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H e m i s p h a e r i c i n - D ,  a d ia lysable  and p o l y m e r i z a b l e  p r o t e a s e  found  in B r o m e l i a  h e m i s p h a e r i c a  ~ 
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Summary. Proteo ly t ic  ac t iv i ty  was de tec ted  outs ide  dialysis bag filled wi th  Bromel ia  hemisphaer i ca  f rui t  juice. The 
dia lysable  pro tease  was concen t r a t ed  and  puri f ied f rom small  molecular  weigh t  c o n t a m i n a n t s  on Sephadex  G-10 
columns.  Acry lamide  gel e lect rophoresis  of the  dialysable  protease ,  in the  presence  of SDS and 2-mercaptoe thanol ,  
d e m o n s t r a t e d  a single pro te in  b a n d  of abou t  8000 da l tons  mol. wt .  The same single band  wi th  ident ical  mobi l i ty  was 
shown wi th  Hemisphaer ic in ,  the  enzyme  re ta ined  inside the  dialysis bag. The small  protease ,  n a m e d  Hemisphaer i c in -D 
was ant igenic  in r abb i t s  and the  ant ibodies  cross-reacted fully w i th  Hemisphaer ic in .  Hemisphaer i c in -D appears  no t  
to  be a degrada t ion  p roduc t  of Hemisphaer ic in .  

Del  Castillo and Castaf ieda have  s tudied  Hemisphaer ic in ,  
the  p ro teo ly t ic  enzyme p re sen t  in the  f rui t  juice of 
Bromel ia  hemisphaer ica .  I t  was descr ibed as a thiol  
enzyme  wi th  a p p a r e n t  tool. w t  of a round  24,000 da l tons  a. 
Isoelectr ic  focussing revealed mul t ip le  molecular  forms 
wi th  valine as the  only  N- t e rmina l  and  serine the  only  
C- terminal  aminoacids  4. These resul ts  were i n t e rp re t ed  
as due  to na tu ra l  in te rna l  aminoacid  subs t i t u t ion  leading 
to mul t ip le  molecular  forms 3. According to our own data ,  
p r e sen ted  in th is  paper ,  it  appears  t h a t  Hemisphaer ic in  
is no t  compr ised  of s l ight ly  d i f ferent  po lypep t ide  chains  
b u t  the  resul ts  of po lymer iza t ion  of a m u c h  smaller  
homogeneous  dialysable  po lypep t ide  n a m e d  Hemisphae r -  
icin-D (this work).  
Methods. Juice was ob ta ined  by  squeezing t h r o u g h  a 
cheeseclo th  Bromel ia  hemisphaer i ca  f rui t  collected in the  
S t a t e  of Morelos, M6xico. The juice was  dialyzed using 
ce l lophan tub ing  (Visking) aga ins t  severat  changes  of 
0.02 M c i t ra te  buffer ,  p H  5.5, con ta in ing  10 mM pheny l -  
mercur ic  acetate .  Af ter  each change,  the  buffer  was kep t  
for the  de t e rmina t ion  of p ro tease  ac t iv i ty  and replaced 
by  an ident ical  volume of fresh buffer.  Dialysis of p ro tease  
ac t iv i ty  f rom in t ac t  frui ts  was ob ta ined  by  immers ion  
of the  frui ts  into known volumes  of the  same buffer.  
E n z y m a t i c  ac t iv i ty  in a l iquots  of the  di f fusates  were 
measured  using as subs t r a t e s  e i ther  Remazol  br i l l iant  
blue h ide -powder  azure (Calbiochem, USA),  casein or 
hemoglobin .  The procedure  used for the  respect ive  sub- 
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Fig. 1. Proteolytic activity of Bromelia hemisphaerica diffusates 
assayed with Remazol brilliant blue hide-powder azure, casein and 
hemoglobin, in the presence of 0.01 M eysteine. Abcissa indicates 
amount of dialysable nitrogen estimated by Nessler method. 
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Fig. 2. Kinetics of Hemisphaericin-D dialysis B. hemisphaeriea juice 
was dialyzed using cellophan (Visking) bags against 0.02 M sodium 
citrate, pH 5.5 buffer with 10 mM phenylmercurie acetate, at room 
temperature. At times indicated ( -O-O-O-)  the buffer was replaced 
and proteolytic activity assayed in each sample. Circle (O) represents 
activity released from one whole intact B. hemisphaerica fruit at 
time indicated in a separate experiment. 

