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ABSTRACT :  Protease  inhib itors (PIs) are smal l  pro te ins  tha t  are  quite  common in  

nature.  PIs are present  in  mult iple  forms in  numerous t i ssues of  animals and plants as 

well  as in  microorganisms.  PIs are emerging  with  promising therapeutic  uses in  the  

treatment  of  d iseases  l ike cancers.  Working  under the same trend we i sola ted and 

characterized protease inhibi tors f rom Lavatera cashmeriana Camb.  to  check their in -

vi t ro cytoxici ty  ac tivi ty .   

       Four ser ine pro tease inhib itors named LC -pi  I ,  LC-pi II ,  LC-pi  I I I  and LC-pi  IV were 

puri f ied to  elec trophoretic  homogenei ty  f rom seeds of  Lavatera cashmeriana Camb. by 

procedure that  en ta iled ammonium su lphate precip ita t ion ,  anion e xchange  

chromatography and ge l  f i l t ra t ion on Sephadex G -100.  The crude pro tein  reso lved  in to  

four  major  peaks  on ion exchange co lumn .  The i sola ted  pro te ins  exerted an inhib itory  

action agains t  the ac tiv i ty  of  trypsin,  chymotrypsin and elas tase.  The activi ty  of  t rypsin 

and chymotrypsin was inhibi ted almost  completely  in  a  molar rat io  of  1:1 whereas  

elastase was inhib ited only in  a  molar rat io  o f  0 .2:1.  The inhib itors appeared as 20.9,  

14.1,  16.8 and 7.9  kDa peaks in  gel  f i l t rat ion and 10,  14,  16 and 7 kDa bands by SDS -

PAGE es tabl i shing that  LC-pi  I  i s  const i tu ted  of  two simi lar subuni ts  of  10 kDa.  The  

inhibi tors were found to  be glycoprote ins.  The inhibit ion of  t rypsin was maximum a t  pH 7, 

8 ,  7 .6  and 8.5  for LC-pi  I ,  LC-pi  I I ,  LC-p i  I I I  andLC-pi IV respec tively .  The opt imum 

tempera ture was found  to  be  30˚C for al l  the four inh ibi tors.  We also examined the  

suppress ive act iv i ty  o f  LC -p i  I  against  Prosta te (PC-3) and Breast  (MCF-7) ,  Colon (HCT-

15) and  Neuroblastoma (IMR -32).  The inhib itor was found to  suppress in -v i t ro cel l  

growth  of  Prostate (PC -3)  and Breast  (MCF-7)  cel l  l ines,  but  cou ld  no t  inhib it  the growth 

of  Colon (HCT-15) and Neuroblas toma (IMR-32) cel l  l ines.  

 

Keywords-  Chromatography,  chymotrypsin,  cy toxici ty ,  e las tase,  Lavatera cashmeriana  

Camb.,  protease inh ibi tors,  t rypsi n  

 

I.  INTRODUCTION 
          P lants produce a  var ie ty o f pro te ins tha t  serve  in th e defence against  pathogens  

and  invading organisms,  inc luding r ibosome inactivat ing pro teins  [1] ,  lect ins [2] ,  pro tease 

inhibi tors [3]  and ant i fungal  prote ins [4 -6] .  Among these protease inhib itors are be lieved  

to  play an impor tant  ro le  in the defense against  at tack of both phytophagous insects and  

microorganisms [7,  8] .  Protease inhib itors a re of,  very common occurrence and  have been 

iso la ted from a large number o f organisms incuding plants,  animals and microorgani sms  
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                        [9 -19] .  Natura l ly occurr ing protease  inhibi tors  are essent ia l  fo r  regula t ing the ac t ivi ty  

of the ir  corresponding proteases and play key regulatory ro les in  many bio logical  

processes e .g.  b lood c lo tt ing,  apoptos is ,  s ignal l ing recep tor  interact ions in animals [20] .  

