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The mos t  convenient subs t r a t e s  fo r  the determinat ion of the proteolyt ic  act ivi ty of enzymes  a re  ch romo-  
genic subs t r a t e s  the cleavage of which leads to the appearance  of a co lor  o r  a cha rac t e r i s t i c  color  change. We 
have previous ly  p roposed  the tr ipeptide 2 ,4 -DNP-g lycy lg lycy l -L-a rg in ine  as the subs t ra te  fo r  de termining  the 
act ivi ty of  a number  of ca rboxy-pep t ida se s  [1, 2]. In the p resen t  work, the possibi l i ty  is shown of construct ing 
an analogous chromophor ic  subs t ra t e  for  neutra l  p r o t e i n a s e s  - meta l -conta in ing enzymes  cleaving peptide bonds 
fo rmed  by the amino groups of hydrophobic amino acids .  We have synthesized 2 , 4 - D N P - g l y c y l g l y c y l - L - v a l y l - L -  
arginine,  which has  proved  to be a convenient subs t ra te  for  de termining the act ivi ty of neutra l  p ro t e ina se s  - 
thermolys in  and the neut ra l  p ro te inase  f rom Bacillus subti l is .  Both these enzymes  cleave the g l y c y l - v a l y l  
bend in this peptide,  leading to the l iberat ion of the dinitrophenylated dipeptide DNP-glycylglycine,  which dif fers  
substantial ly in i ts  phys icochemica l  p r o p e r t i e s  f rom the subs t ra te  and can be separa ted  f rom the l a t t e r  quanti-  
tat ively by ext ract ion with a nonpolar  solvent .  The spec t rophotomet r ic  determinat ion of DNP-glycylglycine 
p re sen t s  no diff icult ies.  We synthes ized the DNP-glycy lg lycy l -L- -va ly l -L-arg in ine  by the following method: 

Cbo-VaI.OH 4-H-Arg-OMe. 9_.I-I C I 
J I.C(HgOCOCl, (C.~H0~/ 

Cbo-Val-Arg-OMe.HCI 
• [ HBr/CH3COOH 

4 
Dnp- GIy-Oi y-OH + H-Val -Arg-Oble .2HBr 

I~. C,H, OCOC~, (C,ti~)~ 

Dnp-Oly-OIy- Val-Arg-OMe. HCI 
[ tD/t~tn, 50~o %H~OH 

Dnp-(]ly-(]ly-Vai-Atg-O H 

The methyl  e s t e r  of benzy loxycarbonyl -L-va ly l - I . , - a rg in ine  was obtained by coupling benzy loxycarbeny l -L-  
valine and the hydrochlor ide  of the methyl  e s t e r  of L-arg in ine  by the mixed anhydride method. To purify the 
compound we used repeated  ext ract ion of an acidic aqueous solution with e the r  and n-butanol .  The yield of 
hydrochlor ide  of  the methyl  e s t e r  of benzy loxyca rbony l -L -va ly l -L -a rg in ine  was 90%. The r emova l  of the benzyl-  
oxycarbonyl  group with hydrogen bromide  in glacial  ace t ic  acid gave the hydrobromide  of the methyl e s t e r  of 
I . - va ly l -L -a rg in ine  with a yield of  98%. 

To obtain the methyl  e s t e r  of DNP-g lycy lg lycy l -L -va ly l -L -a rg in ine ,  the mixed anhydride obtained f rom 
DNP-glycylglycine and isobutyl  ch lo ro fo rmate  was coupled with the methyl  e s t e r  of L--valyl-I . ,-arginine. Sub- 
sequent ext rac t ion  of the acidic aqueous solution with e ther  and n-butanol  yielded the hydrochlor ide  of the methyl  
e s t e r  of D N P - g l y c y l g l y c y l - L - v a l y l - L - a r g i n i n e  in 75~ yield. Fo r  i ts  saponification we used hydro lys i s  with 
t ryps in  in 50% ethanol at  pH 7.8. The yie ld  of  D N P - g l y c y l g l y c y l - L - v a l y l - L - a r g i n i n e  was 85%. DNP-glycylg ly-  
i so l eucy l -L -a rg in ine ,  which is  also a subs t ra t e  for  neut ra l  p ro t e inases ,  can be obtained s imi l a r l y .  
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Fig. I° Cleavage of DNP-glycylglycyl-L-valyl-L- 
arginine by a preparation of thermolysin (Merck). 
The amount of thermolysin in the sample (~g) has 
been plotted along the axis of abscissas, the amount 
of DNP-glycylglycine (~mole) along the left-hand 
axis of ordinates, and the optical density at 360 nm 
along the right-hand axis of ordinates. 

