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Zone electrophoresis of cabbage enzymes in starch 9els* 

A method of zone electrophoresis using a s tarch gel as suppor t ing  medium has recently been 
developed by  one of us 1,e. The present  communicat ion  describes the application of this method 
to the separat ion of some enzymes from cabbage juice. 

Procedure. The enzyme prepara t ions  investigated were prepared from crude cabbage juice, 
using calcium phospha te  adsorpt ion and elution for part ial  purification s. After dialysis against  
distilled water  each prepara t ion was dried from the frozen state. For  the electrophoretic studies 
a s tarch gel 7.5 m m  in depth, 39.5 m m  in width and 3oo m m  in length was used. The depth is 
such that ,  a t  the voltage gradients employed, heat ing effects were negligible. The width was 
selected as convenient  for use with a multi-blade cut ter  made from single-edged razor blades. 
The gels were made as previously described ~ using a boric acid/sodium hydroxide buffer of p H  
approximate ly  8.8 and total  borate concentrat ion o.o2M. The p H  of the resulting gels was 8.o 
to 8.2. 

Before electrophoresis a suitable a m o u n t  of dried enzyme prepara t ion (usually 5 rag) was 
dissolved in a min imum of the o .o2M borate buffer jus t  before use, and a piece of W h a t m a n  
No. 3 filter paper  (7 m m  × 39 mm) was soaked in the resulting solution. The filter paper  was 
introduced into a t ransverse slit in the gel. Thick filter-paper bridges were used to make electrical 
contact  with the ends of the gel (see ref. e), which was then covered with liquid paraffin oil to 
prevent  evaporat ion from the surface during the electrophoresis. A voltage gradient  of 3 V/cm 
was applied for times up to 23 hours  according to the type of separat ion required. The exper iments  
were usually carried out  in a cold room. 

To isolate the different enzyme fractions after the electrophoresis the gel was sliced serially 
into t ransverse  slices of convenient  thickness (3.2 mm) using a multi-blade cutter.  Each t ransverse 
slice was fur ther  cut  into several pieces for the est imation of different enzyme activities. The 
small gel pieces were placed in shallow cup-like depressions arranged in rows across a plastic 
sheet (one row for each subs t ra te  mixture  to be studied). Each cup was sealed with adhesive 
cellulose tape immediately the gel piece was in place. The whole sheet was then  pu t  into a freezer 
at  - - 2 o  ° C which converts  the gel to a sponge-like mass 2. The subs t ra tes  were later added at 
room tempera ture  and were worked into the sponges with a glass rod. After incubation for the 
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requisite t ime a small known a moun t  of the contents  
of each cup was wi thdrawn for quant i ta t ive  chroma- 
tography,  according to the method of CONNELL, 
DIXON AND HANES ~, to determine the extent  of the 
reaction and the nature  of the products.  Since the 
progress of the reactions was determined usually by 
a single estimation, the results mus t  be regarded as 
only semi-quanti tat ive.  

Results and discussion. The results of an experi- 
ment  in which four enzyme functions were investi- 
gated by this procedure are illustrated in the figure. 
Electrophoresis was carried out  for 23 hours in this 
experiment.  Slicing was s tar ted from the origin (to- 
wards  the anode) bu t  quant i ta t ive  studies were made 
only from slice @ 2o since it was known tha t  the 
activities of mos t  interest were beyond this position. 

Fig. i. Dis t r ibut ion of enzyme activities in the starch 
gel after electrophoresis. Reaction =# I:  Hydrolysis  
of leucyl-glycine. Subst ra te  leucyl-glycine. Reaction 
@ 2 : Hydrolysis  of glycyl-glycine. Subst ra te  glycyl- 
glycine alone. Reaction @3:  Hydrolysis  of glycyl- 
glycine in the presence of phenylalanine. Subst ra te  
glycyl-glycine and phenylalanine.  Reaction @4 : Syn- 
thesis of glycyl-phenylalanine due to the t ransfer  of 
a glycyl residue from glycyl-glycine to phenylalanine. 

Subst ra te  glycyl-glycine and phenylalanine. 

