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A STUDY OF SEPARATION METHODS 

FOR THE FORMS OF ADENOSINE DEAM1NASE 

The enzyme, 8denosine deaminase catalyzes the re-

action of adenosine to inosinel 
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The progress of this reaction may be analyzed in 

one of ~wo ways. One method is to measure the disap-

pearance of adenosine spectrophotometrical]y at 265 nm (1). 

Al ternatively, tre appeanmce of the ammonium ion may 

be measured by collection and color development. 

Three forms of adenosine dpamirase of varying mo-

lecular weight have been found to occur commonly among 
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lower vertebrates including fish, amphibia, reptiles 

and birds. These enzyme forms are designated as A, 

Band C forms corresponding to molecular weights of 

200,OOOj 100,000 and 35,000 respectively. These find

ings are strongly supported by work done with frog 

liver extracts (2). The extracts were passed through 

a sephadex column and the collected fractions were as

sayed for activity. The data was plotted graphically 

and the resulting curve was resolved. A minimum of three 

peaks was obtained indicating the presence of the 

three forms of the enzyme which had been separated on 

the basis of the difference in molecular weight. 

In another study (3), the relative substrate 

specificities of ~he enzyme forms were examined. 

Adenosine deamina~e is known to deaminate both adeno

sine and deoxyadenosine. Of importance then is a spe

cific ~raction's ratio indicating its specificity to 

deoxyadenosine over its specificity to adenosine. 

Since the B form is more specific to adenosine, its 

ratio is comparatively low with a value of .1. Both 

A and C, however. have ratios of approximately 1. This 

data a130 provides additional evidence for the presence 

of thp three distinct forms of adeno2ine deaminase. 

In the ~ase of man and most other higher mammals, 

studies similar to the study with frog liver extracts 
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reveal A ~ignificant variation. The A and C forms are 

shown to be preserl t but the B form j s absent. 

Of particular interest in the study of adenosine 

deaminase is the phenomenon of interconvertibility. a 

phenomenon known to exist in most mammalian enzymes. 

Tnterconversion between the two forms A ann (' has been 

shown in hUman tissue ('1). 

In view of these observations of the enzyme ~den

osine d (~amina se And its interconverti ble forms, it 

is appare~t that an efficjent method of separation is 

necessary_ This study examines the applicability of 

the mpthod of separatjon known as Thin Layer Gel 

Fil tr~:'!tion. 

MA'PERIALS AND METHODS 

In Thin Layer Gel Filtration. A layer of swollen 

Sephadex G-200 Super-fine Gel is spread onto a 20 cm. 

x 20cm. e1ass plate with a thickness of .h to 1 mm (h). 

The plate is then placed into a plastic chamber and con

nected by fi.lter paper bridges to reservoirs of .05 M 

phosphat p buffer at each end. The plate is then tilted 

to an ~':l.rigle of 25 degrees to the hori zontal and al

lowed tc equilibrate for at least twelve hours 8t ap

proximately 40 C. After eq~ilibration, samples are 

applied (usually 10 ul). Along with the samples, 



Thin Layer Gel Chromatogr~phy Apparatus 

::: 

Thin Layer Gel Chromatography Apparqtus with Plate 
ConnectEH:l to Buffer Reservoirs by 1"i1 ter Paper Bridges 
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cytochrome ~ is applied to provide a means of obser

ving migration distance. The plate is removed from 

the chamber after approximately five hours or when the 

cytochrome C has traveled 4 or 5 em. from the origin. 

At this point the plate is ready for detection and two 

techniques are commonly used for detection of migration 

distances for marker proteins. One method is the 

dry plate staining method (~). The developed plate 

is oven dried at approximately 600 C and then stained 

with a solution of amido black in methanol. The plate 

is subsequently washed free of background stain to re

veal the location of the samples. The other method 

is the replica technique (~). In this technique, What

man 3 M~ filter paper is rolled onto the developed gel 

layer on the plate. The paper is left in contact for 

approximately one minute. The paper chromatogram is 

then stained directly and rinsed to reveal the loca

tion of the samples. 

These two techniques are used for samples of 

pure protein. However, since adenosine deaminase is 

in a crude extract some modifications are obviously 

necessary_ If the enzyme protein was stained on the 

plate, 3 colored ~treRk wnulri ~e ohserved rather than 

a single spot due to the presence of other impure pro

tains in the crudr extr3ct~ ~h~refore, the gel is re-
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moved from the plate in one centimeter fractions ~nd 

eluted with buffer in small test tubes and left for 

at least twelve hours. The enzyme activities of the 

eluant fr~ctions are then determined spectrophotometri-

cally in order to locate the fractions of greatest 

enzyme concentration. 

RESULTS 

In detection of sample location on the developed 

plate, the dry plate staining method was found to be 

problematic. Frequently, the gel cracked during oven 

dryingo The crac~ine then caused flaking during the 

staining procedure making detection very difficult. 

Furthermore, even when the plate WqS develop~1 and dried 

withollt cracking. the location of the samples was of-

ten undetectable after staining. 

Much better results were obtained with the replica 

technjque. The reproduction on the following pRee 

shows the accurate detection made possible by this 

teChnique. As well, the replica technique involves 

less working time than does the dry plate method since 

there is no plate drying involved. The chance of ex-

perimental error ~lso seems to be less with the rep-

lica te~~nique. 
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ReplieR Method of Detection 

Chymo- Gamma- Trans-
cyt. C Aldolase Ovabl.lmin Thyroglobulin B.S.A. trypsinogen globulin ferin 
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The modifications to the procedure (used in the 

case of the crude enzyme) also provide very sat1sfRC

tory results. A plotting of the fraction number vs. 

t~e enzyme concentration gives the graph shown on the 

following page. For the sake of comparison, page 10 

contai.ns a graphing (also for human intestine) of a 

separation achieved by column gel ~ilt~ation. 

DISCUSSION 

It is to be understood that proteins passing thru 

the Sephadex gel are separated according to molecular 

weight. Small proteins penetrate the pores of the beads 

and are thus slowed in their ~igration while large pro

teins pass thru the interstitial spaces of the gel beads. 

The procedure ~escribed then provides an accurate meth

od for molecular weight determination. The initial 

step is the establishing of a calibration curve. Pro

teins of known and varying molecular weight are sep

arated on the thin layer plate and their migration dis

tances are measured. The inverse migration distance 

is plotted aga i.nst the logarithms of the moleclllar 

weight to provide the c~li.bration curve. It is now 

a relatively simple task to determine the molecular 

weight of any protein by finding its migration dis-

tance and using the calibrated curve for obtaining the 

molecular weight. 
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Finally, the value of Thin Layer Gel Filtretjon 

becomes even more apparent when it is compared to other 

methods. Perhaps the most often used method is column 

gel ~iltration which works on a similar principle but 

makes use of a packed column instead of a thin layer. 

For large scale separation this is the better method 

since the sample size may be increased. However, the 

thin layer method is to be preferred for the following 

reasons: (1) There is less working time involved be-

cause of the ease of preparing a plate over packinB a 

column~ (2) TLGC allows for the study of up to six 

samples simultaneously while the column of course al

lows fer only a single sample, and (3) the assaying task 

is lighter with TLGC. Only 10-15 fractions are ana

lyzed spectrophotometrically while column filtration re

quires analysis of 30-40 fractions. 

In conclusion, for the purposes of research in

volving the interconvertibility phenomenon of adeno

sine deaminase, Thin Layer Gel Filtration provides an 

aCCllrate and reliable method 0f separation of the en

zyme forms. 
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