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ABSTRACT i 

Lectins  specific  in the i r  binding t o  o l i gomers o f  �1,4 linked 

N-acetylglucosamine were ident i fi ed in the fruits  o f  

Cyph omandra species  o f  the f amil y  S o l anaceae . Thus , 

Cyph omandra spec i e s  c an be cons idered a s  a new s ource of  

lectins  for bas i c  and appl i ed studies . 

New lectins  ( de s i gnated a s  CEL l  and CEL2 ) were identi fied 

from t amaril l o  fruit s (Cyphomandra betacea ) . CEL l  was 

puri fied . Biochemical  characteri z at ion , subce l lular 

l o ca l i z at i on and molecular sequence analy s i s  for this  new 

lect in  were made . CEL2 , whi ch was immunologically  unrel ated 

t o  CEL l , was not further characateri z ed .  

CELl could be readi l y  puri fied u s ing a f finity and ion 

exchange chromatography . CEL l  comprised two subunit s j oined 

by non convalant interact i ons . Subunit  s i z e  was 25 kDa . 

N , N , ' N" , N" " -tetraacetylchit otetraose was  the most e ffect ive 

carbohydrate for inhibi t i on o f  CBLl induced agglutinat i on of  

rabbit  erythrocytes . CELl c ons i s t s  o f  abundant residues of  

Cys (16 % ) , Gly  (14 % ) , Glx  (13 % ) , S e r  (11 % ) , Pro  (9 % )  and 

Asx (7 % ) , and t o  a lesser  extent , hydroxyprol ine res i dues . 

CELl was found to  be an abundant , extremel y  s t ab l e  and 

devel opment a l l y  regul at ed protein . It was found p redominant l y  

i n  c e l l  wall s  o f  fruit t i s sues u sing immunofluores cence 

techni ques . CEL l  could p l ay a defence role in  seed 

development . 

Despite the general resemb l ance o f  chemi cal  c ompos it i on and 

carb ohydrate spe c i f i c it i e s ,  no c ro s s- react ion among 

s o l anaceous lectins in double  immunodi f fu s i on t e s t s  performed 



ii 

in gel s  cont aining the i r  carbohydrate ligands was 

demonstrated, suggest ing they may not have s imilar  epitopes . 

Four t rypt i c  pept ide s  and the N-terminal fragment o f  CBLl  

were sequenced, whi ch showed 

Gramineae lect ins . S ince CBL l  

s ome homol ogies with the 

and the Gramineae lectins 

shared s imilar  propert ies  such a s  amino  acid c ompositi on and 

sugar speci f i c it i e s ,  it i s  suggested that CBL l , a s o l anaceous 

lect i n ,  might be evoluti onarily  related to the Gramineae 

lectins . 

Two cDNA c l ones were i s o l ated with ant i-CBLl serum, and 

sequenced . One o f  them (X2 0 0 ) , whi ch reacted weakly with 

ant i-CBLl  serum, was  96 % ident ic a l  with a bacterial  gene 

i l  vC encoding acet ohydroxy a c i d  i someroreduct ase . The pept ide 

encoded by this cDNA could have s ome s imi l ar epitopes to  

CBLl ,  which resulted in i t s  i s o l at ion . Another c l one (X2 0 8 ) , 

which showed stronger react i on with anti -CBL l  serum, was 

found t o  contain putative pept ide s equences  which did not 

show homology with CBLl pept ide sequen ce s . Thi s c l one c ould 

be derived from one  domain o f  CBL l ' s  c oding region , whi l e  the 

peptide sequenc e s  c ould be c onfined t o  another domain . 

Comp l exity in immunoscreening the c lone encoding CBL l  i s  

di s cu s sed ,  and future work on the i s o l at i on o f  cDNA c l one 

encoding this  interesting lect in is suggested . 
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CHAPTER 1 LITERATURE REVIEW 

1.1 Historical background of lectin re search 

It is generally accepted that a doctoral thesis published in 

1888 by Stillmark marked the beginning of lectin research 

(Kocourek, 1986; Sharon and Lis, 1987) . While investigating 

the constituents of seeds of some plants belonging to the 

Euphorbiaceae family, in 1888 and 1889, Stillmark made the 

startling observation that a partially purified toxic 

proteinaceous preparation from castor beans ( Ri cinus 

comm un i s )  that he called ricin agglutinated erythrocytes. 

Stillmark also observed agglutination of liver cells, 

epithelial cells and leukocytes by ricin. His work started a 

series of theses and papers. One of these works by Hellium 

showed that a toxic extract of jequirity (Abrus precat ori us)  

also caused red cells to clump together. The new agglutinin 

was named abrin. 

By using these two toxins, Ehrlich could establish some of 

the fundamental concepts of immunology (Kocourek, 1986) . For 

example, rabbits fed with small amounts of jequirity seeds 

developed a certain degree of immunity against abrin. 

Immunity could be increased by additional parenteral 

administration of the toxic protein. He was able to show the 

specificity of the proteins (i.e. antibody) found in serum of 

animals after administration of abrin and ricin. The 

anti-abrin serum could neutralize the toxic activity of abrin 

but not that of ricin and vice versa, and these toxins could 

also be specifically precipitated by proteins found in serum 

in response to the administration of these toxins. Ehrlich 

also demonstrated a quantitative relationship between the 

amount of antiserum and the amount of toxin that could be 

neutralized by it, and he also showed that during pregnancy 
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immunity to the toxins was transferred from mother to the 

offspring in the blood and that after birth it may be passed 

through the milk. 

In 1909, Landsteiner and Raubitschek (Kocourek, 1986) 

reported for the first time the presence of non-toxic lectin 

in the seeds of the leguminosae family, such as in beans 

(Phaseol us vul gari s ) , pea (Pisum sat i vum) , lentil (Lens 

culinari s )  and vetch ( Vi ci a  sa ti va )  . They identified these 

plant lectins as proteins and showed that they were water 

soluble, non-dialysable, insoluble in alcohol, thermolabile, 

could be salted out by electrolytes and gave positive biuret 

and xanthoprotein reaction. They also observed that porcine 

gastric mucin caused "deagglutination" of erythrocytes 

agglutinated by ricin, abrin or bean extracts. Although the 

authors was unable to explain it, this report showed for the 

first time the inhibition of haemagglutination by 

carbohydrate substances present in the mucin. 

Following the work by Landsteiner and Raubitschek (Kocourek, 

1986) , search for haemagglutinins revealed that they existed 

predominantly in seeds of the Leguminosae, Euphorbiaceae and 

Solanaceae families. There were also discoveries of 

preferential localization of lectin in certain seed 

structures and various organs of plants, e.g. potato tubers 

(Kocourek, 1986) . Lectins were also found in a wide variety 

of other categories of organisms in the early part of this 

century (Kococurek, 1986) : in fungal fruiting body of Amani t a  

mascara and A .  solitaria; in bacteria such as Staphyl occus 

aureus ,  Vibri o,  E . coli; in chicken plague virus and animal 

such as the horseshoe crab (Limul us polyphemus) , the American 

lobster (Homarus ameri can u s )  and in snake venoms. 

From 1919 to 1934, there was no significant progress in 
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lectin research except the work about Con A by Sumner (1919). 

Obviously, there was no driving force for theoretical and 

practical uses of lectins and in addition, their 

physiological function was unknown and their further 

exploration was restricted by the methodology and knowledge 

of protein biochemistry at that time. 

After the period 1919-1934, there were many significant 

discoveries about lectins by the second half of the 1960s, 

such as isolation of concanavalin A, blood specifici ty, 

mitogenic properties, specific binding of malignant cells and 

specific recognition of carbohydrate structures by lectins. 

Sumner (1919) was able to obtain two crystallisable 

components from jack bean (Canavalia  ensiformi s ) , one of 

which, concanavalin B ,  could be dissolved in 10% NaCl and the 

other, called concanavalin A (Con A) was soluble in high 

concentrated salt. Con A was found to be the agglutinating 

constituent and in later times was to become a widely used 

lectin. Thus Con A was the first lectin to be isolated in 

pure form. In 1936, Sumner and Howell reported that in 

addition to its ability to agglutinate cells such as red 

blood cells and yeasts, Con A also precipitated glycogen, 

starch granules and mucoprotein in solution. They 

demonstrated that haemagglutination by Con A was inhibited by 

cane sugar and suggested that this might be due to the 

reaction of this protein with carbohydrates on the surface of 

the erythrocytes. This was believed to be the first report on 

the nature of haemagglutination and sugar specificity of 

lectins. Sumner and Howell (1936a) also accomplished the 

characterization of the lectin. These authors (1936b) also 

demonstrated that the activity of Con A required divalent 

metal ions. 
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The studies by Sugishita in 1935 and Jonsson in 1944 on eel 

serum agglutinins and later by Boyd in 1947 and Renkonen in 

1948 on plant agglutinins have been considered as the first 

approach to the practical application of blood group specific 

lectins and, in general, to the investigation of lectins as 

recognition molecules (Kocourek, 1986) . Sugishita reported 

two types of agglutinins in the Japanese eel Anguil l a  

japon i ca ,  one was nonspecific towards the ABO system and the 

other showed a high titre against 0 type cells. Jonsson 

reported a similar agglutinin from the eel Anguilla  anguilla  

was specific towards group 0 cells, he then suggested this 

agglutinin could be employed as an anti-O (H) blood typing 

reagent. Lectin was then considered as a special type of 

antibody. It took almost 30 years before its 

non-immunoglobulin nature was proven (Bezkorovainy et  

al . ,  1971) . Boyd observed that an extract from dried lima 

beans (Phaseol us l unatus  sym . l imensis )  "agglutinated 

erythrocytes of some human individuals, but those of others 

only weakly if at all". He then realized that these results 

correlated with blood groups. Renkonen in 1948 undertook 

systematic study of the agglutinating properties of extracts 

of seeds from the Leguminosae family. He found that six of 

them showed affinity either for A or 0 erythrocytes. Boyd 

and Reguera in 1949 found about half of the 70 varieties of 

Phaseol us l unatus  seeds showed high anti-A titre. These 

works followed by others stimulated new interest by 

haematologists and immunologists and provided the first 

practical uses of lectins which caused a new wave of 

searching for novel lectins for this type of work (Kocourek, 

1986) . 

The blood type-specific lectins played a central part in 

elucidating the chemical nature for ABO blood group 

specificity. Watkins and Morgan (1952) demonstrated that the 

agglutination of group A blood cells by the lima bean lectin 

was most readily inhibited by a linked N-acetylglucosamine 
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and that of  0-type ce l l s  by the lect in of  Lotus 

t etragon ol obus was best inhibited by a-l inked L-fuc o s e . They 

suggested that a-N- acetylglucosamine and a-L-Fucose were the 

sugar determinant s o f  A and 0 blood group respectively . Thi s 

work a l s o  provided the evidence of  sugar presence on  cell 

surfaces . 

In 1 95 7 , Make la divided lect in-react ive monosaccharide s  int o 

four categories based on the i r  configurat i on at C-3 and C-4 

pos it i ons of  the pyranose form o f  hex o s e  a s  shown Fig . 1 - 1 . 

L- fucose-binding lect ins are specific  t o  Make la ' s  group I ,  

galactose- and N-acetylgalactosamine - speci fi c  lect ins  to 

group I I ,  and mannose- and/or  glucose-spe c i f i c  lect ins to  

group I I I . Lect ins binding to  the Makel a ' s group IV  have not 

been found yet 

clas s i fication,  

(Wu et  al . ,  1 9 8 8 ) . Based on thi s 

group speci ficity a l s o  applies  t o  N-

acetylglucosamine- and s i al i c  acid- spe c i fi c  lect ins ,  and to 

the complex sugar ( e . g . chitin )  binding lect ins . 

H
o "0 0 "0 

OH H 
I HO 

HO HO 
II III rv 

Fig.l- 1 Classification o f  pyranose of lectin - re active mono saccharide s 

(Make la, 1 9 5 7 ) . 

In 1 9  60 f Nowe ll  made a very exit ing di s covery with the 

observat ion that lymphocytes , which were then be l i eved t o  be 

a c l a s s  o f  dead-end c e l l s  at the i r  terminal stage of 

devel opment and incapable of  further divis i on ,  could be 

t riggered int o an unsuppres sed state o f  act ive growth and 

pro l i ferat i on in vi tro by the phytohaemagglut inin (PHA )  from 

Phaseolus vulgari s  seeds . Thi s di s c overy led to  a number of 

import ant immuno l ogical invest igat ions and a l s o  led to  
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di s c overies of various other lect ins whi ch could also 

st imulate lymphocyte divi s i on ( s ome are spec i f i c  for 

lymphocytes from certain animals ) .  Today ,  Nowell' s dis covery 

greatly fac ilitates the examinat i on of  chromo s omes in human 

beings and certain animals and has led to the expans i on of  

human cytology and the increased understanding of  

relat i onships between chromo some abnormalit ies and diseases . 

The st imulat i on of lymphocyte divi s i on by lect ins also 

provide s  a probe for better underst anding of the mechani sms 

about how a signal from the cell surface can be transmitted 

into the nucleus to trigger DNA repli cat i on and subsequent 

cell div i s i on . 

In  1 9 6 3 ,  Aub and his collaborat ors made an import ant 

observat i on that a lipase-containing ext ract from wheat germ 

( Tri t ic um vulgare )  exhibited the ability to i nhibit t umour 

growth and cause agglut inat ion of several trans formed cell 

lines but did not appear to agglut inate the i r  normal 

counterpart s . Later , Burger and Goldberg ( 1 9 6 7 )  separated 

the agglut inat ing act ivity from the lipase act ivity and 

ident i fied the substance respons ible as wheat germ agglut inin 

(WGA) . It  was thi s important di s covery that attracted many 

s cient i st s  to study the lect ins in the hope that lect ins 

might provide an important tool to  study the role of  the cell 

surface in cancer cells and thus the riddle of  cancer in 

gener al . Three years later , Sela and eo-workers  found that 

the s o ybean lect in could als o di st ingu i sh normal and 

malignant cells and some other lect ins were later found to  

have the  s ame property . Although it  i s  now  clear that not  all 

lect ins  po s ses s this  propert y, all these works provided 

evidence that malignant cells di splay different cell surface 

from that of  normal cells . 

The act ivit i e s  o f  lectins such as  blood-type specific ity ,  

mitogeni c ity and the i r  ability to  di st inguish malignant and 
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normal cel l s  had led to  a s e arch for new lect ins and s t udies 

on the i r  b i o chemi stry in the 1 95 0 s  and the early 1 9 6 0 s. 

However there were no convenient and effi cient procedures for 

i s olat ing lectins . Convent i onal protein  pur i f i c at i on methods 

were e f fect ive but t ime consuming . By the end of 1 9 64 ,  there 

were only five lectins whi ch were i s o l ated and part i ally 

characteriz ed .  They were : Con A ( Sumner and Howel l , 1 9 3 6 a . b),  

the castor bean lectin ( T akahashi e t  al . ,  1 9 62 ;  Ishiguro et 

al . ,  1 9  6 4  a ,  b )  s oybe an lect in (Palansch and Liener,  1 953; 

Wada et al . ,  1 95 8 )  , lect in from kidney bean ( Rigas and 

Osgood, 1 955 ) , lect in from b l ackbean ( Ja ffe and Gaede , 1 9 59) . 

It was Agrawal and Goldstein in 1 9 65 who introduced a f finity 

chromatography into lectin res e arch , whi ch greatlv 

fac i l itated s imple and efficient i s olat i on of  lect ins. They 

( 1 9  6 5 )  demonstrated that c ro s s - l inked dext ran ( Sephadex) 

could be employed as a speci fic  absorbent for Con A .  After 

washing Sephadex 2 0 0  with 1 M NaCl s olut ion,  non-interact ing 

component s o f  prote in extract passed through the column and 

the spe c i fi cal ly-ab s o rbed Con A could be eluted by 0 .  1 .tv� 

D-glucose  in  the s ame s o lut i on . Although the principle of 

affinity i s olat i on o f  lectins could theoret i ca l l y  appl y  to 

any lect in , due to  the l imited number of  appropriate carriers 

avai l able  that t ime , convent i onal chromatographi c  procedures 

were s t i l l  widely  used in the 6 0 s  and the early 7 0 s. 

During the 7 0 s ,  the search for new lect ins showed s ome 

decl ine and its  focus o f  interest was shi fted from plant s to 

other t axonomic phyla inc luding vertebrates . However due 

l argely  to the ease of  i s olat ing lect ins by affinity 

chromatography and other advanced purificat ion procedures, 

the most import ant area of research wa s the s y s::.emat ic 

studies  of the molecular propert ies of individual lect ins. 

Ranging from main phy s i co-chemical parameters , amino a c id 

c ompos ition and amino acid sequence to estab l i shing three­

dimen s i onal structure , these  dat a provided a fundamental 

bas i s  for understanding o f  the lect in act ivit ies at the 
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molecular level . Equally import ant were the ext e n s ive 

structural studies  of lectin recept ors . All these studies 

together would be expected to give ins ight to i n  vi vo 

funct i on of  lect in s . 

During the 1 9 8 0 s ,  the advances o f  DNA technology had a 

s weep ing impact on lectin re$earch . Numerous structures o f  

lect ins were eluc idated by  sequencing the i r  genes or  c DNA . 

Structures were then compared by comput ing methods to  s e arch 

for s equence homol ogy . Thi s trend of  research st i l l  cont i nues 

t o  the present time and without any doubt it wi l l  conti nu e  to 

flouri sh in thi s  decade . 

In summary , lect ins , which were first di scovered a century 

ago , l ater were found to  exist in almost every category o f  

l iving organisms . Although their  endogenous ce l lu l a r  

funct i ons  are not c l e a r ,  their  theoret ical  and pract i c a l  

app l ic at ion have been the driving force behind the extens ive 

and intens ive researches  of lectins . 

1 .1 .1 Definition of l e ctins 

The definition of lect ins has undergone several changes s ince 

the i r  first di s covery . Lect ins were also referred to as  

agglut inins , phytohaemagglut inins , phytoagglut inins and 

protect ins . 

The term lectin ( Latin legere: to cho o s e )  was first coined by  

Boyd and Shapleigh ( 1 954a , b )  to refer to  a group of  p lant 

agglut inins , some of which were human blood group spec i f i c . 

With the di scovery of  c arbohydrate-binding proteins  in 

diverse  categories  of organi sms , the term lectin has been 
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broadened to include sugar binding proteins from any s ource 

(Aswhel l ,  1 97 7 ) . Goldstein et al . ( 1 9 8 0 )  proposed the 

definiti on that a lectin i s  a sugar-binding protei n  or 

glycoprotein of  non- immune origin whi ch agglut inates cel l s  

and/or  precipitates glycocon jugates . The Nomencl ature 

Committee of  the Internat i onal Union of  Biochemistry ( D i xon , 

1 9 8 1 )  has recommended this definit ion with s ma l l  

modi f i cati ons , e . g .  the delet i on o f  the term glycoprotein .  It  

should be pointed out that thi s definiti on was based on t heir 

in vitro biological  propert ies , whi ch was an operat ional one . 

It imp l ied that a lect in should have at least two sugar­

binding s ites or  more . Thus , thi s definit ion would exc lude 

those t ransport proteins , hormones and toxins ( ri c i n ,  abrin 

etc . ) ,  which might be evolut i onari ly  related t o  lect ins  as 

defined by Goldstein et  al . ( 1 9 8 1 ) .  It  should be pointed out 

here that no puri fied lect ins have been shown to exhibit 

enz ymat i c  activit y . Although it was reported that s ome 

lectins possess  glycosidase act ivity , when examined 

crit i c a l l y ,  it proved to  be that some glyco s idases under 

certain c ondit i ons acted as lectins ( Shannon , 1 9 8 3 ;  Golds tein 

and P o ret z ,  1 9 8 6 )  . 

Kocourek and Hore j se ( 1 9 8 1 )  proposed a les s restr i c t ive 

defini t i on of  lectins as  sugar-binding proteins  or 

glycoproteins o f  non- immune origin which are devoid of 

enz ymat i c  act ivity towards sugars to  which they bind and do 

not requi re free glycos idic hydroxyl groups on these sugars 

fqr their  b inding . This definit ion would include those t o x ins 

whi ch c ontain one sugar-binding s ite . 

With increas ing structural and funct i onal examinat i o n  of  

lect ins , it was determined that many lect ins could a l s o  

cont ain a second type of  binding s ite that interacted with a 

non-carbohydrate l i gand, and that there were structural 

homologies between bivalent lect ins ( defined by Goldstein et  
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a1 . , 1 9 8 0 )  and related proteins such as  those  with one 

carbohydrate-binding s ite . These  findings suggested that both 

our conceptual i z at i on of lect in funct i on and the formal 

definit ion of thi s  cla s s  of lect ins have been changed . Thu s ,  

Barondes ( 1 9 8 8 )  propo sed t o  define lect ins a s  carbohydrate­

binding proteins other than an enz yme or  ant ibody . This 

rather broad defini t i on would help to focus our attent i on on 

the evolut i on of lect ins and on the i r  adaptati on for a 

variety o f  funct i ons  in biological systems . Thi s defini t i on 

has been used in this thes i s . 

1 .2 General overview o f  plant l ectins 

1 .2.1 Introduction 

Lectins exi st not only in plant but also in other categor i e s  

of  organi sms such as animals ( reviews f o r  animal lect ins : 

Sharon and Li s ,  1 9 8 9; Barondes , 1 9 84;  Paroutaud e t  al . ,  1 9 87;  

Drickamer ,  1 9 8  9 )  . However,  plant s st ill serve as  the main 

source of lect ins. Reviewed here is a class i fi cat i on of plant 

lect ins based on carbohydrate binding propert ies , the 

structural propert ies  of  plant lect ins and pos s ible 

funct i ons  of  plant lect ins in vivo . Applicat i ons of  plant 

lect ins are also summari zed . 

1 .2.2 Cla s s i fication 

The cla s s i ficat i on of  plant lectins di scussed here i s  s olely 

based on the i r  known carbohydrate binding speci ficity ,  thus 

is rather arbitrary,  and might not reflect the i r  in vivo 

funct i ons . However ,  such a bas i s  for cla s s i f i cat i on i s  u s e ful 

for the pract i cal applicat i ons of plant lect ins . 
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The spe c i f i c it y  o f  a lectin i s  usually defined in terms o f  

the monosaccharide s  that best inhibit lectin- induced animal 

cell ( red blood cel l s )  agglut inati ons ( Goldstein and P oretz, 

1 9 8 6 )  . S ome lectins however do not agglut inate red b l o od 

c e l l s  ( e . g . white c l over lectin was found only t o  agglut inate 

its s ymbi ont rhizobi um) , and some lect in- induced rea c t i ons  

c annot be  inhibited by monos ac charide s ,  but instead are  

inhibited by  o ligo saccharides  ( e . g . solanaceous lect ins ) .  In  

the autho r ' s opinion ,  lectin spe c i f icity would bes t  be 

c l as s i fied in terms of  the carbohydrate that best inhibi t s  

the lectin- induced c e l l  agglut inati on or carbohydrate 

precipitat ion . 

As di s cu s sed previous l y  ( Secti on 1 . 1 ) , Makela ( 1 9 5 7 )  

suggested that lect in-react ive monosaccharides could  be 

divided int o  four c l asses  based on their  configurat ion at  C-3 

and C - 4  of the pyranose ring (Fig . 1 - 1 ) . In the past decade , 

det a i led b i o chemical  characteri z at i on of  lect ins has given 

enormous informat ion of their  carbohydrate spe c i f i c i  ty ,  which 

has led to  the c l a s s ific at ion of  the plant lect in-react ive 

saccharide s  into the fol lowing classes  ( Goldstein and 

P oret z , 1 9 8 6 ;  Wu et  al . , 1 9 8 8 ) : I .  N-acetylgluco s amine ; I I . N­

acetylga l actos amine ; I I I . glucose/mannos e ;  IV . galactos e ;  V .  

L-fuc o s e ; VI . s i a l i c  acid . A compi lation o f  the p l ant 

lectins based on their  reactivity towards the s i x  groups o f  

s accharide s  i s  shown i n  Appendix . 

Lect ins di f fer  markedly with respect to the i r  anome r i c  

spe c i f i cit y . S ome , f o r  example , Con A ( Smith and Golds t e i n ,  

1 9 6 7 )  and lect ins from G .  simpli ci folia ( Hayes and Go lds t e in, 

1 97 4 )  and L .  tetragonolobus ( Pereira and Kabat , 1 9 7 4 )  

exhibited pronounced spec i ficities  f o r  the a anorner s  of  

mannos e  or  gluco s e ,  galact o s e ,  and lact o s e ,  respect ive ly . 

However ,  other lectins such a s  soybean agglut inin ( L i s  e t  
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a1. , 1970; Pereira e t  al . ,  1974) and R . Commun i s  agglutinin 

(RCAu) (Nicolson e t  al . ,  197 4) were found to be almost 

lacking in anomeric specificity. 

Although the binding sites of some lectins appear to be 

complementary to a single glycosyl unit, many others have 

been shown to possess large binding sites which may 

accommodate two or up to six sugar residues. For example, WGA 

and solanaceous lectins interact most strongly with �- (1, 4) ­

linked N-acetylglucosamine oligomers. The peanut lectin binds 

to Gal�1, 3GalNAc units (Wu, 1984) and Wisteria fl oribunda 

mitogen binds preferentially the Man3GlcNAc core region of 

the asparagine-linked glycoprotein (Goldstein and Poretz, 

1986) . 

Interestingly, mannose-specific lectins from Lens culi nari s  

and Pisum sativum recognized a glycopeptide of the following 

structure with L-Fucose attached to the non-reducing end of 

GlcNAc: 

NeuAca2�6GalP1�4GlcNAcal�2Manal,3t 
Manpl�4 GlcNAcP1�4 Gl cNAcpl� 6AsN 

NeuAca2�6Galp!�4GlcNAcal�2Manetl, 6i LFucal, 6i 
LFucal, 3i (Important factor for binding) 

Without the a (1, 6) linked L-fucose, these lectins would bind 

to this glycoconjugate less by 10 to 17 fold (Debray e t  al . ,  

1981) . However, whether the L-fucose is also involved in the 

binding site (s) of these lectins is not clear. It is likely 

that L-fucose might influence the structure of the 

conformation of this glycoconjugate so that it would better 

fit the binding sites of these lectins than those without the 

attached L-Fucose. 
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It  i s  a l s o  interest ing to note that lect in of  A .  bisporus 

( P re s ant and Korfeld, 1 9 7 2 )  and the blood group N- spec i fi c  

lectin o f  Vicia graminea ( Lisowaska and Duk , 1 9 7 5 )  appeared 

t o  recogn i z e  carbohydrate sequences together with the amino 

acid or  peptide to  whi ch the latter are linked . The exact 

mechani sm involved i s  not clear . 

Many lect ins tolerate s ome vari at i ons  at the C-2 pos it ion  of  

the sugars which they b ind . For example , Con A ( Goldstein  et  

a1 . , 1 9 6 5 ; S o  and Goldstein,  1 9 6 7 )  and the broad bean l e ct in 

(Al len e t  al . ,  1 9 7 6 )  exhibit a primary speci fi c it y  for 

mannos e ,  but also bind t o  glucose and, to  a lesser  extent , N­

acetylglu c o s amine . However,  hydroxy l s  of  C-3 and C- 4 o f  

sugars that lect ins bind are very crit i cal , because lect ins 

can t o lerate very little variat ion at  these  s ites . For  

example , mannose/glucose-binding lectins (Makela , 1 95 7 ;  

Goldstein e t  a1. ,1 9 65 ;  Al len et al . ,  1 9 7 6 )  did not int eract 

with galactose  and vice vers a . Simi larl y ,  N-acetylglucosamine 

binding l ect ins did not interact with N-acetylga l actosamine 

(Al len et  al . ,  1 97 3 ) . The phys ico-chemical bas is  for thi s i s  

not understood . I t  might imply that these two groups (mannose  

and galacto s e  specific  lectins ) of  lectins have fo l l owed 

separate evolut ion lines resulting in the select ivity on C-3  

and C- 4 of  the sugars to  which they bind . 

Our understanding of  the nature of  carbohydrate-lect in 

interact i on i s  s t i l l  at its early stage . Robert s and 

Goldstein ( 1 9 8 4 a )  reported that an apparent ent ropy (�so'= -

4 . 9  cal  deg-1 mol-1 ) of lima bean lect in interact ion with L­

Fucose  on the blood group A trisaccharide is more than thaL 

o f  its  N-acetylgalact o s amine binding ( - 1 0 . 2  cal  deg-: mo l-'- ) .  

S ince the enthalpies  of b inding for both l igands are s imi l a r ,  

t h i s  indi c ates  that the large ( 4 0  fold)  di fference in 

a ffinit ies  of the two ligands is due primari l y  to the 

di fference in entropy of binding . Thu s ,  in thi s case , lect in-
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carbohydrate interact ion is  driven a t  least part ially by a 

hydrophobi c  force . On the basi s  of  thermodynamic parameters  

in the wheat germ agglut inin-s ialyol igosaccharide 

interact ion s ,  Kronis  and Carver ( 1 9 85 )  conc luded that the 

dominant forces stab i l i z ing the assoc i ated c omplex would 

appear to  be intermo lecular hydrogen bonds and van der Waa l s  

force s . Based o n  the evidence of  1H-NMR mea surement s ,  s emi­

empirical  energy calcu l at i on and interactive graphic s  

mode l l ing, Hamodrakas et  al . ( 1 9 8 9 )  proposed that hydrophobi c  

interact ions together with van der Waals  interact ion and 

hydrogen bonds c ontribute to the stab i l ity of the complex  of  

4 ' -nit rophenyl-a-D-mannopyranos ide and Con A .  However,  high­

resolut ion x- ray crystal lographic analysis  of carbohydrate­

lectin c omplexes would be needed to better understand the 

exact nature of carbohydrate- lectin interaction . 

1 . 2 . 3  Chemical and structural properties 

1 . 2 . 3 . 1  Introduction 

In order to  better understand the in vi tro propert i e s  and 

functi onal imp l icat i ons o f  lectins in vi vo , knowledge of  

their chemical and structural propert ies i s  o f  paramount 

importance . Examples for each ma j o r  c l a s s  of lect ins 

described in Section 1 .  2 .  2 wi ll be discussed below ( For 

detailed reviews : Lis  and Sharon, 1 9 8 1; Go ldstein and P oret z ,  

1 9 8 6 ) . 

1 . 2 . 3 . 2  N-acetylglucosamine-specific lectins 

As shown in Appendi x ,  N-acetylglucosamine- specific lect ins 

c omprise  a diverse group of lect ins which exhibit primary 
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spe c i f i c ity for Gl cNAc and/or  it s � ( 1 , 4 ) - l inked o l i g omers , 

and in some instances , gl u c o s amine . Lect ins from s everal 

fami l i e s  are repre sented here : Gramineae ( Peumans e t  al . ,  

1 9 8 3 ;  Miller and Bowles ,  1 9 8 3 ;  Lord, 1 9 8 5 ;  Stin i s sen e t  al . ,  

1 9 8 3 ; ) ,  Solanaceae ( Section 1 . 3 ) ,  Cucurbitaceae and 

Leguminosae ( Griffonia simplicifo l i a  I I ,  Cytisus 

sessil i folis,  and Ulex europeus I I )  . The Man / Glu- spe c i fic  

lect ins ( e . g .  j ac k  bean , pea , lent i l ,  fava bean , and the 

genus Vi cia agglut inins ) a l s o  b ind N- acetylglucos amine but 

only  weakly and only i f  the sugar o c curs  in a-an omeric 

l inkage at chain ends o f  o l igosaccharide s  ( Goldstein and 

P oret z ,  1 9 8 6 ) . 

Sequence homologies have been observed in thi s c l a s s  of 

lect ins and some re lated proteins . For example , sequenc e s  of 

WGA, rice lect in,  root- spec i fi c  barley lect i n ,  nett le l ectin , 

chit ina s e ,  and s ome wound- induced genes (win ) from potato 

have shown to  be homol ogous ( F ig . 1 - 2 ) ( Lu c a s  et  al . ,  1 9 8 5 ;  

Chapot et  al . ,  1 9 8 6 ;  Stanford e t  al . ,  1 9 8 9 ;  Lerner and 

Raikhel ,  1 9 8 9 ;  Wi lkins and Raikhel ,  1 9 8 9 ) . However ,  more 

sequenc e  informat i on is needed for the understanding of 

whether this c l a s s  of lect ins originated from a s ingle s ource 

or from separate ones . 

homology to 
win1 w:in2 

residue residue 
w:in1 26 CTG 68 88% 
w:in2 26 68 887. 
He vein 1 4

.
3 67% 72% 

Chitinase 1 4 1  . 70% 72% 
WGA 88 127 .55% 557. 
Rice Lectin 1 33 49% 49% 
Nettle Lectin 1 31 48% 527. 

