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The reactivation of rennin inhibited by dansyl chloride 

It ha~ been reported by HILL ANt) I.AING 1,2 that  tile reaction of crystalline calf 
rennin with a 2-fold molar excess of dans\ l  chloride at pH 8.o and 5 '  for 4 h was ac- 
companied b.x" an 8o% loss in rennet activi ty and by the incorporation of 1.5 moles 
of dansyl per mole of protein. After the dansvlated protein had been degraded enzx'm- 
aticalh" at pll  0 and 50(: for 16 h, a dansvl conjugate was isolated and characterized 
by thin-laver chronmtography.  Based on the comparison of the mobility of this com- 
pound with that  of several synthetic dansyl derivatives, it was identified its e-dansvl 
Ivsine. Consequently, the authors suggested that dansvl chloride inhibited rennet 
act ivi ty by coupling with either a specific lysine or histidine residue which was pre- 
sumed necessary fi~r enzx'matic activi ty 2. Since the experimental conditions were 
chosen to minimize the possibility of a transfer of the dansvl moiety', thev concluded 
that  it lvsine residue, not histidine, was the initial site of the reaction. Although this 
conclusion has been generally accepted and widely quoted a ~, additional information 
in the present report suggests that  dansvlation of a group other than lvsine could be 
responsible fl~r the loss in enzymatic  activity. 

Crystalline rennin, a generous gift from Chr. Hansens l .aboratorium A/S, was 
treated with dansvl chloride, and the dansylated enzyme isolated by gel filtration b\' 
the method of IhLL :XXl~ I.;\I.X(; ~. The absorption spectrum of the dansvlated protein 
was recorded, and a determination in duplicate of the amino acid composition was 
made after a 24-h acid hydrolysis in sealed tubes at I IO"...\n aliquot of the dansylated 
rennin solution was also treated with an equal volume of 4 3I NII,,OH solution, pH 
6.25, at room temperature for I h. After separation of the pn,tein from the reagent 
by gel filtration, the proteolx.'tic activity, absorl)tion spectra and ;tmin,~ acid compo- 
sition of the pooled protein fraction were determined. 

The results of the reaction of rennin with dansvl chloride were similar to th~se 
reported by IhLL AND ].AIN(;'2; namely, a 7o-75°. loss in prote . ly t ic  activi ty and the 
incorporation of t.4o z.43 moles of dansvl per mole of rennin (Table I). In addition, 
exposure of the dansx'lated protein to NII2(.)H resulted in a pronounced increase in 
enzymatic  activi ty and the liberation of about one mole . f  the bound dansvl per mole 
(~f enzyme. \Vhen p.lvlysine, which had been dansvlated to the extent of 2.I moles 
per m(,le, was exposed to 2 ~I NH.,OH, no release of bound dansv1 was detected either 
by ion-exchange chronlatography using DEAE-Sephadex or b\ '  difference spectro- 
scopy. Therefore, it seemed unlikely that  a dansvl moiety bound to an v-NH 2 group 
would be displaced 1)v NHeOH under these conditions. 

Since e-dansvl lvsine is stable to acid hydrolysis :~, the reaction of dansvl chloride 
with a lvsine residue in rennin should have resulted in a decrease of about one mole 
per mole of protein in the amount  of Ix'sine as determined 1)\ amino acid analysis. 
e\lthmlgh the decrease in lvsine content ,~1" acid hvdrohsa tes  of dansvl polylysint' was 
in accord with the amount  of bound dansvl determined spectroscopically, the de- 
crease observed in the case of dansvl rennin was .nix" about one-fifth of that  expected 
assuming that  one lysine out of the 7.5 had reacted (Table I). This discrepancy be- 
tween the spectroscopic and analytical data  implies that  r-dansvl h'sine was n,~t the 
major  product of tlw reaction of rennin with dansvl chloride. 