P a p e r  e l ec t rophores i s  at  pH 5.6 showed that thermolys in  and the neut ra l  p ro te inase  f rom Bacillus sub- 
tills hydrolyzed DNP-g lycy lg lycy l -L- -va ly l -L-a rg in ine  with the format ion  of the DNP-glycylglycine and va ly l -  
arginine,  which co r re sponds  to the specif ic i ty  of  neutra l  p ro t e inases .  The DNP-glycylglycine fo rmed can be 
separa ted  quantitat ively f rom the uncleared  subs t ra te  by ext ract ion with an organic  solvent and be de te rmined  
co lo r ime t r i c a l l y  at 360 am.  

In the hydro lys i s  of the subs t ra te  by thermolys in  at  pH 7.0 and 37°C, a l inear  re la t ionship is observed  
between the amount of DNP-glycylglycine fo rmed and the amount of enzyme in the sample  0 - 6  pg; Fig. 1). A 
l inear  relat ionship is also observed  between the amount of DNP-glycylglycine fo rmed and the amount of p ro to -  
subtilin in a sample  (50-400 #g; Fig.  2). 

ThuS, the method p e r m i t s  the quantitative determinat ion of neutral  p ro t e inases .  However ,  the following 
l imitat ions of  the method mus t  be pointed out. An acid carboxypept idase  produced,  in pa r t i cu la r ,  by some fungi 
and yea s t s  may spli t  off arginine f rom DNP-glycylg lycyl -L--va ly l -L-arg in ineo  The  DNP-g lycy lg lycy l -L-va l ine  
fo rmed by this p r o c e s s  is ex t rac ted  by organic  solvents like DNP-glycylglycine.  Consequently, the p r e sence  
of acid carboxypept idases  in a complex enzyme p repa ra t ion  may in te r fe re  with the determinat ion of the neutral  
p ro te inases  by the method descr ibed ,  and it  i s  the re fo re  des i rab le  to make sure  of the absence  of acid ca rboxy-  
pept ideases  f rom the p repara t ion  analyzed.  The p r e sence  of f ree  arginine in the products  of hydro lys i s  of the 
subs t ra te ,  which can be es tabl ished by means  of paper  e l ec t rophores i s  or  amino-ac id  analysis ,  s e r v e s  as a 
definite p roof  of  the p re sence  of an acid carboxypept idase .  

On the other  hand, comple te  inhibition of the hydrolys is  of  the subs t ra te  by 0o01 M EDTA is cha rac te r i s t i c  
for  neut ra l  p ro t e ina se s  [3] while under these conditions an acid carboxypept idase  re ta ins  its activity completely .  
Inhibition of the react ion  by EDTA can be used to check the absence of an acid carboxypept idase  f rom the p r epa -  
rat ion.  Thus,  we have found that the products  of the hydro lys i s  of DNP-g lycy lg lycy l -L -va l i ne -L-a rg in ine  by 
protosubti l in  contain no arginine and the activity of this p repara t ion  is complete ly  suppressed  by 0o01 M EDTA. 
It follows f rom this that the protosubt i l in  does not contain an acid carboxypept idase .  