Fig. 1-2 Homologies among the deduced amino a cid s equences of winl and 

win2 and protein sequences of hevein , chitina s e ,  wheat germ agglutinin , 

rice le ctin and net t le lectin (St anford e t  a l . ,  1989) . 
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1 . 2 . 3 . 2 . 1  Wheat germ agglutinin (WGA, Triticum vulgare 
agglutinin ) 

WGA, i s  the most thoroughly studied member in thi s c l a s s  o f  

lect ins . WGA is  a dimeric and carbohydrate free protein 

consi st ing of  two ident ical  subunits . Molecular weight was 2 1  

kDa with 1 7 1  amino acids per polypept ide chain (Wri ght , 

1 9 8 4 ) . Thi s lectin was i s o l ated a s  a mixture o f  three o r  four 

molecular species  ( i solectins ) that di ffer in t he i r  

electrophoret ic mob i l ity (Al len et  a1 . , 1 9 7 3 ;  Rice and Et z le r ,  

1 9 7 5 ) . The four i s olect ins were di stributed as  follows : 3 5 %  

of  I, 5 0 %  of  IIa, 5 %  o f  IIb and 1 0 %  III. (Rice and Et z le r ,  

1 97 5 )  . Amino a c i d  compos it i ons o f  these iso lectins were 

nearly ident ical , being abundant in glycine res idues ( 2 5 % )  

and cysteine res i dues ( 2 0 % ) , although form I contained no 

histi dine res idues whereas the other three forms contain  two 

histidine residues per subunit . Occurrence of these 

mult i forms of  WGA is  due to  the genome ploidy -- each o f  four 

sets of genomes di rect s synthe s i s  of a s ingle subuni t  or 

polypept ide species  (Peumans et al . ,  1 9 8 2 a ) . 

The x-ray crysta l lographi c analys i s  o f  WGA was completed at 

1 . 8  A resolut i on (Wright , 1 9 8 7 ) . The protein cryst al l i z e s  in 

space group C2 with two protomers (I,II) per asymmetric unit , 

Each protomer cons ists  of  four structurally  homologous and 

spat ially  di stinct domains (A, B ,  C, D )  (Fig  . 1 - 3 )  

The carbohydrate-binding specificity o f  WGA has been studied 

by a variety of  techniques ,  such as  hapten inhibit ion  o f  

spec i f i c  precipitat ion of  glycocon jugates , changes in 

fluorescence of  the lectins or of  chromatogen i c  l igands , 

equil ibrium di alys i s , NMR and x-ray diffract ion . S everal 

import ant features of the carbohydrate-binding propert ie s  can 

be summari zed as  fo l l ows ( Goldstein and Poret z ,  1 9 8 6 )  : 



1 .  Sugar spe c i f i c ity : 

N , N '  , N , "N' " , N" " -pentaacety l chit opent ose  > 

N , N '  , N " , N " ' -tet raacetyl chit otetraose  > 

N , N '  , N" -triacetylchitotriose  >> N, N ' ­

D i acetylglucosamine >>N- acetylglucosamine 

( WGA also  b inds to  N-acetylneuramin i c  acid)  

2 .  For N , N ' -Di acetylgluc o s amine , there were two binding 

l o c at i ons per protomer ( four per dime r )  : a primar y  

l ocat i on and a less  wel l  defined secondary locat i on . 

Thu s , each dimer of  WGA binds to  four molecules o f  

N , N ' -Acetylglucosamine . For  N-Acetylneuraminic  a c id,  

the  binding s ite in the protomer is  at the primary  

l o c at ion, thus each dimer o f  WGA binds two 
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mo lecules of  N-Acetylneuraminic acid (Wright , 1 9 8 0 a ) . A 

s c hemat ic i l lustrat i on o f  these binding s ites  i s  

shown in Fig . l - 4 . 

A 

Fig. 1-3 a-Carbon backbone drawing of the WGA protome r .  S t ructural 

domains were labe lled as A, B , C and D .  The position o f  all S - S  bridges are 

shown by heavy ba rs . The position o f  the dime r axis has been p la ced to 

illustrate the proximity o f  residue s  in domain A and B t o  this axis . 

Residues involved in protome r-prot omer cont act a c ro s s  the dime r axis are 

ma rked by horizont a l  a rrows ( Wright, 1987) . 
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Fig. l-4 S chematic illust ration o f  the dispo sition o f  the prima ry and 

secondary binding locations on the WGA dime r .  The domains of prot omer I 

a re labe l led A1 , B1 , C1 and D1 and those o f  prot omer I I  An , Bu ,  Cu a nd DJJ . 
Each unique binding loc ation is subdivided int o subsit e s  ( sma l l  circ le s )  . 

GlcNAc o ligome rs bind at subsites 1 ,  2 and 3 in both binding loc ations , 

whe rea s  NeuNAc oligo s a ccharides utilize subsite s 1 ,  -2 and - 3  in the 

prima ry binding location only . Subsite is shaded to indicate s t rongest 

binding localiz ation ( Wright , 19 8 0 a )  . 

The data on whether other GlcNAc-spe c i f i c  lect ins  have 

s imi l ar three-dimens i onal structural propert i e s  as WGA are 

not avai l able . 

1 . 2 . 3 . 3  N-acetylgalactosarnine/galact o s e - specific l e ctins 

These  lectins are the most diverse  groups in the i r  

t axonomical  clas s i fi c at i on ,  yet the i r  sequences  show strong 

homol ogy ( Goldstein  and P oret z ,  1 9  8 6 )  . However the stru ctural 

characteri s t ics  shared by thes e  lect ins  seem t o  be rel ated 

more to the origin of the pl ant s than to carbohydrate-binding 

speci fi city of the se  prote ins , for examp l e ,  s oybean lect in 
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showed extensive homo logy with mannose /glucose  spe c i f i c  

lecti n s , s ince the latter and soybean lect in are a l l  from the 

fam i l y  Leguminosae . Most lect ins of these two groups conta i n  

Ca2+ and/ or  Mn2+ ,  although lectins from Bauhinia purpurea ,  

Macl ura p omifera , Ricinus communis  and Abrus pre ca t oriu s  l ac k  

bound met a l . Galactose-spec i fi c  lectins also  include t oxins  

such  a s  Ricinus communis  ( Euphorb iaceae ) ,  Abrus precat ori us 

( Leguminosae ) ,  Viscum album ( Loranthaceae ) and Adeni a  

digi t a t a  ( P a s s i floraceae ) . D i s cu s s ed here are Glycin e  max 

lect in ( Ga lNAc-speci f i c ) and Phaseol us vulgaris lectin ( G a l ­

spe c i f i c  lect in ) . 

1 . 2 . 3 . 3 . 1 .  Glycine max l e ctin (Soybean agglutinin) 

The mo lecular wei ght of soybean agglut inin is 1 2 0  Kda ( Lotan 

e t  al . ,  1 97 4; Fountain and Yang , 1 9 7 7 )  , it c omprises four 

subun i t s  of molecular weight close to  30 kDa .  The amino a c i d  

c ompos i t i on analys i s  showed that it w a s  comparatively r i ch i n  

acidi c  and hydroxy l i c  amino acids and devoid o f  cysteine . A 

c omplete amino acid  sequence of soybean agglut inin was a l s o  

determined which was derived from the nucleot i de sequence o f  

L e l  DNA gene (Vodkin et  al . ,  1 9 8 3 )  . The mature protein 

s equence is  preceded by a hydrophobi c  s i gnal sequence of 3 2  

amino acid  sequence . S oybean lect in i s  a glycoprotein 

c ont aining 7%  by weight carbohydrate cons i st ing of  mannos e  

and N-acetylglucosamine ( L i s  and Sharon , 1 9 7 8 ) . S oybean 

lect in i s  a metalprotein containing Ca2+ and Mn2+ ( Jaffe e t  

al . ,  1 9 7 7 ) , and c onta ins one high affinity s ite f o r  Mn2+ ,  and 

four trans i t i on metal s ites . Prel iminary x-ray c ry s t a l  

structure anal y s i s  showed the crystals  to  b e  mono c l ini c ,  

space group C2 with the unit cell c ontaining one tetramer 

( Shannon et  al . ,  1 9 84 ) . 

Carbohydrate spe c i ficity-binding studies  on the soybe an 
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lectin showed that i t  exhibits  greater affinity for  N­

acetylga l acto s amine , it s glycos ides and o l igos a ccharides in 

whi ch N-acetylgal act o s amine was the non-reduc ing terminal 

unit . Galactose and its  derivatives were less react ive . I t s  

c arbohydrate binding affinity i s  a s  follows (Debray e t  
a1 . , 1 9 8 1 ) : 

GalNAca or �1 -7 l inked GalNAca1 , 3Gal�1 , 3GlcNAc and 

GalNAc a 1 , 3Gal >> 

GalNAca 1 , 3 [ 1Fuca1 , 2 ] Gal�1 , 4 GlcNAc� 1 , 6R,  

Gala 1 , 6Glc ( melib i os e ) , Gal� 1 , 6Gl c ,  Raffinos e ,  

Stachyos e ,  Gal�1 , 4 Glc  ( lact o s e )  and 

1Fuca1 , 2 Gal� 1 , 4GlcNAc� 1 , 6R > Gal . 

Soybean lectin possesses  four carbohydrate b inding sites  per 

tetramer (De  Broeck , 1 9 8 4 )  . In addit ion ,  a hydrophobi c  

b inding s ite near the carbohydrate binding s ite  on s o ybean 

agglut inin was a l s o  present , which was demonstrated by 

thermodynamic measurement s of  the a s s o c iat i on constant o f  N­

dansylga l actosamine (De Broeck e t  a1 . , 1 9 8 4 )  , whi ch binds to  

soybean agglut inin about 20  t imes stronge� than N­

acetylga l actosamine . The lectin agglut inates  mouse spleen B 

cells  and not T ce l l s ,  and has been used for the separat i on 

o f  the two classes  of  lymphocytes ( Rei sner et  al . ,  1 9 7 6 ) . It  

does  not agglut inate normal hamster ,  human , rat , mouse c e l l  

l ine s ,  however i t  agglut inates trans formed c ounterpart s o f  

the c e l l  lines from mouse ,  human and rat. 

1 . 2 . 3 . 3 . 2 .  Phaseolus vulgaris lectin (PHA, Red kidney bean 

l e ctin) 

This lectin has several fas cinat ing propert i e s  such a s  

lymphocyte  mitogeni c ity (Nowell , 1 9 6 0 ,  f o r  a discuss ion s e e  

Sect i on 1 . 1 . 1 ) and di fferent binding affinity towards 

leukocyt e s  and erythrocytes ( Goldstein and P oret z , 1 9 8 6 ) . PHJI� 
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has  five is olectins which con s i st o f  two  different subunits 

of  L and E (R )  ( Fig . 1 - 5 ) . The L and E subunit s bind 

leukocytes , and erythrocytes  respect ively . 

Fig. 1-5 S chemat i c  repre s entat ion of the tet rame ric st ructure o f  the 

f ive i s o lectins from Ph aseol us vul ga ri s (Miller et a l . , 1 975 ) . 

Leukoagglut inin ( L-PHA, L4 ) con s i s t s  o f  four ident ical 

subunits  with serine as  the N-terminal amino ac ids and PI  = 
5 . 2 5 ,  exhibit s st rong affinity for lymphocytes  but weak 

affinity for erythrocytes (Mi ller et al. , 1 9 7 3 ,  1 9 7 5 ) . L4 is  

a potent lymphocyte mitogen . The haemagglutonin ( H-PHA, E4 ) 

cont ains four ident ical  E subunit s with a l anine a s  N-te rminal 

amino acid and P I  = 5 .  95 (Mi ller  et al . ,  1 9 7 3 ) . Thi s  form 

also  exhibit s a st rong affinity for erythrocytes  ( Yachn in et 

al . ,  1 9 7 2 ) . The three intermedi ate forms are tetramer s  that 

cont ain various proport i ons of L and E subunit s ( LE 3 , L2E2 , 

L3E1 ) • Nat ive i so l ect ins could be di s so ci ated i n  6 M 

guanidinium chl oride and reconst ituted t o  the o riginal 

mixture by removal of  these  denaturing reagent s (Fel sted et 

al . ,  1 9 7 7 ;  Monsigny et  al. , 1 9 7 8b ) . The se  hybrid spe c i e s  can 

cause a mit ogen i c  response o f  lymphocyt e s  proport i onal to  

the i r  c ontent o f  L subuni t s . However ,  E4  a l s o  p os se s ses  

strong mit ogeni c  act ivity o f  its  own ( Gl ad and Borrebaeck , 

1 9 8 4 ) . They showed that E4  binds 1 4  glycoprot e ins  in the 

serum used for mit ogen i c  study whereas L4 only  b inds 9 

glycoprotein s ,  and thus suggested s ome o f  the glycoproteins 

masked mit ogeni c  activity o f  the E4 i so l e ct ins . 
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L and E subunits  have ident ical  molecu l ar wei ght s (Mi l l e r  et  

al . ,  1 97 3 ,  1 9 7 5 ) , di ffering in the i r  N-terminal amino  acid  

sequence ( 1- 7 ) , but are  i dent ical  in  p o s i t i ons 8-24  and  in  

thei r  three C-terminal res i dues (Mi l ler et  al . ,  1 9 7 5 )  . The 

carbohydrate compos it ion of the E and L subuni t s  i s  ident i cal  

(Mil ler et  al . ,  1 97 5 ) . The molecular wei ght of  L 4  i s  1 2 6  

kDa with that o f  L subunit 3 1  Kda . L 4  conta ins  no sulphur­

conta ining amino acids , but a high proport i on of aspart i c  

acid,  leucine , serine , threonine and val ine , and mannos e  and 

gluco s amine . Mn2+ and Ca2+ are both es sent ial  for the i r  

biological activit y . 

Carbohydrates spe c i f i c  to  e ither E4  or L4 are complex ones . 

The i r  minimum structural unit o f  c arbohydrate spec i f i c  for  E4 

is as  follows ( Yamashita et al . ,  1 9 8 3 ) : 

Gal�1 , 4GlcNAc�1 , 2Mana1 , 6� 
GlcNAc�1 , 4Man�1 , 4 Gl cNAc�1 , 4R3 

Rc�GlcNAc �1 ,  2Mana1 , 3i 
R3 

11., and R:. represent either hydrogen atoms or sugars, R, represents e i t her Gl cNAc or {Fuca l ,  6) G l cN a c .  

For L4 , the speci f i c  carbohydrates  are as fo l l ows : 

Tri- and Tetra-antennary ol igo s accharide s  containing 

Gal�1 , 4 GlcNAc - l inked uni t s  at the non- reducing end >> 

P enta-2 , 6
4 

> Tri-2 , 6
4 

> 

Gal�1 , 4 Gl cNAc�1 , 2Mana1 , 3� 
Man (hept a- ) > 

Gal�1 , 4Gl cNAc�1 , 2Mana1 , 6i 
Gal�1 , 4 GlcNAc�1 , 2Man > GlcNAc�1 , 2Man . 

Whether PHA has binding s ites  other than those  of  i o n  and 

c arbohydrate i s  not c lear . 
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1 . 2 . 3 . 4  Mannose/gluco s e-binding Lectins 

Thi s group of lectins compri s e s  a group of agglut inins found 

in the fami ly Leguminosae,  o ften in high c oncentrat i on . They 

represent a most thoroughl y  studied group of lect ins . Among 

them are concanava l in A ( Con A) from Jack bean ( Cana va l in 

ensiformis )  , lect ins from the pea (P  i s um sati  vum) , the l ent i l  

( Lens culinari s ) , the fava bean ( Vi cia  faba ) , the c ommon 

vetch ( Vicia cra cca ) and s ainfoin ( Onobrychi s  vicii foli a )  . 

Almost a l l  lect ins in thi s c l a s s  are c omposed of  two l i ght 

( a )  chains and two heavy ( �) chains having general stru cture 

a2� 2 • Except i ons to  thi s st ructure are Con A ( four i dent ical  

subun it s )  and the sainfoin lectin ( two ident ical  subunit ) . 

Non-c ovalent interacti ons are involved in the subunit 

binding , one of  the except i ons to  this is  l ima bean lect in 

whi ch has been reported to c ontain a disulphide bond between 

the subunits ( Goldstein and Poret z ,  1 9 8 6 ) . Metal  i ons , e . g .  

Mn2+ and/ or Ca2+ ,  are required for the i r  act ivity ,  whi ch 

binding s ites  are c onserved among these lect ins ( Strosberg et  

al . ,  1 9 8 6 ) . These  lectins are rich in acidic  and hydroxyl i c  

amino acids , but devoid o r  low i n  sulphur-containing amino 

ac ids . Al l members of thi s c l a s s  of  lect ins are mitogen i c  for 

lymphocytes ( Goldstein and P oret z , 1 9 8 6 ) . 

The amino acid sequences of  many lectins in  thi s c l a s s  o f  

lect i n s  have been reported, reveal ing extensive homo l ogy 

among themselves  (Fig . 1 - 6 ) . Leguminous lect ins whi ch belong 

to  other classes  of  sugar spec i fi city such as  soybean lect in 

a l s o  show homo logy to  thi s c l a s s  o f  lect ins . Al l leguminous 

lect ins are init ially  synthe s i zed as  s ingle polypepti de 

chains o f  a molecular we ight of  around 3 0  kDa ,  whi ch may be 

post-synthet ically  cleaved into a larger � and a sma l ler  a 
subuni t s  after removal of  a 2 0 -res i due hydrophobi c  leader 
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sequence .  Variable degrees  o f  glycosylat i on account f o r  the 

disper s i on of molecular wei ghts as wel l  as for most o f  the 

apparent polymorphi sms of  these  lectins due to  the fact that 

Asn-X-Thr/ Ser,  a character i s t i c  carbohydrate attaching s ite 

is not well  conserved in this  c l a s s  o f  lectins . The amino 

acid residues whi ch c onst itute the sugar binding s it e s  are 

a l s o  not wel l  conserved ( Strosberg et  a1 . , 1 9 8 6 ) . This may be 

reflected by the di fferences in  s a c charide-affin i t i e s  

exhibited b y  leguminous lectins (Hore j s i  et  al . , 1 9 7 7 ;  

Goldstein and Heyes ,  1 9 7 8 )  . 

When c ompared to  the three-dimen s i onal structure o f  Con A, 

thes e  lect ins in  thi s group have been revealed to have 

s imilar structural features by computat ional methods ( Ol s e n ,  

1 9 8 3 )  . In fact , several lect ins from thi s group have been 

crysta l l i zed,  and the i r  three-dimen s i onal structures have 

been determined, showing homol ogy to Con A ( Ri s kulov et al . ,  

1 9 8 4 ;  Reeke and Becker , 1 9 8 6 ;  Meehan e t  a1 . , 1 9 8 2 ; Mande e t  

a 1 . , 1 9 8 8 ) . 

One o f  the most interest ing propert ies  o f  thi s group o f  

lectins i s  the c onservat i on o f  the i r  hydrophobic  cavit i e s . 

Al l the residues whi ch contribute to  the three dimens i onal 

structure o f  the well  character i z ed hydrophobic  cavity of Con 

A are found in the i r  homologous posit i ons or have some o f  

them replaced b y  chemically  s imilar amino acids ( Strosberg 

e t  al . ,  1 9 8 6 ) . Although it i s  not known what substances bind 

to  this  cavity in vi vo , in vi tro studies showed that the 

plant hormone auxin could be bound to the c avity of Con A 

( Edelman and Wang, 1 9 7 8 ) , albeit with weak a ffinity ( Ka=7 x 

1 02M-1 ) • Moreover,  several other lect ins have been shown to  

exhibit high affinity for adenine,  a phytohormone ( �d = 1 . 2 

x 1 0-5M for l ima bean lect in ; Kct= 2 .  0 x 1 0- 6M for Dol i chos  

bifl orus lectin;  Kct= 1 .  3 x 1 0-5M for  soybean lect i n )  ( Robert s 

and Go ldstein,  1 9 8 3b ) . These observat i ons sugge st a role o f  
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Fig. 1-6 Complete sequences o f  s oybean agglutinin ( SBA) , f a va bean 

lectin ( favin ) , lentil lectin ( LL ) , pea lectin, s ain f oin seed lectin , 

phytohaemagglutinin ( PHA) , and Conc anava lin A ( con A) . The identica l  

re sidues have been boxed in . Empty brackets corre spond t o  de letions . The 

empty space at the end of the LL � and the favin as wel l  a s  achains 

denote postt ranslationa l remova l of small fragment s ( St ro sberg et al. , 

1986 ) . 
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1 . 2 . 3 . 4 . 1  Concanavalin A (Con A )  ( Canavalia ensifor.mis, 
Jack Bean ) 

Con A compri ses  four ( at pH 7 )  subunit s whi ch are 

c arbohydrate free . The molecular we ight of it s subuni t  i s  

2 6 . 5  kDa . At p H  5 . 6 o r  be low,  Con A occurs as  a dimer ,  and 

above pH 5 . 6 , Con A occurs a s  a tet ramer . The aggregat i on of 

Con A was also found t o  be temperature-dependent . Each 

subuni t of  Con A c ont ains one Ca2+ ,  and one Mn2+ ion , whi ch 

appeared to  be es sent ial for the carbohydrate binding o f  Con 

A ( Sumner and Howe l l ,  1 9 3 6b ;  Agrawal and Goldst e in , 1 9 6 8 )  . 

The three dimens i onal structure of  Con A has been det ermined 

by x-ray cryst a l l ographi c methods ( Ede lman et al . ,  1 9 7 2 ;  

Hardman and Ainsworth,  1 9 7 2 ) . The s chemat i c  represent at i on of  

the three dimen s i onal structure of  Con  A i s  shown in F i g . 1 -

7 . 

Fig . 1-7  S chematic representation o f  Con A tet rame r . Ca, Mn, and S 

indica t e  the po sitions of the Ca2+, Mn2+, and ca rbohydrate binding sites 

respectively . I indicates the po sition o f  the hydrophobic binding site 

pres ent in crystals of I 2 2 2  spa cing group ( Becker et al. , 1976 ) . 
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Mannos e ,  i n  its a-anomeric  form,  shows the greatest affinity  

for the Con A sugar b inding s ite . Howeve r ,  methyl a-manno s i de 

i s  about 7 t imes as  potent a s  mannose , and a ( l , 2 )  l inked 

mannose o l i gosaccharides the di- and tri - saccharide s ,  are 4 

and 20 t imes as  potent a s  methyl a-mannos i de . Other 

polysaccharides  c ontaining the non-reducing terminal a-l inked 

gluco s e ,  mannose,  or  N-acetylgluco s amine groups were found t o  

b e  reactive to  Con A .  A recent review on carbohydrate binding 

propert i e s  of  Con A is ava i l able  ( Go ldstein and Poret z ,  

1 9 8 6 ) . 

As already des cribed above , Con A was found t o  cont a i n  

hydrophobi c  cavit ies  or  binding s ites , one o f  whi ch seemed in  

vitro binding to auxin , a plant growth hormone . So  far ,  about 

three c l a s ses  of the hydrophobi c  s ites  have been ident i fi ed 

[ a  detai led di s cu s s i on on this top i c  can be found in the 

review by Goldstein and P oret z ( 1 9 8 6 ) ] .  The exact role ( s )  o f  

these hydrophobi c  b inding s ites  remains t o  be e lucidated . 

1 . 2 . 3 . 5 .  L-Fuco s e  specifi c  l e ctins and sialic acid spe c i fi c 

l ectins 

Detai led biochemical propert ies of these two group s o f  

lectins are less  understood than for other groups o f  lect ins . 

Only  a few lectins of  thi s group have been reported, and onl y  

WGA, the s ial i c  acid binding lect in from wheat germ , has been 

studied in detail  ( di s cus sed in Sect i on 1 . 2 . 3 . 2 ) . The reason 

for the rare occurrence of  these lectins in plant kingdom i s  

not clear . 
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1 . 2 . 3 . 6  Summary 

In summary , lect ins from di fferent c l a s s e s  based on the i r  

carbohydrate speci fi c i t i e s  have been discussed . Members  o f  

s ome c l a s s e s  o f  lect ins have been shown to  b e  rel ated t o  each 

other with respect to  the i r  protein sequences , stru ctures and 

propert ies . Lectins have not only carbohydrate b inding s ites , 

but a l s o  c ontain other binding s ites  such as  metal  b inding 

s ites  and hydrophobi c  binding s ites  of unknown funct i o n . 

1 . 2 . 4  P o s s ible in vivo functions and applicat i ons o f  p lant 

l e ctins 

1 . 2 . 4 . 1  P o s s ible in vivo functions o f  plant l e ctins 

Although lect ins were di s c overed a century ago , the i r  roles  

in  the P l ant Kingdom are st i l l  largely unknown . A number o f  

sugge s t i ons for the i r  roles have been proposed . 

T r i fo l i in ,  a lectin speci fi c  t o  2-deoxy-D-glucose from whi t e  

c lover ( Trifoli um repens )  roots , binds speci fically  t o  i t s  

s ymbi ont Rhi z obi um tri folii ( Da z z o  e t  al . ,  1 9 7 8 ) . Antibodie s  

t o  this lectin bind mostly  t o  the surface o f  the roo t s  o f  

white c l over . Thi s lectin could be released from roots by  2 -

deoxygluc os e . These data suggest that t r i fo l i in act s a s  a 

bridge between s imi lar carbohydrates on both surfaces  o f  

c lover  root and it s symb i ont rhi z ob i a . The involvement o f  

lectin in the Rhizobi um- legume symb i o s i s  was further 

demonst rated ( D i a z  et  al . ,  1 9 8 9 )  . Rhi zobi um legumin osarum bv . 

vi ciae nodulates the cross  group o f  pea ,  vetch and lent i l ,  

whereas R .  leguminosarum bv . trifolii  nodulates  white c l over 

only . After the pea lect in gene was cloned t o  an expres s i on 
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vecto r  and introduced into the roots o f  white clover, it was 

found that the transgen i c  roots could be nodulated by R .  

legumin osarum bv . vi ci a e . 

Lect ins may a l s o  play defence roles in plant s . For inst anc e ,  

the lectin from stinging nettle rhi z ome inhibited growth o f  

several p athogen i c  fungi which c ontain chitin as a cel l wal l 

c omponent , but in a different mode t o  the common anti fungal 

chit inase (Broekaert et al . ,  1 9 8 9 ) . The nature of the 

inhibitory effect on growth of c e l l  wal l s  is thus thought t o  

be the chitin b inding propert ies o f  thi s lect in . However ,  

other chit in-binding lectins such as rice lect in, WGA, and 

potato lectin have not been demonstrated to show inhibit ory 

e ffects on the growth o f  chit in-c ont aining fungi , po s s ibly 

due t o  thei r  l arge s i z e s  whi ch might render them difficu lt t o  

gain access t o  act ive sites invo lved i n  c e l l  wall growth . The 

product s  derived from the two wound- induced genes winl and 

win2 in potato tubers were found t o  be homo l ogous t o  WGA, 

rice lectin and the lect in from nett le ( Stanford et al . ,  

1 98 9 }  ( F i g  . 1 -2 ) . It i s  pos s ible that win 1  and win2 are 

members of a lectin gene family from potat o ,  since p o t at o  

lect in c an a l s o  b e  induced b y  wounding ( Ca s a l ongue and P ont 

Lez i c a ,  1 9 8 5 } , the potato lectin p attern can be altered by 

virus X ( Scheggia et al . ,  1 9 8 8 ) . Bi o chemi cal 

characterizat ion o f  the ir gene products is neces s ary t o  study 

the i r  role during mechan i c al wounding . 

N-terminal s equences o f  five glyco forms o f  a-amylase 

inhibitor from the seeds o f  common bean ( Phaseol us vul ga ri s )  

were revealed t o  have two different N-terminal sequence s ,  and 

the s e  two sequences ( 1 1  and 1 5  amino acids long) mat ch the 

two stret ches o f  lect in-l ike protein ( LLP ) deduced from 

lectin gene from the seeds of the s ame plant (Moreno and 

Chri speel s ,  1 9 8 9 )  . Thi s lect in gene is 6 5 %  and 4 5 %  homo l ogous 

to a maj o r  l e ct in from the seed (PHA) at the nuc leot ide and 
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amino  acid  sequence respect ively .  In addit i on ,  the amino 

a c i d  c ompos it i on of a-amylase inhibitor was shown to res emble 

that of  LLP . Furthermore , the molecular s i z e  o f  the precursor  

was  shown to  have the s ame size  as  LLP , and ant i -a-amy l a s e  

serum w a s  cros s - react ive with the LLP gene product exp r e ssed 

in E .  coli . Thus it  was  concluded that the LLP gene or  one 

very c l o s e  to it encoded thi s a-amylase  inhibitor (Moreno and 

Chr i spee l s 1  1 9 8 9 ) . It is known that a-amylase  inhibitor  

inhibi t s  insect and mammal i an a-amylase , but not  p l ant a­

amyla s e . Thu s ,  LLP could provide a defence role . However ,  it  

i s  not known that the defence role requires the c arbohydrate­

binding property of  the lectin or lect in- like proteins 

di scussed above . 

The gene o f  arce l i n ,  another seed protein from wild  bean 

( Phaseolus vulgaris ) , might have evolved from a 

phytohaemagglutinin gene or  genes (Osborn et  a1 . , 1 9 8 8 ) . 

Arcelin  i s  a de fence protein whi ch has toxi c effects  on a 

maj or bean bruchid pest Zabrotes subfascia t us . 

A numb e r  of  other pos s ible roles of  lect ins such as  

pathogenes i s ,  s e l f- incompat ibi lity ,  cell  wal l  e l ongati o n ,  

enz yme s ,  carbohydrate cat chers and transporters have a l s o  

been proposed ( F o r  a recent review : Et z ler ,  1 9 8 6 ) . However ,  

more experimental evidence i s  required to support such 

role ( s )  and they are not di s cus sed here . 

1 . 2 . 4 . 2  Appl i cations of lectins 

Lectins are widely  used as tools  for the study of  

glycoconj ugates both in solution or  on  the cell  surfaces . A 

brief c omp i lat i on of  the lectin appl icat ion i s  shown below 

( Tabl e  1 - 1 ) . More detai led di s cu s s i on can be found in s everal 
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revi ews ( L i s  and Sharon , 1 9 8 6a , b ;  Sharon and Li s ,  1 9 8 7 ) 

Table 1-1 . Ma j o r  uses of lect ins ( Li s  and Sharon, 1 9 8 6a ;  Broe k a e rt et 

a l . , 1 9 8 9 )  

1 .  I s o lation, purification, and s t ructural s tudies o f  c a rbohydrate ­

conta ining po lyme r s . 

2 .  Inve s t igat ion o f  complex ca rbohydrate s t ructures on surfaces o f  a nima l 

c e ll s ,  bacte ria ,  viru s ,  and s ubce llular part i c le s . 

3 .  Inve s t igation o f  the a rchitectu re of cell surfaces and its change s 

upo n  ma lignant t ransformat ion . 

4 .  Blood typing , structural st udie s  of blood group substance s ;  

ident i fication o f  new blood type s ;  diagno s i s  o f  secretors . 

5 .  I s o lat ion of lymphocyte subpopulat ions and o f  a stem cell-enriched 

fract ion of bone marrow suitable for t ransplantat ion . 

6 .  Studies o f  the genet ic s ,  bios ynthe s i s , and funct ion o f  cell-surface 

glycocon j ugates .  

7 .  Mitogenic s t imulation o f  lymphocyte s ;  studies of events occurring upon 

init iat ion of cell divis ion ; studies on lympho kine s ;  studies o f  

chromos omal constitution o f  cells and detect ion o f  chromo s oma l 

abnormalities . 

8 .  Studies o f  specific carbohydrate binding sites on prote ins . 

9 .  Biological c ont ro l o f  pathogens . 

1 . 3  Solanaceous Lectins 

S olanaceous lect ins are l e s s  extens ively  studied than those 

from Leguminos ae , Euphorbiaceae and Gramineae . P otato lectin  

( STL,  Solanum t uberosum) , t omato lect in ( LEL,  Lycopers i c on 

esculen t um) and Da tura seed lectin (DSA or TAL , Dat ura 

stramoni um) are the only ones from the Solanaceae f ami ly 

whi ch have been characteri zed biochemically . Thei r  

characteristics  are summari z ed as follows . 
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1 . 3 . 1  Chemi cal compos ition and structure 

Tomato lectin,  LEL , cont ains about 5 0 %  carbohydrate ,  of  whi ch 

8 5 %  i s  L-arabinose and 1 5 %  D-galactose  (Nachbar et  a l . ,  

1 9 8 0 ) . It  occurs a s  a s ingle glycosylated polypept ide with Mr 

o f  7 1  kDa (Nachba r  f=t  al . ,  1 9 8 0 ) . However ,  it has been 

recently  shown that Mr value for LEL is about 1 3 0  kDa (Merkle 

and Cummings , 1 9 8 7 ;  Zhu and Laine , 1 9 9 0 ) . 

Dat ura seed agglut inin,  DSA, i s  compo sed of  two nonident i c a l  

subuni t s  [Mr 4 6  kDa ( subunit A)  and 4 0  kDa ( subuni t  B ) ] 

j o ined by di sulphide bonds (Kilpatrick e t  al . ,  1 9 7 8 ;  Crowley 

and Goldstein,  1 9 8 1 ) . It cont ains 9 3 - 9 4 %  L-arabinose and 6-

7% D-galactose . The L-arabinose occurs as  short , un-branched 

arabinofuranosyl units ( containing � 1 , 2 - and � 1 , 3 - l inkage s ) 

coval ent ly  bound to  hydroxyprol ine (Desai  et  al . ,  1 9  8 1 ;  

Ashford e t  al . ,  1 9 8 2 a )  . Galactose occurs both as  s ingle a 

l inked s ubstituent s and as a1 , 3-l inked di s a c charide units  

bound to  serine . DSA can  be  separated into  three individual  

lectins by hydrophobi c  interact i on chromatography on  phenyl­

sepharos e ,  two o f  them are homodimers (AA and BB ) and the 

third one is AB (Broekaert et  al . ,  1 9 8 7 ) . Mr values for A 

and B are 32 , 0 0 0  and 2 8 , 0 0 0  respect ive l y ,  smaller than tho s e  

reported earlier . The A- subunit has a higher affinity for N­

acetylglucosamine ol igomers than the B-subunit . 