Recent  stud ies invo lving in vi tro  and in vivo model sys tems and human tr ials  have  

evidenced that  these inhibi tors have ant i–carcinogenic p ropert ies  [21-25] .  This is  

supported by the observa tion tha t  populat ions  consuming re la t ively high amounts  o f 

legume seeds show re la t ive ly low inc idences o f p ros ta te ,  colon,  breas t  and skin cancers 

[26] .  

  Lavatera cashmeriana  Camb. (Malvaceae) ,  which i s  endemic to  Kashmir  val ley,  

has grea t  medicina l  importance.  I t s  par ts  are be ing used to  treat  sore throa tand common 

cold.  In this communicat ion we have repor ted the i sola t ion and charac ter iza t ion of 

protease  inhibi tors from the  seeds o f  this  plant  which are capable  o f inhibit ing trypsin,  

chymotrypsin and e lastase.   

 

II.  MATERIALS AND METHODS 
a.  Seed Col lect ion  

Mature seeds o f Lavatera cashmeriana  Camb. were procured fro m Department o f 

Botany,  Universi ty o f  Kashmir .  Trypsin,  chymotrypsin ,  e lastase,  N-α -benzoyl -DL-

arginine -p-ni troanil ide (BAPNA),  ace tyl -L- tyrosine ethyl  es ter  (ATEE),  N -succ inyl -L-

(ala) 3–p-ni troanal ide,  DEAE - ce llulose and Sephadex G -100 were purchased fro m (Sigma 

Aldr ich Company,  USA) .   

b.   Isolat ion and purif icat ion of  protease  inhibitors fro m Lavatera cashmeriana  Ca mb. 

seeds  

 Twenty f ive gram dried seeds of Lavestera cashmeriana  Camb. were soaked in 

0 .15N NaCl  for  16  hours.  The swol len seeds  were homogenized wi th 300ml of   ice cold  

sa l ine Tris buffer  (20mM, pH 8.0)  containing 1mM sodium metab isul f i te  in a  Remi auto  

mix b lender  at  4 °C for  10 min.  The homogenate was f i l tered through 4 layers of cheese 

cloth.  The fi l t ra te  was centr i fuged at  12,000g for  20 min,  the pel le t  was discarded and the 

supernatant  was re ta ined and stored at  4°C.  From the supernatant ,  the proteins were  

precip itated  by ammonium sulphate a t  90% sa tura t ion. Crude extract  was fur ther  puri f ied 

by ion exchange  chroma tography on DEAE -cel lulose co lumn using 20mM Tris  buffer ,  pH 

8.  The  prote in was eluted using l inear  sod ium chlor ide gradient  fro m 0.05 to  0 .6M.  The  

fract ions e luted from ion -exchange  co lumn were chromatographed separate ly on Sephadex 

G-100 co lumn in  0 .1M Tris buffer ,  pH 8  and 0.4M NaCl.  The charge homogeneity o f the  

fract ions eluted from gel  f i l t ra t ion co lumn was checked by polyacrylamide ge l  

elec trophores is .  

c.  Protein est imatio n         

   Protein concentrat ion was determined by the method of Lo wry et  a l .  [27]  us ing 

BSA as  the  s tandard pro tein.  

d.  Polyacryla mide  gel  electrophoresis  
 Polyacrylamide gel  elec trophoresis in presence and absence of SDS was performed 

at  pH 8.3 on 10% gel  wi th  a  d iscont inuous buffer  sys tem.  The gels were s tained with  

Coomassie Bri l l iant  Blue R -250.  

e.  Molecular weight  determinat ion  
 The subunit  molecular  mass o f the protease inhibi tors was est imated by 

discont inuous  SDS-PAGE according to  method of Lammel i  [28] .  Nat ive molecular  mass  

was  de termined by ge l  f i l t rat ion on Sephadex G -100 co lumn using the  fo l lo wing protein 

markers:  BSA (66kDa),  Ovalbumin (45kDa) ,  Pepsin (34.7kDA) and cytochro me c 

(12.4kDa).  The gel  fi l t rat ion data was trea ted according to  the relat ion given by Andrew 

