

54"9
53"3
46"5
52"4
50" 3
42"8

Orltivar
Mean

Tanazulapa
San iqarti:r
Quetzal-
Line 85-l-2
Ostua
Peciho Arrnril1o

50" o



428

ïV" keentrouseo first ha::¡est.

Cul-tivar

TanazuÌapa
San l4aÉin
Q¡etza1
Li¡e 85-l-2
Ostua
Pecho Anarilo

50.6
72"2
48.2
53"8
50.6
57 "2

51" O

70"2
49.O
51"8
50" 0
54"4

5l-.0
60.0
48"2
47.O
5t_.0
50.4

50" 9
67 "5
48.5
s0.9
50" 5
54.0

53 "7

V" freenhouse, secord han¡est"

49 "O
60"8
48"2
44.2
50.8
5l_" 1

5l-" 4
60.0
48.8
53 "2
44"2
53"6

50"2
76 "O
50.4
44.8
46.2
45"4

50.2
65"6
49.a
47 "4
47 "t
50" 0

Cultivar

Tanazula¡n
San ¡{artin
Quetzal
Line 85-t-2
Osüra
Pecfio Arnarillo

51_.6



ÄPPEilIDD( B

Mean ækirg tine (rninutes) of five seds using t].e l{attson cooker
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r. Jutiapa, first hârvest, (storage tine approximately 6 months).

T?iaI

Tanazulapa
San MaÉ.in
Q.retzaI
Line 85-l-2
Ostua
Pecho Anarillo

73"2
86"8
67.O
74"O
74"4
83 "2

67 "4
92"2
63"2
7t.o
63"4
70"6

70"4
82.0
59.6
79 "8
72"2
62"8

70"3
87 "O
63"3
74"9
70.0
72"2

73 "O

ff . Jutia¡n, secorxl harvest (62 day storage).

Tanazulapa
San l{artin
$retzal
Line 85-l-2
Ostua
Pecho Anarillo

56.6
59 "4
59.0
63 "4
59"0
60"2

63"2
70"6
62"2
60.8
60.0
58.8

6I"2
69 "2
57 "8
68.0
64"6
60.4

60.3
66.4
59.7
64"A
61,"2
59"8

61" 9

ffl. INCÀP Farm, first han¡est (62 day storage).

63"8
66"8
5r_"8
57 "4
56" 6
52"6

Tanazula¡n
San ¡{al:Lin
Quetzal
Li¡e 85-l-2
Osüla
Pecho Amarill_o

59"8
59.2
54"0
55"1-
53"8
59"8

63"0
54"4
61,.6
56.2
57.2
57 "2

62"2
60.l_
55.8
56"2
55"9
56"5

57 "8



l_30

w. freenhouse, first han¡est (storage tirne unlcroun).

Tanazulapa
San l4aÉj::
Quetzal
Li¡re 85-1-2
Osfua
Periho Ãnarilto

50" 0
52.8
43"8
44"4
48"2
52"2

50.6
58"6
48.2
54"2
48"2
51,"2

45.2
52"2
43"8
54.0
50" o
46"4

48"6
54.5
45.3
s0.9
48.8
49 "9

49 "7
V. freenhouse, secord han¡est (storage tille t-57 days) "

47 "4
57 "4
54"4
52.6
50.8
57"0

53"4
59 "4
53 "4
55" 6
52"6
5r.4

5l_"4
6]-"4
53 "4
53"6
5L"4
50" 6

50"7
59.4
53 "7
53"9
51.6
53.0

cultivur Mean

Tanazula¡:a
San ¡,faÉ,i¡
Qtretzal
Line 85-l-2
Ostua
Pecho Anarillo

53 "7
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APPEI'TDD( C

@N'LMN NITrcEN - RAFü DATA

Tarnzulapa

Meån

San l,hÉin

ldeån

Quetzal

¡{ean

Line 85-1-2

ß{eån

Osbla

Meårr

22"4O
26.8a
24"46

23"24
27 "57
25"4L

23"46
24"52
23"99

i_9.40
19 "62
1_9.51

20"55
20"85
20"70

a7 "99
16.60
17"30

25.70
20"52
23 "L1_

22"O9
22"25
22"47

29 "28
25"74
27 "51,

2L.a5
27 "74
24"45

2I"57
2L.47
2L"49

29 "86
26"22
28"O4

23 "96
24"43
24"20

26"t2
26.A2
25"83

24"58
24.6I
24.60

24.02
23.O4
23.53

24.47
25.r2
24.80

23 "26

24"24

24"OO

23 "87

22.89

24"33

Pecho Anarillo 27 "OO
26.40

¡,Iean 26"70

@erall l,feans 23 " 46 22"67 25"L7 23"77