s t ra tes  were those  of R i n d e r k n e c h t  e t  a l ) ,  Kun i t z  9 and  
Anson  7. Diffusates  f rom 200 ml of Bromel ia  hemisphaer ica  
juice conta in ing  40 mg to ta l  n i t rogen,  as e s t ima ted  by  a 
Nessler  procedure  8 were concen t ra t ed ,  d issolved in 5 ml  
of water ,  and f i l tered t h r o u g h  Sephadex  G-10 (2.5 • 60 cm) 
co lumns  to  r emove  small  mol. w t  componen t s ,  like sugars 
and n inhydr in  posi t ive  con taminan t s .  Deionized and 
glass dest i l led wa te r  was used as eluant .  The samples  
d isp laying pro teo ly t ic  ac t iv i ty  were excluded in t he  col- 
u m n  void volume and were pooled, l iophylized,  dissolved 
in 0.01 M Tris-glycine buffer,  p H  8.1, and  appl ied to 
ac ry lamide  gel e lect rophoresis  co lumns  descr ibed by  
Clarke 9. 
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Paral le l  samples were electrophoresed in SDS-polyacry l -  
amide gels conta in ing 0.1% 2-mercaptoethanol~~ The 
samples were hea ted  for 1 h a t  100~ in the  presence of 
1% SDS and 1% 2-mercaptoethanol ,  prior  to electro- 
phoresis. Egg  albumin,  bovine  serum albumin,  cyto-  
chrome-C and bovine  hemoglobin  (Sigma, Chem. Co., 
USA) and insulin (Eli Li l ly  Co.) were t rea ted  s imilar ly 
and used as s tandards  of known molecular  weights.  
The  dialysable and purif ied protease,  named  Hemi -  
sphaericin-D, was mixed  wi th  F reund ' s  ad juvan t s  (Difco 
Co., USA) and in jec ted  6 t imes i. m. into rabbi ts  at  weekly 
intervals.  The  animals  were bled 6 weeks la ter  and the  
ant isera  tes ted against  dialysable and non dialysable 
forms of Hemisphaer ic in  using immunodifuss ion gel plates 
according to Ouchte r lony  n. 
Results. Bromel ia  hemisphaer ica  diffusates conta ined 
proteoly t ie  ac t iv i ty  towards  casein, hemoglobin  and hide- 
powder  azure. A c t i v i t y  was demons t ra ted  only when 
0.02 M cysteine or 2-mercaptoe thanol  were present  (fig- 
ure 1). The  enzyme dialyzed rapidly  and 140 h la ter  
ac t iv i ty  was scanty  outs ide the  dialysis bag. The  shape 
of the  release curve  suggested a l imited process leading 
to deplet ion of the  low mol. wt  enzyme stores inside the  
bag. The  dialysis kinet ics  a t  p H  5.5 are displayed in 
figure 2. 
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Fig. 3. Effluent diagram of 40 mg concentrated Bromelia hemis- 
phaerica diffusates over a 2.5 • 60 em Sephadex G-10 column eluted 
with deionized water. Black dots indicate proteolytie activity assayed 
with 'azure' (small scale). 