l l i o c h i n l ,  l l i ¢ , p h y s . . - I o t a .  , 2 o  (197 o) 62,q (,20 



SHORT COMMUNICATIONS 0 2 9  

TA BI.I£ 1 

T U F  P R O P E R T I E S  OF D A N S ' ~ ' L A T E D  R E N N I N  A N D  D A N S Y L A ' r E I )  P O L Y L Y S I N E  

E s t i m a t i o n s  o f  a c t i v i t y  w e r e  I n a d e  u s i n g  a c i d - d e n a t u r e d  helUllglolf in  a s  s u b s t r a t e  e. T h e  enzvt ' l le  
c o n c e n t r a t i o n  w a s  e s t a b l i s h e d  f r o m  t h e  a b s o r b a n c e  o f  s o h l t i o n s  a t  278 n m  a f t e r  c o r r e c t i o n  f o r  t h e  
a b s o r b a n c e  o f  b o u n d  d a n s v l .  13ound d a n s v l  w a s  d c t e r n f i n t ' d  f r o t n t h e  a b s o r b a n c e  a t  p H  6.25 , o f  
r e n n i n  s o l u t i o n s  a t  335  n ln  a n d  p o l y ' l y s i n e  s o l u t i o n s  a t  34 o h m ,  a s s u m i n g  a m o l a r  e x t i n c t i o n  
c o e f l i c i e n t  o f  4. . t"  l ° a  31 t . C l n  .t (ref. 7). T h e  l y s i n e  c o n t e n t  w a s  o b t a i n e d  b y  a n f i n o  a c i d  a n a l y s i s  
o f  d u p l i c a t e  s a m p l e s .  V a h l c s  for  n a t i v e  a n d  d a n s v l a t c d  r cn i l i n  w e r e  b a s e d  on a g l u t a l n i c  a c i d  
c o n t e n t  o f  28. 9 m o l e s  p e r  m o l e  s. In t h e  ca se  o f  t h e  po l .v lys ine  s a l n p l e ,  a I. 5 m.',l s o h l t i o n  o f  p o l v -  
l y s i n e  l a y d r o b r o m i d c  o f  m o l e c u l a r  w e i g h t  t SOO w a s  t r e a t e d  a t p l l  O.o a n d  3 7 '  w i t h  a 2. 5 m o l a r  
c × c e s s  o f  d a n s v l  c h l o r i d e  in a c e t o n e .  A f t e r  c o l n p h , t i o n  o f  t h e  r e a c t i o n ,  t h e  d a n s y l a t e d  p o l y l y s i n c  
w a s  i s o l a t e d  b y  l } l ' t A l ' ] - S c p h a d e x  c h r o i n a t o g r a p h y ,  c l u t i n g  w i t h  O.Ol M bo r ; t t e  bu t t e r ,  p H  9 .o .  

Samph" .-lctzvitv ll,,und Chrom,,ph,,rc l.ys2m' contend 
[" .  o] control) (in,des,'moh') (mMcs.~m,dc) 

ll'ithout lt'tth Without II'dh .Vattm' l)a~*sylah'd 
.\:ltaOH :VHzOII .VH201t NIIa¢)H 

l)if[erctzcc 

I :'.5 7'; 1.43 O.22 7.5{5 7.4 ° O. lO 
2 31 8o  1.4o o.G(~ 7 .5o 7.2{5 o .3o  
l ) o l y l y s i n e  2 . 1 0  2.I11 7.11{) .t.(JO 2 . J O  

The  fiwile l ibera t ion  of appr l )x imate ly  ()o'I~, of the bound dansvl  front dansyl  
rennin upon t r e a t m e n t  wi th  NH,,OH with the concomi tan t  increase of about  2.5-fi)Id 
in proteolytic activity suggests that the modification of a residue other than lysine 
was responsible for the loss in enzymatic  activity but does not eliminate a possible 
inw~lvement of a lysine residue in the catah'tic mechanism. Although the residue 
which reacts  with dansyl  chloride has not, as yet ,  been isolated or character ized,  it 
could well be the hist idine,  which was shown by HILl. AND LAING 1° to be necessary 
for rennet  ac t iv i ty .  Dansvl  hist idine also meets  the necessary requi rement  for labi l i ty  
since it has been repor ted  to be unstable  below p t t  4 and above pH 6 (ref. 9). Such 
a labile adduc t  could also account  for the ,8% increase in rennet  ac t iv i ty  which was 
observed af ter  sew.'ral weeks s torage of dansy la t ed  renninZ 

Carlsberg Laboratory  , 
Chemical Department, 
Gl Carlsber~vcj Io, 
I'albv, Copenhagen (1)cnmark) 

"~VI I.I.I A M I { I C K E R T "  

1 l~. D. | J ILl .  AND R.  R .  LAING., Nature, ,lO 11960 ) i i{)o. 
2 R.  I). HII.L AXD R.  R.  LAIyc; ,  Biochim. Hi,phys. Acta, 132 (1967) IOo. 
3 S. ( 'OHEN, Alan.  l?cv. Biochcln., 37 (1968) 695.  
4 (;.  C. CttEESM.a,Y, .]. Dairy Res., 36  (x969)  291.~. 
5 J .  (;ARNIFR, 1~1"01. hltern. 5;3'm p. Structurc-l:unction Relationships of l'roteolytic F.ncymcs, 

Copenhagen, ~969, M u n k s g a a r d ,  ( ' o p e n h a g e n ,  ~07o, p. 234. 
~'5 B.  FOLT.~IAX, Compt. Rend. Tray. Lab. Carlsberg, 34 (x964) 319.  
7 I). I..*c;v.~Ol:1." AXD I'. ()T'rOI.E.','G111, Compt. Rend. Tray. l.ab. Carlsberg, 35 ( t 966 )  63. 

"l'k FoL'rxt ,xx,  f-olnpt. Rend. Tray. l.ab. Carlsberg, 35 11966) x-t3. 
¢) l~J. S. HARTLEY AND k s. MASSl..'Y, Hiochim. Biophys. Acta, 2I 11956) 5 s. 

Io  1¢. I). IITLL At<l) R. R .  l.. ' ,Igc;, l¢~,,ch2m. Bi,phys. Acta, 99  (1965) 352.  

• l~rc'sent a t h l r c s s :  l ' n i v c r s i t v  o f  W a t e r l o o ,  F a c u l t y  o f  M a t h e n l a t i c s .  l ) e p a r t i n e t l t  o f  
S t a t i s t i c s ,  W a t e r l o o ,  ( ) n t a r i o  ( C a n a d a ) .  

lt~ochiln. Biophys..4cta, . . o  (197 o) 028  -(~29 