[29] .   

f .  Measurement of  ant itryptic  act ivity  
 The ant i tryp tic  ac t ivi ty of inhib itors was est imated by measur ing  the % inhibi t ion 

of trypsin,  us ing synthetic  substra te  benzoyl -DL-arginine -p-ni troanil ide [30] .  Variable  

volumes of puri f ied inhibitors were incubated with 10mg of trypsin (di luted in 1mM HCl)  

and 0.1M Tris -Hcl buffer ;  pH 8.0,  conta ining 0 .01M CaCl 2 ,  ( final  volume 500 µl)  for  10  

min at  37
0
C. Then 500 µl  o f BAPNA (1 mM in DMSO) was added,  incubated for  40 min a t  

37
0
C and  react ion was stopped by the  add it ion of 500µl o f  acet ic  ac id  (30% v/v) .  The 

control ,  which did not  contain inhib itor ,  was prepared unde r  str ic t ly identical  condi t ions.  

The blank for  each volume of the inhib itor  tes ted was  ob tained by the addit ion of acet ic  
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acid jus t  before the incubat ion wi th the subst rate .  The intensi ty o f the ye llo w colour  

produced was  measured by recording the  absorban ce a t  405 nm.  

g.  Measurement of  ant ichymotryptic act ivity  
 Different  volumes of each inhib itor  was  pre - incubated wi th 10µg of enzyme 

solution for  5 min a t  room temperature in 1  ml  of 46mM -Tr is ,  0 .5mM CaCl 2  buffer ,  pH 

8.1.  The reac tion was star ted by the add it ion of  3ml of substra te  (ace tyl -L- tyros ine e thyl  

es ter)  solution to  pre -incubated enzyme p lus inhibito r  so lut ion.  Blank  was prepared for  

each vo lume of  extrac t  tes ted by omitt ing the  enzyme from the reac tion mixture.  The  

intensi ty o f the ye l low color  produced  was  measured  by recording the absorbance  at  410 

nm agains t  an appropr iate  b lank [31] .  A cont rol ,  where chymotrypsin was  not  pre -

incubated wi th inhibi tor  was a lso prepared.  

h.  Measurement of  ant ie lastase act iv ity  
 Different  vo lumes of the pur i fied inhib itors were incubated wi th the reac tion 

mixture (650µl)  containing 100 mM Tris -HCl,  10mM CaCl 2 ,  pH 7.5 ,  0 .135mM substrate  

(N-succ inyl -L-(ala) 3 -p -nitroanal ide)  and e lastase  (1 .13U/ml) .  The control ,  which did no t  

conta in inhib itor ,  was  prepared under  s tr ict ly ident ical  condi t ions  [32] .  Blank was  

prepared for  each volume of extrac t  tes ted by omit t ing the enzyme from the reaction  

mixture.  The react ion was carr ied out  at  36
0
C, and the absorbance  was measured at  

410nm.   

i .  Effect  of  pH on the stabi l ity  of  the Inhibitor  
 Different  vo lumes of the pur i fied inhib itors were incubated wi th the reac tion 

mixture  (650µl)  containing 100 mM Tris -HCl,  10mM CaCl 2 ,  pH 7.5 ,  0 .135mM substrate  

and e lastase (1 .13U/ml) .  The control ,  which did not  conta in inhibi tor ,  was prepared under  

str ic t ly identical  condit ions.  Blanks  were prepared for  each volume of extract  tes ted  by 

omit t ing the enzyme from the reac tion mixture.  The reac tion was carr ied out  a t  36
0
C, and  

the absorbance was measured at  410nm.  