The proteoly t ic  ac t iv i ty  remaining inside the  dialysis sac 
was due to Hemisphaer ic in  3,4.Upon f i l t ra t ion of the  dif- 
fusate, the  enzyme displayed charge he te rogene i ty  since 
3 bands  of ac t iv i ty  were observed upon electrophoresis  
(figure 4). In  spite of this  ionic heterogenei ty ,  these 
samples gave only  a single band on electrophoret ic  gels 
conta in ing SDS and mercaptoethanol .  The  unique band 
migra ted  to a posi t ion corresponding to a mol. w t  of 
around 8000 daltons,  s ignif icant ly less t han  the  va lue  of 
24,000 repor ted  for Hemisphaer ic in  On the  basis of thiol  
group con ten t  a. However ,  Hemisphaer ic in  isolated by  the  
procedure  described ~ and by  our  own v e r y  similar  meth-  
od 23 when similar ly analyzed in the presence of SDS and 
mercaptoe thanol ,  is also a single 8000 dal tons componen t  
bu t  yields a mul t ip le  pa t t e rn  in electrophoresis  free of 
dena tur ing  and reducing agents (figure 4). Thus,  the 
dissociated monomer  appears  ident ical  in the dialysable 
and in the  non-dialysable  enzymes.  
Discussion. The presence of dialysable ac t iv i ty  is not  
explained by autolysis  of the  non-dialysable  enzyme for 
the  following observat ions :  a) Pro teo ly t ic  ac t iv i ty  of 
juice is absent  a t  p H  3.5, na tura l  p H  of more than  20 
different  Bromel ia  hemisphaer ica  samples, bu t  when the 
p H  is raised and reducing agents  added, the  juice shows 
s t rong proteoly t ic  act ivi ty .  Thus autolysis  is v e r y  un- 
l ikely to occur dur ing collection and storage of the  fruits. 
b) E n z y m a t i c  ac t iv i ty  is released by  simple immersion of 
ripe and green in tac t  Bromel ia  hemisphaer ica  frui ts  in 
c i t ra te  buffer  made  isotonic wi th  0.25 M sucrose. This 
la t te r  condi t ion seems to preclude enzyme release due 
to tissue disruption.  Nevertheless ,  the enzyme always 
appears  in the buffers surrounding the  fruits. This ac t ive  
f ract ion is again Hemisphaer ic in-D.  c) The dialysis ki- 
netics at  p H  5.5 depict  a fast  ini t ial  release of Hemisphaer -  
icin ac t iv i ty  followed by  diminishing amoun t  unt i l  
deplet ion of dialysable protease.  This t ype  of kinetics is 
not  predic ted  by  autolysis  (or leaky dialysis bag). 
The s implest  and most  compell ing conclusion is shown 
from the  results of po lyacry lamide  gel electrophoresis  
u s ing  SDS and reducing agents. By  this me thod  of 
analysis, both  dialysable and non-dialysable  forms of the  
enzyme were identical.  In  addit ion,  the  f inding of im- 
munological  iden t i ty  be tween Hemisphaer ic in  and Hemi -  
sphaer ic in-D proves  tha t  the s imilar i ty  in mol. wt  is not  
s imply  for tu i tous;  the 2 sources of enzyme ac t iv i ty  are 
one and the  same protein (or family  proteins).  Thus the  
non-dialysable  Hemisphaer ic in  previously  assigned a mol. 
wt  of about  24,000 dal tons 3 is in fact  a t r imer  of a basic 
subuni t  of 8000 dal tons  mol. wt.  W.e mus t  assume the 

Fig. 4. Photograph of Hemisphaericin (H) and Hemisphaerin-D (HD) 
run in standard polyacrylamide gels (left side in each pair) and same 
samples run in polyacrylamide gel with SDS and 2-mercaptoethanol 
(right side in each pair). In the latter case, a single band with identi- 
cal mobility is present in both instances. 

Fig. 5. Immunodiffusion plate with: 1. Rabbit antiserum against 
Hemisphaericin-D; 2. Hemisphaericin-D; 3. Hemisphaericin 8,4. 
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presence  of the  basic s u b u n i t  wi th in  the  in tac t  fruit ,  
which forms the  dia lysable  form of the  enzyme and  
is in fact  one of the  smal les t  na tu ra l  pro teases  so far 
r epor ted  1~. The exac t  mode  of disulphide and non-cova len t  
in te rac t ions  responsible  for po lymer  format ion  in th is  
enzyme,  remains  to  be inves t iga ted .  

10 K. Weber and M. Osborn, J. biol. Chem. 244, 4406 (1969). 
11 O. Ouchterlony, in: Progress in Allergy, vol. 5, p. 1. Karger, 
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Summary. The isoperoxidase  spec t rums  of 2 single tul ip  cul t ivars  and  the i r  pa r ro t  m u t a n t s  were analyzed by  disc 
e lect rophoresis  in leaves and  tepals  i.e. peta ls  plus sepals excised f rom wi th in  the  bulbs.  I t  was found  t h a t  the  anodal  
isoperoxidase  p a t t e r n  of pa r ro t  m u t a n t  tepals  differs d i s t inc t ly  f rom tepals  of the i r  mo t h e r  cu l t ivars ,bu t  no differences 
were observed  in ca thoda l  isoperoxidases.  Bo th  the  anodal  and  ca thoda l  isoperoxidase spec t ra  of pa r ro t  m u t a n t  leaves 
and leaves of the i r  m o t h e r  cul t ivars  were similar. 

