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Plant proteases such as papain, ficin, and bromelain have been generally re 

garded as SH-enzymes in which a cysteine residue plays a key role in catalysis 

6Smith and Kimmel, 1960; Lowe and Williams• 1965). The amino acid sequence 

in the vicinity of the active SH group of papain and ficin has been found to be re- 

markably the same (Light et al., 1964; Wong and Liener, 1964) o We now wish to 

report that this similarity in the structure of the active site of plant proteases may 

now be extended to include stem bromelain 2 

Experimental and Results 

Stem bromelain was purified from commercial bromelain (courtesy of 

Dr. Ralph Heinicke, Dole Pineapple Goo • Honolulu, Hawaii) by the procedure of 

Murachi et al. (1964) and its homogeneity verified by disc gel electrophoresis 

(Reisfeld et al., 1962). Maximum activity on casein was obtained in the presence 

of dithiothreitol (I mg per mg enzyme) dissolved in 2.5 x 10 -3 M EDTA, pH 5.5~ 

The dithiothreitol was removed by dialysis against 1.0 x 10 -3 M EDTA which had 

been deoxygenated by boiling and flushed with nitrogen° The SH content of the 

enzyme was determined directly with 5,5'-dithiobis-(2-nitrobenzoic acid) (Ellman, 

1 This work was supported by Grant No° GM-4614 from the National Institutes of 
Health and Grant No. GB-4130 from the National Science Foundation. 

2 For the difference in properties between fruit and stem bromelain, consult Ota 
et al., (1964). 
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1959) or as  CM - c y s t e i n e  (Brigham e t  a._/lo, 1960) or (1 , Z - d i c a r b o x y e t h y l - L - c y s -  

teine (Smyth et a l . ,  1964) after  t reatment with an exces s  of iodoace t i c  ac id  and N- 

e thyl -male imide  respec t ive ly°  All of these  methods gave a value of 0 .8  - 1 o0 mole 

SH per mole of enzyme,  assuming  bromelain to have a molecular  weight  of 33,000 

(Murachi e t  a l . ,  1964) o 

To 45 ml of a solut ion containing 1.5% bromelain,  ac t iva ted  as  descr ibed 

above ,  was added an equal volume of a solut ion containing 0.3 M KCN and 2 .5  x 

, 1 ~14 10 .3 M EDTA, pH 7.5 I o d o a c e t i c -  - ~  ac id  (0.1 mmole; spec i f ic  ac t iv i ty  1.2 

mC per mmole) was added and the pH maintained at 7.9 for 2 hr at  room tempera-  

ture .  The protein was precipi ta ted with 80% i c e - c o l d  ace tone  and washed  w i t h  

cold ace tone -1  N HC1 (39: 1) and finally with ether .  Disulf ide bonds were reduced 

with mercaptoethanol  in the presence  of 6 M guanidine HC1 and subsequent ly  amino-  

e thyla ted  with ethylenimine (Raftery and Cole ,  1966). Excess  reagents  were removed 

by d i a l y s i s ,  and the protein was l¥ophi l ized .  The AE-cys te ine  content  of this pre-  

parat ion was 6 res idues  per mole.  Since bromelain has been reported to conta in  5 

disulf ide bonds (Murachi e__!t all . ,  1964), complete  reduct ion and /o r  a minoethylat ion 

had evident ly  not been ach ieved  under our experimental  condi t ions .  

AE-C 14 M-bromelain  was d i s so lved  in 0.1 M Tris buffer conta in ing 2 M urea 

and 0.1% th iodig lycol ,  pH 8, and d iges ted  with 5% of its weight  of 2X c rys ta l l i zed  

t rypsin  (Worthington) which had been treated with TPCK in order to el iminate its 

chymotrypt ic  ac t iv i ty  (Kostka and Carpenter ,  1964). After 24 hr at  room temperature,  

any insoluble  material  was removed by centr i fugat ion,  and the supernatant ,  containing 

68% of the original  r ad ioac t iv i ty ,  was examined by high vol tage  paper e lec t rophore-  

s is  (PH 3 . 7 ,  2000 vo l t s ,  1 -1 /2  hr). All of the radioact iv i ty  remained at  the origin.  

1 Abbreviat ions:  GM- ,  S-carboxymethyl - ;  AE-,  S -~-aminoe thy l - ;  TPCK, L- 
(1 - t o sy l amido-2 -pheny l )  - e thy l -ch lo romethy l  ke tone .  
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The digestion with TPCK-tryPsin was repeated, but this failed to produce any chang 

in the electrophoretic pattern. A third digestion was carried out with ZX crystallize 

trypsin which had not been treated with TPCK and which had an activity against N- 

acetyl-L-tyrosine ethyl ester equivalent to 0.4% chymotrypsin. In this instance 

the enzyme to substrate ratio was 1:10. The distribution of radioactivity after pass 

age of this digest through Sephadex G-25 is shown in Fig. 1. Paper electrophoresi~. 

at pH 6°4 revealed fractions T 1 and T 2 to consist of several radioactive components 

Figure 1 
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Chromatography of tryptic digest of AE-C 14 M-bromelain on 
Sephadex G-25. Column (i. 6 x 140 cm) was eluted with 
2 5 x I0 -3 M 0WH ) GO containing 0.2% thiodiglycol. 3 
" 4'2 3 

ml fractions were collected at a flow rate of 9 ml per hr. 
Tubes displaying radioactivity denoted by cross-hatching. 
Solid llne denotes absorbance at 280 m~. 