 

j .  Effect  of  temperature on the act iv ity  of  Inhibi tors  
 20 µl o f the puri f ied samples were incubated  a t  var ious  tempera tures f rom 10  to  

70
o  

C,  for  10 minutes and act ivi ty was  de termined.  

k.  Carbohydrate Analysis   
 The puri f ied inhibi tors were analysed for  carbohydra te content  by phenol -

sulphur ic  acid  react ion [33]  us ing D-galactose  as  standard.   

l .  Cytotoxicity  Assay (SRB assay)   
 The cyto toxic i ty o f LC -pi  I  was determined by SRB assay [34]  using Colon (HCT -

15) ,  Pros tate  (PC-3) ,  Breast  (MCF-7)  and  Neuroblastoma (IMR -32) .  Cell s  (3×10
3
/ce l l s)  

were plated in 100µl o f medium/well  in 96 -well  plates.  After  incubation overnight ,  LC -p i  

I  was added in var ious  concentra t ions (500,  300,  100,  50µg/ml) ;  t r ip l icate  wel ls  were 

included for  each concent rat ion.  The plates were incubated for  48hrs at  37
0
C and in an 

atmosphere o f 5%nCO 2 .  The ce ll s  were then fixed by add ing 50µl o f ice -cold 50% TCA to  

each well  for  60min in case o f  adherent  ce l ls  The p la tes were  washed f ive  t imes in 

running tap water  and stained  wi th  100ml  per  well  SRB reagent  (0 .4% w/v SRB in 1% 

acet ic  ac id  for  30min.  The plates were washed five t imes in 1% ace tic  acid  to  remove 

unbound SRB and a l lo wed to  dry overnight .  SRB was so lubi l i sed wi th 100µl per  well  96 

wel l  p la te  10 mM Tris -base ,  shaken for  5min and the  OD was measured a t  570nm wi th 

reference wavelength of  620nm.  

 

III.  RESULTS 
a.  Isolat ion and Purif icat ion  

The crude extrac t  was  found to  have 85% ant i t rypt ic  act ivi ty,  80% antichymotryp tic  

act ivi ty and 94.6 % antielastase ac t ivi ty.  On DEAE ce llulose  major  port ion of the protein  

in crude extract  passed  unbound through the column.  The frac t ion d id no t  show any 

protease  inhibi tor  act ivi ty.  The bound pro te in was  e luted using a l inear  sodium chl or ide  

grad ient  f rom 0 .05 to  0 .6  M of 20mM Tris buffer ,  pH  8 in 5ml frac t ions at  a  flo w rate  o f  

30ml/hr .  At this pH,  binding of inhibi tors to  the  ion -exchanger  was almost  complete.  The 

bound pro te in eluted into  many small  minor  peaks and  four  major  peaks  fr om the column 

as shown in Fig.  1 .  The fract ions under  minor  peaks d idn’t  show any antipro tease act ivi ty  

whereas fract ions under  peak I ,  I I ,  I I I  and IV showed ant iprotease  act ivi t ies aga ins t  

t rypsin,  chymotrypsin and elas tase.  The fract ions under  each peak were pooled and  
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concent rated.  The individual  peaks were labe led  as LC -p i  I ,  LC-p i  I I ,  LC-p i  I I I  & LC- pi  

IV and  fur ther  chromatographed onto Sephadex G -100 co lumn.  Al l  the  four  peaks reso lved 

into  single protein peak showing tha t  the preparat ions were homo genous wi th respect  to  

size.  The result s  are given in Fig.  2 .  The fract ions under  each peak were found to  have 

anti trypt ic ,  antichymotrypt i c  and antie lastase act ivi ty.  At each puri f ica t ion  s teps,  the  

spec i fic  act ivi ty o f inhibitors increased over  the homogenate (Table  1) .   

 
Fig.1 Elution profi le  of  crude extract  on DEAE cel lulose  co lumn.  300 mg of  prote in  

was appl ied on the column (35×2cm) equi l ibrated with 20 mM Tris buffer,  pH8.  The  

prote in was eluted using a l inear  sodium chloride gradient  fro m 0.05  to  0 .6M in 5 ml  

fractions at  f low rate o f  30ml/hr.   