By using the method descr ibed above,  we have de te rmined  the activity of the neut ra l  p ro te inase  in a num- 
ber  of p repa ra t ions  of protosubt i l in  and have compared  i t  with the p ro tease  activity of these p repa ra t ions  ca lcu-  
lated f rom the cleavage of hemoglobin.  The act ivi t ies  of the protosubt i l in  p repara t ions  with r e spec t  to case in  
were  de te rmined  in the Vilnius fac tory  for enzyme p repa ra t ions .  Table  1 shows the well-known co r r e spond-  
ence between the pept idase  activity of a neutra l  p ro te inase  for  DNP-g lycy lg lycy l -L -va ly l -L -a rg in ine  and the to- 
tal p ro te inase  act ivi ty  with r e spec t  to hemoglobin and casein.  This  is  poss ib ly  explained by the p r e s e n c e  in the 
enzyme p repara t ion  of smal l  amounts  of pro teoly t ic  enzymes  differing in thei r  specif ici ty f rom the neutra l  
pro  teinas es.  

The method developed is convenient  for the routine determinat ion of the ac t iv i t ies  of  neutral  p ro te inases  
in enzyme  p repa ra t ions .  The p roposed  method is m o r e  se lec t ive  than the determinat ion of the activity for  
prote in  subs t r a t e s .  The spec t rophotomet r ic  method of de te rmin ing  neu t ra l  p r o t e i n a s e s  f rom the hydro lys i s  of 
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Fig. 2. Cleavage of DNP-g lycy lg lycy l -L -va ly l -  
L-a rg in ine  by a par t ia l ly  purif ied p repara t ion  
of protosubt i l in  (prepara t ion  2). The amount of 
DNP-glycylglycine  ~mole )  has been plot ted along 
the left--hand axis  of ord ina tes  and the optical  
density at 360 nm along the r ight -hand axis  of 
ordinates ;  the amount of protosubt i l in  (mg) in 
the sample  has  been plotted along the axis  of 
a b s c i s s a s .  

TABLE 1. Pept idase  and P r o t e a s e  Activi t ies  of T h e r -  
molys in  in Different  P r e p a r a t i o n s  of Protosubt i l in  

Preparation 

Thermolysin 
Protosubtilin I 
Protosubtilln 2 
Protosubfilln 3 
Protosubtilln 4 
Protosubfilin 5. 
Protosubtilin 6 

1 mg E~o 

specific }S~.cific ac~specific activity 
acrivlty ~pvity for. ] for DNP-Gly-Gly- 
for casein, [~cm°g|°DmJVal'Arg (/~mold 

[~SO xslmg "] of substrate/mg • 
units/g • • Irmn) X 10~ /mm) X lOS 

1,210 
0,670 
0,610 
0,800 

0~40 
0,625 

m 

112,0 
86,2 
I0,0 
6,0 
1,5 

14,0 

1270 
31.2 
24,0 
4,5 
1,6 
0,6 
4,0 

1200 
25,3 
8,0 
1,5 
0,5 
0,2 
1.3 

amides  of  furylacryloyldipept ides  r ecommended  by F e d e r  [4] is  suitable for  kinetic invest igat ions of pure  p r e p -  
a ra t ions  and r equ i r e s  appara tus  with a high sensi t ivi ty .  The method that we have proposed pe rmi t s  the use of 
an ord inary  spec t rophotomete r ,  s ince the m e a s u r e d  optical  density is  fa i r ly  high. 

E X P  E R I M E N  T A  L 

P a p e r  Chromatography and P a p e r  E lec t rophores i s .  Descending pape r  chromatography  was p e r f o r m e d  on 
"Fi l t rak"  No. 14 pape r  in the following solvent  sy s t ems ;  1) b u t a n - l - o l - p y r i d i n e - w a t e r - a c e t i c  acid (30 ; 2 0 ; 2 4 "  
6), Rft; 2) b u t a n - l - o l - a c e t i c  a c i d - w a t e r  (4 • 5 • 1), Rf2; and 3) methyl  ethyl k e t o n e - p y r i d i n e - w a t e r  (65 ; 15 • 20), 

Rf3. 
E lee t rophores i s  was p e r f o r m e d  on "Leningrad"  chromatographic  paper  of type B (medium) for  30 re_in at 

a potent ial  gradient  of 27 ¥ / c m .  A pyr idine aceta te  buffer ,  pH 5.6 (8 m l o f p y r i d i n e ,  2 ml of acet ic  acid, and 
990 ml  of water)  was used. 