The cabbage enzyme prepara t ions  investigated in this work had initially peptidase activities 
towards  leucyl and glycyl peptides and glycyl-transfer activity 3. Of these activities simple glycyl- 

* At the t ime this work was done one of us (G.H.D.)  was suppor ted  by  a grant  from the 
Ontar io  Research Council. 
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glycine (GG) hydrolysis,  and glycyl t ransfer  from GG to phenylalanine (P) were of mos t  interest.  
I t  had proved difficult by  other  methods  to separate these hydrolyt ic  and t ransferr ing activities, 
and  the quest ions had consequent ly  arisen whether  they  were two inseparable funct ions of a 
single enzyme, or whether  an enzyme (or enzymes) might  exist able to catalyse one of the reactions 
bu t  not  the other. The electrophoretic analysis i l lustrated in the figure provides a part ial  answer  
to bo th  these questions. Thus  the results show t h a t  one enzyme is present  (with its m a x i m u m  
act iv i ty  at  slice @41) t h a t  will catalyse only hydrolysis  of GG and is unable to catalyse the 
t ransfer  reaction in the presence of P under  the conditions used. A different enzyme is present  
(max imum at  slice :~: 5 o) t ha t  will catalyse both the hydrolysis  of GG and the t ransfer  of a glycyl 
residue to P, a l though this faster migrat ing enzyme still shows GG hydrolyt ic  act ivi ty in the 
presence of P. Nevertheless this faster migrat ing enzyme shows a greater  ratio of t ransferr ing 
to hydrolyt ic  act ivi ty t han  did any prepara t ion  purified by  other  means, and the results suggest  
(a l though they  do not  prove) tha t  it is a single enzyme able to catalyse both  reactions. 

The present  observat ions do not  exclude the possibility tha t  the solely hydrolyt ic  enzyme 
is derived from an enzyme with catalytic power  for both  types  of reaction, which has lost one 
funct ion of its activity during prepara t ion  (with a s imul taneous change in its electrophoretic 
properties).  However  the electrophoretic analysis demonst ra tes  t ha t  hydrolyt ic  activity in an 
enzyme is not  always accompanied by  t ransferr ing activity, and serves to illustrate the value 
of such an analysis in investigations of enzyme function. The s y m m e t r y  of the zones and their  
discreteness indicate the freedom from troublesome adsorpt ion effects which makes s tarch gel 
such  a sat isfactory medium for electrophoretic analyses of protein  mixtures.  

We should like to point  out  t ha t  this type  of investigation is not  restricted to enzyme or 
protein studies bu t  may  be applied to the analysis of any  p roper ty  or substance in complex 
mixtures  for which a suitable micro-method of assay is available. 

We wish to t hank  Dr. C. S. HANES for his helpful discussion of this work. 
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The rea99regation of the A-protein of tobacco mosaic virus 
SCHRAMM and his co-workers 1, 3, 3 have made detailed studies of the break-down of tobacco mosaic 
virus (TMV) and of the reaggregation of the protein obtained in this way. They have observed 
a series of discrete fractions in the disaggregation and reaggregation experiments,  one of which, 
common  to both  processes, consists of disc-shaped particles in which a central hole is clearly 
visible in the electron micrographs.  The particles have a ra ther  uniform molecular weight  of 
abou t  one million, and from the length of shadows on the electron micrographs,  the thickness 
of the discs has been es t imated to be about  7 ° A. Discs with central  holes similar to these have 
also been observed by  Berkeley workers  4,5 in reaggregat ion experiments .  

The disc thickness therefore appears  to be similar to the axial repeat  period of 69 A deter- 
mined by  X-ray  diflractione, 7 and SCHRAMM has already drawn a t tent ion  to this fact. The 69 A 
axial period, however,  relates to the helical a r rangement  of protein sub-uni ts  in the TMV particle 7, 
and  there is no obvious reason why  this length of particle should form a stable f ragment .  69 A 
is s imply the shor tes t  length of the virus rod which contains both  a whole number  of tu rns  of 
the  protein helix and a whole n u m b e r  (or very  nearly a whole number  s) of protein sub-units .  
In  the present  paper  we pu t  forward a hypothesis  tha t  would account  for the relative stabil i ty 
of a disc of this length. 

Reaggregation to discs. The molecular weight of the protein  sub-uni ts  of TMV is approximate ly  
I7,OOO 9. However,  under  the condit ions used by  both  the Ttibingen and Berkeley workers  to 
disaggregate TMV, the end-product  is a protein  of mol .wt ,  about  ioo,ooo, which SCHRAMM has 
called A-protein. I t  is this protein tha t  has been used as the s ta r t ing  material  in the reaggregation 
experimentsS, 5. There thus  appears  to be a stable protein molecule of this size. I t  is re levant  