           

Series 1  represent  absorbance  at  280nm and series 2  represent  % ant itryptic  act ivity .  

 

 

 

 
Fig. 2 Elution prof i le  o f  DEAE-cel lulose fractions on Sephadex G -100 column.  Twenty 

mil l igra m of  each protein was appl ied on the  Saphedex G -100  column (40×2cm) 

equi l ibrated with 0.1M Tris buffer pH 8,  0 .4M NaCl.  The protein was eluted at  a  rate  

of  30ml/hr in  5ml  fract ions.  The vo id volume of  column was 30 ml  

            

  Series 1  represent  absorbance at  280nm of  LC -pi I ,  series 2  of  LC -pi II,  series 3  of  

LC-pi III and ser ies 4  of  LC -pi IV.             
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Table  1:  Purif icat ion of  protease inhibi tors from Lavatera cashmeriana Ca mb. seeds  

*One inhibitor unit  (1  IU)  i s  def ined as the  amount of  inhibitor which suppressed 

l ibrat ion of  one µmol  substrate per  min by  act ive enzy me.  

 

b.  Electrophoretic  analysis  

The puri f ied LC-pi prepara t ions were homogeneous wi th respect  to  charge as 

revea led by the s ingle  band  when subjected  to  polyacrylamide gel  electrophores is  (Fig.  

3) .  

I              II                  III                    IV                V  

 
Fig.  3  Polyacryla mide  gel  e lectrophoretic  pat tern of  protease   

inhibitors fro m Lavatera  cashmeriana  Ca mb.  

                     About 50µg of each protein was applied on po lyacrylamide ge l  at  pH 8.3,  

using 10% separat ing ge l  and 4% s tacking ge l .  Current  o f 8mA per  wel l  was app lied.  The 

staining so lut ion used was  Coo massie br i l l iant  blue R -250.  Lane I  crude extract ;  lane II ,  

LC- p i  I ;  lane III ,  LC - p i , I I ;  lane IV,  LC - p i  I I I  and  lane V,  LC - p i  IV.  

 

c.  Characterizat ion  

i .  Molecular weight  determinat ion  
 The molecular  weight s  of  Lavatera  cashmeriana  Camb. pro tease inhib ito rs as  

determined by gel  f i l t ra t ion chromatography was  20.9,  14.1,  16.8 and  7.9  kDa for  LC pi  I ,  

Steps  Tota l  

prote in 

(mg)  

Anti t ry pt i c  act ivi ty  Anti chy motry pt ic  

ac t ivi ty  

Anti e las tase  

ac t ivi ty  

Per cent  

Recovery  

Puri f i ca

-t ion 

factor  Inhibi tor 

Unit s*  

Spec i f i c  

ac t ivi ty  

Inhibi to

r Uni ts*  

Spec i f i c  

ac t ivi ty  

Inhibi to

r unit s*  

Spec i f i c  

ac t ivi ty  

Crude 

ex tract  

160000 8000 0 .05  7500 0 .04  8800 0 .055 100  1  

Ammoniu

m 

sulphate 

fract ion  

24100 5000 0 .20  4000 0 .16  6800 0 .28  75  5 .09  

DEAE-

cel lulose  

fract ion  

         

LC-pi  I  450  1000 2 .2  900  2  2600 5 .7  29 .5  103 .6  

LC-pi  I I  500  950  1 .9  900  1 .8  2400 4 .8  27 .2  87 .2  

LC-pi  I II  600  1000 1 .6  945  1 .57  2500 4 .1  28 .4  74 .5  

LC-pi  IV  500  900  1 .8  800  1 .6  2250 4 .5  25 .6  81 .8  

Gel  

f i l t erat io

n  

         