Hydrochlor ide  of the Methyl E s t e r  of Benzyloxycarboxyl-I . , -valyl - I . , -arginine .  To a solution of 2.51 g 
(10 mmole)  of benzy loxycarbony l -L-va l ine  and 25 ml  of dry d imethy l fo rmamide  at -15°C were  added 1.4 ml  
(10 mmole)  of t r i e thy lamine  and, a f te r  10 min,  1.4 ml (10 mmole)  of isobutyl ch loroformate .  After  30 rain, this 
ma te r i a l  was mixed with a solution, cooled to -15°C ,  of the hydrochlor ide  of the methyl  e s t e r  of L-arg in ine  
obtained by the addition of 1.4 ml (10 mmole)  of t r ie thylamine to 2.61 g of the dihydrochloride of L-arg in ine  
methyl  e s t e r  in 25 ml  of dry  d ime thy l fo rmamide .  The resu l t ing  mix tu re  was s t i r r ed  with cooling for I h and 
at 20°C for  1 h and was left  overnight  at  4°C. The t r ie thylamine  hydrochlor ide  fo rmed  was f i l tered off, and 
the f i l t ra te  was evapora ted  in vacuum. The oil obtained was d isso lved  in 100 ml of 0.1 N hydrochlor ic  acid 
and the unchanged benzy loxycarbony l -L-va l ine  was  ex t rac ted  with e ther  (5 × 25 ml) .  The comple teness  of 
purif icat ion was checked by p a p e r  e l ec t rophores i s .  The methyl  e s t e r  of  benzy loxyca rbony l -L -va ly l -L -a rg in ine  
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was ex t rac ted  f rom the acidic aqueous solution with n-butanol  (5 x 25 ml). The butanolic ex t r ac t  was washed 
with 10 ml  of  wa t e r  and evapora ted  in vacuum. The res idual  oil solidified on being t r i tu ra ted  with dry e ther .  
Yield 4.1 g (90~), mp 91-93°C. [c~]~ +21.8 ° (c 1; C2HsOH); Rft 0.91; Rf2 0.85; l 5.7 cm (to the cathode); 
C20~i N50 s "HCI. 

Dih;/drobromide of the Methyl Ester of L-Valyl-I.,-arginine. A solution of 5.0 g (11 mmole) of the methyl 
ester of benzyloxycarbonyl-L-valyl-arginine in 10 ml of a 40% solution of hydrogen bromide in glacial acetic 
acid was kept at room temperature for 25 rain, and then 80 mi of dry ether was added. The oil that formed 
was separated by decantation and dissolved in methanol, and the solution was evaporated in vacuum (five to six times). 
This gave a light yellowish amorphous substance. Yield 4.85 g (98%), [(~]~ +1.0 ° (c 1; absolute ethanol); Rfl 
0.64; Rf3 0.60; I 10.4 cm (to the cathode); Ct2H2sNsO 3 .'HBr. 

Hydrochloride of the Methyl Ester of DNP-Glycylglycyl-L-valyl-L-arginine. To a solution of 2.24 g (7.5 
mmole) of DNP-glycylglycine in 20 ml of dry dimethyllormamide at - 15 °C were added 1.05 nd (7.5 mmole) of 
triethylamine and, after 10 rain, 1.05 ml (7.5 mmole) of isobutyl chloroformate. After 30 rain, this material 
was mixed with a solution, cooled to -15°C, of the hydrobromide of the methyl ester of L-valyl-L-arginine 
obtained by the addition of 1.05 ml of triethylamine to 3.37 g (7.5 mmole) of the dihydrobromide of the methyl 
ester of L-valyl-L-arginine in 15 ml of dry dimethylformamide. The resulting mixture was stirred with cooling 
for 1 h and at 20°C for 1 h and was left overnight at 4°C. The precipitate of the triethylamide salt was filtered 
off, and the filtrate was evaporated in vacuum. The residual brownish oil was dissolved in 2.3 liters of 0.1 N 
hydrochloric acid, the insoluble residue was filtered off, and the filtrate was extracted repeatedly with ether 
(10 x 400 nd) to eliminate traces of DNP-glycylglycine. The completeness of purification was checked by paper 
electrophoresis. The methyl ester of DNP-glycylglycyl-L-valyl-I.,-arginine was extracted from the acidic aque- 
ous solution with n-butanol (6 x 400 nil). The butanolic solution was washed with water (3 x 80 ml) andevaporat- 
ed in vacuum. The yellow oil obtained solidified on trituration with ether. Yield 3.40 g (75%), nap 119-121°C; 
[c~]~-6  ° (c 1; DMFA), Rf10.92; Rf2 0.88; Rf3 0.91; l 3.8 cm (to the cathode); C22H33NgOg" HC1- C4HsOH. 