P otat o lect in , STL ,  i s  a dimeric glycoprotein (Monomer M= 5 0  

kDa )  containing about 5 0 %  carbohydrat e ,  of whi ch 9 4 %  i s  L­

arabinos e  and 6 %  D-galactose  (Al len and Neuberger ,  1 9 7 3 ) . 

Glycosylat i on o f  the lect in i s  limited to  the one domain 

whi ch c ontains a l l  the hydroxypro line . This glycosylated 

domain has mono- . di - ,  tri- and tetra- saccharide s  of  

arab inofuranose l inked to hydroxyproline and s ingle 

galactopyranose residues linked to serine . The t r i -
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arabino s i de c ont ained only � 1 , 2 - l inkage s between sugars but 

the tetra-arabino s i de cont ained a terminal a 1 , 3-l inkage in 

additi on to the � 1 ,  2-l inkages . The other domain o f  thi s 

molecule was found to  contain all  of  the cyste ines as well  as 

the carbohydrate binding sites  (Al len e t  a l . ,  1 9 7 8 ;  Ashford 

et a l . ,  1 9 8 2 a ;  Al len , 1 9 8 3 ) . A hypothet ical  model for the 

structural model o f  potato lectin i s  shown in fig . 1 - 8 . 

Treatment o f  STL  with tri fluoromethane s u l fonic acid resulted 

in a de-glycosylated protein with an amino acid comp o s it i on 

ident ical  t o  the nat ive lect in (Desai  et  al . , 1 9 8 3 ) . The de­

glycosylated lect in ret ained its  haemagglut onat ing act ivity . 

""'- CarbohydroJe 
binding 
s i te s  

S i te for 
s ubu n i t  

i n teraction 

Fig. 1-8 Hypothetical model o f  the structure o f  potato lect in . 0 
Arabin o furanos ide ; D = galactopyranos ide (Allen, 1 9 8 3 )  . 

Solanaceous lect ins general ly  contain about 5 0 - 6 0 %  protein 

and s imilar  amino acid c ompo s i t i on . They are espec i a l l y  rich 

in the amount o f  res idues o f  hydroxyprol ine , s erine,  
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cysteine , and glycine . The detai led amino a c i d  compo s i t i ons  

o f  the s e  lect ins are  given in Table 3 - 1  of  thi s thes i s . 

S ince the s equences  of  s o l anaceous lect ins are not yet 

avail ab l e ,  it i s  not known whether these  lect ins s how 

structural homology . The overall s im i l arity in  thei r  chem i cal  

c ompo s i t i ons  and carbohydrate binding properti e s  c ould 

suggest  that they are a group o f  closely related prot e ins . 

Lecti n  extract s o f  Datura seed,  tomat o seed, pot ato s eed ,  

Ni candra s eed, Capsi cum seed, tomato fruit j u i c e ,  p o t ato  

fruit j u i ce , potato tuber were all  react ive with ant i -DSA 

serum (Kilpatrick et  al . ,  1 9 8 0 )  Lectins from D a t ura 

stramonum seeds and tomat o fruit juice  also  reacted with 

ant i - S TL serum, however not with de-arabinosylated STL 

glycopept ide (Ashford et al . ,  1 9 8 2 a ) . Thi s  immunological  dat a 

suggests  that the cross  react i on among solanaceous lect ins 

results from the react ion o f  ant i serum with the arabino-part 

of these lectins . Thus the arabino-part s of these lect ins 

might share a s imilar structure . However ,  the interpretat i on 

o f  the s e  data should be made with caut i on ,  s ince it doe s  not 

rule  out the pos s ib i l ity that the cro s s  react ion of ant i s erum 

with other so lanaceous lectins was s imply from the 

carbohydrate binding propert ies  of these lectins . Thi s i s  a 

point t aken up in more deta i l  in Chapter  4 of  this the s i s . 

C ircular dichroism analys i s  indicated that potato l e c t in 

contains about 3 5 %  po lyprol ine I I  conformat i on ( i . e .  a l e ft ­

handed hel i x  with three res idues per turn and a pitch o f  9 . 3 6 

A) , 3 4 %  type I I  �-turn and 3 1 %  i rregular conformat i on . The 

pol yproline I I  conformat i on is stab i l i zed by o l i gosacchari de s  

o f  thi s lectin ,  and the t ype I I  �-turn i s  stab i l i z ed by 

di sulphide bridges of  thi s lectin (Van Ho lst et  al . ,  1 9 8 6 ) . 

Other hydroxypro l ine- rich glycoprote ins of  plant origin s how 
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the presence of  the polypro l ine I I  conformat i on (Homer and 

Robert s ,  1 9 7 9 ;  Van Holst and F inche r ,  1 9 8 4 ;  Van Hol s t  and 

Varner , 1 9 8 4 ) . For examp l e , exten s i n ,  a l s o  as  r i c h  in 

arabinosylated hydroxyprol ine as  STL , is ent irely in the 

polyprol ine II conformat ion and is stab i l i z ed by 

ol i go s a c charide chains . For S TL the polyprol ine  I I  

conformat i on i s  located in the serine/ hydroxyproline-rich 

domain . It has been suggested that thi s domai n  was der i ved 

from a port i on of  the plant cel l  wall hydroxyprol ine- r i ch 

glycoprotein (HRGP ) gene whi ch fused a gene encoding a 

cysteine / glyc ine rich protein ( Showalter and Varner ,  1 9 8 6 ) . 

1 . 3 . 2 .  Carbohydrate specifi cities 

S o l anaceous lectins are chitin binding proteins whi ch bind to 

�1 , 4 - l inked o l i gomers of  N-acetylgluco s amine . To a degree , 

the l onger the chain , the more stable the lectin-carbohydrate 

complex w i l l  be . The tetramer of N-acetylglucosamine was  the 

best s accharide to interact with LEL ,  STL and D SA (Nachb a r  et 

al . ,  1 9 8 0 ;  Al len and Neuberge r ,  1 9 7 3 ;  Desai  et al . ,  1 9 8 1 ; ) .  

It  was l ater found however that the best inhibitor of  DSA was 

the following penta-s accharide ( Crowley et al . ,  1 9 8 4 ) : 

Gal� 1 , 4Gl cNAc� 1 , 6 
\ 
Man 

I 
Gal� 1 , 4Gl cNAc� 1 , 2 

N-acetylglucosamine has l ittle  inhibitory e ffect on the 

haemagglut ination induced by thi s group of lectins . But , s ome 

animal glycoproteins such as  fetuin , a s i al ofetuin , ovomu c o i d ,  

glcophorin and other glycopept ides have pro found inhibitory  

e ffect s on  the lectin-induced haemagglut inat i on (Nachbar  et  

a l . ,  1 9 8 0 ; Debray et  al . ,  1 9 8 1 ) . Immobi l i zed D SA and LEL  are  

able  to  bind repeat ing N-acetyllacto s amine sequences  in  

a sparagine- l inked ol igo saccaharides (Cummings and Kornfeld,  
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1 9 8 4 ; Merkle and Curnmings , 1 9 8 7b ;  Zhu and Laine , 1 9 8 9 ;  

Callaghan et al . ,  1 9 9 0 } . STL a l s o  binds the repeat i n g  N­

acet y l l acto s amine s equences ( Ca l laghan et al . ,  1 9 9 0 }  . The 

b inding constants o f  the l ect in-carbohydrate interact i on are 

given in Table 1 - 2 . 

Table 1-2 . Binding constants (Ka ) o f  int e raction of s olanaceous lectins 

with P 1 , 4 -linked o ligomers of N-acetylglucos amine < P 1 , 4 - linked) ( x 1 0 3 
Wl ) . 

Carbohydrates 

Dimer 

Trimer 

Tetramer 

DSA STL 

2 .  oa 
0 .  9x10c  

3 . 5x10c  

a Mat s umo t o  e t  a1 . , 1 9 8 0 ,  1 9 8 2 ; Ashford e t  al . ,  1 9 8 2 b  

b Crowley, 1 9 8 2  

c Ashford e t  a l . ,  1 9 8 2 b  

d Crowley e t  a l . ,  1 9 8 4  

na--not available 

LEL 

na 

na 

na 

1 . 3 . 3 .  Distribution, localization, and possible function of 

solanaceous lectins . 

S ince s o l anaceous lect ins have not been studied 

systemat ically, thei r  dist ribut i on within plant t axa is not 

yet clear . DSA is a s s o c iated with cell wal l s  in the seed c o at 

and epidermi s (Broekaert et al . ,  1 9 8 8 } . Subcel lu l ar 

fract ionat i on studi e s  indicated that STL i s  tight ly, but n on­

c ovalentl y ,  bound to the plant cell wall ( Casal ongue and P ont 

Lez i c a ,  1 9 8 5 } . LEL is located predominant ly in the l o cu l a r  

fluid o f  ripe t omatoes (Merkle and Curnrnings , 1 9 8 7 a ) , 

suggest ing t omat o l ect in may be an extracellular prot e i n . 

Lect ins from potat o seem t o  p lay a defence role as di s cu s s e d  

i n  S e ct i on 1 .  2 .  4 .  1 .  However, systemati c  res e arch at the 

mol ecular and c e l lular level on the s o l anaceous lect ins i s  
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es sent i a l  i n  order to understand thei r  roles in the plant . 

1 . 4  Aim o f  thi s study 

The ob j ect ive o f  thi s study was to  i s ol ate and characte r i z e  

a new s olanaceous lectin from fruit s of  red tama r i l l o  

( Cyphomandra betacea)  following detection o f  agglutinat i on 

activity in extract s dur ing a prel iminary s c reening o f  

e conomically s igni ficant fruits avai l able i n  New Zealand . 

Character i z at i on o f  the new lect in des i gnated CBLl has been 

performed by biochemical and molecular b iological  techniques .  

A study o f  the immunological  relat i onship o f  CBLl to other 

solanaceous lect ins and of  its subcellular local i z at i on 

within fruit t i s sues i s  a l s o  des cribed . 
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2 . 1  Fine chemical s ,  lectins and enzymes 
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The f o l l owing materials  were purchased from S igma chemical  

Company , USA : tomato lect in ( LEL ) , potat o  lect in ( ST L )  and 

Datura seed lectin ( TAL ) , TPCK t reated tryp s in ( Type XI I I ,  EC 

3 . 4 . 2 1 . 4 ) , protein molecular weight standards for prot e i n  gel 

electrophore s i s  [ bovine albumin ( 6 6 kDa )  , egg albumin ( 4 5  

kDa ) , glyceraldehyde-3-phosphate dehydrogenase ( 3 6  kDa ) , 

c arboni c  anhydrase ( 2 9  kDa ) , trysinogen ( 2 4  kDa ) , s oybe an 

trypsin  inhibitor ( 2 0 . 1  kDa ) and a-lactalbumin ( 1 4 . 2  kDa ) ] .  

The following materials  were purchased from BDH , Engl and : 

Folin-Ciocalteau reagent , protein  molecu l ar weight standards 

for gel fi ltration c olumn, carrier ampholytes ( ' Resolyt e '  pH 

3 . 5- 1 0 ) . I soelectr i c  focusing standards [phycocyanin ( p i  

4 . 65 ) , �-lactoglobu l in B (pi  5 . 1 ) , bovine carbonic  anhydrase 

(pi  6 . 0 ) , human carboni c  anhydrase (pi  6 . 5 ) , equine myogl obin 

A (pi  7 . 0 ) ,  human hemoglobin A (pi 7 . 1 ) , human hemoglobin C 

(pi  7 . 5 ) , lenti l  lect in ( 3  bands ) (pi  7 . 8 , 8 . 0 , and 8 . 2 ) , 

cytochrome C (p i 9 . 6 ) ] ,  a s i lver staining kit , wes tern 

blott ing component s and gold total protein staining rea gent 

were bought from Bio-Rad, USA . Phytohaemagglut inin (PHA) was 

purchased from Wel l c ome , England . Radioact ive materials  e5s­
methion ine , 35S-ATP and 32P-ATP ) were purchased from New 

England Bio-Lab , USA . Donkey anti -rabbit IgG and 

Phycoerythrin-streptavidin cytochemi cal staining kit were 

purchased from Amersham, UK . Some rest r i ct i on enz yme s ,  

cloning vector ,  cDNA synthe s i s ,  in vi tro trans lat ion kit s ,  T 7  

DNA polymerase sequenc ing system,  Exoi i i  enzyme were 

purchased from P romega , USA . Some restrict i on enzymes , and 

goat ant i -rabbit IgG con jugated with alkal ine phosphatase 

were purchased from BRL , USA . Ant i-LEL serum was a kind g i ft 

from Dr  D .  Ki lpatrick . S- Sepharo s e ,  Sephacryl S - 2 0 0 ,  Sephadex 

G75 and oligo-dT cellulose were purchased from Pharmaci a ,  
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Sweden . Other chemic a l s  are o f  highest quality ava ilab l e  from 

various c ommercial  suppl iers . 

Sacchari des  used for the inhibit i on test : L ( + ) -arab i n os e ,  

D ( + ) -galactos e ,  inulin ,  l actose  and sucrose were purchased 

from BDH; cellob iose and a-D ( + ) mel ibiose  (United States 

B io chemical Corporati on ,  USA) ; D (+ ) xylose  was from ( Se rva ) ; 

N - a c e t y l g l u c o s a m i n e , N , N ' - d i a c e t y l c h i t o b i o s e , 

N , N ' , N" -triaetylchitot r i o s e ,  N , N ' , N" , N" ' -tetraacetyl chito­

tetraose , N-acetyllact o s amine , malto s e ,  L-sorbos e ,  fructo s e ,  

D - glu c o s e ,  D ( + )  manno s e ,  2 -deo x y - D - G l u c o s e ,  1 - 0 -

methyl-a-D-glucopyranoid, N-acetylglucosamine , D (+ ) trehal o se , 

rhamn o s e ,  mel e z it o s e ,  arbut in ,  escu l in hydrate , sal i c i n ,  

D - f u c o s e ,  L - f u c o s e , r i b o s e ,  s i a l i c  a c i d ,  

methyl-a-D-galactopyranos ide , methyl-a-D-glucopyranos ide , and 

methyl-a-D-mannopyranoside ( S i gma Chemical Company , USA) ; 

arabino xylan wheat flour , carboxylmethylcel lulo s e ,  dextran , 

araban , carob bean G- lactomannan , arabino galact an , corn c ob 

xylan , starch, polygalacturonic acid,  laminarin ( � 1 ,  3 

glucan ) , l i chenin,  coffee bean � 1 ,  4 -mannan , yeast mannan , 

nigeran ( from A . niger) , pect in , gent i obiose ,  a-D-sophor o s e ,  

arab i c  a c i d  and fuc o i din (kindly provided b y  Dr . I . G . Andrew , 

Chemi stry and Biochemi stry Department , Mas sey Univer s it y )  . 

2 . 2  Vectors , bacterial strains and growth conditions 

Bacteria  strains and vectors are summarized in Table 2 . 1 .  E .  

coli was grown in Luria  Broth ( LB )  ( 1  % w/v NaC l ,  0 . 5  % w/v  

yeast extract and 1 % v / w  bacto-tryptone ) at  3 7°C with 

shaking . E. coli used for trans fect i on was grown in LB medium 

supplemented with 0 . 2  % (w/v )  maltose  and 2 0  mM MgS04 , o r  

supplemented with appropri ate  ant ibiot ics  when used for 

plasmid propagat ion . For plate s ,  LB medium was sol idi f i ed 

with 1 . 5  % agar . Overlay agar or agarose conta ined 0 .  7 % 



agar o r  agarose  respect ive ly in LB medium . 

Table 2 . 1  Bacterial strains and vectors 

E. colia 
s t rains 

DHSCX 

genotype o r  phenotype 

F - , endA- , hsdR- 1 7 ( r-k, m\ ) , s upE 4 4 ,  t h r 1 ,  A.- , re cAl , 
gyrA 9 6 ,  relAl , � ( a rgF - 1 a czya ) U1 6 9 ,  0 8 0 dl a cZ � l S  

4 0  

Y 1 0 9 0  ( r- )  .t. 1 a cU 1 6 9 ,  proA• , .t. l on a raD 1 3 9 ,  s t rA ,  s upF , [ trpc2 2 :  : Tn l O ] ,  
hsdR- , hsdM! , ( pMC 9 ,  ll..rnpR, TetR) , pMC 9 =pBR3 2 2 - 1 a cr• . ]  

LE 3 9 2 : F- , h s dR5 1 4 ,  supE 4 4 ,  s upF 5 8 ,  l a cY l  o r  ( 1 a ci Z Y ) 6 ,  galK2 , 
ga lT2 2 ,  metB l ,  t rpRS S  

Ve ctor s a  

Arnpr pGEM- 4 

A.gt l lb Al a c5 �shnd i i iA2-3 sriA3° ci t s 8 5 7  sriA 4 °  nin5 sri A 5 °  Saml O O  

a from P romega , USA 

b det a i led map in F i g . 2 - 1  

O '<t  M "' " "' c <::� NL.ta • .., ,... N e"J C:O,.._ c ... .. , o o - =  O ,.._ OL.":l O  .. , 0 
0 0  .,; 0: 0 "' 1.: \.:n:o M f' oc- O: C � C'l  If} &.r. ,.... ,... c: � -,... C) M .... 

� cl c; oo...:�N -.i�..--;Lt)IJ') ...: N Mt""! -.:" lril.!itici ci ..; � � NNNNN N N N N  M M t"1 M  M M M M M  M "' 

Q Q 
z z w W ·  

tL :  s ����'5 ��u ��-:: � �=== 
... 

� � � � c :;; ::: w t;,  � � � " _, c; "' v:e..e..e..<t � ��-..: ��;g�;g, :i: c: ( I I I I I : l ( (rr l ("r I I �I I I I V I I � cl857 ninS S100 

3' .... GAC CTT AAIG GCG . ... 5' 7n phe Tu '""iia 

Fig . 2 - 1  Map of Agt l l . 
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2 . 3  Biochemical methods 

2 . 3 . 1  I solation of lectins from tamaril l o  

2 . 3 . 1 . 1  Chitin affinity chromatography 

Tamari l l o  fruits  ( 4 0 0  g )  ( a  local unnamed cult ivar ) were 

homogeni zed in 4 0 0  ml of buffer A ( 1 4 4  Mm NaH2P04 ,  5 6  Mm 

Na2HP04 , 1 0  mM EDTA and 0 . 0 2 %  NaN3 ; pH 7 . 2 ) in a Waring 

blender at l ow speed for 2 0  s econds , and centr ifuged ( 9 , 0 0 0  

rpm for 1 5  min )  . The supernatant was fi ltered through four 

layers of cheese c l oth and ammonium sulphate was added to 6 5 %  

s aturat i on . The resulting suspens ion was stirred for 3 0  min 

and centr i fuged at 9 , 0 0 0  g for 30 min at 4°C . The precip itate 

was di s s o lved in 4 0  ml of  buffer B ( 1 3  mM citric acid,  13  mM 

Na2HP04 , 1 mM EDTA and 0 , 0 2 %  NaN3 ; pH 3 . 6 ) and s t irred for 3 0  

min at room temperature , and centr i fuged . The precipitate was 

di s carde d .  The re sulting s o lut i on was loaded onto a chit in 

column ( 1 . 8  x 1 4  cm )  pre-equ i l ibrated in the buffer B , whi ch 

was washed with buffer B unt i l  the absorbance at 2 8 0  nm 

dropped to zero , A protein fract i on was eluted with 5 ml o f  

chitin hydrolys ate solut i on ( see below)  at 3 0  ml /hr , The 

eluate was  dialysed against buffer B and loaded on t o  a 

S- Sepharose  ( Pharma c i a ,  Sweden ) co lumn ( 2 . 2  x 6 . 5  cm)  

equil ibrated in the s ame buffer . The s ample was eluted with 

a s alt gradient ( 7 0  ml o f  buffer B - 7 0  ml o f  buffer B 

cont aining 1 M NaCl ) at 1 5  ml /hr . Fract ions ( 2  ml ) o f  the 

peak c or re sponding to 0 . 4 2 M NaCl were combined and dialysed 

against water and freez e-dried . The other peak fract i ons , 

which were eluted at les s than 0 .  4 2  M NaCl , were a l s o  

combined and dialysed against water ,  and subsequent ly  fre e z e ­

dried . 
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2 . 3 . 1 . 1 . 1  P reparation of chitin affinity column 

Unbleached chitin ( 3  g) (US Biochemical Corpo�at ion,  USA) was 

added to 1 0 0  ml 1 M NaOH s o lut i on and aut o c l aved for 15 min , 

and then washed extens ive l y  with water  unt i l  the pH was 

neutra l . The chit in was packed into a c olumn ( 1 . 8  x 14  cm ) , 

and equ i l ibrated with buffer B des cribed above . 

2 . 3 . 1 . 1 . 2 P reparation of chitin hydrolysate s olution ( chitin 

a ffinity column eluting s olution ) 

P reparat i on was according to Rupley ( 1 9 6 4 )  : 4 0  g of  chitin 

(USB,  USA)  whi ch had been powdered in a mechanical  grinder 

were s t i rred in 7 0 0  ml of i ce cold concentrated HCl ( 1 1 . 6  M )  

for 2 hrs at oac , then the suspen s i on was s t irred for 2 hrs 

at 4 0°C and subsequently cooled to  0°C . The pH was brought to 

1 . 0  with 5 0 %  NaOH, and the temperature was kept below 2 0°C .  

The f i ltrate o f  this suspensi on was appl ied t o  a 

charcoal-c e l ite ( 1 : 1  by wei ght ; 5 x 2 0  cm)  column , whi ch was 

then washed with water unt i l  the eluate was chloride free 

when t e sted with s aturated s i lver nitrat e ,  and was 

subsequent ly  eluted with 6 5 %  ethanol . The eluate was dried 

in a rotary evaporator under reduced pres sure . The dr ied 

hydrol y s ate was di s s o lved in 60 ml of  PBS  ( 0 . 1  M phosphat e ,  

0 . 1 5 M NaCl and 0 . 0 2 %  NaN3 ; pH 6 . 8 ) . Thi s hydro l y s ate 

preparat i on was used as the eluting s o lut i on for the chitin 

affinity column . It was  analyzed by HPLC on a Waters 

Sugar-Pak 1 c olumn (Waters , USA) . The following carbohydrate s  

were u s ed as  external st andards : N-acetylgluco s amine , 

N , N ' - di ac et y l chitob i o s e , N , N ' , N" - t r i - ac et y l chitot r i o s e ,  

N , N' , N" , N " ' -tetraacetylchitotetraose . The chit in hydro l y s ate  

was  found t o  contain : 6 0 . 1  mM N-acetyl-gluc o s amine , 4 . 2  mM 

N,  N ' -diacetylchit obiose , 1 8 . 8  mM N, N' , N" -triacetylchitot r i o se 

and 5 . 6  mM N , N '  , N" , N" ' - tetraacetylchitotetraose . 
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2 . 3 . 1 . 2  Gel filtration chromatography 

The ammonium sulphate precip itate de scribed above was 

di s s olved in buffer C ( 1 7  mM c itric  acid,  1 6  mM Na2HP04 , 5 0  

mM NaCl and 0 . 0 2 %  NaN3 ; pH 3 . 6 ) , and l oaded onto a Sephacryl 

2 0 0  ( P harma c i a ,  Sweden )  ge l filtrat ion c olumn ( 2 . 2  x 9 0  cm ) 

at 1 5  ml /hr ,  which had been pre-equ i l ibrated with buffer C .  

The fracti ons  containing high agglut inat ing act ivity �vere 

comb ined, di alysed against water and freez e-dried . One of the 

dried s amples  was di s solved in 1 0  ml buffer D ( 3 6  mM Na2HP04 , 

1 4  mM NaH2P04 and 5 0  mM NaCl ; pH 7 .  2 )  and loaded onto a 

Sephacryl 2 0 0  co lumn ( 2 . 2  x 9 0  cm)  which had been 

pre-equ i l ibrated with buffer D .  The result ing frac t i ons 

c ontaining high agglut inat ing activity were poo led and 

di alysed against water ,  then freeze-dried . Al l the procedures 

were done at room temperature except where otherwise  

indi c ated . 

2 . 3 . 2  Haemagglutination and carbohydrate inhibition as s ay 

These were performed in a microt itre plate . 2 5  �1 of  lect in 

s ample was di luted serially ( 2  fold) in 2 5  �1 PBS buffer 

[ 0 . 1 4 M NaC l ,  0 . 0 1 M phosphate (K+ ) , pH 7 . 2 ]  and mixed with 2 5  

� 1  o f  2 %  P B S  washed rabbit erythrocytes . A haemagglut inat i on 

unit was defined as  the minimum amount of  lectin in �g/ml 

giving p o s i t ive react ion after 2 0  min at room temperature . 

For carbohydrate inhibition a s s ay ,  1 0  �1 of  carbohydrate 

s o luti on was di luted serially in 1 0  �1 of  PBS buffer ,  mixed 

with 1 0  �1 of lectin solut ion c ontaining 8 haemagglut inat ion 

units . After the mixture was incubated for 3 0  minutes at room 

temperature , 2 0  �1 of  2 %  PBS washed rabbit erythrocyt e s  was 

added and mixed . The inhib itory activity was defined a s  the 
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minimum concentration of inhibitor requ i red for  comp l ete 

inhibition of  8 haemagglut inat ion units . 

2 . 3 . 3  �togenic study 

Mixed Micro-culture medium containing the fol l owing 

c onst ituents for each blood sample was di spensed into a 

sterile s c rewcapped bottle : 4 ml of  Eagle ' s  medium conta i ning 

penici l l in and streptomycin , 1 ml of sterile  human AB s e rum 

(heparin i z ed) , 0 . 1  ml of sterile M/ I Hepes (pH adjusted to  

7 . 0 ) ,  0 . 1 5 ml  of  phenol- free heparin , 0 . 1  ml of  reconst i t uted 

lectin  ( 1 0  mg/ml in sterile water ) . 0 . 4  ml o f  heparin i z ed 

blood was then added . The cultures were incubated at 3 7°C 

for 7 2  hrs , shaken once a day by invers ion . To each culture 

was added 0 . 1 5 ml of cho lchic ine s olution ( 2 5  �g/ml ) and the 

cultures were incubated at 3 7°C for 9 0  minutes and t hen 

centri fuged at 5 0 0  g for 5 min . Ten ml of pota s s ium chlo ride 

solut ion ( 0 . 5 6  % ,  3 7°C ) was s lowly added to  resuspend the 

depos it whi le agitating constantly . The cultures were 

incubated at 37°C for 1 0  minutes , then centri fuge d .  Ten ml of 

freshly-prepared acet i c  alcohol ( 1  part glac ial  acet i c  a cid;  

3 part s methanol )  was slowly added to  the precipitate while  

agitat ing . The suspension was  incubated at  4°C for  10  minutes 

before centri fugat ion . Another 5 ml of cold acet ic  a l c ohol 

was added to resuspend the precipitate and this washing step 

was repeated twice . Finally ,  0 . 5  ml acet i c  alcohol was added 

to the precipitate . one or two drops o f  the re-suspended c e l l  

preparat ion were appl ied to  the canter of  a gla s s  s l i de and 

allowed t o  spread and air dry . Cel l s  were then stained w ith 

Giems a or  acet i c  acid-orcein and mounted in Euparal . The 

s l ide s  were examined under the microscope to ident i fy the 

chromo somes . 
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2 . 3 . 4  P rotein concentration a s s ay 

P rotein concentrat ion was determined according to  Lowry 

( 1 95 1 ) . CuS04 . 5H20 ( 0 .  5 g) and Na3c i  trate ( 1 g) were di s s olved 

in 1 0 0  ml water to make up reagent A; Na2C03 ( 2 0  g) and NaOH 

( 4 g )  were dis s o lved water ( 1 1 )  to make up reagent B ;  

Reagent B ( 5 0  ml ) and reagent A ( 1  ml ) t o  make up reagent C .  

Reagent D was made up by mixing 1 0  ml of  Folin-Ciocalte au 

reagent with 1 0  ml water . Protein sample containing up t o  0 . 5  

mg of  protein was added with 2 . 5  ml of  reagent C ,  mixed and 

let stand for 5 min . Then , 0 . 25 ml o f  reagent D was added,  

mixed and let st and for 2 0 - 3 0  min . Absorbance ( 65 0  nm) was  

measured . Bovine serum albumin was  used as  st andard . 

The Bradford method (Bradford, 1 9 7 6 )  u sing Cooma s s ie Blue 

G25 0  was ineffect ive in the determinat ion o f  protein 

concentrat ion of  the puri fied tamari l l o  lect in ( CBL1 ) . 

2 . 3 . 5  Carbohydrate a s s ay 

Carbohydrate anal y s i s  was performed us ing the modi fied 

Duboi s ' method ( Rao and Pattab iraman , 1 9 8 9 ) . 3 . 0  ml of 

sulphuric acid ( sp . gr . 1 . 8 4 )  was added to 1 ml o f  sugar or 

glycoprotein solut ion,  and vortexed (the temperature reached 

rapidly a maximum of 1 1 5 - 1 1 8°C in 1 0 - 1 5  sec ) . After being 

cooled on ice for 2 min ,  the solut ion was mixed with 0 . 0 5 ml 

of 8 0 %  pheno l ,  kept at 3 7°C for 3 0  min before its c olour 

intens ity ( 4 8 0  nm) was measured . Galactose  >-1a s  used as 

standard . 
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2 . 3 . 6  SDS-Polyacrylamide gel electrophores i s  

SDS-polyacrylamide gel electrophores i s  ( SD S -PAGE ) was 

performed essent ially  according to Laemmli ( 1 9 7 0 ) . The 

follow ing reagent s for the separati on gel were mixed and 

dega s sed for 5 min : 1 0  ml o f  3 0  % acry l amide stock ( 3 0 0  g o f  

acryl amide and 8 g o f  bisacrylamide were di s so lved i n  water,  

final volume 1 l it re ) , 9 . 8  ml water and 0 . 2  ml 1 0 % ammonium 

persulphate ( freshly prepared) . After being degas sed,  the 

solut ion was mixed with 10 �1 of TEMED by gent ly swirl ing,  

and poured into a gl ass  sandwich ( 2 0  cm x 1 7  cm x 0 . 7 5 cm) 

unti l  3 cm from the top of the plate . 0 . 1 % SDS  s olut ion was 

layered onto the surface of  the gel s oluti on . After the gel 

was polymerized,  the SDS layer was removed by rins ing with 

water . A stacking gel solut i on was poured int o  the s andw i ch ,  

whi ch was prepared b y  mixing following reagent s : 2 . 5  ml o f  4 

x upper buffer ( 0 . 5  M Tris  HCl ,  pH 6 . 8 , 0 . 0 4 %  SDS ) , 1 . 0  ml o f  

the acrylamide stock , 6 . 4  ml of water ,  0 . 2  m l  of  1 0 %  ammonium 

per sulphat e ,  1 0  �1 of TEMED . A s ample c omb was inserted . 

After the s t acking gel was polymerized, the comb was removed 

and the wel l s  were rinsed with water . The gel s andw i ch was 

placed in a gel electrophores i s  apparatus , the upper and 

lower buffer chambers were fi lled with 1 x running buffer ( 4  

x running buffer : 6 0  g of Tri s , 2 8 8  g o f  glyc ine , wate r  up to  

5 litres ) . P rotein sample s were prepared by bo i l ing with 

equal volume of  2 x loading buffer for 5 min [ 0 . 5  ml of �­

mercapt oethano l ,  0 . 2 5 ml of  0 . 1 % Bromophenol Blue (BpB ) , 4 . 0  

ml 1 0 %  SDS , 5 . 3  ml o f  2 x SB ( 1 2 . 5  ml of  4 x upper buf fe r ,  

2 0 . 0  m l  glycero l ,  made up to 6 0  m l  with wat e r ) ] .  1 0-2 0 � 1  o f  

s ample per lane were loaded ont o the we ll . Elect ropho r e s i s  

w a s  c arried out a t  1 5  mA unt il  the blue-dye front reached the 

bottom of the gel . After the glas s  plates were removed, the 

gel was stained with e ither Cooma s s ie bri l l i ant blue ( R2 5 0 )  

o r  si lver i on . A set o f  prot ein molecular weight standards 

were used for mo lecular weight est imat ion . 
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P o lyacrylamide gel electrophores i s  was a l s o  performed u s ing 

the s ame reagents in a Mini-P rotein II Dual S l ab Cell (Bio­

Rad, USA) fo llowing the manufacture ' s  instruct i on . The 

running conditi on s  was 2 0 0  volts for 5 0  min at the room 

temperature . 

2 . 3 . 6 . 1  Coomassie blue (R250)  staining 

The gel was stained for 3 0 - 6 0  min in 2 0 0  ml o f  staining 

s oluti on ( staining stock : 125 ml i sopropano l ,  50 ml acet i c  

a c i d ,  3 2 5  m l  wat e r ,  1 . 25 g C o oma s s i e  bri l l i ant blue R2 5 0 ) . 

The gel was destained in several changes o f  a destaining 

s olut ion ( stock s o luti on : 1 0 0  ml of methanol ,  1 4 0  ml o f  

acet i c  acid, water up t o  2 l itre) . The proces s  was carried 

out on a platform shaker . 