LC-pi  I  17 .5  1000 57 .14 950  54 .28 1540 88  17 .5  1600 

LC-pi  I I  26  950  36 .58 900  34 .61 1500 57 .69 17  1048 

LC-pi  I II  47  980  20 .85 1000 21 .27 1580 33 .61 17 .9  611  

LC-pi  IV  36  800  22 .22 800  22 .2  1480 41 .11 16 .8  747  
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LC pi  I I ,  Lc p i  I I I  and LC pi  IV respect ively.  Based on SDS polyacrylamide gel  

elec trophores is  da ta the molecular  weight  was  found to  be  10,  14 ,  16 and  7 kDa for  LC -pi  

I ,  I I ,  I I I  and IV respec tive ly (Fig 4) .  The result s  of SDS -PAGE together  wi th ge l  f i l t ra t ion 

data revea led tha t  LC -p i  I  exists  as dimer o f two ident ical  subunits  o f 10  kDa .  

 

M.W           I          II         III         IV            V 

 
Fig.  4    SDS-polyacrylamide gel  electrophoret ic  pattern of  protease inhibitors.  

 

            E lec trophores is  was  carr ied  out  in  Tris -glyc ine buffer  pH 8.3  a t  a  current  o f  8mA 

per  wel l  us ing 10% separat ing gel  and 4% s tacking gel .  About 80µg of each prote in was  

applied in each wels.  Lane I ,  molecular  weight  s tandards;  lane II ,  LC - pi  I I I ;  lane III ,  LC - 

pi  IV; lane IV,  LC - pi  I I  and lane V,  LC - pi  I .  The gels were sta ined  with Coomassie  

br i l l iant  b lue R-250.  

 

i i .  Specif ic ity  

 The spec i fici ty o f pur i f ied pro tease  inhibi tors  was de termined aga inst  t rypsin,  

chymotrypsin and elas tase.  LC -pi  I ,  I I ,  I I I  and IV inhibi ted  the  ac t ivi ty of trypsin  by 99%, 

96%, 92% and 82% and  of  chymotrypsin by 87%, 88%, 79% and 72% respect ive ly a t  the  

molar  rat io  o f 1 :1  (Fig.  5A and 5B).  The act ivi ty o f elas tase was inhib i ted by 99%, 77%,  

91% and 79% respect ive ly by LC -pi I ,  I I ,  I I I  and IV only at  the molar  rat io  o f 

0 .2:1(Fig.5C).   

                 
(A)                                                                                     (B) 

 

 7 kDa 

 10 kDa 

 18 kDa 

 14 kDa 

 22 kDa 
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(C) 

Fig.  5  Inhibit ion of  the trypsin (A),  chy motrypsin (B) and e lastase  (C) by Lavatera  

cashmeriana Ca mb. protease inhibitors .  Bio logical  act iv ity  of  inhibitors was measured 

by the degree of  % inhibit ion of  enzy matic  act ivity ,  us ing BAPNA, ATEE and N -

succinyl-L-(ala) 3-p-nitroanal ide as substrate for trypsin,  chy motrypsin and elastase  

respectively.  

Ser ies 1  represent  LC-pi I ,  series  2  LC-pi  II,  ser ies 3  LC-pi III and series 4  LC-pi IV.  

 

i i i .  pH optimum 

 The opt imum pH for  the maximum anti tryptic  ac t ivi ty o f puri f ied protease  

inhibi tors was 7  for  LC -p i  I ,  8  for  LC-pi  I I ,  7 .6  for  LC-pi  I I I  and  8.5  for  LC -pi  IV  

(Fig.6) .  

 
Fig.  6  Effect  of  pH on act ivity  of  Lavatera cashmerian Ca mb.  protease inhibitors.  