which were not clearly resolved from each other. Essentially all of the radioactivil 

of fraction T3, however, was associated with a single ninhydrin positive zone whic 

also gave a purple color with Ehrlich's reagent (Easley, 1965), indicative of trypto 

phan (Fig. ZA)o When this zone was eluted with 0.3% mercaptoethanol and run at 

pH 3.7, it proved to be a pure radioactive peptide ~0eptide T3-R , Fig. ZB). This 

peptide accounted for about 6% of the total radioactivity originally present in O 14 

M-bromelain° 
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Figure 2. 
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High vol tage paper e lec t rophores is  of fraction T 3 a t  pH 6.4 
(A) and peptide T3-R a t  pH 3 .7  (B). Ninhydr in-pos i t ive  zones  
denoted by solid l i nes .  Dotted l ines denote zones  giving 
purple color  with Ehrl ich 's  reagent .  Curves produced on 
chart  of s t r i p - scanne r  are shown above each  strip of paper .  

Table I° 

Amino Acid composi t ion  of peptide T3-R before and after  
Edman degrada t ion .  Column values which are underl ined 
indicate  a s igni f icant  l ess  of that  part icular  amino ac id .  

Amino Acid 
Stage 

0 1 2 3 

Glycine  0.88 0 .54 0.42 0 .36  

Alanine 1.03 0.98 0.62 0.52 

C M - c y s t e i n e *  1.00 1.00 0.90 0 .76  

Amino acid  ana lys i s  (Spackman e_.tt a..~l., 1958) of an ac id  hydrolysa te  (6 N HC1, 

22 b_r, 110 °) of peptide T3-R, together  with tryptophan ana lys i s  by the method of 

Spies and Chambers (1949), gave a molar rat io of C M - c y s t e i n e : g l y c i n e : a l a n i n e :  

t ryptophan o f l . 0 0 : 0 . 8 8 : 1 . 0 3 : 0 . 8 0 .  Three s u c c e s s i v e  Edman degradat ions  
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(Konigsberg and Hill, 196Z) yielded the data shown in Table I which establish the 

sequence as Gly-Ala-CM-Cys. The presence of tryptophan at the C-terminal end 

of the peptide was confirmed by the fact that only tryptophan (0.35 mole per mole 

of peptide) was released after Z hr digestion with carboxypeptidase A (enzyme: 

substrate, 1:33, pH 8.5, 37°)° 

Discussion 

While this work was in progress, Miake et alo (1966) reported the partial 

sequence of a peptide containing 21 amino acids isolated from a peptic digest of 

stem bromelain in which the SH group had been labeled with N-(4-dimethylamino- 

3,5-dinitrophenyl)-maleimide. The only sequence found to contain the active cys- 

teine residue was Gly-Ala-Cys, which is in agreement with our work. From the 

partial sequence which they give for the remainder of their peptide, it can be 

deduced that the only way in which peptide T3-R could have been produced in our 

experiment was by the tryptic cleavage of a peptide bond between AE-cysteine and 

glycine. 

The occurrence of tryptophan at the carboxyl end of peptide T3-R is most 

likely the result of the residual chymotrypsin activity of the trypsin preparation 

which had not been treated with TPCK. There is ample precedence for the fact that 

peptide cleavages characteristic of chymotrypsin are frequently noted with crystal- 

line preparations of trypsin (Kostka and Carpenter, 1964; Travis and Liener, 1965; 

Heller and Smith, 1966). This would not be unexpected in the experiment reported 

here since the chymotrypsin content of the untreated trypsin was appreciable (0.47c 

and the latter was employed at a rather high ratio of enzyme to substrate (1:10). 

The sequence of amino acids surrounding the reactive thioi group (Cys*) of 

four plant proteases is now known: 
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Papain: 

Ficin: 

Stem bromelain: 

Chymopapain B: 

Cys-Gly-Ser-Cys*-Trp 
! 

Gys-Gly-Ser-Oys* 
i 

Cys -Gly-Ala -Cys*-Trp 

Ser-Gly-Glu-Gys*-Tyr 

(Light e t  al., 1964) 

(Wong and Liener, 1964) 

[This work) 

(Tsunoda and Yasunobu, 1966) 

It  is  appa ren t  tha t  the sequence  of s tem bromela in  is  very s imi lar  to tha t  of papa in  

and f ic in ,  the only d i f fe rence  being tha t  in bromela in  ser ine  is  r ep l aced  by a l an ine  

in the r e s idue  ad j acen t  to c y s t e i n e .  The r e a s o n  for the d i f fe rence  in the  s equence  

of chymopapa in  B from tha t  of the other plant  p r o t e a s e s  is  not known a l though 

Tsunoda and Yasunobu (1966) have  specu l a t ed  upon this  po in t .  Lowe (1966) has  

r ecen t ly  pointed out tha t ,  a l lowing for r e v e r s a l  and permit ted in t e rchanges  of amino 

a c i d s ,  the pept ide  s equence  around the c y s t e i n e  res idue  of papa in  and f icin is  in 

f ac t  s t r ik ingly  s imi lar  to the sequence  around the a c t i v e  ser ine  r e s idue  of the an imal  

p r o t e a s e s .  Our r e s u l t s  with s tem bromela in  re inforce  the evolu t ionary  and funct ional  

s ign i f i cance  which  this  s t ruc tura l  s imi la r i ty  no doubt  i m p l i e s .  
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