2 . 3 . 6 . 2  Silver staining 

S i lver staining o f  protein gel s  was carried out according t o  

Merri l e t  al . ( 1 9 8 1 )  us ing a s i lver st aining kit (Bio-Rad ,  

USA) . The gel w a s  fixed i n  4 0 0  m l  o f  fixing s o lut ion [ 4 0 % 

methanol , 1 0 %  acetic acid ( v/v) ] for 3 0  min ,  and then 

t rans ferred to 2 0 0  ml of another fixing s o lut i on ( 1 0 %  ethanol 

and 5% acetic acid) for 1 5  min . The fixat i on step was 

repeated once . After fixat i o n ,  the ge l was placed in 2 0 0  ml 

oxidi zer for 5 min ,  and washed twice with de ionized water for 

5 min each . The gel was subsequent ly incubated with 2 0 0  ml o f  

s i lver reagent for 2 0  min ,  rinsed with deve loper s o lut ion for 

3 0  sec , placed in a 2 0 0  ml of freshly prepared deve l oper 

s olut i on for 5 min . The deve loping step could be extended by 

changing the developing solut i on unt i l  a reas onable intens ity 

of prote in bands had o c curred . Thi s devel oping proc e s s  was 

stopped by plac ing the gel in 5% acetic acid . The who l e  
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proce s s  was carried out on a platform shaker . 

2 . 3 . 7  Isoelectric focusing ( IEF) 

I s oelectric focusing was performed using an LKB Multiphor 

2 1 17 gel electrophoresis apparatus ( LKB, Sweden ) [ adapted 

from Righett i ( 1 9 8 3 ) ] . 'l'he following reagent s were mixed : 

0 . 8 2 5  ml o f  3 0  % a crylamide stock s o lut ion ( as des cribed in 

S ecti on 2 . 3 . 6 ) ; 4 . 0  ml of Mi lliQ wat e r ;  0 . 1 7 5  m1 of c a r rier 

ampholytes ( ' Re s o lyte '  pH 3 . 5- 1 0 )  (BDH , England) . After b eing 

degas s e d  for 5 min , the s olut i on was then mixed with 1 0 0  �l 

of 1 0  % ammonium persulphate and 13 �l of TEMED , and p oured 

into a glass s andwich ( 1 1  cm x 8 . 5  cm x 0 . 7 5 cm) . Aft e r  the 

gel was polymeri zed, the upper gla s s  plate of the gel 

s andwich was removed, and the gel with one gla s s  plate at its 

b ottom was placed on the cooling p l ate of the LKB Mult iphor 

( 4- 0°C) . After being connected with anode s olut i on ( 1  H H3PO.; ) 

and c athode s olution ( 1  M NaOH) using two pieces o f  3 MM 
paper ,  the gel was pre-run at the fo l lowing power supply 

settings : E = 1 0 0 0  V; I = 17 mA; P = 1 2 . 5  W for 10 min . Then , 

1 0  � 1  o f  each protein sample ( 0 . 5- 1  mg/ml ) and 0 . 5  �l of p i  

standards (Bio-Rad, USA) were app l i e d  onto the ge l with 

s amp l e  applicat ion wicks ( LKB ,  Sweden ) , and the 

electrophore s i s  was performed at the same condit ions as 

des cr ibed above for 9 0  min ( the samp l e  app l i cat i on pieces 

were removed after 3 0  mln from the start o f  e lect ropho re s i s )  . 

Afte r  electrophore s i s  was completed, the gel was incub ated 

with 2 0 0  ml of a fixing s o lut ion cont aining 1 1 . 5  % 

t r i chlo roacet ic acid an i 3 . 4 5 % su lpho s al icylic acid for one 

hr, and was stained with s i lver ion as des cribed in S e ct i on 

2 . 3 . 6 . 2 .  
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2 . 3 . 8  Determination o f  protein s i z e  by gel filtrat i on 

CBL 1  was run on a Sephadex G - 7 5  c olumn ( 2 . 2  cm x 9 0  c m )  at a 

flow rate 1 5  ml /hr in buffer C and Buffer D a s  des c ribed in 

Section 2 . 3 . 1 . 2 .  The elut ion volume of  CBL1 was compared to 

those  of a set of protein molecular weight standards run 

under the s ame condit i ons . 

2 . 3 . 9  Amino acid analys i s  

Amino acid  analyses  were carried out us ing a Beckman 1 1 9BL 

amino acid analyzer  after hydro lysis  of s amples in vacuo  in 

6 M HCl for 2 4  hrs at 1 1 0  C .  Cyste ine content s were 

determined by analys is  of cyste i c  acid a fter oxidat i on with 

performic acid (Hi r s ,  1 9 6 7 ) . 

2 . 3 . 1 0 Tryptic digestion 

CBL1 ( 1 1  mg ) was di s s olved in 1 ml of  T r i s  buffer ( 0 . 2  M, pH 

8 . 0 ) and mixed with 9 5 3  mg of  guanadinium HCl to  6 M ,  and 

1 5 . 4  mg DTT  ( 1 0 0  mmo les ) .  The react ion tube was flushed with 

N2 1 sealed and kept in the dark by wrapping with aluminum 

fo i l . After being st irred for 2 hrs , the react ion w a s  mi xed 

with 5 2 . 5  mg of 4 -vinyl pyridine , flushed with N2 , sealed, 

and kept in the dark . After sti rred for another 2 hrs , the 

rea ct i on was mixed with 1 ml of �-mercaptoethano l  and 

incubated for 1 5  min . Then , the react i on was dialysed 

extens ively  against water ( 4  changes in 2 4  hrs ) and free ze­

dried . 

The free z e-dried modi fied CBL1 was di s solved in 5 ml  o f  1 % 
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( w / v )  NH4HC04 and 0 . 0 5 mg of  TPCK tre ated trypsin  was  added . 

Another 0 .  0 5  mg o f  TPCK treated tryp s i n  was added a fter 

incub at i on at  37 °C for 2 hrs , and incubat ion cont inued for 

another 2 hrs . The final digest i on was freeze-dried . 

2 . 3 . 1 1 HPLC s eparation o f  pepti de s 

The t rypt i c  digested CBL1 was di s s olved in 1 ml o f  solut ion 

A [ 0 . 0 1 %  tri fluoroacet i c  acid ( TFA) in water ] , then the 

s olut i on was filtered through a 0 . 2  �m nylon fi lter . 1 0 0  �1 

s amp l e s  were loaded onto a HPLC ( Spectra-Phy s ic s )  fitted with 

a reverse  phase column (vydak,  C 1 8 ) . The separat ion condit i on 

was a s  follows : flow rate 1 ml /min ; elut i on gradient : 1 0 0 %  

s olut i on A at 0 min , 5 0 %  s olut ion A, 5 0 %  solut ion B ( 0 . 0 8 %  

TFA i n  acetonitri le ) at 5 0  min . The s amples under each peak 

was c o l l e cted in a plast ic  tube and freeze-dried . 

2 . 3 . 1 2 Gas -phase protein s equencing 

Gas-Phase sequenc ing was performed us ing an Appl ied 

B i o syst ems 4 7 0A protein sequencer c onnected to  an Appl ied 

B i o s ystems 1 2 0A PTH analyz e r . Standard protocols  from the 

manufacturer were used throughout . 

2 . 4  Immunologi cal methods 

2 . 4 . 1  Anti serum preparat ion 

CBL 1  ( 0 . 5  mg/ml , 0 . 5  ml ) was 

Freund' s complete adjuvant 

mixed with equal volume o f  

( D i f c o ) , and in j ected 
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subcutaneously into a New Zealand White Rabbit . Six  weeks 

a ft e r  the first inj ect ion,  0 . 5  ml of CBL 1  was mixed with an 

equal  vo lume of  Freund' s incomplete adjuvant and in j ected 

subcutaneously into the New Zealand white rabbit . Bleeding 

was done intracardially after three weeks . F i ft y  ml of r abbit 

blood was incubated at 3 7°C for 3 - 4  hrs to induce cell  

c l ott ing, with occasional stirring t o  break up  the 

coagu lation ,  and then left at 4°C overnight . The blood s ample 

was c entr i fuged at 1 0 0 0  g for 5 min , and the supernatant was 

di spensed into small aliquot s and stored at - 7 0  °C before 

u s e . 

2 . 4 . 2 D oubl e  immunological diffusion test ( Ouchterl ony t e s t ) 

Twenty mg o f  agarose (Electrophores i s  Grade , BRL , USA) was 

added to 2 ml of PBS buffer ( 0  . 1  M NaH2P04 , 0 . 1  M Na2HP04 , 

0 . 1 5 M NaC l ; pH 6 . 8 ) or 2 ml of  chitin hydrolysate s o l u t i on 

( Section 2 . 1 . 1 . 4 ) . The suspension was heated at 1 0 0°C for  2 

min before pouring onto hor i z ontal microscopic s l ides ( 2 . 5  cm 

x 7 . 5  cm) . After the gel had s o l idified,  s i x  peripheral we l l s  

and a c anter wel l  were made using a temp l ate . The di s t ance 

between the adj acent wel l s  was 0 . 4  cm . Ten �1 of undi luted 

anti serum was placed in the c anter well  and 1 0  �1  ( 5- 1 0  �g)  

of lectin s ample was placed in these  peripheral we lls . S l ides 

was incubated in a moi sture chamber at 4°C overnight to 4 

days . The precipit in l ines formed among between these we l l s  

were photographically  recorded . 

2 . 4 . 3  Western blotting 

The western blott ing method was performed us ing a mini 

t rans-blot electrophoret i c  t rans fer  cell  (Bi o-Rad, USA) 

( Towbin et al . ,  1 9 7 9 ;  Burnett , 1 9 8 1 ) . Standard prot o c o l s  from 
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the manufacturer were used throughout . After equ i l ibrat i on in 

the trans fer buffer ( 2 5  rnM Tri s ,  1 9 2 �� glycine , 2 0 %  (v/v )  

methanol ) for  1 5  min ,  the following components were a s s embled 

int o a blott ing s andwich in the tran s fer  buffer in the order 

from the bott om : the grey panel of  the c a s s ette , fibre pad,  

2 pieces of 3MM paper,  SDS-PAGE gel ,  nitrocellulose membrane , 

2 pieces of  3MM paper,  fibre pad, the c lear panel o f  the 

cas sette . After being locked, the cas sette was trans ferred to  

the buffer chamber  fi lled up  with the t ransfer buffer and 

instal led with a Bio-ice cooling unit . The protein trans fer 

was achieved in an hour at 1 0 0  volt s ,  1 5 0  mA . Indirect 

immunological detection of  ant igens on the membrane was 

performed according to  the method for immunological  s creening 

for cDNA l ibrary . Total proteins on the membrane were 

detected using a col loidal  gold staining kit ( Rohringer and 

Holden , 1 9 8 5 ) : the nitrocellulose membrane was washed with 

two changes of  1 0 0  ml of  TTBS solut ion ( 2 0  mM Tri s ,  5 0 0  mM 

NaCl , 0 . 3 % Tween-2 0 ;  pH 7 . 5 ) for 2 0  min each . The membrane 

was then washed with 3 changes of 1 0 0  ml deionized water  for 

1 0  min each . The membrane was then placed on a hor i z ontal 

glas s plate and colloidal gold reagent was appl ied . The 

membrane was rinsed with water before reasonable inten s i t y  of  

protein bands was  reached . 

2 . 4 . 4  Immunocytochemical locali zation 

Young t amarillo  fruit ( 2  cm x 3 cm)  were hand-sectioned u s ing 

a raz o r  blade . The sect i ons were mounted on 1 0 %  PVA glue 

coated sl ides , fixed in methanol for 5 min , and air-dried . 

The sect ions were then incubated in PBSB [ 0 . 1  M phosphate 

buffered sal ine (pH 7 . 5 ) supplemented with 1 %  bovine serum 

albumin ] for 5 min . The PBS  solu� ion was then removed and the 

s e ct i on was incubated for 1 . 5  hrs in ant i-CBLl serum whi ch 

was di luted 2 0  t imes in PBSB . The sect ions were subsequ ent ly 

washed with three changes of  PBS for 1 min each . After  the 
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wash,  the sect i on s  were incubated for 2 hrs in biotinyl ated 

donkey ant i-rabbit IgG which was di luted 2 0 0  t imes in PBSB . 

After  repeated washing in PBS as  des cribed above , the 

sect i ons  were incubated in the dark for 4 0  min  in 

streptavidin-biot inylated phycoerythrin s o lution whic h  was 

diluted 50 t imes in PBSB , followed by  PBS  washes as  

des c ribed, then incubated with stab i l iz e r  for 2 0  min i n  dim 

l ight . Excess s t ab i l i zer was drained and wiped off  around the 

s ample . The s l ide s  were c ompletely dried in a dark 3 7°C 

chamber for 1 0 - 2 0  min . The sect i ons  were covered with 

c overs l ip s  and viewed us ing a Zeis s  Axi ophot fluore s cence 

micros c ope ( Germany )  with the following f i lter comb inat i ons : 

Excitati on 54 0 - 5 5 2  nm; dichroi c  mirror,  5 8 0  nm; Barrier , 5 9 0  

nm . 

Spe c i f i c ity of  labell ing was assess ed with 6 contro l s : 1 ,  

incub at i on o f  sections with PBS conta ining BSA but without 

the ant i serum, secondary antibody and streptavidin­

b i ot inyl ated phycoerythrin complex steps ; 2 ,  incubat ion  o f  

sections with preirnrnune or nonirnrnune serum with the secondary 

ant ibody and streptavidin-bi ot inylated phycoerythrin c omplex 

steps ; 3 ,  incub at i on of  sections with the ant i serum abs o rbed 

with excessive CBL1 , secondary ant ibody and streptavidin­

biot iny l ated phycoerythrin complex steps ; 4 ,  incubat i o n  of 

sections without the ant i serum step but with the secondary 

ant ibody and streptavidin-biotinylated phycoerythrin step s ;  

5 ,  incubation o f  sections with the ant i serum, followed b y  1 

% BSA in PBS and the streptavidin-biot inylated phycoerythrin 

complex steps ( i . e .  without secondary ant ibody step ) ; 6 ,  

incubat i on o f  sections without the ant i serum and secondary 

ant ibody steps , but with the streptavidin-biot inyl ated 

phycoerythrin c omplex step . 
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2 . 5  Mol e cular biological methods 

2 . 5 . 1  Poly (A+) RNA preparation 

2 . 5 . 1 . 1  P reparation o f  the frozen fruits 

Young fru i t s  about a month old were washed in water and 7 0 %  

ethanol and cut into small pieces ( about 1 cm
3 ) ,  then f r o z en 

immedi ately in l iquid air  or liquid nitrogen and stored at -

7 0°C . 

2 . 5 . 1 . 2  Total RNA i s olation 

The method used was mainly according to De Vries e t  al . 

( 1 9 8 6 )  . Al l the glassware used for the pur i f i c at ion o f  RNA 

was baked at 1 6 0°C for 2 4  hrs . The polypropylene centr i fuge 

tube was f i l led with de ioni zed water conta ining 0 . 2  % 

diethylpyrocarbonate (DEPC ) , vigorously  shaken and 

aut o c l aved . Buffer ,  water and any other reagent s were a l s o  

tre ated with DEPC before autoclaved . Ten g of  young fru i t s  

from storage at - 7 0°C v.;as ground i n  l iquid a i r  i n  a pre­

cooled mort ar and pest le unt i l  a fine homogenous powder was 

obt ained, whi ch was then trans ferred to a 1 0 0  ml beaker ,  

mixed with 2 0  ml o f  pheno l / ext ract i on buffer [ 1 : 1  mixture o f  

RNP.� extrac t i on buffer ( 1 0 0  m�1 LiCl , 1 %  SOS , 1 0 0  rnM T r i s -NaOH, 

1 0  mM EDTA, pH 9 .  0 )  and di s t i l led phenol containing 0 . 1 % 

hydroxyquinol ine ] .  The suspen s i on was st i rred with a magne t i c  

sti rrer a t  3 0 0  rpm/min for 5 min , then 1 0  m l  o f  chloroform 

was added and st i rred cont inuously  for another 3 0  min before 

cent r i fugat ion at 2 0 , 0 0 0  g for 3 0  min at 2 5  °C . The aqueous 

upper  phase was recovered, mixed with 10  ml o f  chl oro form ,  

shaken , and centri fuged a s  des cribed above . The aqueous 
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phase was recovered, mixed with 1 / 3  volume o f  8 M LiCl , and 

incubated at 4 °C for 1 6- 4 8  hrs . RNA was pe lleted by 

centri fugation at 1 2 , 0 0 0  g for 3 0  min at 4 °C ,  washed once 

with 2 M LiCl at 4°C and twice with 8 0 %  ethanol ,  and s t ored 

at - 2 0 °C . 

2 . 5 . 1 . 3  Poly (A+)  RNA i solation 

Thi s method was mainly according to  Cox and Goldberg ( 1 9 8 8 )  . 

O l i go-dT cellulose ( Pharmaci a ,  Sweden ) ( 5 0  mg ) were packed in 

a s i li c oni z ed column ( 0 . 7  ern x 1 0  ern) , washed twice with 1 0  

rnl o f  the following solut ions : 0 .  0 5 %  DEP C ;  0 .  1 M NaOH; 

elut i on buffer ( 1 0  mM Tris-HCl , 1 mM EDTA, 0 . 1 % SDS ,  pH 7 . 6 ; 

t re ated with DEPC and autoclaved) ; the b inding buffer ( 0 . 5  

M NaCl , 1 0  mM Tri s-HCl , 1 mM EDTA, 0 . 1 % SDS , pH 7 . 6 ; t re ated 

with DEPC and autoclaved ) . RNA was resuspended in elut i on 

buffer on ice to  give a final c oncentrat i on less  than 0 . 5  

rng/rnl , whi ch was then heated at 6 8 °C for 3 rnin ,  c o oled 

qui ckly  on ice for at least one rnin , brought to  room 

temperature and added with NaCl to a final  concentrat i on o f  

0 . 5  M before loaded onto the c olumn ( 1  rnl /min ) , The fract ions 

were col lected in s i l i coni zed tubes on i ce . These fract ions 

were combined and then loaded onto the affinity column again . 

The column was washed with binding buffer unt i l  all  unbound 

RNA was removed, which was monitored by c omparing the A260 o f  

the flow with that of  binding buffer . The poly (A+ ) RNAs were 

eluted with the elution buffer,  col lected as al iquot s on ice 

in s i l i c onized tubes . The column was regenerated by washing 

in the s oluti ons described above . The poly (A+)  RNA s amp l e  was 

heated at 6 8°C for 3 min , and sub j ected to  another round of 

o l i go ( dT )  chromatography as  des cribed above . The f inal 

poly (A+)  RNA was added with 1 / 3  volume o f  s odium acetate and 

2 , 5 volume of ethanol , mixed and placed in -2 0°C overni ght . 

RNA was col lected by centri fuging at 1 2 , 0 0 0  g for 1 5  rnin at 

4 °C ,  which was then washed with 7 0 %  ethano l ,  di s s olved in 
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DEPC t reated steri l i z ed water at 1 �g/�1  and Stored at - 7 0°C . 

2 . 5 . 2  In vitro tran s l ation of mRNA 

In vi tro t rans lati on o f  mRNA was performed u s ing a wheat germ 

t rans lat ion system ( Promega , USA) . The following reagent s 

were mixed in a steri le tube : 2 5  �1 o f  wheat germ extract , 4 

�1  of  1 M amino acid mixture (minus methionine ) , 1 �1 o f  

poly (A+ )  RNA, 1 � 1  of [
32 S ] -methi onine ( 1 2 5 0  Ci /mmole ) ,  1 3 . 5  

�1  o f  nuclease free water,  5 �1 o f  pot a s s i um acetat e  ( 1  M ) . 

The react i on was incubated at room temperature for 2 hrs . The 

t rans lation product s were run on a SDS-PAGE gel ,  which was  

then s oaked for  3 hrs  in 5 0 0  ml  o f  a s o lut i on cont aining 3 % 

glycerol ( w / v ) , 4 0 % methano l ,  1 0 % acet i c  acid before drying 

in a gel drier . The gel was analyzed by autoradiography . 

Rabbit globin mRNA was used as  posit ive control . 

2 . 5 . 3  RNA quanti sation 

I f  A2 60 /A280 for RNA solut ion was approximately at 2 .  0 ,  the 

quant ity of RNA was calculated by measuring the A260 o f  RNA 

solut ion ( 1  unit of  A2 60 = 4 0  }lg/ml ) . I f  A260 /A280 for the RNA 

s o lut ion was less  than 2 . 0 , the RNA was sub j ected t o  further 

puri ficat i on by pheno l / chl oroform ext raction . 

2 . 5 . 4  S iliconi zation of glas sware and plastic material s 

Thi s method was according to  Seed ( 1 9 8  8 )  . Materials  were 

placed in a des ic c ator into which a tube containing 

dimethyldichl oro s i l ane (BDH, UK ) was placed . The des i c c at o r  

w a s  connected t o  vacuum suct ion unt i l  the s i l icon i z ing 
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reagent reached boi ling ( about 5 min ) , the vacuum wa s then 

released as qui ckly as poss ible be fore be ing re-connected to  

vacuum suct ion unt i l  the reagent reached b o i l ing aga i n . The 

des iccator was left under vacuum for 2 hrs to overn ight . The 

s i l iconized material s were aut o c l aved before use . 

2 . 5 . 5  cDNA l ibrary construction 

Synthe s i s  and cloning of  the cDNA of  t amarillo  fru it was 

performed according to Okayama and Berg ( 1 9 8 2 ) , Gub l e r  and 

Hoffman ( 1 9 8 3 )  us ing a cDNA synthes i s  k it (RiboClone ) from 

Promega Corporat ion . The procedures used were mainly based  on 

the manufacturer ' s inst ruct ion ,  a di agram is shown in F i g . 2 -

2 .  

m7Gppp ---------- MAA 

<2'C 
60 min 

oli90(dT)·containing primer 
AMV reverse transcriptase 

I dNT?s 
Tris·HCI, pH 8.3 

' �� 
MgCI , 
sper,;idine 

NaPPi 

m7Gppp ========== !>MA 
TTiT 

H'C 
2 hours 

RNase H 
DNA pol l 
E. colt ligase I Tris·HCI, pH 7.6 
MgCI, 

f OTT . 
c:NI?s 
NAO 
SSA 

======== � 
I T< DNA pol l 
f dNT?s 

======== � 

Fig .  2 -2 A diagram o f  cDNA synthe s i s . 
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2 . 5 . 5 . 1  cDNA synthe s i s  

A 1 : 1 0 di lut i on of  AMV reverse t rans cript a s e  w a s  prepared 

us ing the di lut ion buffer ( 1 0  �1 ) and st ored on i ce for 3 0  

min . I n  a sterile  RNase  free microcent ri fuge tube , 0 . 6  �1 of  

primer ( 0 . 5  �g/ml ) and 1 �1 of  poly (A+ )  RNA ( 1  �g/�1 ) from 

t ama r i l l o  fruits  were mixed and heated t o  7 5°C for 5 min 

before c o o l ing s lowly to room t emperature . The fo l lowing 

components  were added to the annealed prime r / t empl ate in the 

order shown t o  a total volume o f  2 5  �1 : 4 . 5  �1 o f  nuc lease 

free wat e r ,  2 . 5�1 of  10  x first st rand buffe r ,  2 . 5  �1  o f  1 0 0  

mM DTT , 2 . 5  �1 o f  dNTP mixture , 0 . 5  �1 o f  RNa s in ribonuc lease 

inhibi t o r ,  2 . 5  �1 o f  4 0  mM Na pyrophosphate ,  1 0�1 reverse 

t rans cript a s e  ( 2 2  unit s ) . The react ion was  mixed gent ly . 5 

�1 o f  s ample were removed t o  another tube c ontaining 2 - 5  �Ci 

of [ a32-P ] dCTP ( 0 . 5  �1 ) , which was used for calculat ing the 

yield o f  the first st rand react i on . Both tubes  were incubated 

at 4 2 °C for 60 min ,  and then pl aced on i c e . To the incorp­

orat i on react ion tube , 1�1  of 0 . 2  M EDTA and water was added 

to total  volume o f  1 0 0 �1 , and stored on i c e . 

The f o l l owing component s were added to  the first s t r and 

react i on tube for the second strand synthes i s  t o  a t otal  

volume o f  1 0 0  �1 : 52 . 7  �1 o f  nuclease  free wat e r ,  10  �1 of  1 0  

x second s trand buffer ,  3 �1 o f  1 0 0  mM DTT , 1 0  �1  o f  1 mM 

NAD , 0 .  5 �1  o f  [ a32- ]  dCTP ( 2 -5  �Ci * ) , 2 .  3 � 1  of  E .  coli DNA 

polymerase I ( 2 3  uni t s ) ,  1 �1 of  E .  coli l igase  ( 1  unit ) , 0 . 5  

�1 o f  E .  coli RNase  H ( 0 . 8  unit s ) . The react i on was incubated 

at 1 4  o c  for three hours followed by heat at 7 0°C for 1 0  min , 

and placed on ice . Five �1 of  the react i on was removed to  

another tube for incorporat ion a s s ay s . Four uni t s  of  T4  DNA 

polymerase was added t o  the remaining react i on ,  whi ch was 

then incubated at 3 7°C for 10 min ,  stopped by adding 1 0  �1 

o f  0 . 2  M EDTA and placed on ice . The react i on whi ch was then 

mixed with an equal volume of phenol :  Chloroform :  i so amyl 
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alc ohol [ 2 5 : 2 4 : 1  (v/v/v )  ] ,  and centrifuged f o r  1 min a t  room 

temperature . The aqueous phase  was t rans ferred to  a fresh 

tube , and mixed with 0 . 5  vo lumes of 7 . 5  M ammonium acet ate 

and three vo lumes of  c o ld 
·
ethanol  ( - 2 0 °C ) , incubated on  ice 

for 15 min . DNA precipitate was col lected by centrifugat i on 

for 1 5  min at 4 °C ,  and washed with 7 0  % c o l d  ethano l ,  dried 

under vacuum and di s s o lved in 1 0  �l dei on i z ed water or  TE 

buffer . 0 . 5  �l  of DNA were removed to another tube for alkal­

ine gel ana l y s i s . 

2 .  3 .  5 .  2 Incorporation a s s ays , calculations and gel analysis 

One �l of the diluted first strand tracer reaction ( 1 0 0  �l  in 

t otal ) and 1 �l o f  the second strand tracer reacti on were 

placed on g l a s s  fibre filters and a i r-dried . Two �l o f  each 

react i ons were added to  tubes c ontaining 1 0  �1 of  1 mg/ml 

s o lut i on of herring sperm,  mixed with 0 . 5  ml of 5 % 

t r ichloroacet i c  acid ( TCA) , and incubated on ice for 5 - 3 0  

min . These s amples  were fi ltered through gla s s  fi lters , whi ch 

were subsequent ly washed 3 times with 5 ml cold 5 % TCA, 

rinsed with acetone or ethanol ,  and a ir-dried . The f i lters 

were then placed in 1 0  ml of  the s c int i l lat i on fluid,  and 

radioact ive c ount s were recorded . 

The formu l a  for calculat ing the yield is  a s  follows : 

incorporated cpm x 1 0  

first and second s t rand yield ( % )  

total cpm x 2 0  

ng second cDNA synthe s i zed 

% c onvers ion t o  double s t randed cDNA 

ng first s t rand cDNA synthe s i zed 
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2 . 5 . 5 . 3  Alkaline gel electrophore s i s  

Thi s method was according t o  Maniati s  e t  al . ( 1 9 8 2 ) . 9 7  �1 o f  

the f i rst strand trace react ion ( a  t ot a l  vo lume of  1 0 0  �1 ) 

were extracted with phenol / chloroform and precipitated a s  

des c ribed above . The first strand DNA w a s  finally  di s s o lved 

in 1 0  �1 water . 5 �1 of the first strand DNA and 0 . 5  �1 of  

the ds DNA (a  t ot a l  volume o f  10  �1 ) were mixed with equal 

volume o f  2 X s ample buffer ( 2 0  mM NaOH , 2 0  % glycero l ,  0 . 0 2 5  

% fre shly added bromophenol blue ) , and l oaded on a 1 % 

alkal ine agarose  gel [ 1 % agarose was di s s olved in 5 0  mM 

NaCl , 1 mM EDTA, poured into a gel , which was equil ibrated 

for at least 30 min in running buffer ( 3 0  mM NaOH, 1 mM EDTA) 

before use ] . Electrophore s i s  was proceeded at 7 . 5  V/ cm unt i l  

the dye reached 2 / 3  of  the way acro s s  the gel . The gel was 

then incubat ed in 2 0 0  ml of  7 % trichloroacet i c  acid ( TCA) 

for  3 0  min before being dried in a dryer . The s i z e  

distribut i on was analyzed by autoradi ography a t  - 7 0  ° C  with 

an inten s i fy ing screen . 

2 . 5 . 5 . 4  Methylation of cDNAs 

cDNA s o lut i on ( 6  �1 ) was placed in a tube , and mixed with the 

f o l l owing reagent s :  1 �1 of 1 mM S-adensosyl-methionine [ made 

by di lut ing stock solut ion ( 1 0  mM) with water ] , 1 �1 o f  1 0  x 

EcoR1 methylase  buffer ,  1 �1 of BSA ( 1  mg/ml ) , 1 �1 o f  EcoR1 

methylase . The react ion was incubated at 37 °C for 1 5  min , 

s t opped by incubat ion at 7 0  °C for 1 0  min ,  then vort exed 

with 1 volume of pheno l : chloroform ( 1 : 1  part buffer 

s aturated, pH 7 - 8 , 1 part chloroform / i so amylalc oho l ,  2 4 : 1 ) ,  

and c entri fuged at 1 2 , 0 0 0  g for 3 min . The aqueous phase  was 

recovered to a fresh tube and extracted with phenol /  

chloroform a s  des cribed . The aqueous phase  was placed in a 

tube and mixed with 1 / 1 0  volume 3 M NaOAc ( pH 5 . 2 ) , 2 volume 
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o f  1 0 0 %  a l c oho l ,  and incubated at -7 0°C for 30  min . DNA 

pre c ipitat e  was col lected by cent r i fugat i on at 1 2 , 0 0 0  g for 

15  min , and washed with 7 0 %  ethanol ,  dried under vacuum, and 

resuspend in 4 �l o f  TE buffer (pH 8 . 0 ) or dei oni zed water . 

The final c oncentrat i on o f  the double  stranded cDNA was 

approximate l y  1 0 0  ng/�1 . 

2 . 5 . 5 . 5  Linker ligation 

The f o l l owing component s were mixed in a tube : 1 �l o f  

l i gat ion buffe r ,  1 � l  o f  BSA ( 1  mg/ml ) , 2 � l  DNA ( 1 0 0  ng/�1 ) , 

1 �l  o f  di luted phosphorylated EcoR1 l inker ( 1 / 1 0  o f  stock ) , 

2 . 5  Wei s s  uni t s  ( 1 . 3  �l o f  the stock )  o f  T4  DNA l igas e ,  and 

3 . 7  �l o f  water ,  The react i on was incubated at 1 5°C for 6- 1 8  

hours and stopped b y  incubation at 7 0°C for 1 0  min . 

2 . 5 . 5 . 6  Digestion with EcoRl 

After inact ivat ion,  the ligati on react i on was cooled on ice  

and mixed with the fol lowing reagent s :  3 �l  o f  EcoR1 buffer 

(x 1 0 ) , 1 7  �l of water and 1 0  unit s of EcoR1 ( 0 . 5 �l o f  

stock ) . The digestion was proceeded at 3 7  °C f o r  1 . 5  hrs and 

s topped by mixing with 3 �l of 0 . 2  M EDTA . DNA s ample  was 

extracted with phenol / chloroform a s  des c r ibed . 

2 . 5 . 5 . 7  Removal o f  unligated l inkers 

The unl i gated l inkers were removed by a spin column 

procedure : restrict ion digest ion react ion was applied 

( Sect i on 2 . 3 . 4 . 4 ) t o  the t op o f  the gel bed of spin c olumn1 , 

whi ch was p laced in a tube and centri fuged in a hor i z ontal  
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rotor  at 8 0 0  g for 5 min . The e luate was mixed with 0 . 5  

volume of  7 . 5  M ammonium acetat e ,  2 vo lumes o f  ethanol ,  and 

incubated at - 2 0  °C for 3 0  min . DNA precipitate was c o l l e cted 

a s  des cribed and resuspended in 3 �1 of water for further 

react i on . 

1 P repa rat ion o f  spin column : S epha c ryl S - 4 0 0  s lurry { s uspended in 1 0  mM 
T r i s - HC l ,  pH 8 . 0 ,  1 0 0  mM NaC l ,  1 mM EDTA) was appl ied to a ve rtical 

c o lumn { provided by P romega ) ,  and the buffer was a l lowed t o  drai n . The 

f ina l height o f  t he gel bed s hould reach the neck of the c o lumn at the 

" ring " ma rk { about 1 .  2 ml of 1 : 1  s lurry) . The column t ip w a s  then 

p l aced ins ide a tube , and the a s s emb ly was cent ri fuged in a s winging 

bucket rotor at 8 0 0  g for 5 min . The column was ready for use . 

2 . 5 . 5 . 8  Ligati on o f  cDNAs to Agt l l  arms and in vitro package 

o f  l igated Agt l l  vi ruses 

The following reagent s were mixed (total vo lume of 5 � 1 )  : 1 

�1 o f  Agt 1 1  arms ( 0 . 5  �g) , 3 �1 of  EcoR1 digested cDNAs , 0 . 5  

�1 o f  l igat ion buffer ( x  1 0 ) , and 0 . 5  �1  o f  T4 DNA l igase ( 1  

Wei s s  unit ) . After incubated at 1 5°C for 3 hrs o r  overnight . 

The ent ire l i gat i on react ion was mixed with 2 5  � 1  of  

packagene extract and incubated at  2 2°C for 2 hours , f o l l owed 

by addition of 0 . 5  ml of phage buffer ( 2 0  mM Tri s ,  1 0 0  mM 
NaCl , 1 0  mM MgS04 , pH 7 .  5 )  and 25  �1 o f  chloroform . The 

packaged phage so lut ion was kept at 4°C for up to 3 weeks . 