Series 1  represent  LC-pi I ,  series  2  LC-pi  II,  ser ies 3  LC-pi III and series 4  LC-pi IV 

 

iv .  Effect  of  temperature on act ivity  of  protease inhibitors  

 The maximum anti trypt ic  act ivi ty o f  the inhibitors was ob ta ined at  30
o
C. The  

inhibi tors sho wed a sharp decrease  in ac t ivi ty af terward  and  were completely inact iva ted 

at  70˚C  (Fig.7) .  
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Fig.7 Effect  of  temperature  on the act ivity  of  protease inhibitors  

Series 1 ,  2 ,  3 ,  4  represent  LC-pi I ,  LC-pi II,  LC-pi III and LC-pi IV respectively.  

 

v .  Carbohydrate Content  

 The inhib itors were found to  be glycopro te ins  wi th LC-pi I  conta ining 9.1µg sugar ,  

LC-p i  I I  7 .0µg sugar ,  LC -p i  I I I  3 .8µg and LC -pi IV 20µg of sugar  per  mg of pro tein  

(Table 2) .   

Table  2:  Carbohydrate  content  of  protease inhibitors  

 

 

 

 

 

 

 

Analysis of  carbohydrate was done by Dubois et  al . ,  1956.  

vi .  Growth inhibi t ion by LC-pi I  in human cancer  cel l s  

 Growth inhibi t ion of Prostate  (PC -3)  and Breas t  (MCF -7)  ce l l  l ine by LC-pi I  a t  

var ious concentra t ions in-vi t ro  was determined .  The  inhibi tor  showed a dose -dependent  

inhibi tory e ffec t  on ce ll  gro wth.  Negl igib le e ffect  was seen on growth of colon (HCT -15)  

and  Neuroblas toma (IMR -32)  cel l s .  The resul t s  are given in  Table 3 .  

 

Table  3:  Cytotoxic ity  o f  puri f ied LC -pi I  

The bold values are shown for those compounds which have proved to be active and  

those in normal font represent least significant. 

Inhibitors  Carbohydrate content  

(µg/mg of  protein)  

LC-pi I  9 .1  

LC-pi II   7 .0  

LC-pi III  3 .8  

LC-pi IV 20 

Tissue Type  Colon  Prostate  Breast  Neuroblasto ma  

Cel l  l ine Type  HCT-15  PC-3  MCF-7 IMR-32 

S.  No  Code  Conc.  

(µg/ml)  

% GROWTH INHIBITION  

1.   LC-pi I  500 38 89 72 52 

2 .   LC-pi I  300 34 32 54 47 

3.   LC-pi I  100 26 11 41 30 

4.   LC-pi I  50 5 5 36 23 

5.   Pacl itaxel  1µM 12 34 22 31 

6.   Mitomycin C  1µM 16 76 26 37 
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IV.  DISCUSSION 
 Protease inhib itors  were i solated from seeds  of  Lavatera  cashmeriana Camb .  

which i s  endemic to  Kashmir  va lley of India.  I t  was found to  be used by many Kashmir i  

people  for  some medic inal  purposes.  The  crude  protein  separated  into  four  major  peaks  on 

DEAE -  ce l lulose column suggesting that  four  inhib ito rs  exis t  in Lavatera cashmeriana  

Camb.  seeds  (LC-pi  I ,  LC-p i  I I ,  LC-pi  I I I  and LC-pi IV).  Simi lar  result s  were  repor ted by 

Ogata et  a l .  [35]  fo r  okra (Abelmoschus escu lentus L.)  protease inhibi tors .  The pur i fied  

inhibi tors were homogenous wi th respec t  to  s ize and charge as was evident  from the ir  gel  

f i l t rat ion behavior  and  polyacrylamide ge l  electrophores is in presence and absence of  

SDS. The molecular  weight  o f the inhib itors determined  by SDS -PAGE was about 6% 

lesser  than molecular  weights o f inhib itors  determined  by ge l  f i l t ra t ion data .  This  i s  

unders tandable  because inhibi tors being glycoproteins  sho w anomalous  behavior  on SDS -