All cul t ivars  of tul ips  are classified into m a n y  groups  and  
publ i shed  as 'The Classified Lis t  and  In te rna t iona l  Reg- 
is ter  of Tulip Names ' .  1 of the  groups  is Pa r ro t  tul ips  
which  are charac te r ized  b y  laciniate  tepals  (sepals and  
peta ls  of Tulipa are indis t inguishable  and  are collectively 
referred  to as tepals) 1. I t  is known  t h a t  mos t  pa r ro t  tu l ip  
cul t ivars  fo rmed as vege ta t ive  m u t a n t s  (sports) f rom 
o the r  cul t ivars  belonging to non-pa r ro t  groups 2. 
The a im of the  p re sen t  work  was to s tudy  isoperoxidase  
pa t t e rn s  of 2 single cul t ivars  and the i r  pa r ro t  m u t a n t s  
(cultivars) since i t  is well k n o w n  t h a t  peroxidases  p lay  an 
i m p o r t a n t  role in cell and  organ differentiat ionS-5.  
Material and methods. For  the  exper imen t s  the  pa r ro t  
cv. F a n t a s y  which  was formed in 1910 as a m u t a n t  of 
cv. Clara B u t t  (both cul t ivars  have  red tepals) and  pa r ro t  
cv. P i t t ' s  Pa r ro t  fo rmed in 1945 f rom cv. Wil l iam P i t t  
(both cul t ivars  have  p ink  tepals)  were t aken  ~. Cv. Clara 
But t ,  Fan ta sy ,  Wil l iam P i t t  are diploids (2 n = 24 chro-  
mosom6s) and  the  n u m b e r  of chromosomes  in cv. P i t t ' s  
Pa r ro t  has  no t  been de t e rmined  to our knowledgeL For  
isoperoxidase  spec t rum analysis  leaves and tepals  were 
excised on N o v e m b e r  11, 1975, f rom wi th in  the  bulbs  
which  had  been  kep t  in a s torage room at  17-20 ~ Pa r ro t  
cul t ivars  had  laciniate  tepa ls  a t  t h a t  t ime.  Leaves  and  
tepals  f rom 15 bulbs  of each  cul t ivar  were frozen and  
lyophyl ized,  g round  and  t h e n  kep t  in a refr igerator  a t  
4~ Soluble pro te ins  were ex t r ac t ed  f rom powder  w i th  
cold 0.1 M Tr is -hydrochlor ide  buffer  a t  p H  7.8, con- 
t a in ing  6 mM ascorbic acid, 6 mM L-cys te ine  hydro-  
chloride and  0.5 M sucrose 8, using 1.5 ml of buffer  for 
0.1 g of d ry  powder  of leaves and  tepals.  Homogena t e s  
were cent r i fuged in a ref r igera ted  centr i fuge for 10 min a t  

1 A.R.  Rees, in: The Growth of Bulbs. Academic Press, London 
and New York 1972. 

2 J. Dabrowski, Biuletyn Instytutu Hodowli i Aklimatyzacji 
Roglin 102/103, 29 (1971). 

3 R. Borchert, Devl. Biol. 36, 391 (1974). 
4 A.M. Hirsch, C. r. Acad. Sci., Set. D 280, 829 (1975). 
5 M. Milder, P. Miinch and M. Bopp, Planta 723, 257 (1975). 
6 J. Dabrowski and S. Dabrowska, Biuletyn Instytutu Hodowli i 

Aklimatyzacji Roglin 102/103, 5 (1971). 
7 O. Plavcova, Acta prtihon. 21, 1 (1969). 
8 M. Sauiewski and J. Puchalski, Bull. Acad. pol. Sci. S~r. Sci. 

Biol. 23, 725 (1975). 
9 L. Ornstein, Ann. N. Y. Acad. Sci. 121, 321 (1964). 
10 B.J .  Davis, Ann. N. Y. Acad. Sei. I2l, 404 (1964). 

20 ,000•  Disc e lectrophoresis  on polyacry lamide  gel 
was pe r fo rmed  according to  t echn iques  descr ibed by  
Orns te in"  and Davis  10. Elec t roph0res i  s were conduc ted  in 
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Fig. 1. Pictures and zymograms of an0dal isoperoxidases of tepals of 
cv. Clara Butt (left) and its parrot mutant, cv. Fantasy (right). 
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Fig. 2. Pictures and zym0grams of anodal isoperoxidases of tepals of 
ev. William Pitt (left) and its parrot mutant, cv. Pitt's Parrot (right). 