Appropriate dilut ions o f  the packaged s o lut i on were made in 

phage buffer . 1 0 0  �1 of the di luted phage was mixed with 1 0 0  

� 1  o f  Y1 0 9 0  bacteria and incubated at 3 7°C for 2 0  min . Then 

the suspen s i on was mixed with 3 ml of molten H top agarose 

( 4 5  °C ) supplemented with 4 0  �1 of  X-Gal stock s olut i o n  ( 2 0  

mg/ml in dimethylformamide and 5 � 1  o f  IPTG  stock s o lut ion 

( 2 0 0  mg/ml in water ) , poured onto a LB p l ate . After the top 

agar was hardened, the p l ate was incubated at 4 2 °C for 4 

hours  and then at 3 7 °C for another 4 hours . The numb e r  o f  
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white and blue pl aques was c ounted and the t it re of the 

phages and percent age of the recombinant phages were 

c alculated . 

2 . 5 . 6  Ampli fication of cDNA library 

The method was  a c cording to  Klickst e in 

c o l ony of  LE3 9 2  was inoculated in 5 

( 1 9 8 7 ) . A s ingle 

ml of LB medium 

supplemented with 0 . 2 % 

night at 3 7  °C whi le 

mal to se  and 1 OmM MgS04 , 

shaking . The bacteria  

grown 

c e l l s  

over 

were 

c o l lected by centri fugat i on and resuspended in steri l e  0 . 0 1 

M MgS04 t o  an appropriate  dens ity ( 00 6 0 0  was 2 ) , and st ored 

at 4°C for up to 3 weeks . 1 0 0  �1  of  unamp l i fied l ibrary was 

mixed with 2 ml of LE3 9 2  c e l l s , incubated for 2 0  min at 3 7°C . 

E ach aliquot ( 2 0 0  �1 ) was mixed with 3 ml of  s o ft agar or  

agaro s e ,  and immediately  poured into a LB  p l ate . After 

incubated at  3 7 °C for 1 0 - 1 2  hrs , each plate was applied with 

1 0  ml of SM buffer (phage buffer supplemented with 0 . 1  % 

gel at in ) , and shaken gent ly for 4 hrs . The phage eluate from 

each plate  was then combined int o  a s ingle 5 0 0  ml 

polypropylene tube , and centri fuged at 5 , 0 0 0  rpm for 5 min . 

The phage so lut i on ( amp l i fied cDNA l ibrary ) was then stored 

at 4°C in a gla s s  bottle c ontaining 0 . 5  ml of chl o ro form . 9 3 0  

� 1  o f  amp l i fied l ibrary ( without chloroform )  was mixed with 

7 0  �1 of  dimethyl sulphoxide ( DMSO )  in a plast i c  centri fuge 

tube and st ored at - 7 0 °C . 
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2 . 5 . 7  Immunological s creening o f  cDNA l ibrary 

2 . 5 . 7 . 1  Screening 

Thi s method was according to S arnbrook et al . ( 1 9 8 9 ) . Each 1 0 0  

�l o f  Y 1 0 9 0  overnight culture was mixed with 1 0 0  �l o f  phage 

s o lut i on cont aining 1 x 1 0
4 

plaque forming uni t s  (pfu )  o f  the 

Agt 1 1  l ibrary , incubated at 3 7 °C for 2 0  minut e s , then mixed 

with 2 . 5 ml of  mo lten top agarose and poured onto a LB p l at e . 

The p l at e s  were a l l owed to s et and incubated for 3 . 5  hour s  at 

4 2°C . Aft er being incubated for 3 . 5  hrs at 4 2°C , the p l ates  

were r emoved to  room temperature,  and quickly overlayed with 

the I PTG- impregnated nitrocellulose  fi lters [ which were 

numbered and soaked in 1 0  mM i s opropylthio-B-D-galact o s i de 

( IP T G )  for a few minut e s ,  dried on a pad of  adso rpt i on 

paper ] ,  and further incubated in 3 7°C incubator for another 

4 - 5  hrs . At the end of  incubat ion,  the plat e s  were 

trans ferred to room temperature . Each filter  was marked in at 

least three asymmetric locat ions , peeled off  the p l at e s , 

immer sed in large volume of  a blocking buffer [ TNT buffer ( 1 0 

mM T r i s C l ,  1 5 0  mM NaCl , 0 . 0 5 %  Tween 2 0 ,  pH 8 . 0 ) conta ining 

3 %  bovine serum albumin (A7 0 3 0 ,  Sigma , USA) and 0 . 0 5 %  NaN3 ] ,  

and gent ly shaken for 3 0  min . At the end o f  the incubation ,  

the f i lters  were trans ferred to petri  dishes (two  filters  per  

petr i  dish )  containing 10  ml  of  the di luted ant i-CBL1  s erum 

( 1 : 1 0 0 0  in the blocking buffer ) , gent ly shaken at 4 °C 

ove rnight . The filters were washed in 1 0  ml of  the foll owing 

buf fers  below in the given order for 1 0  min each : TNT + 0 . 1 % 

bovine serum albumin,  TNT + 0 . 1 % bovine serum albumin + 0 . 1 % 

Noni de t  P - 4 0 ,  TNT + 0 . 1 % bovine serum albumin . These f ilters  

were then incubated with 10  ml  of  di luted goat ant i- r abbit 

IgG ( human-ads orbed) conjugated with alkal ine phosph atase  

( 1 : 3 3 0 0  in the blocking buffer ) , gent ly shaken at  4 °C cold 

room for 1 - 2  hrs , and then washed as  des c ribed . Aft e r  the 

last  wash,  the fi lters were blotted on paper towe l s  and 
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incubated for 1 hr in BCIP /NBT developing solut ion conta ining 

3 3  �1 of the NBT stock ( 5 0  mg/ml in 7 0 %  dimethylformamide ) ,  

1 6 . 5  �1  o f  BCIP stock ( 5 0  mg/ml in 1 0 0 %  dimethyl formamide ) 

and 1 0  ml of  alkaline phosphatase  buffer ( 1 0 0  mM Tris  C l , pH 

9 .  5 ,  1 0 0  mM NaCl , 5 mM MgCl2 ) ] .  Ring shaped spots with 

intense  purple colour might occurring at some sites  o f  

p l aque s  were regarded a s  positive ones . 

2 . 5 . 7 . 2 I dentifi cation and purification o f  positive plaques 

A plug of  agar were removed from posit ive plaque s ite whi ch 

was located by c omparing the pl aque posit ions in the f i lter 

with those  in the plate . It was t rans ferred to  1 ml of SM 

c ontaining 2 drops of  chloroform and incub ated for several 

hours at 4°C . Bacteriophages in the elute replated so a s  to 

obtain approximately 3 0 0 0  plaques and s c reened for pos it ive 

p laque s . S creening and plat ing were repeated unt i l  a 

homogeneous population of immuno-pos i  t i  ve recombinant 

bacteriophages was obtained . 

2 . 5 . 8  Lambda phage preparation 

Lambda phage lysate preparation was according to Maniat i s  e t  

al . ( 1 9 8 2 ) . About 1 05 bacteriophages were mixed with 0 . 1  m l  o f  

p l at ing bacteri a ,  incubated f o r  2 0  min . The mixture was 

p l ated as  described . The plate  was incubated at 3 7  cc for 

1 0 - 1 2  hrs  to  achieve confluent lys i s ,  then added with 2 ml of  

SM buffer and shaken for 1 hr  at  4°C . The SM buffer was 

finally  trans ferred to  a cent rifuge tube , mixed with 0 . 1 ml 

o f  chloro form,  and then shaken for 15 min before be ing 

centrifuged at 4 , 0 0 0  g for 10 min at 4°C . The supernatant was 

recovered and used for phage DNA preparat ion . 
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Phage preparat ion was according t o  P ohl ( 1 9 8 4 ) . Ten g DEAE­

cellulose  was suspended in about 2 0 0  ml o f  0 . 0 5 N HCl ,  whi ch 

was neut r a l i zed with about 1 0  N NaOH . After washing 3-4  t imes 

with a five- fold volume of  s a l in e ,  DEAE cellulose was 

resuspended in saline [ 7 5 %  (v/v)  DEAE cellulose  and 25% ( v / v )  

s a l ine ] . 0 . 6  ml of  the DEAE cellulose  suspens i on was mixed 

with 0 .  6 ml  of  phage lysate  ( t it re 5 x 1 0 3 p fu /ml ) in  a 

tube , c entri fuged briefly . The supernatant was recovered,  

mixed with 1 �g/ml RNAas e ,  and incubated for 30  min at 3 7 °C . 

At the end o f  the incubat ion ,  1 2 0  �1 o f  a prot ein denatu ring 

buffer [ 1 0  mM Tris-HCl pH 8 ,  2 . 5  % SDS  and 0 . 2 5 M EDTA ] was 

then added,  incubated at 7 0°C for 15 minut e s , a l l owed to  c o o l  

a t  room t emperature f o r  1 0  minutes .  P roteins viere aggregated 

by vortex ing with 75 �1 of 5 M pot a s s ium acetate and removed 

by centr i fugat ion a fter the suspen s i on incubated on ice  for 

15  minutes . The supernat ant ( 1 .  0 ml ) was  recovered to  

another tube , mixed with 0 . 6 2 5  ml o f  i s opropanol . DNA was  

precipitated as  described, and resuspended in 1 0 - 5 0  � 1  of  

water . 

2 . 5 . 9  Restri ction enzyme digestion 

Enzyme digestion was carried out with type I I  restr i ct i on 

endonucleases . One vo lume of  1 0  x re strict ion enzyme buffer  

was  mixed with  7 volume of  DNA so lut i on ( 1  �g ) in water . One 

volume of 1 mg/ml BSA and 1 volume of rest rict i on enzyme ( 1  

unit ) was added into the mixture and incubated at 37°C for 1 

hr . One �1 of  the vo lume was loaded into a mini agaro se  ge l 

to  check for react ion completion . I f  the digest ion was  

completed, the react ion mixture was heated at  65°C for 15  min 

for inact ivat ing the enzyme . EcoRI , Ml ui , Sa ci , Hinci i ,  Sph i ,  

Pst i , Xba i ,  BamHI and Hindi I I v-1ere used according to  the 

instru ct i on of the supplier . 
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2 . 5 . 1 0 Plasmid i s olation methods 

2 . 5 . 1 0 . 1  Alkaline lys i s  method 

This method was according to  S arnbrook e t  al . ( 1 9 8 9 ) . Three  ml 

of  overni ght culture was centrifuged for 5 min to pel let the 

cel l s , which was resuspended by vigorous vortexing in 1 0 0  �1 

of  ice  cold Soluti on I ( 5 0  mM glucos e ,  2 5  mM Tri s ,  1 0  mM 
EDTA, pH 8 . 0 ) ,  followed by mixing with Solut ion I I  ( 2  N NaOH, 

1 % SDS ) and stored on ice . Ice-cold S o lut ion I I I  ( 1 5 0  �1 ) 

( 5  M pot a s sium acetate , 1 1 . 5  ml glaci al aceti c  acid,  2 8 . 5  ml 

water )  was added and gent ly mixed the alkal ine suspen s i on . 

After incubat ion on i ce for 3-5  min , the tube was then 

centr i fuged at 1 2 ,  0 0 0  g for 5 min . The supernatant was 

recovered and mixed with 2 volumes of 1 0 0  % ethano l . DNA was 

precipitated as  described, and di s solved in TE buffer or 

water . 

2 . 5 . 1 0 . 2  Circleprep method 

Circleprep method was performed us ing a Circleprep kit ( B i o  

1 0 1 ,  USA) according to  the manufacturer ' s instruct i on . 

Bacteria lys i s  was bas ically  the s ame as  alkal ine l y s i s . The 

DNA pel let ( from 5 0  ml start ing culture ) was di s s o lved in 0 . 5  

ml water ,  incubated in a boiling water bath for 3 - 5  min , 

subsequent ly  cooled in an i ce-water bath for 2 min , fo l l owed 

by mixing with 3 0 0  �1 of LiCl (provided by the manufacture r )  . 

The suspen s i on was incubated at room temperature for 5 min 

and centri fuged for 2 min to pellet rRNA and s sDNA .  The 

supernatant was recovered, mixed with 7 0 0  �1 of i s opropano l ,  

and centri fuged . The pellet was dis s olved in 0 . 5  ml o f  wat e r ,  

mixed with 3 0 0  � 1  of  LiCl and 7 5  �1 of  the homogeneous 

suspens ion o f  Circleprep glassmilk . The milky suspens ion was 
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incubated for 5 min ( occas ionally  shaken ) , subsequently  

centri fuged to  col lect DNA/glassmilk complex . The pellet was 

resuspended in the binding buffer ( provided by the 

manufacture r )  and precipitated by brief  cent r i fugation ,  thi s 

wash step was repeated twice . Then , the DNA/glassmilk c omplex 

was resuspended in the washing buffer (provided by  the 

manufacture r )  and precipitated by brief  centr i fugat ion . Thi s  

step was repeated twice . After drying under vacuum, the 

DNA/glassmi lk c omplex was resuspended in 1 0 0  �1  of  wate r ,  

and incubated a t  55  oc f o r  5 min . DNA supernatant was 

recovered by brief cent ri fugat i on . The DNA s ample prepared by 

thi s method was used for its Exoi i i  delet ion and s equen c i ng . 

2 .  5 . 1 0 .  3 Equil ibrium cent ri fugation in CsCl-ethidium bromide 

gradient 

Thi s method was according to Sambrook et al ( 1 9 8 9 )  . Overnight 

culture ( 1 5 0  ml ) in LB medium supplemented with amp i c i l lin  

( 6 0 �g/ml ) was  centri fuged at  9 0 0 0  rpm for 5 min at  4 °C  to  

collect bacteria cell s ,  which was  resuspended in 20  ml S TE 

buffer [ 0 . 1  M NaCl , 1 0  mM Tris . Cl (pH 8 . 0 ) , 1 mM EDTA ( pH 

8 .  0 )  ] , and cent ri fuged a s  des cribed . The c e l l s  were then 

resuspended in 1 8  ml of s o lut ion I [ 5 0  mM gluc o s e , 25 mM T r i s  

(pH 8 . 0 ) ,  1 0  mM EDTA (pH 8 . 0 ) ] , then mixed with 2 m l  o f  a 

freshly prepared s o lut ion o f  lys o z yme [ 1 0  mg/ml in T r i s  Cl 

(pH8 . 0 ) ] and 40 ml of  freshly prepared Solut ion II ( 0 . 2  N 

NaOH, 1 %  SDS )  . The cell suspens ion was shaken several t imes 

by inversion,  and incubated at room temperature for 5 - 1 0  min 

before being mixed with 2 0  ml of ice cold Solut ion I I I  [ 5  

pot a s s ium acetate 6 0  ml ; glacial acet ic  acid 1 1 . 5  ml ; water  

2 8 . 5  ml ] . After storage on  ice  for  5 - 1 0  min ,  the bacterial  

lysate was  cent ri fuged at  9 0 0 0  rpm for  10  min at  4 °C . The 

supernatant was recovered, mixed with 0 . 6  volume o f  

i s opropanol or  2 volume of  ethanol , and incubated for 1 0  min . 

DNA was precipitated as  des cribed and di s solved in 5 ml TE 
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(pH 8 .  0 )  . 

Solid  CsCl ( 5 . 25 g )  was di s s o lved in 5 ml o f  DNA s ample . 5 

ml of  CsCl / DNA was mixed with 3 7 5  �1 of  ethidium bromide ( 1 0  

mg/ml in water ) , and centrifuged at 1 2 , 0 0 0  rpm for 1 5  min at 

room temperature . The supernatant was recovered ( it s  

refractive index was between 1 . 3 8 6 0 - 1 . 3 9 3 )  and l o aded i n  the 

ultracentri fuge tube . The tubes were sealed, balanced and 

l oaded into a Sorvall  TV8 65  Rotor . Ultracentr i fugat ion was 

performed in a Sorvall  ultracentrifuge at 6 0 , 0 0 0  rpm at 1 4°C 

for 5 hrs . Closed c ircular plasmid DNA was drawn out from the 

centrifuge tube us ing a syringe under l ong wavelength uv 

l i ght . The DNA solut i on was extracted with an equal  volume o f  

isoamyl a l c ohol unt i l  the pink c olour was di s appeared i n  the 

aqueous phase . Final ly,  the DNA solut ion was di a l y sed 

extens ively against water for 4 8  hrs before use . The c l o sed 

c i rcular plasmid DNA sample prepared by thi s method was used 

for  sequencing . 

2 . 5 . 1 1 DNA subcloning and plasmid trans formation 

2 . 5 . 1 1 . 1  DNA subcloning 

DNA o f  interest was digested with EcoRI . After c omplet i on ,  

the reaction was incubated a t  7 0  ° C  f o r  15  min . DNA was 

extracted with pheno l / chloroform, precipitated a s  des cribed,  

and dissolved in appropriate volume of  water . About equal  

molar digested DNA o f  interest and digested pGEM- 4 Z  DNA were 

mixed with 1 / 1 0  volume of  1 0  x ligase buffer and 3 units  o f  

ligase ,  incubated at 1 5  ac overnight . The l igated DNA was 

used for trans format ion . 
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2 . 5 . 1 1 . 2 Pl asmid trans formati on 

Ligat ion mixture ( 1 0 �l ) was mixed with 5 0  �l o f  competent 

c e l l s ,  incubated on ice for 3 0  min , heat- shocked for 2 min at 

4 2°C , and placed in ice for 2 min . The suspens ion was 

transferred to room temperature and mixed with 0 . 5  ml of LB 

medium . After shaking at 37°C for 1 hr,  the ent i re culture or 

a di luted port i on was then mixed with 2 ml LB molten s o ft 

agar in 4 7°C [ soft agar might be supplemented with 1 0  �1 o f  

X-gal stock for screening recombinant plasmid ] , which was 

immediately poured ont o a LB p l ate supplemented with 

amp i c i l l in at 1 0 0  �g/ml . The plate was incubated in 3 7°C for 

1 2 - 1 8  hrs . White colonies were pi cked up , the i r  plasmid DNAs 

were extracted and digested with EcoR1 . DNA wa's analyzed in 

a mini agarose gel . 

2 . 5 . 1 2 DNA agarose electrophores i s  

Four volume of DNA and 1 volume of gel loading dye ( 0 . 2 5 % 

bromophenol blue , 4 0  % sucrose in wat e r )  were mixed and 

ana l y z ed by elect rophore s i s  in 0 . 8 % to 2 %  mini agarose ge l s  

u s ing TBE buffer [ 8 9  �1 Tri s ,  8 9  mM B o r i c  ac id,  2 mM EDTA, pH 

8 . 0 ] . The gel s  were stained with 0 . 5  �g/ml ethidium bromide , 

and DNA was detected with a short wavelength UV 
tran s i l luminator . 

2 . 5 . 1 3 Exo! I I  deletion of cDNA 

Exoi i i  delet ion of DNA was performed according to  Hen ikoff  

( 1 9 8 4 ) us ing Erase-a-Base system ( P romega , USA) . A diagram i s  

shown i n  Fig . 2 - 3 . A 0 . 0 2 5  volume of  2 M sodium acetate ( pH 

4 . 0 ) was mixed with a recombinant pGEM- 4 Z  with cDNA inserted 
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a t  its  EcoRI s ite  ( 5  �g, prepared by Circle  prep method ) , and 

NaCl to a final concentrat ion of 75 mM . The DNA was mixed 

with an equal vo lume of  redi stil led phenol  equil ibrated with 

50 mM sodium acetate (pH 4 . 0 ) , vortexed for 1 min and a l l owed 

to s it for 1 min , vortexed again for 1 min , and centri fuged 

at 1 0 , 0 0 0  g for 5 min . The aqueous phase  was recovered . This 

phenol extraction step was repeated for two t imes t o  remove 

most of the nicked or l inear plasmids . The volume of aqueous 

phase was adjusted by adding de ioni zed water  to maint a i n  the 

const ant volume of  init ial  DNA solut i on . When the extract i on 

was c ompleted, the DNA supernatant was mixed with 0 . 05 volume 

of 1M Tris  (pH 8 , 6 ) . DNA was precipitated as des cribed, and 

disso lved in de ioni zed water . Eight units  o f  each o f  the 

restrict ion enz ymes Sphi  and Xba i  were used for double 

digestion of  the recombinant pGEM- 4 Z  (2  �g ) . The double 

digestion was done at the s ame time us ing the react ion buffer 

for Xba i . Digested DNA was pre c ipitated as  des c r ibed, 

di s s o lved in 7 . 3  �1 of water ,  then mixed with 0 . 7  �1 o f  1 0  

x Exoi i i  buffer . Meanwhile , 4 tubes were prepared with 7 . 5  �1 

of S 1 mix ( for 5 time point s : 3 4 . 4  �1 of  deion i z ed wat e r ,  

5 .  4 �1  of  7 .  4 x S 1 buffe r ,  1 2  units  of  S 1  nuclease ) and 

stored on i ce . The DNA was then warmed to 2 5°C in a water 

bath , mixed with 3 6 0 unit s o f  Exoi i i . S amples ( 2 . 5  �1 ) at 2 

min interval s  were taken and pipetted into the S 1  tub e s  on 

ice . The samples were quickly mixed by pipett ing up and down . 

After all  4 samples were t aken , the S 1  tubes were trans ferred 

to room temperature,  incubated for 30 min , then mixed with 1 

�1 of  stop buffer and heated at 7 0°C for 1 0  min . Two �1  of  

samples from each t ime po int were removed for  analy s i s  on  a 

0 . 8 % agarose gel to determine the e xtent of  Exoi i i  delet ion . 

Meanwhi le , the remaining s amples were incubated at 3 7°C , and 

each o f  them was mixed with 1 �1 of Klenow mix [ 3 0  �1 o f  1 

x klenow buffer,  3-5 unit s o f  klenow DNA polymerase ] ,  and 

incubated for 3 min . Each tube was then added with 1 �1 o f  

dNTP mix (P romega , 0 . 1 2 5  mr1 each)  and incubated for 5 more 

min at 37°C . The tubes were then t rans ferred to room 

temperature and t o  each s ample 4 0  �1 of  l igase mix ( 7 9 0 �1  o f  
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dei on i z ed water,  1 0 0  �1  of  10  x ligase buffer,  1 0 0  �1 o f  5 0 %  

PEG,  1 0  � 1  of  1 0 0  mM DTT , 5 un it s o f  T 4  DNA polymera s e )  was 

added,  mixed and incubat ed at room temperature for 1 hr . 

Twenty fine �1 l i gat ion mixture was used for t ransformat i on . 

Thi rty t ransformant s from each t ime p oint were double 

digested with EcoRI and Hindi i i  for checking the s i ze s  of  

deleted DNAs . 

. 
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Fig . 2 -3 A diagram o f  Exoi i i  de let i on of DNA . 

2 . 5 . 1 4 DNA sequencing 

2 . 5 . 1 4 . 1  T7  DNA polymerase s e quencing reaction 

T7  DNA sequencing system from Promega was used for sequenc ing 

cDNAs , which was according to Tabor and Ri chardson ( 1 9 8 7 ) . 4 

�g ( approximately 2 p mole s )  o f  supercoi led p l a smid DNA dis-
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s olved in  1 8  �1 o f  deioni zed wat e r ,  then mixed with 2 � 1  o f  

2 N NaOH and incubated at room temperature or  8 5°C for 5 min . 

The s o lut ion was neut ral i z ed by adding 8 �1 o f  5 M ammonium 

a cetate (pH 7 .  5 )  . DNA was precipitated a s  des cribed, and 

resuspended in 6 �1 of di s t i l led wat e r ,  which mixed with 2 �1 

of 5 X T7 sequencing buffer ,  2 �1 of T7  or SP 6 promoter 

primer ( approximately 1 2 - 2 4  ng o f  2 0  mer )  . The anneal ing 

react ion was done by incubat ion at 3 7°C for 15 min . To each 

reacti on ,  the following reagent s were added and mixed : 1 �1 

o f  DTT  ( 1 0 0  mM ) , 2 �1 of  di luted l abel l ing mix ,  0 . 5 �1 of [ a-
3 5S ]  dATP , 2 �1 of  di luted T 7  DNA po lymerase ( T 7  DNA polymerase  

was di luted to  1 . 5  U/�1  in ice cold 1 X TE buffer just  b efore 

its u s e ) , and incubated at room temperature for 5 minutes . 

Whi l e  the label react ion was incubated, 4 mic rocent r i fuge 

tubes T, C, G and A were labelled,  and 2 . 5 �1 of the appro­

priate  nucleotide mix were added to each of  the four tubes . 

These tubes were stored at 4°C or on i ce , and pre-warmed at 

3 7 °C for 1 - 2  minutes  just before completion of the labe l l ing 

react ion . At the end of  the labelling react ion ,  the 

l abelling mixture ( 3 . 5  �1 ) were immediately added to each of  

the nucleot ide tubes and cont inued incubat ing at  3 7°C for  5 

min . The react ions were stopped by adding 4 �1 o f  s t op 

solut ion to  each tube . The samples were heated at 8 5°C for  5 

min before loading the samples onto a sequencing gel . One -

two �1 o f  each react ion was usually l oaded to  each lane . The 

order of 4 lanes for one reaction was TCGA . 

2 . 5 . 1 4 . 2  Polyacrylamide-urea gel electrophore s i s  

The glass  plates were cleaned and dried . The surface of  the 

sma l l  p l ate was treated with dimethyldichloro s i lane s olut i on 

(BDH, UK ) , rinsed with 9 5 %  ethanol  and air-dried . The p l ates  

were a s s embled as  a gel s andwich u s e ,  which was  3 8 . 5  cm x 

3 1 . 0  cm x 0 . 4  mm . A 6 %  Polyacrylamide gel /urea sequencing 

gel was used,  whi ch was prepared by mixing fo l lowing 
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reagent s : 15 ml of 4 0% (w/v )  ( ac ry l amide : b i sacryl amide ; 

1 9 : 1 ) , 5 0  g o f  ure a ,  1 0  ml o f  1 0  x TBE ( 1 2 1 . 1  g / 1  Tri s base , 

5 5  g / 1  boric  acid,  7 .  4 g / 1  Na2EDTA,  pH 8 .  3 ) , 35  ml of 

deioni z ed water ,  1 ml of  1 0 %  ammonium persulphate ,  and 1 0  �1 

of TEMED . After the gel was poured, the flat edges of two 

sharkstooth combs were inserted between the p l at e s  to a 

depth o f  3-5  mm below the short p l ate . · After the gel  was 

polymeri z ed,  the c ombs were removed and gel sandw i ch was 

assembled to  the sequencing apparatus Model S2 ( BRL , USA) . 

Upper and lower reservoirs  were f i l led 1 x TBE , approximately 

5 0 0  ml each . After the gel was pre-run at 65 W for 1 hr,  the 

gel t op was thoroughly rinsed with the running buffer be fore 

two sharkstooth c ombs were inserted unt i l  they just went int o 

gel about less  than 0 . 5  mm . 1 - 2  �1 o f  s ampl e  were l oaded 

immediately into  the wel l s  in the order o f  T ,  C ,  G and A 

a fter  incubated at 8 5°C for 5 min and stored on i c e . The 

power sett ing was around 6 5  W ( about 4 5  mA x 1 6 0 0  V ) . After 

the electrophore s i s  was fini shed, the gel was removed from 

the s andwich,  s oaked for 15  min in a fixing solut i on ( 5 %  

methanol and 5 %  acet i c  acid ) , dried and ana l y z ed by 

auto radiography . 

2 . 5 . 1 5 Sequence analy s i s  

DNA and pept ide sequence analys i s  was  performed u s ing a 

s o ftware package developed by Geneti c s  Computer Group ( GCG ) , 

Madi s o n ,  Wiscon s i n ,  USA . 

r .. 



CHAP TER 3 .  PURIFICATION AND CHARACTERI ZATI ON OF TAMARILLO 

LECTINS 

3 . 1  I ntro duction 

7 5  

As dis cu s s e d  i n  Sect ion 1 . 3 , s o l anaceous lect ins  are 

hydroxyprol ine rich glycoproteins whi ch spe c i fically b ind to  

� ( 1 , 4 )  o l igomers _  o f  N-acetylgluc o s amine . Although much work 

has been done on lectins from tomat o ,  potat o  and Dat ura seed, 

l ittle  is known about the gener i c  distribut ion and 

b i ochemic a l  propert ies  o f  other s o l anaceous lectins . Thi s  

study a imed t o  s creen and charact e r i z e  new lect in ( s )  from 

s olanaceous p l ant s whi ch may have potent ial  e conomic value to 

New Zealand . 

3 . 2  Re sults and di s cu s s ion 

3 . 2 . 1  Lectin s creening 

Cyphomandra species  which were avai l able in New Zealand and 

other p l ant s of the Solanaceae f amily such as eggplant were 

s c reened for the presence of agglut inat ing act ivity u s ing 

rabbit red b lood c e l l s . Al l the fruit s from Cyphomandra 

species  whi ch were s creened showed strong haemagglutinat ing 

act iviti e s  at level s  comparable to or  even greater than that 

of t amari l l o  fruits  ( C . betacea ) . The speci e s  tested were : C .  

betacea ( red  t amari llo ) , C .  bet a cea ( yel low t amarill o ) , C .  

dipl ocon os,  C .  corymbi fl ora subsp mort oniana,  C .  cajan umensis 

( ca s an a )  [ fo r  the cyt ogeneti c s  o f  the t amari l l o  and its wild 

relat ive s ,  see P r ingle , 1 9 9 0 ] . The strong haemagglut inat i on 

c aused by the c rude PBS extract s o f  these  fruits  could be 

inhibited by the � ( 1 ,  4 )  l inked trimer or tet ramer of N-
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acetylglu c o s arnine o r  chit in hydrolysate,  indicat ing that 

these speci e s  c ontained abundant lect in s ,  whi ch have not been 

previous l y  reported . These new lect ins could be e a s i ly 

i so l ated by a chitin affinity chromatogr aphic  method 

des c ribed below,  whi ch was used succe s s fu l l y  in the i s o l at i on 

o f  lectins from C .  betacea ( red t arnari l l o ) .  It would be 

expected that other species  of this genus might a l s o  c ontain 

lectins . 

3 . 2 . 2  I solati on o f  tarnarillo l ectins 

Agglut inat ion act ivity a s  indic ated by haemagglut inat i on and 

c arbohydrate inhibition tests was only detected in the 

tarnari l lo fruit . There were no detectable activit ies  in the 

flowers , leaves , sterns or root s of Cyphomandra betacea ( data 

not shown ) . This  suggested that the expres s i on of  lectin 

act ivity i s  developrnentally  regu l ated and organ-speci fi c . 

For the i so l at ion o f  t arnaril l o  lectins , the procedure of  

chitin affinity  chromatography followed by ion exchange was 

used . All the lectin act ivity from the extract of  4 0 0  g of 

t arnarillo  fru i t s  was bound to the chitin column . No 

agglut inat ing act ivity was detected a fter several passages of 

the lectin extract on the chit in column . Lect in activity was 

eluted with 5 rnl o f  chitin hydrolysate  s o luti on ( F i g . 3 - 1 ) . 

The eluate was fracti onated by ion exchange chromatography 

with a s alt gradient , giving one sharp peak A at 0 . 3 7 M NaCl 

and one broad peak B · at less  than 0 .  1 9  M NaCl (Fig . 3 - 2 ) . 

Fract ions  from both peak A and B showed haemagglut inati on 

activit i e s . S amples  from these fractions were analyzed in a 

SDS-PAGE ge l ,  showing a maj or prote in band from peak A and 

several larger molecular weight bands for peak B ( F i g . 3- 3 ) . 

The lectin for peak A and peak B are des ignated CELl and CBL2 
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Fig . 3-1 Chitin af finity chromat ography o f  lectins f rom t ama ri l l o  fruits 

( 4 0 0  g ) . Aft e r  ammonium sulphate p recipitation,  lectin s ampl e  was 

di s s o lved in bu ffer B and applied t o  a chit in a f f inity column . After 

washing with buffer B unt i l  abs o rbance at 2 8 0  nm dropped to zero , e lut ion 

was done by applying 5 ml of chit in hydrolys ate s o lut ion . Frac t i ons of 

10 ml each were collected . 
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Fig . 3-2 Cat ion-exchange chromat ography o f  tamarillo lect ins on a S ­

Sepharose c o lumn . Aft e r  chitin a f f inity chromatography, lectin s ample w a s  

dialysed aga inst Bu f fe r  C and appl ied t o  t h e  S - S epharose column . Lectin 

act ivity was e luted with a s a lt gradient . F ract i on s  of 2 ml e a ch were 

c o l lected and sub j e cted to protein e lect rophore s i s  ( F ig . 3 - 3 ) . 
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Fig . 3 -3 S D S /PAGE o f  t amarillo lectin s amples f rom f ract ions o f  the S ­

S epharose column . The numbers a t  t he t op o f  each lane corre spond t o  t he 

fraction numbe rs in F ig . 3 -2 .  STD, molecular weight s t andards . 1 0  �1 o f  

s ample from each fract ion w a s  boi led with a n  equ a l  volume o f  protein 

s ample loading buffer with � -me rcaptoethanol at 1 0 0°C for 5 min bef ore 

applying to the 1 5 %  polyacrylamide gel . After elect ropho res i s ,  t he gel 

was ove r - s t ained with a s i lver s t a in ing kit t o  examine the purity o f  

s ample s .  F ractions 1 3 - 1 5 ,  1 7 - 2 3  corresponded t o  lectin ( s )  from peak B and 

A respectively . 
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respect ively . Therefore ,  CBL1 w a s  found t o  c ont ain one s ingle 

band with mo lecular we ight about 2 5  kDa . CBL2 may c ontain 

more than one lect in with molecular weight o f  at least 5 0  

kDa . CBL2 was not further characteri z ed . Immunodi ffusion 

tests  o f  CBL2 did not produce a pre c ipit in l ine with the 

anti -CBL 1  serum ( see Chapter 4 ) . Thu s ,  CBL1 and CBL2 appeared 

to be different molecular spec ies . 