DNP-Glycy lg lycy l -L-va ly l -L-a rg in ine .  A solution of 2 g (3.3 mmole)  of the methyl  e s t e r  of DNP-glyeyl-  
va ly l -L -a rg tn ine  in 200 ml  of 96% ethanol was t rea ted  with 8 mg of t ryps in  in 200 ml  of 0.2 M t r ie thy lamine  • 
carbonate  buffer ,  pH 7.8, and the mixture  was kept at 37°C for  3 h. Then the hydrolyzate  was separa ted  in 
vacuum and was rep rec ip i t a t ed  f rom methanol with e ther .  Yield 1.55 g (85%), mp 172-174°C, [ a , ] ~ -  24.0 ° (c 1; 
DMFA), Rf t0 .74 ;  Rf2 0.87, Rf3 0.78; l 1.1 cm (to the cathode); C2iI-I~INgO 9 "CH3OH. 

Enzymes .  The thermolys in  (neutral p ro te inase  f rom Bacillus thermoproteolyt icus)  was a Merck  (GFR) 
product.  The enzyme p repa ra t ions  of the neutral  p ro te inase  of Bacillus subti l is  (protosubtilin) with different  
degrees  of  pur i f icat ion were  obtained f rom the Vilnius fac tory  for  enzyme p repa ra t i ons .  

Determinat ion of the Activity of the Neutral  P ro t e ina se s .  A 0.2 /~M solution of DNP-g lycy lg lycy l -L-va ly l -  
L-argin ine  in 0.05 M t r i s -HCl  buffer ,  pH 7.0, containing 0.01 M CaCl2, was p r e p a r e d .  Since the subs t ra te  is  
hygroscopic ,  i t s  concentrat ion was checked f rom the absorpt ion  of the solution at  360 rim, taking the mo la r  
extinction of the Dl~P-amino group as  15,000. 

To 1 ml of  a solution of the neutral  p ro te inase  in 0.05 M t r i s -HCl  buffer ,  pH 700, containing 0.01 M cal -  
cium chloride was added 4 ml of a solution of the subs t ra te .  The mixture  was incubated at  37°C for  30 rain, 
af ter  which 0.2 nd of 1 N hydrochlor ic  acid was added to pH 1-2 and it  was ex t rac ted  with 5 ml of ethyl aceta te  
containing 10~c of ethanol. The upper  l aye r  was ex t rac ted  with 4 ml  of a 1% solution of sodium bicarbonate .  The 
lower l aye r  obtained in this p r o c e s s  was t r a n s f e r r e d  to a 1 - c m  quartz  cell  and i ts  optical  density was de t e r -  
mined at 360 nm.  The concentrat ion of the enzyme was se lec ted  so that the optical  density of the measu red  
solution did not exceed 1. A control exper iment  was p e r f o r m e d  under  the same conditions with the addition of 
the enzyme to a solution of the subs t ra t e  acidified with hydrochlor ic  acid.  

The p r o t e a s e  activity with r e spec t  to hemoglobin was de termined by a published method [5] at  pH 7.0 in 
the p resence  of 0.01 M calc ium chlor ide.  The activity of the neutral  p ro te inase  was judged f rom the absorpt ion 
at 280 nm of a t r ichloroacet ic  acid f i l t ra te  of a hemoglobin hydrolyzate  obtained under s tandard conditions in 
1 rain. 

SUMMARY 

1. A chromogenic specific substrate for neutral proteinases- 2,4-dinitrophenylglycylglycyl-L-valyl-L- 
arginine -has  been synthesized. 