PAGE gel  [36] .  SDS-PAGE also revea led that  LC -p i  I  i s  composed of two subunits  o f 10  

kDa each.  The two -chain structure  ha s been reported previously for  20 kDa Kuni tz  

proteinase inhib itors found in seeds o f Adenanthera pavonina  [37] ,  Archidendron 

el l ipt icum  [38]  and po ta to  tubers  [39] .  Four  pro teinase inhib itors have also been puri f ied  

and  charac ter ized from Archidendron el l ip t icumone  wi th  molecular  weight  o f 20  kDa [38]  

and Phaseolus vulgaris L.  [40] .  The i so lated protease inhibi tors were s trong inhib itors o f 

elastase than trypsin and chymotrypsin.  This i s  comparab le wi th inhib i tors iso la ted from 

jackfruit  seeds were  also fract ion II  and III  inhib ited e lastase s trongly than trypsin and  

chymotrypsin [41] .  The  optimum pH of four  inhib ito rs LC-p i  I ,  I I ,  I I I  and IV was found  

between 7 ,  8 ,  7 .6  and 8.5  respect ively,  which i s  consistent  wi th ear l ier  reports [38,  42] .  

Singhal  [43]  reported  that  the trypsin inhibi tor  from mungbean seeds  was  ac t ive  be tween 

pH 4.0 and 10.0.  Annapurna [44]  reported tha t  the trypsin inhib itor  from jack fr ui t  seed s  

was  s tab le over  s t i l l  a  wider  range of pH (3.0  to  12.0) .  In contrast ,  the trypsin inhib itor  

from p igeon pea seeds  reta ined i t s  ful l  act ivi ty be tween pH 7.0 and 10.0,  but  when 

exposed to  acid ic pH from 3.0 to  5 .0 ,  20% of the ac t ivi ty was los t  [45] .  Johnston et  al .  

[46]  observed that  the midgut o f lep idopteran larvae i s  highly a lka line and the diges t ive  

proteases have opt imal ac t ivi ty be tween pH 10.0 and 11.0,  while  the larvae of  

phytophagous co leopteran have acid ic condi t ions in  the ir  midgut region ,  wi th pH opt ima 

for  d igest ive enzymes typica lly in the range 4.0 -5.0 .  The opt imum temperature was found  

to  be 30˚C for  al l  inhibitors.  However  the inhib ito rs were act ive up  to  60˚C but  were 

comple te ly inac tivated  at  70˚C.  Trypsin inhibi tors fro m okra seed s  were a lso  repor ted  to  

be s tab le up to  60˚C and  rapid ly inact iva ted a t  80˚C .  

 The protease inhib itors iso la ted from seeds of Lavatera cashmeriana  Camb. Which 

inhibi ted  trypsin,  chymotrypsin and elas tase  can be classi f ied  as  a  Kuni tz  type  of 

inhibi tor  based on their  molecular  size.  Kunitz - type protease inhibi tors having d i fferent  

molecular  masses have also been repor ted  in soybean (19 kDa) ,  mustard seeds (20 kDa)  

and Cajanus cajan  (14 kDa)  [47,  48] .  The inhibitors were found to  be gly coproteins.  The  

presence of carbohydrates in p lant  pro tease inhibito r  of o ther  fami l ies has been reported 

ear l ier  also [35,  40  and 41] .  

 In summary,  the po tentia l  anticancer  act ivi ty  of LC -p i  I  aga inst  these human 

cancer  ce l l  l ines was invest iga ted.  LC -pi  I  exhib ited a  st rong inhibi tory e ffec t  on the 

proli fe rat ion of Prostate  (PC -3)  and Breast  (MCF -7)  cancer  ce l l  l ines in in  v i t ro .  The  

anticancer  act ivi ty o f LC -p i  I  could be at tr ibuted in par t  to  i ts  inhibi t ion of proli fera t io n 

due to  i ts  pro tease inhibito r  ac t ivi ty as LC-p i  I  i s  s trong inhibitor  o f trypsin,  

chymotrypsin and e lastase.  
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