Crystals  o f  CBL1  could be readi ly  formed in the pur i fied 

lectin solut ion,  indicat ing these puri f i c at i on procedures 

yielded homogeneous CBL1 ,  whi ch could be further studied in 

order to  determine its three-dimens i onal structure . 

Alternat ive l y ,  CBL1  c ould also  be puri fied by gel filtr ation 

chromatography at pH 3 .  6 and pH 7 .  2 .  The chromatography 

profile  at pH 3 . 6  i s  shown in Fig . 3 - 4 . Fract i ons cont aining 

CBL1 were c ombined and freeze-dried . The CBL 1  s ample was  then 

di s so lved in 1 0  ml of buffer D (pH 7 . 2 ) , sub j e cted t o  gel 

filtrat i on at pH 7 . 2 .  A s ingle peak was obta ined (data not 

shown ) . CBL 1  s ample purified by this approach a l s o  gave one 

s ingle band on SDS-PAGE gel with molecular wei ght of 2 5  kDa ,  

and CBL1 could a l s o  b e  cryst al l i z ed ( data not shown ) . S ince 

this method was very t ime consuming, the chit in affinity 

chromatography method was rout inely  employed to i s olate  CBL1 . 

CBL1  was found to  be an abundant protein in t amari l lo fruit s ,  

the amount o f  CBL1  in lectin crude ext ract calcu l ated from 

T able 3 - 1  account s for about 8 % (mg/mg ) of  t otal  prote in in 

the c rude ext ract ( Table 3- 1 ) . About 1 7 . 2  mg of CBL 1  c ould 

be obta ined from 4 0 0  g o f  fruits  by the chitin  a f f inity 

pur i f i c at ion procedure ( Table 3 - 1 )  Pur i f i ed CBL1 had no 

chitinase act ivit y ,  showing that there was no chit inase 

c ontaminat i on in the puri fied CBL1  s ample ( dat a not shown ) . 
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Fig . 3-4  Ge l f i lt rat ion ch romatography o f  lectins from t ama r i l l o  fruit s 

( 4 0 0  g) . Aft e r  ammonium sulphate precipitation,  lectin sample was 

dis s o lved in Buffer C (pH 3 . 6 ) and applied to a S epha c ryl S -2 0 0  co lumn 

equ i l ibrated with Bu f f e r  C .  Fract ions of 5 ml each were collected . Shaded 

area had haemagglut inat ion act ivit y . 

Table 3-1 Purification of tamarillo lectins.  Starting material was 400 grams of ripen fruits . 

Steps Protein Onits Specific Yield 

Onits 

mg 0 X 106 Ojmg X 103 % 

Extract 789 4 . 5  5 . 7  100 

(NH4 ) 2so4 ) fractionation 160 3 . 3  20 . 6  75 

Chi tin 24 1 . 2  50 . 0  27 

S-Sepharose 17 . 2  CBL1 0 . 7  40 . 7  

5 . 6  CBL2 0 . 3  53 . 6  

�' 
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3 . 2 . 3  Molecular s i z e  of CBLl 

CBL l  was shown t o  be 25 kDa in s i z e  on SDS-PAGE ( 1 5 % )  gel s  

after having been boi led with �-mercaptoethanol in  the 

protein s ample buffer (Fig . 3 - 3 )  or without �-mercaptoethanol 

treatment ( Fig . 3 - 5 )  . CBL l  was run on a Sephadex G7 5 gel 

filtrat i on column at pH 3 .  6 and pH 7 .  2 ,  and the e lut ion 

profile  was compared to  a set o f  molecular weight st andards 

run under the s ame condit i ons . The s i z e  of CBL l  was 

approximately 5 0  kDa under both c ondi t i ons  ( F i g . 3- 6 ) . These 

dat a indicated that CBLl had two subuni t s  with identi cal 

molecular weight which were nonconvalent ly l inke d . The 

molecular s i z e  o f  CBLl appeared to be sma l ler  than other 
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Fig. 3 - 6  Mo lecu l a r  s i z e  determinat ion o f  CELl by gel f i l t rat ion 

chromatography on a S ephadex G7 5 column in e ither bu ffer C (pH 3 . 6 ) or 

buffe r D ( pH 7 . 2 ) . Ten ml o f  1 mg/ml purified CELl was applied t o  the 

co lumn . F ract ions of 5 ml each were c o l lected . 
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Fig . 3-5 S i ze det e rmination o f  CBL1 by SDS-PAGE analys i s . F ive J..Ll o f  

lectin sample f rom fraction 2 1  ( F ig . 3 -2 ) was boiled with an equal vo lume 

o f  the protein s ample loading buffer without p-me rc aptoethanol at 1 0 0 °C 

for 5 min ,  before applying t o  the 1 5  % polyacrylamide gel . Aft e r  

e lect ropho res i s , t he g e l  was s t a ined with a s i lver s t a in ing kit . 
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characteri z ed s o l anaceous lectins , e . g .  tomato lectin ( LEL )  

whi ch occurs  a s  a s ingle glycopolypeptide w ith a mol e cu l ar 

weight o f  7 1  kDa (Nachbar et  al . 1 9 8 0 ) , Dat ura lect in ( D SA) 

whi ch i s  c ompo sed of nonidenti c a l  subuni t s  ( 32 kDa and 2 8  

kDa )  j o ined b y  disu lphide bonds (Kilpat rick  and Yeoman , 1 9 7 8 ;  

Crowley and Goldstein,  1 9 8 1 ;  Broekaert e t  a l . ,  1 9 8 7 ) and 

potato lectin ( ST L )  which i s  a dimeric  glycoprotein ( 1 0 0  kDa )  

o f  two ident ical  subunits whi ch are nonconvalently l inked 

(Allen and Neuberge r ,  1 9 7 3 ) . 

3 . 2 . 4  I soelectric point s o f  tamaril l o  l e ctins 

CBL1 puri fied from chitin affinity chromatography could not 

be focu s ed on i s oelectric focus ing ( IEF ) gel s ,  but gave a 

diffu s e  band ranging from pH 6 . 2  t o  pH 5 . 6 ( F ig . 3-7 , lane 

1 ) ; whereas , CBL 1  s ample puri fied from gel filtrat i on 

chromatography on a Sephacryl S - 2 0 0  column gave two main 

bands c o rresponding to pH 5 .  4 and 5 .  0 ,  and several minor 

bands ranging from pH 6 . 0  and 4 . 6  (Fig . 3 - 7 ,  l ane 3 ) . The 

reason that CBL 1  purified by chit in affinity could not be 

focused i s  not known , but may be due t o  its  aggregation under 

elect r i c  field . CBL1 puri fied by gel f i l t rat ion showed 

several bands on IEF gel ,  whi ch could be due t o  the pos s ible 

oxidat i on of  its  thiol  group a fter free z e-drying processes  

during it s i solation by gel filt rat ion chromatography , or  due 

t o  the presence of  i s olect ins  of  CBL 1 . The di screpancy 

between the behaviours of CBL1  purified by the two di fferent 

methods on IEF i s  unexpected, part i cu l arly s ince the CBL1 

s amples  were ident i cal by SDS-PAGE gel analy s i s . CBL1  

pur i fied by both methods also  showed an  i l l-defined b and at 

the t op o f  polyacrylamide gel ( 9  % acrylamide ) under non­

reducing c ondit ions  ( data not shown ) , which i s  s imilar to the 

findings on t omato lectin ( LEL)  (Merkle and Cummings , 1 9 8 7 a )  

where LEL was ill-de fined at the top of  gel s  under non­

reducing c ondit ions . Thi s data suggest s that CBL 1  could be 
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Fig . 3-7 I s oelectric focus ing o f  CELl and CEL2 sample s .  Lane 1 .  CELl 

purified by chitin a f f inity chromat ography ( about 5 �g) ; Lane 2 .  CEL2 

purified by chitin chromatography ( about 5 �g) ; Lane 3 .  CELl puri f ied by 

gel f i lt rat ion ( about 5 �g) ; S TD ,  standards . 
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From overall  

con s iderat i on of  the dat a ,  it could be  conc luded that the p i  

value f o r  CBL1 may fall  within a range from 6 to  4 . 6 .  From 

thi s prel iminary dat a ,  CBL1 i s  concluded to  be an ac idic 

lectin . 

CBL2 s ample gave two sharp bands at pH 7 . 3  and 4 . 6  (Fig . 3 - 7 , 

lane 2 ) . It is  pos s ible that the p i  value for CBL2 w a s  4 . 6 , 

since CBL2 was eluted first from an S- Sepharose column ( Fig . 

3- 2 )  at 0 . 1 9 M NaCl (pH 3 . 6 ) ,  whereas CBL 1  showed a higher p i  

value and eluted a t  0 . 3 7 M NaCl  (pH 3 . 6 ) . Thu s ,  CBL2 c ould b e  

readi l y  puri fied by chromat ofocus ing techniques . 

3 . 2 . 5  Carbohydrate specifi city 

Over 5 0  c arbohydrates  of various kinds were tested . These 

included mannos e ,  gluco s e ,  gal a ctose , N-acetylgalact o s amine , 

N- acetylglucosamin e ,  s i a l i c  acid ,  L-fuco s e  or D-fuco s e  and 

various  o l i gomers  or polymers . Oligomers of � ( 1 ,  4 )  l inked 

N-acet ylglucosamine were the only carb ohydrates showing 

inhibitory effect s on CBL1 induced haemagglut inat i on . CBL2 

induced haemagglut inat ion was a l s o  inhibited by the s ame 

ol igosaccharides  ( Table 3-2 ) . The minimum concentrat i ons  of  

Table 3-2 The minimum concentration of sugars required for complete inhibition of 8 haemagglutination 

units . 

Carbohydrate LELa CBL1 CBL2 

N-acetylglucosamine >250 mH >250 mH >250 mH 

N,N'-diacetylchitobiose >15 mH >30 mH >15 mH 

N,N'  ,N' ' -triacetylchitotriose 0 . 6  mH >18 mH 0 . 6  mH 

N,N'  ,N ' ' ,N' ' '-tetraacetylchitotetraose 0 . 3  mH 2 . 3  mH 0 . 3  mH 

a Tomato lectin 
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N , N '  , N ' ' , N" ' -tetraacetylchitotetraose f o r  the inhibit ion o f  

CBL1 and LEL haemagglut inat ion activity [ 8  haemagglut inat ion 

units (HU ) ] were 2 . 3  mM and 0 . 3  mM respectively . The minimum 

concent rati ons o f  N , N '  , N ' ' -triacetylchitotriose  for  the 

inhibition o f  CBL1 haemagglutinati on act ivity ( 8  HU ) was  l e s s  

( 1 8  mM )  than that o f  LEL ( 0 . 6  mM ) , indicat ing a difference 

between the two in terms of  sugar b inding strength . CBL1 

induced-haemagglut ination could not be inhibited by N­

acetyllact o s amine and s ia l i c  acid  whi ch were inhibit o rs of 

DSA ( Crowley et al . ,  1 9 8 4 )  and wheat germ agglut inin ( WGA, a 

chitin b inding lect i n )  (Wright , 1 9 8 0 a ) , respect ively . I t  was 

thus demonstrated that the carbohydrate b inding property of 

CBL 1  di ffers in detail  from those  of other characte r i z ed 

s o l anaceous lectins and WGA, although they a l l  bind to  

ol igomers o f  N-acetylgluco samine . It should be  noted that 

CBL2 showed a s imilar inhibitory profile in respect to 

carbohydrate s  a s  LEL ( Table 3 - 2 ) . 

3 . 2 . 6  Stabil ity o f  CBLl 

Purified CBL 1  was found t o  be an extremely  heat s table 

protein,  part icularly at high c oncentrat i ons . For examp l e ,  

the agglut inating activity of  CBL1 a t  0 . 5  mg/ml ( 2 5 6  

haemagglut inat i on unit s / 1 0  �1 ) i n  wate r  remained unchanged 

after incubat ion in a 1 0 0  °C heating block for 1 2  hours , the 

l ongest per iod tested . Repeated fre e z e-drying pro c e s ses  

lowered its  heat res i stanc e ,  for instanc e ,  a fter CBL 1  had 

undergone four freeze-drying proce s s e s , or i f  CBL1 was 

purified by gel filt rat ion ( with s everal freeze-drying 

processes ) about 5 0  % of agglutinat i on act ivity of CBL1 ( 0 . 5  

mg/ml ) was lost during the first 5 min o f  incubat i on at 

1 0 0 °C ,  and 7 5  % was lost during the first 1 0  min . At a l ower 

concentrati on ,  CBL 1  showed less  heat res i st ance as  shown in 

Table 3 - 3 . About hal f  of the act ivity of CBL 1  at 8 �g/ml was 

lost during the first 5 min of  incubat i on at 1 0 0°C . CBL1 a l s o  
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Table 3-3 The effect of heata , the extremes of pH
b 

and EIJT'Ab 
on CBL1 haemagglutination activity. 

Treatment Time Activity conpared to control 

100 °c 5 min 75 % 

10 min 50 % 

15 min <25 % 

90 °c 5 min 100 % 

10 min 75 % 

15 nin 50 % 

85 °c 5 min 100 % 

10 min 75 % 

30 min 50 % 

75 °c 2 hrs lOO % 

4 hrs 50 % 

6 hrs 50 % 

20 hrs 0 % 

pH 12 . 0  ( 0 . 05 N NaOH) 10 min 100 % 

30 min 100 % 

1 hr 100 % 

2 hrs 100 % 

4 hrs <25 % 

6 hrs <4 % 

pH 2 . 4  ( 0 . 05 N citric aci d )  10 min 100 % 

30 min 100 % 

2 hrs 100 % 

7 days 100 % 

E!}TA ( 100 mH) 100 % 

a CBLl at 8 �g/ml 
b CBLl at 0 . 5  mg/ml 
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showed re s i stance to  extremes o f  pH , e spe c i a l ly t o  l o w  pH . 

For  instanc e , at pH 2 .  4 the activity o f  CBLl remained 

unchanged for 7 days ,  the l ongest  period tested;  at pH 1 2 . 0 , 

the agglut inat ion act ivity o f  CBLl remained unchanged after 

2 hrs ,  and 2 5 %  of its act ivity remained after 4 hrs . These 

propert ies  may be due to a high number o f  intra-pept idyl 

di sulphide bridges which could stab i l i z e  the s ubunit 

structure neces sary for mainta ining carb ohydrate b i nding 

propert ies , s ince CBLl contained many Cys res idues  ( see 

be low) . CEL l -induced agglutinat ion could not be inhibi t ed by 

EDTA,  suggesting that CBLl might not requ i re met a l  i ons to 

exert its  agglutinating property . Al l these  propert ies 

resembl ed those of  lectin from potato perica rp (Kilpatrick,  

1 9 8 0 a ) , LEL (Ki lpat rick,  1 9 8 0b )  and DSA (Ki lpatrick et al . ,  

1 9 7 8 ) , but CBL l  showed much higher stab i l it y  than these 

lect ins . 

3 . 2 . 7  Chemical compos ition 

The amino acid c ompos ition of  CBLl i s  shown in T ab l e  3 - 4 , 

together with those o f  three wel l  characteri z ed s o l an aceous 

lect ins from potat o ,  tomato and Dat ura . There was a general 

resembl ance of CBL l  to  those known lectins in that they all 

c onta ined abundant res idues of Cys ,  Gly , G l x ,  S e r ,  P r o  and 

Asx .  Although CBLl also  contained hydroxyprol ine res i due s ,  

the amount w a s  much l e s s  than those o f  the other s o l an aceous 

lect ins . In  c ont rast , CBLl conta ined an high amount o f  Cys 

res idue s . Carbohydrate analy s i s  by a modi fied Duboi s '  method 

showed that CBL l  contained 2 4 %  carbohydrate which h a s  not 

been characteri z e d .  
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Table 3-4 . Amino acid composition o f  CBLl and other kno�·n lectins from Solanaceae.  

g CBL1a STLe LELf DS.I:.9 DSA subuni t J..h DSA Subuni t Bh 

Hyp 6 . 5  50 43 24 25 18 

l.sx 1 2 . 9  12  12 12 13 13 

Thr 7 . ob 14  13  10 12 13 

Ser 19. sb 31 34 23 27 23 

Glx 23 . 3  17 20 12 18 18 

Pro 16 . 0  17 28 11 13 13 

Gly 25 . 8  30 25 23  23 27 

J..la  7 . 7  10 6 7 8 8 

Cys 28 . 8c 26 17 22  26 31 

Val 2 . 6  1 0 10 2 3 

Het 0 . 9  1 7 1 0 0 

Ile 1 . 0  4 2 2 0 1 

Leu 4 . 8  3 0 3 2 3 

Tyr 6 . 5  8 6 4 4 4 

Phe 3 . 0  0 . 5  Trace 2 1 1 

His 1 . 3  0 3 1 0 0 

Lys 10 . 2  9 11 3 2 2 

Orn NDd 0 . 3-1 0 0 

l.rg 5 . 0  3 6 5 6 8 

Trp NDd 8 8 3 4 5 

a The values, except �·here noted , are the means of those obtained v:ith four different digestion 

periods ( 2 4 ,  36,  48 and 72 hrs ) based on a molecular v:eight 25 kDa for the CBL1 subunit containing 

24% carbohydrate .  
b Determined by extrapolation t o  zero time for values obtained a t  the four different hydrolysis times . 
c Determined as cysteic acid after the oxidation of CBL1 v:ith performic acid . 
d Not determined . 

e STL, potato lectin , lllen et a l .  ( 1978 ) 

f LEL, tomato lectin,  Nachbar et a l .  ( 1980) 

9 DSA, Datura seed lectin, Desai et al . ( 1981 ) 

h Broekaert et a l .  ( 1987 ) 
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3 . 2 . 8  Mitogenic activity 

The pur i f i ed CBL1  did not show mitogeni c  activity t oward 

human lymphocytes  ( data not shown ) . Tomato l e ct in ( LE L )  a l s o  

d i d  n o t  show mitogeni c  activity towards l ymphocytes , but 

instead it suppres sed mitogen-mediated t rans format i on of  

chicken l ymphocytes  (Nachbar e t  al . ,  1 9 8 0 )  and was  a l s o  

antagon i s t i c  towards human lymphocyte t rans format ion 

(Kilp at ri c k  e t  a l . ,  1 9 8 5 ) . Interest ingl y ,  WGA, whi ch i s  from 

the Gramineae fami l y  and has s imi l ar s accharide specifi cities  

t o  the s o l anaceous lect ins , i s  a l s o  inhibitory to  lymphocyte 

t rans format i on ( Greene and Waldmann, 1 9 8 0 ;  Barrett et al . ,  

1 9 8 3 )  . It  would be interest ing to  know whether CBL1  has a 

s imi l ar antagon i st i c  property . 

3 . 3  Summary 

A new lectin ( designated CBL1 ) from red t amar i l l o  fruit 

( Cyph omandra bet a ce a )  was ident i fied and puri fied to 

homogeneity by chitin affinity chromat ography followed by 

i on-exchange chromatography . CBL 1  occurred in a dime r i c  form 

with 2 5  kDa subunit s i z e . CBL1 was an abundant and stable 

prote in . Amino acid compos it ion ana ly s i s  showed an abundance 

of  Cys , Gly ,  Glx,  S e r ,  Pro and Asx residue s . Hydroxyprol ine 

res idues were a l s o  present but in a lesser  quantity  than in 

other s o l anaceous lect ins . The haemagglut inat i on cau s ed by 

CBL1  was most readi ly inhibited by N , N '  , N ' ' ,  N ' ' ' ­

tetraacetylchitotetraose . Yet to  be studied i s  the 

pos s ib i l it y  o f  any c l inical  s igni f i c ance or use  for this 

lect in . CBL l  showed no mitogeni c  act ivity against human 

lymphocytes . 

Because o f  it s rel at ively high abundance , its  organ- speci f i c  
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expre s s i on and accumulat ion,  the mechani sms for the c ont rol 

of the expres s ion of this protein in fruits  are of  int erest . 

In thi s regard, an attempt t o  study its  l ocal i z at i on in  fruit 

t i s sue us ing immunocytochemic a l  methods and the search for 

its  cDNA sequence have been included in thi s study . 

Other lect in ( s )  ( CBL2 ) which was immunologi c a l ly unre l ated to  

CBLl was  a l s o  ident i fied in t ama ri l l o  fruit s .  Their  mol ecular 

s i z e s  were larger than CBL l , but di spl ayed the s ame 

carbohydrate spe c i f i city t o  CBL l . 

High lectin act ivity was a l s o  detected in ext ract s o f  other 

fruit s from the genus Cyphomandra . Spec ies  of thi s genus 

could serve as a new source o f  lectins . Further studie s  of  

lect ins from thi s genus would be of  interest in the ana l y s i s  

o f  the phy l o logy o f  t h i s  group of  lectins . 



CHAPTER 4 IMMUNOLOGICAL RELATIONSHIP S  AMONGST SOLANACEOUS 

LECTINS 

4 . 1  Introduction 
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It is generally believed that s o l anaceous lect ins  are 

stru ctural l y  related . Thi s  conclus i on is based on the i r  

cros s-react ive propert ies  in double immunodi ffu s i on t e st s . 

S o l anaceous lect ins from seeds of  t omato ,  potat o ,  Ni candra 

and Capsicum show l ines  o f  ident ity with Dat ura seed lectin 

(DSA)  in reacting t o  ant i-DSA serum, whereas non- seed l e ct ins 

from tomato fruit j u i c e ,  potato juice and potato tuber are 

c ro s s-react ive (Kilpat rick  et  al . 1 9 8 0 ) . Ant i - S TL serum was 

able to form prec ipitin l ines with e ither D SA or LEL , 

however,  the ant i s e rum whi ch was absorbed with exc e s s ive 

glycopept ide of STL was unable to do s o . Thus , it was 

suggested that cross- react i on among s o l anaceous lect ins  i s  

due to  their  glycosylated port ion (Ashford et  al . 1 9 8 2 a ) . 

The double immunodi ffu s i on test s in these report s were 

performed in agarose gel s  which did not c ontain inhibitors  

for lectin-glycocon j ugante interact i ons . Such interact i ons  of 

lect in and glycocon j ugantes  present in serum c ould 

theoret ically  give precipitin lines . The previous conclusion 

o f  c lose immunological relatednes s  of  s o l anaceous l e ct ins 

might then be in error . Thi s  study aimed t o  re-examine the 

immunological relat ionship of solanaceous lect ins and t o  test 

whether the new lectins des cribed here from Cyphomandra could 

c ro s s - react with other s o l anaceous lectins . 
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4 . 2  Re sult s and di s cu s s ion 

As Fig  4 - 1  and Fig . 4 -2  show, in PBS  buffered agarose p l at e s  

( A  panel s ) , precipit in l ines between following s amp l e s  were 

observed : non- immune serum and CBL2 ; anti-LEL serum and LEL ; 

anti-LEL serum and DSA; ant i-LEL serum and STL;  ant i - LEL 

serum and CBL l ; ant i -LEL serum and CBL2 ; ant i-LEL  serum and 

WGA; CBL2 and WGA; ant i-CBLl serum and LEL ; ant i - CBLl  serum 

and D SA; ant i-CBLl serum and STL;  anti -CBLl and CBL l ; ant i ­

CEL l  serum and CBL2 ; ant i-CBLl serum and WGA; non- immune 

serum and fruit extract of C. dipl oconos;  ant i - LEL serum and 

fruit extract of C. cajanumensis;  ant i -CBL l  serum and fruit 

extract of  C.  dipl oconos . However, LEL and CBL l  were the only 

ones forming precipitin l ines with their  respect ive ant i sera 

in agarose  plates  ( B  pane l s )  conta ining chitin  hydro l y s ate . 

The hydrolysate would be expected to  inhibit lect in­

glyco con jugate interact ions . 

The lect in samples  were also  tested with non- immune rabbit 

serum . Only  CBL2 and lectin extract of  fruit of C. dipl o conos 

were shown to  form precipitin lines with non- immune serum (A 

panel s ) , but these l ine s were inhibited by chitin hydro lys ate 

(B panel s )  . Thi s indicated the precipitin l ines  were due to 

interact ions of  the two lectin s amples  with glycocon j ugantes  

in the serum . 

This data suggested that : 1 .  Except those of  CBL2 and from C .  

dipl oconos,  precipit in l ines formed were due t o  the i r  

react ion with ant i sera rather than component s o f  non- immune 

sera . 2 .  Except those  of LEL and CBL l , the format i on of  

precipitin lines was  due to the carbohydrate binding 

propert ies  of  the lectins with glycocon jugante s  in the 

ant i sera , s ince they could be inhibited by the presence o f  

chitin hydro lysate . 3 .  Precipitin l ines of  LEL and CBLl 
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Fig . 4-1  Double immunodi ffus ion test I .  Well N ,  non- immune se rum ( 1 0 

� 1 ) ; w e l l  T ,  anti - LE L  se rum ( 1 0  � 1 ) ; we ll C ,  ant i -CBL1 se rum ( 1 0  � 1 ) ; 

we l l  1 ,  LEL ( 5  �g) ; we l l  2 ,  DSA ( 1 0  �g) ; well 3 ,  S T L  ( 1 0  �g) ; we l l  4 ,  

( CBL1 5 �g) ; wel l  5 ,  CbL2 ( 5  �g) ; wel l  6 ,  WGA ( 5  �g) . P ane l A ,  agarose 

plates cont a ining P B S ; P anel B, agarose plates c ont a ining PBS buffered 

chit i n  hydrolys ate . 



A B 
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Fig . 4-2 Double immunodi f fus ion t e s t  I I . We ll N,  non- immune s e rum ( 1 0 � 1 ) ; 

wel l T ,  anti - LEL s e rum; well C ,  ant i -CBL1 se rum ( 1 0  � 1 )  . We l l  1 ,  LEL ( 5  

J.l g ) ; w e l l  2 ,  CBL l ( 5  �g) i we ll 3 , CbL2 ( 5  �lg )  ; well 4 ,  fruit ext ract o f  

c .  cajanumensis ( c as ana ) [ 5 �g t o t a l  protein , more than 2 5 6  

haemagglu t in a t ion units ( HU) ] ; "\ve ll 5 , fruit ext ract f rom C .  diploconos 

( 1 0 �g o f  t o t a l  prot ein , more than 2 5 6  HU) ; well 6 ,  fruit ext ract f rom 

C .  corymbi fl ora s sp mort oniana ( 1 0  J.lg of t o t a l  protein , 1 2 8  HU ) . P anel 

A, agarose plates containing PBS ; P anel B ,  agarose plates cont a in ing PBS 

buffered chitin hydrolys a t e . 



A B 
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formed in PBS  buffered agarose  were due t o  both ant igen­

antibody react i ons and their  carbohydrate binding react i on as 

indic ated by the lower intensities  of their  l ines as  shown in 

F ig . 4 - 1  and F ig . 4 - 2  (B panels ) "  c ompared with those  in F ig . 4-

1 and Fig . 4 - 2  (A panel s ) .  

The p o s s ibi l it y  was also  cons idered that inhibit i on of 

pre c ipitin l ine format ion by chitin hydrolysate  might be due 

to  inacces s ib i l ity of  ant ibodie s  to  the carbohydrate b i nding 

s ites ,  s ince they might be bound with sugars in the chit in 

hydrolysate . The pos s ibi lity was re j e cted for the foll owing 

reason : in free solut ion,  the binding constant s for 

immunoprec ipitat i on of  ant igen-ant ibody are usually between 

1 0 7 mol-1 t o  1 0 9 mol-1 (Harlow and Lane , 1 9 8 8 ) , whi l st those of 

c arbohydrate binding constant s o f  s o l anaceous lect ins are 

generally only around 1 0
4 

t11 ( Sect ion 1 . 3 . 2 ) . Thus , the 

ant igen-ant ibody binding react ion would be expected to 

predominate over any lectin-l igand binding . 

Data presented here then indic ate that ant i-LEL serum and 

ant i -CBL 1  sera recognised only their  respect ive ant igen s ,  

suggest ing s o l anaceous lect ins  might not share s imilarities 

in their  epitopes . Thi s conclusion is  at variance with the 

view that s o l anaceous lectins shared s imi lar epitopes as 

already described (Kilpatrick et al . ,  1 9 8 0 ;  Ashford et al . ,  

1 9 8 2 a ;  Desai  e t  a 1 . , 1 9 8 3 ) . In their  report s ,  immunological 

di ffu s i on tests were performed in agarose  gel s  that did not 

c ontain inhibitors of carbohydrate binding activity o f  the 

antigens . Thus , the precipitin l ines observed in previous 

report s  c ould be due to  the following interact ions : 1 .  

interacti on o f  ant ibodies in ant i - sera with epitopes present 

on the surfaces of  lectin molecules ; 2 .  interact i on of 

glycoconjugantes  in ant i sera with carbohydrate b inding s ites 

o f  lectin molecule s ;  3 .  a comb inat ion of  both . Ashford et 

al . ( 1 9 8 2 a )  found that ant i- S TL serum from which ant ibodies 
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react ing with the glycopeptide port ion o f  STL had been 

absorbed failed to show format i on of precipitin l ines with 

tomato and DSA, whi lst the normal ant i- STL serum could do . 

It was propoied that cro s s - react i on o f  LEL and D SA with ant i­

S TL serum occurred at the o l igoarabinose chains of the 

lect ins (Ashford et al . ,  1 9 8 2 a )  or the cross-reactivity 

between STL ,  D SA and LEL depended on the integrity of the 

glyco s ylated regions o f  the lectins (Ki lpatrick et al . ,  1 9 8 4 ;  

Kilp atrick ,  1 9 8 6 ) . The present study doe s  not support thi s 

view s ince it did not demonstrate the cro s s  react i ons of 

solanaceous lect in s amples  in agarose gel s  cont a ining their 

carbohydrate l igands . Howeve r ,  the i r  hypothes i s  could not be 

completely ruled out due t o  the pos s ib i l ity that ant i-LEL and 

CBL1 sera might not have sufficient amount o f  highly speci fic 

antibodies  recognis ing the carbohydrate mo ieties o f  these 

lect ins . 

Immunological  double di ffus ion tests  could provide some 

insi ghts about the structural relat i onship among s o l anaceous 

lect ins . However ,  due to the heterogeneous populat i on of 

antibodies in the serum and variat i ons  in ant igen i ci t y  of 

lectin in the individual rabbit , interpretat ion of di f fu s i on 

data should be t aken with care . Other techni ques  involving 

sequence analys i s  of these  lectins s eem more reliable ways of 

understanding their  structural rel at ionship . 

4 . 3  Summary 

Immunological  double di ffus i on tests  o f  solanaceous lectins 

in agarose gel s  cont aining the i r  c arbohydrate l igands showed 

no cross-react i on among the solanaceous lect in s ,  as ind i c ated 

by the absence of format ion of pre c ipit in l ine s . The epitope 

homol ogies among thi s c l a s s  of lectins as suggested by the 

early reports have been quest i oned . The conclus ion reached in 
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are not 





CHAPTER 5 SUBCELLULAR LOCALI ZATION OF CBLl IN TAMARILLO 

FRUITS 

5 . 1  Introduction 

99 

Irnmunocyt ological techniques have been used as  powerful t o o l s  

f o r  the local i z at i on o f  macromolecules i n  plant mater i al s . 

Highly specific  ant ibodie s  are able to  bind their ant igens in 

p l ant t i s sue sections , and the ant igen-ant ibody complex  c an 

be visuali z ed by secondary ant ibodies  which are con jugated 

with enz yme , fluorochrome or other markers (Hawe s ,  1 9 8 8 )  . 

In  thi s study , the sec ondary ant ibody was a biotinylated 

donkey ant i- rabbit I gG ,  which could be recogni zed by a 

s t rep t a v i d i n - b i o t i n y l a t ed p h y c o e r y t h r i n  c o mp l e x . 

Phycoerythrin , a red fluorescent phycobiliprotein from the 

algae Rhodymenia palma ta,  has  an  ext inct ion coeffi c i ent o f  

1 .  9 6  x 1 0 6 M-1 cm-1 and a quantum e fficiency of  0 .  8 .  The 

excitat i on peak occurs at 4 9 6  nm with a large Stokes shi ft to  

the maximum emi s s ion wave length of  5 7 6 nm in the red segment 

of the spect rum . S e ct i ons which were label led with 

phycoerythrin could be stored at rqom temperature in the dark 

for at least one year with minimal fading . 

Thi s study was aimed at determining the subcellular l o c at i on 

o f  CBL1  in t amari llo  fruits  us ing the immuno- fluores cence 

microscopic technique de s cribed above . 