2. A method has been developed for determining the activity of neutral proteinases in enzyme preparations 
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with the use of this subs t r a t e  which is based on the spec t ropho tomet r i c  de terminat ion  of DNP-glycylglycine 
fo rmed  on the c leavage of the g l y c y l - v a l y l  bond in the subs t ra te .  

3. The applicabi l i ty  of the method to the de te rmina t ion  of the rmolys in  and of the neutral  p ro te inase  f rom 
Bacil lus subti l is  has  been  shown. 
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INVESTIGATION OF THE DIOXANE LIGNIN OF 

THE COTTON PLANT 

No A. Veks l e r ,  Lo S. Smirnova ,  
and Kh. A. Abduazimov 

UDC 547.621:032.11 

Continuing a study of the dioxane lignin (DLA) f rom the s t ems  of cotton plants  in var ious  vegetation p e r -  
iods,  we have i so la ted  DLA-I  (early s tage,  two-seed  leaves) and DLA-II  (flowering stage) by a method descr ibed  
p rev ious ly  [1]o The lignins were  pur i f ied by F r e u d e n b e r g ' s  method [2]. 

The p r epa ra t i ons  obtained a re  light brownish amorphous  powders  readi ly  soluble in the usual solvents  
for  lignins and in water .  

After  purif icat ion,  the DLA-I contained 6% and the DLA-II  6.4% of ca rbohydra tes  as de te rmined  by Be r -  
t r and ' s  method [3]. These  ca rbohydra tes  a re  obviously included in the composit ion of the lignin in the f o r m  of 
a l i g n i n - c a r b o h y d r a t e  complex.  In the subsequent  calculat ions,  a cor rec t ion  was introduced for the ca rbohy-  
dra te  content. 

The UV spec t rum of each p repa ra t ion  has the m a x i m u m  at 280 nm that is cha r ac t e r i s t i c  for  lignins. It  
differs  f rom the UV spec t rum of the dioxane lignin of a l a t e r  vegetat ion per iod DLA-III  by the p resence  of a 
shoulder  in the 310-360 nm region.  The IR spec t r a  of the p repa ra t ions  showed the bands of a benzene ring with 
subst i tuents  (1610-1620, 1525, 1450-1455 cm -1) and of carbonyl  (1720 cm- t ) ,  hydroxy (3400 cm-1),  and ether  
(1260, 1120-1125, 1075-1090 cm -1) groups .  

The gel chromatography  of the DLA-I and DLA-II  in a column containing Sephadex G-75 equil ibrated with 
dimethyl  sulfoxide showed (Fig. 1) that the DLA-I  is  monomodal  and the DLA-II  bimodal ,  the amount of low- 
molecu la r -we igh t  f ract ion in the la t ter  being very  smal l .  In a compar ison  with a gel c h r o m a t o g r a m  of the diox- 
ane lignin isola ted f rom the r ipe s t ems  of the cotton plant (DLA-III) it can be seen that the l a t t e r  contains a 
l a r g e r  amount of the low-molecu la r -we igh t  f rac t ion  than the DLA-II.  The rat io  of the low-molecu la r -weigh t  to 
the h igh-molecu la r -we igh t  f ract ion for  DLA-III  is 1 : 2.5 and for  DLA-II 1 : 6. In these l ignins,  the h igh-molecu-  
l a r -weigh t  f rac t ion  is  p r e s e n t  in the g r ea t e s t  amount.  The molecu la r  weights calculated by using the coefficients 
given by Alekseev et al . ,  [4] a re  p rac t i ca l ly  the same for  all  three  s amples  (22,000-23,500). Consequently,  all  
the DLAs of the s t em of the cotton plant  a r e  of high molecu la r  weight and as  the plant develops the lignin be -  
comes  l e s s  homogeneous,  s ince the amount of  low-molecu la r -we igh t  f ract ion in it  i n c r e a s e s .  

Insti tute of the Chemis t ry  of Plant  Substances,  Academy of Sciences of the Uzbek SSR, Tashkent .  T r a n s -  
lated f r o m  Khimiya Pr i rodnykh  Soedinenii,  No. 1, pp. 80-83, J a n u a r y - F e b r u a r y ,  1976. Original a r t i c le  sub-  
matted January  10, 1975. 
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