5 . 2  Results and di s cu s s ion 

The ant i serum used in thi s study was highly speci fi c  to the 

CBL l  as  shown by western blott ing (Fig . 5- 1 ) . A s ingle 

intens ive band of  25 kDa (Fig . 5 - 1 , lane 3 )  corre sponding in 
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Fig . 5 . 1  We stern blott ing o f  purif ied CELl and t ama rillo ext ract with 

ant i -CELl s e rum . Lane 1 ,  f ruit ext ract ( about 1 0  �g of protein) ; Lane 2 ,  

pur i f ied CELl ( about 2 �g ) ; P roteins we re s t a ined with c o l l o ida l gold 

( lanes 1 , 2 ) . Lane 3 ,  and 4 corre sponded to ant i -CEL l s e rum react ion t o  

prote ins in l ane 1 and 2 respect ive ly a ft e r  we s t e rn blotting . The t op o f  

t h e  s ample s l ot a n d  t h e  dye f ront were ma rked by a rrowheads . A f aint band 

in l ane 3 was marked by an a rrow . For t he total protein ext ract , f ruit 

mat e r i a l  was homogenized and boiled with the protein s ample buffer at 

1 0 0 °C for 5 min be f o re cell debris was removed by cent ri fugat ion 1 3 , 0 0 0  

rpm f o r  3 min . P roteins we re visuali zed after t ransfer f rom SDS-PAGE ge l s  

( 1 5 % )  t o  nitrocellulose f ilters . 
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molecular weight t o  that of  puri fied CBLl  (Fig . 5 - l ,  l ane 4 )  

in the total protein extract was recogn i z ed by ant i-CBLl 

serum . Therefore , the intensive band in l ane 3 corresp onded 

t o  CBL l . To a much lesser  extent , a faint band with a smal ler 

s i z e  than CBLl was seen on some of the blot s ,  its posit i on is 

marked by an arrow in l ane 3 of Fig . 5 - 1 ,  thi s faint band 

might be a degradat i on product o f  CBL 1 . 

Anti - CBL1 serum was used to  react with thin hand sections of 

young t arnarillo  fruits  of  approx imately one month old ( about 

5 ern long , 3 ern in  diameter ) .  Such sections when incubated 

with the non- immune serum,  or ant i serum absorbed with 

exce s s ive puri fied CBL1 , or secondary antibody and 

phycoerythrin c omplex or  just phycoerythrin showed low level 

fluorescence inten s it y  [ F i g . 5 - 2 ( 2 )  ] ,  albeit higher than that 

o f  aut o - fluores cence o f  sect i ons incubated with BSA [ F i g .  5-

2 ( 1 ) ] .  Incubat i on of sections with anti -CBL1 serum ( 1 : 2 0 in 

PBS-BSA) , fol l owed by biot inylated donkey ant i-rabbit  IgG 

( 1 : 2 0 0  in PBS-BSA) , and by streptavidin-b i otinylated 

phycoerythrin complex ( 1 : 5 0 PBS-BSA) gave intens e  and 

speci fi c  l abe l l ing o f  cell  wall s  of fruit t i s sue s [ Fig 5-

2 ( 3 ) ] .  S ince fruit sections were not fixed, c ontents o f  some 

c e l l s  might be lost  during incuba_t ion and washing steps as 

shown in [ F i g . 5 - 2  ( 3 ) ] ,  although most fruit t i s sue c e l l s ,  

when viewed in bright field,  c ontained intracellular c ontents 

in the form o f  packed ves i c le s . Cell  wal l s  of  these cells  

without content s were st i l l  intensely label led,  suggest ing 

fluores cence was locali zed in the cell  wal l s  rather than 

inside the plasmalemma . There was l ittle or no staining of 

cytop l asm,  suggest ing �hat CBL 1  did not a s s o c i ate with the 

membranes o f  c e l l  organelles . Fig . S - 2 ( 4 )  shows that 

fluores c ence l abel l ing appeared predominant ly in fruit 

t i s sues  rather than seed t i s sues ,  suggest ing the CBL 1  might 

be a fruit t i s sue spec i f i c  lectin . It was however interesting 

to note that seeds were surrounded by gel - l ike material  which 

was a l s o  label led with fluores cence Fig . 5 - 2 ( 4 ) . In addition,  



102 

Fig . 5-2 Immunocyt o chemical loca l i zat ion of CBL l  u s ing immuno ­

f luorescent technique s . 1 .  Cont rol test , a ut o - f luores cence o f  sections 

which have not been incubated with s e rum or ant ibody; 2 .  Cont rol t e s t ,  

f luore s cence o f  sections incubated with ant i -CBLl se rum which h a d  been 

abs o rbed with exce s s ive CBLl . 3 .  Fluores cence o f  f ruit t i s sue sections 

incubated with ant i-CBLl ant i s e rum . 4 .  F luores cence o f  seed t i s s ue 

sect ions incubated with ant i -CBLl s e rum . F T ,  f ruit t is sue ; S T ,  s eed 

t is sue ; se, seed coat ; GL , ge l - l ike materi a l . Magnif ication 2 0 0  x ;  Bar 

= 35 J.lm . 
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two layers o f  extraordinary long cells  (presumably  seed c o at )  

were a l s o  label led with fluorescence , indicat ing the presence 

of  CBL1 . · The origin of this seed coat a s s o ciated accumu l at ion 

i s  not known . It may originate as a testa  product or 

alternat ively it may be transported from the adj acent fruit 

t i s sues . A cell  wall locat ion for CBL 1  suggest s the 

pos s ibi l ity of at least a proport i on of  the lectin being 

mobi l e  or sub j ect to leaching from fruit t i s sues . 

Tamari l l o  fruit juice  was found t o  contain predominant ly  a 

protein with s i z e  2 5  kDa (Fig . 5 - 3 , lane 2 )  c orresponding to 

that of purified CBL 1 (Fig . S- 3 ,  l ane 1 ) . Thi s  predominant 

protein band could be recogn i z ed by ant i-CBL 1  serum (data not 

shown ) , also  suggest ing the ext racellular l ocat ion o f  this 

lect i n ,  which might be secreted from the c e l l s  or di s s o c i ated 

from cell  wal l s . 

CBL1 was rich in Cys res idues ( Chapter 3 ) , its  locali z at ion 

in c e l l  wal l s  i s  consi stent with the view that many 

extracel lular proteins are Cys-rich protein s ,  which have 

disulphide bridges whi ch stabi l i z e  the folded proteins 

( Thornton and T ay l o r ,  1 9 8 9 ) . S ince CBL1 is a chitin b inding 

protein ,  its  local i z at i on in cell  wal l s  i s  a l s o  cons i s t ent 

with the observat ion that chitin b inding prot e ins  have s o  far 

been detected predominant ly in cell  wal l s . Most  potato lectin 

( ST L )  i s  t i ght ly and nonconvalent ly  bound t o  the cell  walls  

(Casalongue and P ant Le z ic a ,  1 9 8 5 ) , although an e ar l ier 

report by Muray and .Northcote ( 1 9 7  8 )  suggested that this 

lectin was associ ated -with root membranes ,  but the authors 

did not examine c e l l  wal l s  for the presence of l e ct in . 

Immuno- fluorescent study o f  the local i z at i on o f  Dat ura s eed 

lectin (DSA) by Jeffree and Yeoman ( 1 9 8 1 )  indic ated it was 

associ ated with the pla smalemma and the membranes o f  cell  

organe l le s ,  howeve r ,  the lectin s ample used for anti gen was 

not homogeneous (Ki lpatrick and Yeoman , 1 9 7 8 ) . Broekaert et 
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Fig . 5-3 . S D S -PAGE ana lys i s  o f  t amarillo f ru it j uice ( 1 5 % gel ) . Lane 1 ,  

purified CBL1 ( about 1 �g ) . Lane 2 ,  f ruit j u ice ( 5  �1 ) . Lane 3 ,  protein 

st andards . F ruit j uice was boiled with p rotein sample buf fe r  for 5 min 

after it was cent r ifuged at 1 3 , 0 0 0  rpm f o r  3 min . 
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al . ( 1 9 8 8 ) , us ing a highly spe c i f i c  immunoglobul in fract ion 

puri fied on a DSA- sepharose 4 B  c olumn , showed that most of 

the lectin i s  associ ated with cell wal l s  o f  the seed coat and 

seed epidermis .  Tomato lect in ( LE L )  was l ocated predominant ly 

in the locular fluid of  ripe tomatoes  (Merkle and Curnrnings , 

1 9 8 7 a ) . Wheat germ agglut inin ( WGA) was l ocated at the cell  

wall -protoplast interfaces and in protein bodies  (Mi shkind et 

a l . ,  1 9 8 2 ) . In the latter s ites ,  WGA could be involved in the 

post-translat i onal proces s  (Mans field e t  al . ,  1 9 8 8 ) . Wheat 

germ lysozyme , a chitin  binding protein ,  a l s o  a s sociat e s  with 

c e l l  wall s  (Audy et  a 1 . , 1 9 8 8 ) . 

The exact in vi vo role o f  these  chit in binding lect ins is  

s t i l l  unknown . A chitin b inding lect in from st inging nettle 

rhi z omes inhibits the growth o f  several pathogenic  fungi 

containing chit in as a cel l  wall component ( Broekaert e t  al . ,  

1 9 8 9 )  . DSA can be preferent i a l l y  released during early 

imbibition of  Dat ura seed (Broekaert e t  al . ,  1 9 8 8 ) , and S TL 

i s  a l s o  secreted upon imbibit ion o f  potato tuber s l ices 

( Casalongue and Pont Lez i c a ,  1 9 8 5 )  . P otato tuber virus X can 

induce the expres s i on o f  different genes encoding potato 

i s olect ins  ( Scheggia et  al . ,  1 9 8 8 ) . The proteins enco ded by 

potato wound-induced genes show extensive homologies with WGA 

and chitinase ( St anford et  al . ,  1 9 8 9 ) . They could be members 

of the potato lect in gene fami ly . Based on these studie s  and 

the i r  local i z at i on in plant c e l l  wal l s , it i s  pos s ib l e  that 

the s e  lect ins or chit in b inding proteins could have a defence 

role in vi vo . In thi s respect , CBL 1  could be involved in the 

protect ion o f  the seed from external pathogens conta ining 

chit in in their  outer wal l s . In additi on ,  CBL1 could a l s o  be 

involved in chemical  transduc t i on or transport at ion between 

fruit  t i s sues or  seed t i s sues in order to  fac i l it at e  seed 

development . 
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5 . 3  Summary 

CBLl was l o c a l i z ed in cell  wal l s  o f  fruit t i s sues and also  

found in l arge quant ity in the t amar i l l o  juice . CBLl might 

p l ay a defense or communic at i on role for fac i l it ating  seed 

growth and development . 





1 0 7  

CHAPTER 6 SEQUENCE ANALYS I S  OF TAMARI LLO LECTIN ( CBL1 ) 

6 . 1  I ntroduction 

As des c r ibed in earl ier chapter s ,  CBLl was  found t o  be a very 

stab l e ,  abundant and devel opment al ly-regu l ated extrac e l lular 

protein . Thus , it was of interest to study its gene stru cture 

and expres s ion at the molecular level . The general str ategy 

used was  a s  follows . A cDNA l ibrary represent ing the mRNA 

populat i on was constructed us ing polyadenylated RNAs 

extracted from young t amar i l lo fruit s .  Putative CBL l  cDNA 

c l one s ,  whi ch were ident i fied by s c reening the l ibrary with 

ant i-CBLl serum, were then sequenced . Sequences of  the s e  cDNA 

c l ones were then compared to  tho s e  o f  CBLl trypt i c  pept ides 

to  confirm whether they encoded CBLl . Such CBL l  cDNA, once 

confirmed, could be used in the future as  a probe for the 

i so l at i on o f  CBLl gene from a genomic l ibrary . 

As a first attempt towards understanding the structure and 

expres s i on o f  CBL l , this study was a imed at two are a s . 

1 .  Determinati on of  several pept ide sequences . Thi s sequence 

informat i on c ould be used for the s ynthe s i s  o f  an 

o l i gonu cleot ide probe for the s creening o f  a cDNA l ibrary and 

for the characteri z at i on of posit ive clones as des cribed . 

2 .  Construction o f  a Agt l l  cDNA l ibrary o f  young t ama r i l l o  

fruit s ,  irnrnuno- s c reening o f  t h i s  l ibrary with anti -CBLl  

serum, and sequence analys i s  o f  p o s it ive c l one s . 

Agt l l  ( Y oung and Davis ,  1 9 8 3a , b )  i s  an exp re s s i on vecto r  that 

carries a c opy of  the E .  coli Lacz gene , with a s ingle EcoRl 

c leavage s ite located 53 bp upstream of the t rans l at ional 

terminat ion c odon of  the Lacz gene ( F ig . 2- 1 ) . Up to 

approximately  7 . 2  kb of  foreign DNA can be accommodated at 
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t h i s  s ite . Coding sequences  inserted in the c orrect reading 

frame and orientation wi ll  be expre s sed to yield fus ion 

proteins whose amino termini con s i st of  �-galact o s idase 

sequences  and whose c arboxyl termini c on s i st of foreign 

polypept ides . Some o f  the fus ion proteins w i l l  di splay 

anti geni c  epitopes that c an be dete cted by the i r  abi l ity to 

react with specific  ant ibodies . The genotype of  Agt 1 1  i s  

shown i n  T able 2 - 1 . Agt 1 1  encodes f o r  a temperature-sen s it ive 

repres s or ( ci ts8 5 7 )  and an amber mutat ion ( Sam 1 0 0 )  in the 

l y s i s  gene . It can therefore form plaques on a lawn o f  E .  

coli cel l s  that c arry the amber suppres sor SupF and can give 

rise  to  lysogens at temperatures at which the repres s o r  is  

act ive . Fus ion proteins c arrying foreign ant igeni c  epi t opes 

can be detected by s creening plaques with an immunological 

probe . Thi s lambda phage is usually  p l ated at 4 2°C on E . coli 

Y 1 0 9 0hidR ( see relevant genotype in Table 2 - 1 )  . After 4 

hours , the plates  are shift ed t o  3 7 °C and overlaid with 

nitroce l lulose  filters impregnated with i s opropylthi o-�-D­

galactopyranos ide ( IPTG ) , which inactivates the l a c  repressor  

and induce s  expres s ion o f  the fus i on protein . 

P roteins released following the lys i s  o f  cel l s  in p l aque s  are 

immob i l i zed onto nitrocel lulose  fi lters by direct c ontact 

with these  plaques . The immob i l i zed proteins are probed with 

primary antibodies . Ant ibody binding is revealed in a second 

step by probing the f i lters with secondary ant ibodies , which 

can be detected with immunochemical  methods ( S ambrook e t  al . ,  

1 9 8 9 ,  Huynh e t  al . ,  1 9 8 5 ) . In  thi s study , primary ant ibody 

binding was  revealed in a second step by probing the f i lters 

with a goat ant i -rabbit IgG conj ugated with a l k a l ine 

phosphata s e ,  which recogn i z ed rabbit ant i-CBL1 IgG ,  and 

c onverted in s i t u  the substrate 5 -bromo - 4 - chloro- 3 -i ndolyl 

phosphate /nitro blue tetrazolium (BCIP /NB T )  into a dens e  blue 

c ompound by it s alkaline phosphatase act ivit y . 
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In  this  study , sequences of  five pept ide s  o f  CBL 1  were 

determined and two cDNA c l ones , i s o l ated by immunol ogical 

s c reening of  a t amari llo  fruit cDNA l ibrary , were sequenced 

and analyz ed .  

6 . 2  Results and dis cu s s ion 

6 . 2 . 1  P eptide sequences 

CBL1 was denatured in guanidinium chloride and dithiothreitol  

(DTT ) , alkylated with 4 -vinylpyridine before being digested 

with t ryps in . Trypt i c  peptides were part ia l l y  separated by 

high performance liquid chromatography (HP LC )  (Fig . 6- 1 ) . The 

peptide sequences from peak T 9 ,  T 1 0 ,  T 1 2 ,  T 1 9 were dete rmined 

as  follows : T 9 ,  Ser-Gly-Cys-Gln-Ala-Asp-Gly;  T 1 0 ,  Tyr-Gly­

Cys-Gly-Ala-Asp-Gly-Arg ;  T 1 2 ,  Gly-Cys-Gln-Ala-Gly-Gly-Arg­

Glu-Ser-Pro ; T 1 9 ,  Ser-Gly-Cys-Gln-Ala-Asp-Gly . The N-terminal 

sequence of CBL1 was determined as Thr- Ser-Glu-Leu-Pro-Gln . 

The amino acid  compos it i on of  these peptide s  was con s i stent 

with that o f  CBL1 , e . g .  abundance of Gly , Glx and Cys 

res idues . 

The pept ide sequence of  T 1 2  showed s ome homologies with the 

Gramineae lect ins such as  WGA (Raikhel and Wilkins , 1 9 8 7 ) , 

barley root lectin ( Lerner and Raikhe l ,  1 9 8 9 )  and rice lectin 

(Wilkins  and Raikhe l ,  1 9 8 9 )  ( Fig . 6 - 2A) . Tri-peptides  such as  

Tyr-Cys-Gly,  Ala-Gly-�l y ,  Gly-Cys-Gln as  shown in the CBL1  

pept ide sequences were also  found throughout the polyp ept ide 

o f  WGA (Raikhel and Wi lkin s ,  1 9 8 7 ) . In addi t i on ,  pept ides T 9 ,  

T 1 0  and T 1 2  also  showed high homologies with WGA at the 

level of nucleotide sequences  based on backt ran s l at ion of the 

protein sequences ( Fig . 6 - 2 B ) . Despite a lack o f  sugar and 

hydroxyprol ine res i dues in WGA, as shown in T able  6 - 1 ,  WGA 
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Fig . 6-1 Partial s epa rat i on o f  a t rypt i c  digest o f  valyl -CBLl b y  HPLC . 

Pept ide s f rom peak T 9 ,  T l O ,  T l 2  and T l 9  we re s equence d .  
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E ice l e-ct i n  1 63 G l y-Cys-Gl n-Ser-G l y-G l y-Cys-J.£p-Gl y 1 7 1  
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VvGA 1 3 9 GGUUCCCAGGCUGGUC� U C� UACCUGCCCG 
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I I f I I J I I 
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T l 2 1 GGUUGCCAG GCUC�UC� U C G U G AAUCCCCG 

WGA 1 3 6 UGCGG UUCCCAGGCUGG UC� U  1 5 6 
I I I I I I I I I I J I I I I I 
I I I I I I I I J I I I I I I I 

T 9  1 UCCGGUUGCCAGGCUGACGGU 2 1  

WGA 1 9 9 UC�GGUUUCGGUC�UGA 2 1 5  
I J I I I I I I J I I I J I 
I I I I I I f I I I I I J I 

T l O  1 UACGGUUC� GGUC�UGA 1 7  

1 1 1  

1 6 8 

3 0  

Fig . 6-2 Sequence h omo logies o f  CELl and WGA . A .  Homo l ogies ( boxed) 

between T 1 2  peptide of CBL l , WGA, and other related molecule s . B .  

Homo l ogies between nucleot ide sequences o f  CELl pept ide s and WGA ( Raikhel 

and Wi lkin s ,  1 9 8 7 ) based on the backtran s la t i o n  o f  t h e i r  protein 

sequences u s ing a same f requency o f  codon usage ( f o r  enteric bacterial 

gene s ) .  

Table 6-1 Amino acid composition of CBLl and WGJ.a. 

AA residues CBLl WGA AA residues CBLl liGA 

Hyp 6 .5  Het 0.9  2 
Asx 12. 9  15 Ile 1 . 0  2 
Thr 7.0 4 Leu 4 . 8  4 
Ser 19.8  16  Tyr 6 .5  7 
Glx 23 . 3  15 Pbe 3 . 0  2 
Pro 16.0 6 His 1 . 3  2 
Gly 25. 8  42 Lys 10. 2  6 
Ala 7.7  10 Arg 5.0 4 
Cys 28 .8  32 Trp HD lb 

Val 2 . 6  1 

a fro11 Wrigbt, 1984 
b fro11 Raikhel and Wilkins, 1987 
HD not deterained. 
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has a generally s imi l ar amino acid composit i on to  CBL 1 ,  and 

both lectins bind to o l i gomers  o f  �1 , 4 l inked N­

acetylglucosamine . Therefore , CBL1 could be evolut ionarily 

related t o  WGA or other Gramineae lectin s ,  s in c e  the 

Gramineae lect ins a l s o  show speci f i c  b inding t o  N­

acet yl glucos amine and its  � ( 1 , 4 )  l inked o l igome r s ,  and they 

are ant igenically ,  biochemically  and structural ly  r e l ated 

( Goldstein and P o ret z ,  1 9 8 6 ;  P o o l a ,  1 9 8 9 ;  Stini s s en e t  al . ,  

1 9 8 3 ;  Raikhel and Wi lkins , 1 9 8 7 ;  Lerner and Raikhe l ,  1 9 8 9 ;  

Wi lkins and Raikhe l ,  1 9 8 9 )  . 

6 . 2 . 2  cDNA library construction 

Poly (A+ )  RNAs were i s olated from young t amari l lo fruit s us ing 

an o l igo (dT )  cellulose affinity c olumn , and were checked for 

their  integrity us ing a wheat germ in vi t ro trans l at ion 

s ystem . Autoradiography of SDS-PAGE gel s  of the in vi tro 

trans lat ion product s ,  indicated that proteins of  a wide 

molecular weight range could be trans l ated from the 

poly (A+ ) RNA preparat ion . Thi s suggests  that puri fied mRNAs 

were intact (Fig  6 - 3 )  . 

Complementary DNA ( cDNA) synthe s i s  o f  these mRNAs was 

performed us ing AMV reverse trans criptase . From the 

incorporat ion assay ,  2 3 %  of mRNAs were c onverted into the 

first strand of  cDNA . 9 0 %  of  the first strand cDNAs were 

converted into the second st rand of cDNAs . A total o f  3 3 6  ng 

of double stranded cDNA was synthe s i z ed from 1 J.lg of p o l y  (A+ )  

RNAs . The first st rand cDNAs and double stranded cDNAs were 

denatured and analyzed by alkal ine gel e lectrophores i s  and 

subsequent autoradiography . S i z e  di stribut i on of  the first 

and second strand cDNAs was between 5 0 0  bp t o  3 0 0 0  bp (Fig . 

6 - 4 ) . The lower inten s ity of  the second strand lane was  due 

t o  a smaller amount of s ample being loaded than that o f  the 
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Fig . 6 - 3  S D S -polyacrylamide gel ( 1 5 % )  e lect rophore s i s  o f  in vit ro 

t ranslat ion p roducts o f  poly ( A+ )  RNAs . Lane 1 ,  poly ( A+ )  RNAs from 

t ama r i l lo f ruits ( 1  �g ) . Lane 2 ,  globin mRNA ( 1  �g) . 
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Fig . 6 - 4  S i ze di s t r ibut ion o f  the newly synthe s i zed f i rst st rand cDNA 

and double s t randed cDNA ( ds cDNAl , DNA s amples were analyzed by alkal ine 

agarose gel ( 0 " 8  % )  elect rophore s i s  f o l lowed by auto radiog raphy . Lane 1 ,  

the f i rst s t rand cDNA . Lane 2 ,  d.s cDNA . 
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first  strand . Thus , the synthe s i zed cDNAs were i n  good 

quality in terms of  the s i z e  range . 

Double stranded cDNAs were then methylated,  l igated t o  EcoR1 

l inker s ,  digested with EcoR1 , and l igated to Agt 1 1  arms and 

trans fected to E .  coli strain Y 1 0 9 0 . Methy l at i on of cDNAs was 

to p revent sub sequent digestion of internal EcoR1 s it e s  in 

cDNAs . The bacteri a  cells  were mixed with s o ft agar or 

agarose  which c ontained 5-bromo- 4 - chloro - 3 - indo l y l -�-D­

galactos ide (X- gal ) and IPTG,  plated on LB p l ate . Recombinant 

Agt 1 1  phages ( with insert s  o f  cDNA) were shown as white 

plaque s ,  s ince the insert s  would di s rupt the LacZ gene 

funct ion whi ch resulted in the inact ivating o f  �-

galactos idase  whi ch would otherwi s e  react with the 

chromogenic substrate X-gal . The t otal  number o f  recombinant 

plaques was 1 . 6 x 1 0 5 • Half of  these phages were amp l i fied 

and stored either at - 7 0 °C or 4 °C .  Twelve white plaque s were 

randomly p i cked and their  insert s i z e s  were examined, three 

of them were l e s s  than 5 0 0  bp , one of them about 3 - 4  kb , the 

rest were between 8 0 0  bp to 3 kb ( data not shown ) . The cDNA 

library was thus considered to  be reasonably good in t e rms of  

the wide range of  insert sizes  that it represented . Due  to 

the abundance o f  CBL 1 ,  a cDNA l ibrary o f  this s i z e  wou l d  have 

a very good chance o f  containing cDNA insert s  encoding CBL1 . 

6 . 2 . 3  cDNA l ibrary s creening 

Western blott ing experiment s showed that ant i -CBL 1  serum was 

highly speci fi c  to  CBL1  (Fig . 5- 1 ) . Dot blot analys i s  showed 

that anti -CBL1 ant i serum was capable of detect ing about 8 0  pg 

of denatured CBL1 in a dot 1 . 5  mm in diameter  (Fig . 6-5 ) . 

Thus , this sens itivity of  ant i serum should a l l ow all  but the 

most labile  fus ion proteins to be recogn i z ed ( Sambrook et  

al . ,  1 9 8 9 ) . Therefore,  Anti -CBL1 serum was used t o  s c reen 
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Fig . 6-5 Dot b lot analy s i s  o f  CBLl on nit rocellulose f i lters . Lane A ,  

s e r i a l  dilut ions o f  CBLl denatured i n  t h e  S D S -PAGE loading buf fe r  under 

reducing c ondit ions . Al , A2 , A3 , A4 , AS , A6 , A7 , and A8 co r respond to the 

protein amount (per dot 1 . 5  mm in diameter)  0 . 8  ng, 8 0  pg, 5 0  pg, 4 0  pg, 

24 pg, 1 6  pg, 8 pg and 0 . 8  pg . Lane B ,  s e r i a l  dilut ions o f  nat ive CBLl . 

B l ,  B2 , B 3 ,  B 4 ,  BS , B 6 ,  B7 and B 8  co rrespond to t he protein amount (per 

dot with 1 . 5  mm in diamet e r )  1 . 6  ng , 1 6 0  pg, 1 0 1  pg, 8 0  pg , 48 pg, 3 2  pg , 

1 6  pg and 1 . 6  pg . P rotein was visuali zed by the immunological s c reening 

method used for cDNA l ibrary s creening . 
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the expre s s i onal cDNA l ibrary of  young t amarillo  fruit s .  

About 3 0 ,  0 0 0  plaques from the unampli fied and amp l i fied 

l ibrary ( 1 5 ,  0 0 0  each)  (ha l f  of tot a l  number of recombinant 

phage s )  were s creened . About 2 0  posit ive plaques were 

obt ained . As shown previously ,  CBL1 was an abundant protein 

in t amari l l o  fruit s ,  it was reasonable to  speculate that the 

fruits  might have relat ively high copies of mRNAs which 

encoded CBL 1 . Thus the relat ive high frequency of pos it ives 

was expected . Five of these  pos it ives were further pur i fied 

to  homogeneity , and their  insert s  were digested e ither with 

Ml ui or EcoR1 . The pos itive recombinant phages X1 6 ,  X5 8 and 

X 6 0  c ontained cDNA inserts  of l e s s  than 2 0 0  bp in s i z e  ( data 

not shown ) , which might ari se from fragment s of  mRNA encoded 

CBL1 , or they may have simi lar epitopes to CBL1 . cDNA insert 

s i z e s  o f  p o s itive recombinant phages X2 0 8  and X2 0 0  (Fig . 6 - 6 )  

were around 5 0 0  bp and 9 0 0  bp respect ively  (Fig . 6-7 ) . S ince 

the molecular s i z e  of the CBL1 subunit was 25 kDa cont aining 

2 4  % carbohydrat e ,  its  pept ide s i z e  could be 1 9  kDa . Thus , 

CBL 1  subunit s i z e  would be about 1 7 2  amino acid res i dues ,  

which would require 5 1 6  bp for encoding . Therefore the X2 0 0  

c l one c ould be a candidate for encoding CBL1 , and the X2 0 8  

c lone could part i a l ly encode CBL 1 . 

6 . 2 . 4  DNA s equencing and sequence analys i s 

cDNA insert s o f  X2 0 0  and X2 0 8  were subcloned to  the EcoR1 

s ite of pGEM- 4 Z  plasmid . The X2 0 0  insert was also  sub j e cted 

to  Exoi i i  digest ion to  shorten its  s i z e  for sequenc ing 

(Fig . 6 - 8 )  . The two sequences  were prel iminarily determined as  

shown in  F i g . 6-9  and 6- 1 0 ,  which were not a l l  checked by 

sequencing the oppos ite strand . S ince c ompres s ion was  not 

problemat i c ,  the sequence informat ion should be accurate . 

Neither cDNA sequences  cont ained apparent polyadenylat i on 
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Fig .  6 - 6  Immuno l ogic a l  s c reening and ident i f icat ion o f  recornbinant 

phages X2 0 8  and X2 0 0  on nit rocellulose f i lters . 1 .  Homogeneous population 

of X2 0 8 plaque s . 2 . X2 0 8 phage s mixed with the cDNA l ibrary . 3 .  

Homogeneous populat ion o f  X2 0 0  plaques . 4 .  X2 0 0  phage s mixed with t he 

cDNA l ib ra ry . 
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E'.i 9J .  C� -71 EcoRl dige s t ion of x:·ecombinant 
1 .  X2 0 0  phage DNA " Lane 2 .  X2 0 8  DNA . 

X2 0 8  and X2 0 0  DNAs . Lane 
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6b -
4.4 -

2.3 -
2.0 -
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Fig .  6 - 8  A .  Exoi i i  dige s t i on of a cDNA� insert of the recombinant phage 

X2 0 0  B .  EcoRl and Hindi i i  dige s t i on of pGEM 4Z plasmids with the 

short ened cDNA insert s . 
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Fig . 6 - 9  Nuc leot ide s equence of the cDNA ins e rt of the recombin ant phage 

X2 0 0  and its compa ri s on with that. of a bacterial gene .i l vC  encoding 

acet ohydroxy acid i s omeroreduct ase . 



X200 
1 0  2 0  3 0  

·:GAA TTCGCCGACGGCGCGAGCTACCTTCAG 
I I I I I I I I I I I I I I I I I I I I I t  I I I t  I I I 
J I I I J I I I I I I I I I I I I I I I I I l I I I I I t  

Eco l l v  CTGGGCAAATGTCGCTTTATGGGCCGCGATGAATTCGCCGATGGCGCGAGCTACCTTCAG 
1 2 00 1 2 1 0  1 2 2 0  1 23 0  1 2 4 0  1 2 50  

40 5 0  6 0  7 0  8 0  9 0  
X200  GGTAAAAAAGTGGTTATCGTCGGCTGTGGCGCACAGGGGCTGAACCAGGGCCTGAACATG 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I t  I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I J I I I I I I I I I I I I I I I t  I I I I I I 

Eco l l v  GGTAAAAAAGTAGTCATCGTCGGCTGTGGCGCACAGGGTCTGAACCAGGGCCTGAACATG 
1 2 6 0  1 2 7 0  1 2 80  1 2 9 0  1 3 0 0  1 3 1 0  

1 0 0 1 1 0 1 2 0 1 3 0 1 4 0 1 6 0 
X200 CGTGATTCTGGTCTCGATATCTCCTACGCTCTGCGTAAAGAAGCGATTGCCGAGAAGCGC 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I J I I I I t  I I I I I I I t  I I I I I I I t  I I I I 
I I f  I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I t  I I I I 

Eco l l v CGTGATTCTGGTCTCGATATCTCCTACGCTCTGCGTAAAGAAGCGATTGCCGAGAAGCGC 
1 3 2 0  1 33 0  1 34 0  1 3 50 1 36 0  1 3 7 0  

1 60 1 7 0 1 8 0 1 90 2 0 0  2 1 0  
X200 GCGTCCTGGCGTAAAGCGACCGAAAACGGTTTTAAAGTTGGTACTTACGAAGAACTGAT-

I I I I I I I I I t  I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Eco l l v GCGTCCTGGCGTAAAGCGACCGAAAATGGTTTTAAAGTGGGTACTTACGAAGAACTGATC 
1 3 8 0  1 3 9 0  1 40 0  1 4 1 0  1 42 0  1 43 0  

2 2 0  2 3 0  240  2 5 0  2 6 0  2 7 0  
X200  CCGCAGGCGGATCTGGTGGTTAACCTGACGCCGGACAAGCAGCACTCTGATGTAGTGCGC 

I I I I I I I I I I I I I I I I I f I I I I I I I I I I I I I I I I I I I I I I I I I I t  I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I J I I I I I I I I I I I I I I I I 

Eco l l v CCACAGGCGGATCTGGTGATTAACCTGACGCCGGACAAGCAGCACTCTGATGTAGTGCGC 
1 44 0  1 4 50  1 4 6 0  1 4 7 0  1 4 8 0  1 4 9 0  

2 8 0  2 9 0  3 0 0  3 1 0  3 2 0  3 3 0  
X200 ACCGTACAGCCACTGATGAAAGACGGCGCGGCGCTGGGTTACTCGCACGGTTTCAACATC 

I I I I I I I I I I I I I I I I I I I I I I I I I I I J I I I I I I I I I I I I I I I I t  I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Eco l l v  ACCGTACAGCCACTGATGAAAGACGGCGCGGCGCTGGGCTACTCGCACGGTTTCAACATC 
1 50 0  1 5 1 0  1 5 2 0  1 53 0  1 54 0  1 5 50  

340  3 5 0  360  3 7 0  3 8 0  3 9 0  
X200 GTCGAAGTGGGCGAGCAGATCCGTAAAGATATCACCGTAGTCATGGTTGCGCCGAAATGC 

I I I I I I J I I I I I I I I I I I I t  I I I I I I I I I I I I I I I I I I I I I I f  I I I I I I I I I I I t  I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I t  I I t  

Eco l l v GTCGAAGTGGGCGAGCAGATCCGTAAAGATATCACCGTAGTGATGGTTGCGCCGAAATGC 
1 5 6 0  1 5 7 0  1 5 8 0  1 5 90  1 6 0 0  1 6 1 0  

400 . 4 1 0  4 2 0  4 3 0  440 4 6 0  
X200 CCTGGCACCGAAGTGCGTGAAGAGTACAAAGGTGGATTCGGCGTACCGACGCTGATTGCC 

I I I t  I f  I t  I I I I I f  I I I I I I I I I I I t  I I I I I I I I I I I I I I I I I I I I I I I I I I f  1 I I I 
I I I I t  I I I I I I I I I I I I I I I I I I I I I J I t  I I I I I I I I I t  I t  I I I I I I I I I I I I I I I I 

Eco l l v CCAGGCACCGAAGTGCGTGAAGAGTACAAACGTGGGTTCGGCGTACCGACGCTGATTGCC 
1 6 2 0  1 63 0  1 64 0  1 66 0  1 6 6 0  1 6 7 0  

4 6 0  4 7 0  4 8 0  4 9 0  500 5 1 0  
X200  GTTCACCCGGAAAACGATCCGAAAGGCGAAGGTATGGCGATCGCTAAAGCATGGGCGGCA 

I I I I I I I I I I I I J I I I I I I I I I I I I I J I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
I t  I t  t I I I t  I I t  I I I I I J I I I I I I I I I I I I I I I I I I I I I I I I I I t  I I I I I I I I f  I 

Eco l l v GTTCACCCGGAAAACGATCCGAAAGGCGAAGGCATGGCGATTGCCAAAGCCTGGGCGGCT 
1 6 80  1 6 90  1 7 0 0  1 7 1 0  1 7 2 0  1 7 3 0  

( to be cont inued ) 



Fig .  6-9  ( . . .  cont inued ) 
5 2 0  5 3 0  540  5 5 0  560  5 7 0  

X200  GCAACCGGTGGTCACCGTGCGGGCGTGCTGGAATCGTCCTTCGTTGCGGAAGTGAAATCT 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I l I I I I I I I I I I 

Eco i i v GCAACCGGTGGTCACCGTGCGGGTGTGCTGGAATCGTCCTTCGTTGCGGAAGTGAAATCT 
1 7 40 1 7 6 0  1 7 6 0  1 7 7 0  1 7 8 0  1 7 9 0  

6 8 0  6 9 0  6 0 0  6 1 0  6 2 0  
X200 GACCTGATGGGTGAGCAAACCATCCTGTGCGGTATGTTGCA-GCTGGCTCGCTGCTGTGC 

I I I I I I I I I I I I I I I I t  I I I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I 

Eco i i v  GACCTGATGGGCGAGCAAACCATCCTGTGCGGTATGTTGCAGGCTGGCTCTCTGCTGTGC 
1 8 00 1 8 1 0  1 8 2 0  1 8 3 0  1 84 0  1 8 60  

6 3 0  640 6 6 0  6 6 0  6 7 0  6 8 0  
X200 CTTCCGACAAGCTGGTGGAAGAGGGCACCGATCCGGCATACGCAGAAAAACTAATTCAGT 

I I I I I I I I I I I I I I I I I I I I I I t  I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I J l I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Eco l l v  --TTCGACAAGCTGGTGGAAGAAGGTACCGATCCAGCATACGCGAAAAAACTGATTCAGT 
1 8 6 0  1 8 7 0  1 8 8 0  1 89 0  1 90 0  1 9 1 0  

6 9 0  7 0 0 7 1 0  7 2 0  7 3 0  740 
X200  TCGGTTGGGAAACCATCACCGAAGCGCTGAAGCAGGGCGGCATCACCCTGATGATGGACC 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I t  I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I I f I I I J I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Eco l l v  TCGGTTGGGAAACCATCACCGAAGCACTGAAACAGGGCGGCATCACCCTGATGATGGACC 
1 9 2 0  1 9 3 0  1 94 0  1 9 6 0  1 96 0  1 9 7 0  

7 5 0  7 6 0  7 7 0  7 8 0  7 9 0  B O O  
X200 GTCTCTCTAACCCGGCGAAACTGCGTGCTTACGCGCTGTCTGAACAGCTGAAAGAGATCA 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I J I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I t  I I I I I I I I I I I I J I t  I I I I I t  I I I f  f I I 

Eco l l v GTCTCTCTAACCCGGCGAAACTGCGTGCTTATGCGCTTTCTGAACAGCTGAAAGAGATCA 
1 9 8 0  1 9 9 0  2000  20 1 0  2 0 2 0  2030  

8 1 0  8 2 0  8 3 0  840 850  8 6 0  
X200 TGGCACCCCTGTTCCAGAAACATATGGACGACATCATCTCCAGCGAATTC 

I I I I I I I I I I I I I I I I I I I I I I I I I I I t  I I t  I I I I I I I f  I I I I I I I I t  I 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Eco l l v  TGGCACCCCTGTTCCAGAAACATATGGACGACATCATCTCCGGCGAATTCTCTTCCGGTA 
2040 2 0 6 0  2 0 6 0  2 0 7 0  2 0 8 0  2 0 9 0  

Eco l l v  TGATGGCGGACTGGGCCAACGATGATAAGAAACTGCTGACCTGGCGTGAAGAGACCGGCA 
2 1 0 0 2 1 1 0  2 1 2 0 2 1 3 0 2 1 4 0 2 1 60 



Eco Rl 
GAATTCCGGA TCCATAATCC GCTGGCTATG CACCAGATTT TGCCAGCTCA CGCCATAAGG 

E F R I H N P L A M H Q I L P A H A I R 
6 1  ATTGCCGACG ATATCTGCCA CCTTACCCAC CAGCACGGTT GGCACGCCTG CTTCATACAG 

I A D D I C H L T H Q H G W H A C F I Q 
1 2 1  TTTTTGTGGC ACCTGCACTT TTTCATCGAC GCCATAGCCC ATATGCACGA CCTGGAAACC 

F L W H L H F F I D A I A H M H D L E T 
1 8 1  GTTGTCATAA GCGCCAGAAC GCGGCGCATT GATACCAATA AAGCGCCCTT CTTTGCTTTC 

V V I S A A T R A I D T N K A P F F A F 
24 1 TGCGGCATCG AGAATGCGTT GACTGTCGGT TAACAGGCCA CCAAATGTAA TGACCCGACC 

C G  I E N A  L T V G = 
3 0 1 GACCGGTACC TGCTCTCGCA CGATACGACC AATTTTGATT GCGTCGTCAA AAGAGATCAC 
3 6 1 AGAGAGATTG GCGGTAATGT TATAGACCTG GCCTAAATCC GCCTCGAGAT TATCGCCAAT 
4 2 1  CGCAACCGCC TGATTGACCC ACAGAAATTG CAGTTCATCG CCACGGNGCC GGAATTC· 

Eco R l  

Eco Rl 
1 GAATTCCGGC ACCGTGGCGA TGAACTGCAA TTTCTGTGGG TCAATCAGGC GGTTGCGATT 

E F R H A G D E L Q F L W V N Q A V A I 
6 1  GGCGATAATC TCGAGGCGGA TTTAGGCCAG GTCTATAACA TTACCGCCAA TCTCTCTGTG 

G D N L E A D L G Q V Y N I T A N L S V 
1 2 1  ATCTCTTTTG ACGACGCAAT CAAAATTGGT CGTATCGTGC GTGAGCAGGT ACAGGTCGGT 

I S F D D A I K I G A I V A E Q V Q V G 
1 8 1  CGGGTCATTA CATTTGGTGG CCTGTTAACC GACAGTCAAC GCATTCTCGA TGCCGCAGAA 

R V I T F G G L L T D S Q R I L D A A E 
24 1 AGCAAAGAAG GGCGCTTTAT TGGTATCAAT GCGCCGCGTT CTGGCGCTTA TGACAACGGT 

S K E G A F I G I N A P A S G A Y D N G 
3 0 1  

3 6 1  

4 2 1 

TTCCAGGTCG TGCATATGGG CTATGGCGTC GATGAAAAAG TGCAGGTGCC ACAAAAACTG 
F Q V V H M G Y G V D E K V Q V P Q K L 

TATGAAGCAG GCGTGCCAAC CGTGCTGGTG GGTAAGGTGG CAGATATCGT CAACAATCCT 
Y E A G V P T V - L V G K V A D I V N N P 

.-::-:--:-=::-:: E c o R 1 TATGGCGTGA GCTGGCAAAA TCTGGTGGAT AGCCAGCGGA TTATGGATCC GGAATTC 
Y G V S W Q N L V D S Q A I M D P E F 
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s igna l s  or  poly (A+ )  t a i l s  whi ch most  mRNAs have . Thi s might 

be due t o  incomplete synthe s i s  o f  the s e c ond strand o f  cDNA, 

whi ch could result in cleavage of any overhangs of the first 

strand cDNAs , thus leading to the l o s s  of these  s equences o f  

the two c l one s . Alternative l y ,  the p o s s ible presence o f  

internal EcoRl s ites i n  these  two cDNAs could a l s o  l e ad to  

the l o s s  o f  these sequences during the subcl oning step s . 

Sequence analy s i s  showed that the cDNA insert o f  the X2 0 0  

clone was 9 6 %  identical  with a bacterial  gene i l  vC which 

encodes acetohydroxy acid i someroreducta s e ,  the second enzyme 

in the paral lel isoleucine-val ine b i o s ynthet i c  p athway 

(Fig . 6- 9 )  . Amino acid compos it ion of thi s bacterial  enz yme i s  

di fferent from that of  CBLl ( Wek and Hat field,  1 9 8 6 ) . It  was 

not demonstrated that sequences of  putat ive pept ides  of the 

X2 0 0  cDNA were homologous to those of the pept ides o f  CBLl . 

Furthermore , nucleot ide sequences  based on backtran s l at i on of  

CBLl pept ide sequences have a l s o  shown no good homology with 

the X2 0 0  DNA sequence . Thus , X2 0 0  cDNA does not encode CBL l . 

This conclus i on correlates with the lower intensity o f  their 

immuno screening blot (Fig . 6 - 6 ) . However ,  the Lacz fus ion 

prote in encoded by the X2 0 0  cDNA might share s imilar epitopes 

to CBL l ,  whi ch resulted in a p o s it ive react ion with ant i -CBLl 

serum, or the Lacz fus i on proteJ..n of X2 0 0  cDNA m i ght be 

recogn i z ed by other ant ibody molecules which are present in 

anti -CBLl serum, but which are not spe c i fi c  to CBLl . 

The cDNA insert o f  X2 0 8  c l one did not have good homology with 

any sequences in the dat a  bases , thu s ,  it was a new s e quence . 

However ,  the putat ive pept ide sequences  ( F ig . 6 - 1 0 )  enc o ded by 

X2 0 8  cDNA a l s o  showed no apparent homol ogy with those o f  CBL l  

pept ide s . In addition,  the sequence of  the cDNA insert o f  the 

X2 0 8  c lone showed no sign i f i c ant homology with DNA s e quences 

based on backtranslat i on of the pept ide sequences . The amino 

acid c ompo s i t i on of the two putat ive pept ides encoded by the 
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X2 0 8  cDNA insert ( Table 6- 2 )  did  not show good homol ogy with 

that of CBL l . However ,  it could not be ruled out that the 

X2 0 8  cDNA could encode one domain of  CBL l , and pept ide s which 

were sequenced could be confined to another domain . I f  the 

X2 0 8  cDNA encoded part of CBL l , the pept ide would resemble 

part of the newly synthes i z ed CBLl in t amari l lo . Amino acid 

composit i on of  nascent CBLl would be di fferent to  that of 

mature CBLl whi ch c ould have undergone post-trans l at i onal 

modi ficat ion . WGA, a chitin b inding lect in from wheat germ, 

undergoes cleavages of N-terminal and c arboxyl t e rminal 

sequences of nascent WGA (pre-pro form) during the extens ive 

post-trans lat i onal modi ficat i on pro c e s s  (Mansfield e t  al . ,  

1 9 8 8 ) . 

Table 6-2 Amino acid composition of CBL1 and two putative peptides ( pep1 and pep2) encoded by the 

X208 cDNA insert, which were expressed in bacteria.  

AA residues CBL1 pep1 pep2 AA residues CBL1 pep1 pep2 

Hyp 6 . 5  Het 0 . 9  2 2 

Asx 12 . 9  8 21  Ile 1 . 0  1 1  12 

Thr 7 . 0  5 4 Leu 4 . 8  7 11 

Ser 19 . 8  1 7 Tyr 6 . 5  0 5 

Glx 23 . 3  6 20 Phe 3 . 0  8 7 

Pro 16 . 0  3 5 His 1 . 3  11 2 

Gly 25 . 8  3 16 Lys 10 . 2  1 5 

Ala 7 . 7  11 11 Arg 5 . 0  5 9 

Cys 28 . 8  3 Trp ND 2 2 

Val 2 . 6  3 20 

However ,  it s t i l l  pos s ible that the X2 0 8  cDNA might not 

encode CBLl but encodes a protein c l o s e ly related t o  CBLl , 

whi ch c ould be recognized by the ant i-CBLl  serum . That this 

protein could not be detected in the we stern blot might be 

due t o  the very small  quant ity o f  thi s protein whi ch is 

present in tamari l l o  fruit s . 
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To  confirm whether X2 0 8  cDNA did i n  fact encode CEL l ,  future 

work on this l ine would be the sequencing o f  more pept i des  to 

ident i fy any homology with the sequence o f  the X2 0 8  cDNA 

insert . Once it i s  confirmed, the X2 0 8  cDNA c ould be u s ed as 

a probe to i so l ate a full  s i z e  CEL l  cDNA . Future work could 

a l s o  be directed on further charact e r i z at ion of other 

positive cDNAs obtained from this work . 

In t erms of  improvement in the immunologic a l  s creening o f  the 

cDNA l ibrary , one could use a puri fied ant ibody spe c i f i c  to 

CEL l . Although the ant i-CELl serum used in thi s study was 

speci f i c  as  indi cated by western b l ot data ,  highly pur i fied 

CELl - speci fi c  ant ibody might have a better chance to  reduce 

the pos s ib i l ity of  false positives . CEL l - specific  ant ibody 

could be readily puri fied on a CBL l  c oupled c olumn , e . g .  CBLl 

could be immob i l i zed on cyanogen-bromide- activated Sepharose 

4B  ( Harlow and Lane , 1 9 8 8 ) . 

Acc ording t o  the criteria set by S ambrook e t  al . ,  ( 1 9 8 9 ) , the 

speci f i c i  ty and sensi  t i  vi ty o f  ant i -CBLl  serum should be 

suffi c i ent for immunoscreening for CBL l , unless  the La cZ 

fused CBLl was unstable .  S ince no obvious clone encoding 

CBL l  was i s olated,  the fus ion CBL l  ( F-CBLl ) might be very 

lab i l e  or toxic  to the E .  coli host . In addit i on ,  ant i-CELl 

serum might not show the same spe c i fi c ity and sen s i t ivity 

towards F-CBLl expres sed in bacteria  as  towards CBLl pur ified 

from t amari l l o  due to  structural difference s  between F-CBLl 

expre s s ed in bacteria and CBLl of p l ant origin : 1 .  F-CBLl may 

not c ontain hydroxyprol ine res idues and carbohydrate moieties 

s ince bacteria  may not have the s ame post-trans l at ional 

modif i c at i on s ystems as t amari l l o ;  2 .  F-CBLl  is  l ikely  to 

have different di sulphide i s omeri z at ions , a s  bact e r i a  may 

have a different protein di sulphide i s omeras e ;  3 .  F-CBLl may 

not have the s ame pept ide backbone around the planar imide 

bonds in the sequence -X-Pro- , i . e .  cis o r  trans conformers , 
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s ince bacteri a m a y  not have the s ame prolyl-p ept idyl 

cis/trans i s omerase  ( PP I )  a s  t amari l l o . Further more , F-CBLl 

woul d  remain with the �-galacto s idas e . Therefore , the 

extens ive structural changes may occur and render it 

di ffi cult for ant i - CBLl  IgG to recogn i z e  F-CBLl with a very 

high sen s it ivit y ,  whi ch might be the cause of unsucc e s s ful 

i s o l at i on of CBLl cDNA c lone . 

Thu s ,  future work c ould be focused on a cDNA l ibrary 

constructed on Agt l O ,  whi ch w i l l  be s c reened with an 

oligonu cleot ide probe synthe s i z ed according to the T 1 2  

pept ide sequence . Thi s has been synthe s i z ed during thi s 

study . cDNA insert s in Agt l O  vector w i l l  not be expres sed,  

thus there w i l l  be no pos s ible  problems encountered in the 

irnrnunos creening . In addit ion ,  the c lone encoded CBLl could  be 

s creened with 6 t imes higher pos s ib i l it y  than that c l oned in 

Agt l l .  In  the l atter  c a s e ,  only one of s i x  CBLl clones have 

the chance t o  be expres sed in- frame . 

6 . 3  Summary 

The N-terminal sequence and sequences o f  4 t rypt i c  p ept ides 

of CBLl were dete rmined . The amino acid c omp o s it ions o f  these 

pept ide s equences  were in general agreement with that of 

CBLl . CBLl c ould be evolut i onarily rel ated to the Gramineae 

lect ins s ince they have s imilar chemic a l  comp o s iti on s  and 

sugar spe c i fi c it i e s . CBLl t rypti c  pept ide sequences _ showed 

homol ogy with the Gramineae lectins although based on l imited 

sequence inforat i on of CBLl . 

Attempt s t o  i so l at e  CBL l  cDNA c lones were made . Two c l ones 

showing posit ive react ion with ant i-CBLl serum were 

sequenced . The sequence o f  the first cDNA c lone (X2 0 0 )  

showing a weak pos it ive react ion with the ant i -CBLl serum was 
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determined . It  did  not  appear t o  encode for CBLl . A dat abase 

search showed that the X2 0 0  cDNA c l one is 9 6  % ident i c a l  with 

a bacterial  gene ilvC whi ch encode s  acetohydroxy acid 

i s omeroreductase . The sequence o f  the s econd cDNA c l one 

(X2 0 8 )  showed a stronger react i on with the ant i-CB L l  serum 

but with no apparent homol ogy t o  CBLl pept ide sequenc e s  and 

nucleotide sequences based on backt ran s l at i on of  the s e  CBL l  

pept ide sequences . The X2 0 8  c l one c ould encode one dom a in of  

CBLl , and pept ides  which were sequenced could be  con f ined  to  

another domain . 

The complexity o f  the immuno screening method for thi s unusual 

ext racellular lectin is di scussed . Although a c omple t e  CBLl 

cDNA c l one was not i s olated,  thi s study provided t rypt i c  

pept ide sequences o f  CBLl , whi ch would be useful for  future 

work on the ana l y s i s  of the primary sequence o f  thi s 

interesting lectin from tamari l l o  fruit . 
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CHAPTER 7 GENERAL CONCLUS ION AND SUMMARY 

Several Cyphomandra species  were found t o  conta i n  high 

agglutinat i on act ivity spe c i f i c  t o  o l igomers o f  N­

acetylglu c o s amine . Thus , Cyphomandra species  c an be 

cons idered as  a new s ource of lectins . 

New lectins (de s ignated as  CELl and CEL2 ) from Cyphomandra 

beta cea ( red t amarillo ) were ident i fied and puri fi ed . 

Attempts t o  undertake b iochemical  characteri z at i on ,  

subcellular  local i z at i on and molecular sequence analys i s  were 

made . CEL 2 , which was irnrnunologically  unrelated to  CEL l , was 

not further characterized . 

CELl was an abundant protein in fruit  extract s ,  and was 

predominant in the fruit juice . CEL l  could be readi ly 

pur i fied t o  homogene ity us ing affinity and ion exchange 

chromat ography . Gel filtrat i on analys i s  of CELl showed that 

it was approximately  50 kDa , and SDS-PAGE analys i s  with or  

without f3-mercaptoethanol treatment showed that it g ave a 

s ingle b and with molecular s i z e  o f  2 5  kDa . It  was  thus 

c oncluded that CEL l  is c omposed of two i dent i cal monomers  

l inked by  non-covalent interact i on s . N ,  N ' , N " ,  N "  "­

tetraacet y l chitotetraose was  the  best carbohydrate inhibit or  

o f  CEL l - induced agglutinati on o f  rabbit  erythrocytes . 

CELl c ons i st s  o f  abundant res idues o f  Cys ( 1 6  % ) , Gly ( 1 4  % ) , 

Glx ( 1 3  % ) , Ser  ( 1 1  % ) , Pro  ( 9  % )  and Asx ( 7  % ) , and t o  a 

lesser  extent , hydroxyprol ine res idue s . Thes e  charact e r i s t i c s  

a r e  s imil a r  t o  other s o l anaceous lectins . However ,  CELl has 

its own unique structural propert ie s . CELl showed much more 

s t ab i lity ' than any other s o l anaceous l e ct ins report ed t o  

dat e ,  suggest ing many intra-pept idal di sulphide bridges might 
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exi st s ince Cys residues accounted for 1 6  % o f  tot a l  amino 

acid res idues . 

Despite the general resemblance o f  CBL l  t o  other solanaceous 

lect ins in terms of chemical c ompos it ion and carbohydrate 

speci f i c it i e s ,  cross-react i ons among s o l anaceous lect ins in 

double immunodi ffu s i on test s us ing ant i -LEL and ant i-CBL1 

sera have not been demonstrated, suggest ing they may have 

different epitope structures .  

Immunocyt o l ogical  study revealed that CBLl predominant ly 

associ ated with the cell wal l s  o f  fruit t i s sue , suggest ing 

that CBL 1  was fruit t i s sue speci fi c  and might p l ay a defence 

or communicat ion role for seed development . 

Although CBL l  was  found t o  be a glycoprotein and conta ined 

sma l l  amount of hydroxyprol ine res idues ,  WGA and other 

Gramineae lectins showed s imi lar amino acid composit i on and 

sugar speci ficities  to those o f  CBL 1 . Furthermore , sequences 

of trypt i c  pept ides  of CBLl showed s ome homol ogy with the 

Gramineae lectins such as WGA . Therefore , CBLl c ould be 

evolut i onar i ly related t o  the Gramineae lect ins . 

Two cDNA c l ones which were react ive t o  ant i -CBLl serum were 

sequenced . One cDNA c l one (X2 0 0 )  showing a weak react i on with 

ant i -CBLl serum was found to be 9 6  % ident i c aJ,.. ,,with a 

bacterial  gene i l vC  encoding a cet ohydroxy acid  

i s omeroreductase . It  did  not  encode CBLl . Another cDNA c l one 

(X2 0 8 )  showing a much stronger reacti on with anti - CBLl serum 

was a new sequence ,  however ,  putative pepti de sequences o f  

thi s c l one did not match the sequenc e s  o f  CBLl pept i de s ,  nor 

did nucleotide sequences  back-tran s l ated  from the s e  CBLl 

pept ides match the cDNA sequence o f  X2 0 8 . Thu s ,  X2 0 8  cDNA 



1 3 1  

c l one c ould encode one domain of  CBL1 or  a closely  related 

prot e i n ,  while  the t rypt i c  pept ide s  of CBL1 c ould be c onfined 

to another domain of CBL 1 . 

Thi s  the s i s  has studied a new lectin from Cyphomandra 

bet a cea,  and has opened up a new area o f  research on 

s o l anaceous  lect ins from the genus Cyphomandra . Further study 

on this  group o f  lect ins at the molecular level could be 

directed at thei r  gene structure s ,  expre s s ion  and 

regu l at i ons . 

r --
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APPEND IX CLAS S I F I CATION OF PLANT LECTINS ( Wu e t  a l . ,  1 9 8 6 )  

. I .  N-Acety1g1ucosamine Specific Lectins 

I-1 . Chitin o1igosaccharide specific 1ectins 

APL- I ,  Aaptos papillata lectin 

APL - I I  & I I I ,  Aapt os papi l l a t a  II & I I I  lectins 

CP L ,  Cucurbi t a  pepo lectin 

CML , Cucurbi t a  maxima lect i n  { Pumpkin ) 

CML-I I ,  Cyt isus mul tifl orus-I I  lectin 

C S L ,  Cyti sus sessilifolius lectin 

DSL, Dat ura stramoni um lect in 

GSL- I I ,  Griffoni a  (Bandeira ea )  simpl i cifolia II lectin 

LEL ,  Lycopersicon esculen t um lect in { Toma t o )  

LAL, Luffa acutangula lect in { Ridge Gourd) 

FAL , Phyt olacca ameri cana P a- 2  lectin { P o keweed) 

S T L ,  Solanum t uberosum lect in { P o t at o )  

UDL ,  Urti ca di oica lectin { St inging net t l e )  

WGA, Tri t i cum vulgaris agglutinin (Wheat germ) 

UEL ,  Ulex europaeus II lect in { S ee LFuc spec i f i c  

lectins ) 

I-2 . Other G1cNAc-specific 1ectins requiring further 

characterization 

LAL , Laburnum alpinum lectin 

BSL, Brachypodi um syl vaticum 

DLL, Doli chos l ablab lectin 

HVL , Hordeum vulgare lectin {Barley) 

Rice lect in,  Oryza sativa lect in 

SCL, Secale cereale lectin { Rye ) 

II . N-Acetylga1atosamine specific 1ectins 

II-1 . Ga1NAca1 , 3Ga1NAc specific 1ectins 

DBL , Doli chos bifl orus lectin ( Ho rs e  Gram) 

ABr L ,  Amphi ca rpaea bracteata lect in { Hog-peanut ) 

WFL ,  Wis teria floribunda lect in 



II-2 . GalNAca1, 3Gal (Human blood group A) specific lectins 

GS I -A4 , Griffonia simpli ci foli a  A4 

LBL , Phaseolus l un a t us lectin ( Lima bea n )  

S B L ,  Glycine max lectin ( So y  bean) 

VVL , Vi cia vil l osa lectin 

II-3 . GalNAcal-?Ser ar Thr ( Tn)  specific lectin 

VVL-B4 , Vi cia vil l osa B4 lect in 

S S l ,  Sal vi a  sclarea lectin 

MP L ,  Maclura pomifera lectin 

BP L ,  Ba uhinia purpurea a lba lectin 

II-4 . Other GalNAc specific lectins requiring further 

Characterization 

AP L ,  Aegopodi um podagraria l e c t in 

BDL ,  Bryoni a  di oica lectin 

CAL , Caragana arborescens lect in ( Pe a  t ree ) 

CTL, Clerodendron t ri ch o t omun lectin 

CNL , Cli t ocyl nebulari s  lect i n  

DDL , Di ctyostelium discoide um I lectin 

( D i s co idin I )  

EHyL , Eranthis hyemal i s  lectin 

EHeL, Euphorbia heterophyll a  lectin 

FFL, Fomes fomentarius lectin 

HCL , Hura crepitans seed lect in 

MAL , Macrotyl oma axi l l are ant i -A lectin 

MCL ,  Momordica cha ra t i a  lect i n  ( Bitter pear me lon) 

OHL, Ononi s  h i rcina Jacq lect in 

PTL, Psoph ocarpus t e t regon olobus lectin ( Wing bean ) 

RP L ,  Robinia pseudacacia lectin 

TML , Tridacna maxima lect in 

VCL ,  Vicia cracca ant i -A lect in 

VAL - I I  & I I I ,  Viscum album-I I  & I I I  lect ins 

III . Mannose and/or Glucose Specific Lectins 

III-1 . Manl-linked oligosaccharide-specific lectins 

ConA, Concan a valia ensiformis agglut inin ( Jack Bean ) 

LCL , Lens culinari s  lect in 

P S L ,  Pisum sativum lectin ( P e a )  

VFL ,  Vi cia faba lect in ( F ava bean) 
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III-2 . Other Man and/or Glc-specific lectins requiring 

further characterization 

DGL, Dioclea grandifl ora lectin 

LOL , Lathyrus odora t us lectin ( Sweet pea ) 

L S L ,  Lathyrus sativum lectin ( Chickl ing pea )  

LTL, La thyrus tingi tanus lectin ( Tangier pe a )  

OVL , Onobrychi s  vi cifoli a  lect in ( S ainfoin) 

PFL,  Perca fl uriatilis lectin 

POL , Ptilotis obo va t us lect in 

RCL ,  Rha dogia cassifolia lectin 

VCL ,  Vi cia cra cca lectin ( Vommon vetch)  

VSL,  Vi cia s a t i va lectin 

IV . Galactose specific lectins 

IV-1 . Gal�l , 3GalNAc (T)  specific lectins 

PNA, Arachi s  hypoga ea lectin 

BP L ,  Bauhinia alba lectin 

MP L ,  Macl ura pomifera lect in (Osage o range t re e )  

S JL ,  Sophora japonica lect in ( Jap . pagoda t re e )  

RCA2 , Ricin Ricinus communi s  

VGL , Vi cia graminea lectin ( B lood group N spec i f i c )  

ABi l ,  Aga ri cus bisporus lectin (Mushroom) 

ARL , Agropyrum repens lectin ( Couch gra s s ) 

A I L ,  Art ocarpus in tegrifoli a  lectin ( Jacalin)  

ALL , Art ocarpus lakoocha lectin 

IV-2 . Gal�1 , 3 ( 4 ) GlcNAc (Human blood group I and II  carbohydrates 

sequences ) . specific lectins 

RCA1 , Ricinus communi s  agglut inin ( Ca s t o r  bean ) 

TAL , Da t ura s t ramoni um lectin (Datura , Thorn apple ) 

ECL, Erythrina cristagalli lectin ( Co ral t ree ) 

GCL , Geodia cydon i um lectin 

Othe r Eryth rin� lect ins 

E . caffra+ , E . cora l l odendron, E. flabelliformis ,  

E .  h umeana ,  E .  l a tissima, E . lysistemon , E .  perrieri+, 

E. stricta,  E. zeyheri . 

PHA-E , Phaseol us vul ga ri s  i s o lectin E4 ( Red kidney bean ) 

PAL ,  Phyt olacca ameri cana lectin (pokeweed mitogen ) 

PHA- L ,  Phaseol us vul gari s  i s o lectin L4 ( Leukoagglut inin ) 

EHL , Eranthis hyemal i s  agglut inin ( f rom Winter-aconite root 

rube rs ) 
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PNL , Arachis hypogaea lectin ( S ee Galp l , 3 Ga lNAc spe c i f i c  

lectins ) 

BPL,  Bauhinia purpurea alba lectin ( See GalP 1 , 3 Ga lNAc 

spec i f i c  lect ins )  

Ricin ( See GalP 1 , 3Ga lNAc spe c i f i c  lect ins ) 

UDL ,  Urti ca di oica agglut inin ( St inging net t l e )  

SNL , Sambucus ni gra lectin 

IV-3 . Gala1 , 3Gal (B) specific lectin 

GSL-B4 , Gri ffoni a  simpli ci folia I - B4 lectin 

IV-4 . Other Gal-specific lectins and those required for further 

classification 

AXP - I  and I I ,  Axinella polypoides I and I I  lect ins 

AP L ,  Abrus precat ori us lectin ( Jequirity bean) 

AML ,  Ascidia malaca lectin 

ABL ,  Abrami s brama lect in 

BCL , Bauchinia carronii lectin 

BFL ,  Butea fronosa lectin 

CJL , Crotalari a  juncea lectin 

CML- 1 ,  Cyt u s  mul tifl orus lectin 

CSL, Cytisus scopari us lectin 

DCL, Didemnum candidum lectin 

DDL- I I ,  Di ctyostel i um discoide um lectin 

EAL , Erythinia arborescens lectin 

E I L ,  Erythinia indi ca lectin 

ELL, Erythin i a  l i th osperma lectin 

E S L ,  Erythrina suberosa lectin 

ECL, Euphorbia chara cias lect i n  

HCL , Hardenbergia comtoniana lectin 

HRL , Halocynthia riretzi lectin 

HCL ,  Hura crepi tans lect in 

LAL, Laccari a amythstina lect in 

OVL , Octopus vulgari s  lectin 

PAL ,  Phaseol us a ureas lectin (Mung bean ) 

RRL , Rutilus rutilus lectin 

S S L ,  Sarothamnus scopari us lectin 

SEL, Scardinu s  erythropht almus lectin 

VVL , Vimba vimba lectin 

TKL , Tri chosanthes kiri l owi i  lect in 

VAL- I ,  Viscom album I lectin 

VUL ,  Vigna unguiculata lectin ( Cowpea s )  



V .  LFucose Specific Lectins 

v-1 . Monofucosyl specific lectins 

C S L ,  Cyt isus sessilifoli us lectin 

EEL, Euonymus europeus lectin ( Sp indle t ree ) 

LAL , Laburnum a lpinum lectin 

LTL, Lotus t e t ragonolobus lectin ( Aspa ragus pea )  

UEL-I Ulex europaeus-I lectin ( Go rse seed) 

UEL- I I ,  Ulex europaeus-I lectin ( Go rse s eed) 

V-2 . Difucosyl specific lectins 

GSL-IV, Griffoni a  simpli cifolia IV lectin 
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V-3 . Other LFuc-specific lectins required further characterization 

LAF , Laccaria amethystina lect in 

VI . Sialic Acid Specific Lectins 

Avocado lect in,  

SML , Sambucus nigra 

WGA, Tri t i cum vulga ris agglut inin ( See Sect ion I-1 ) 

L S L ,  Lactuca scariole lectin 
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