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SERUM PROTEIN CHANGES DURING TRANSFORMATION 

IN ABYSTOMA TIGRINUM 

CHAPTER I 

Introduction 

Changes associated v/ith metamorphosis normally 

transform an animal from a simple to a more complex state 

(Wald, 1935), The serum protein fractions of fish, am

phibians, reptiles, birds and mammals change considerably 

during ontogeny to plasma of increasing complexity (Engle 

and VJoods, 196O) . The biochemical changes of metamorpho

sis must precede the changes in habitat, or the transition 

could not be made (V/ald, 195Q) • Therefore, before the 

amphibians' trrinsition to land, there must be adjustments 

and alterations in the serum protein composition (Frieden, 

1961). 

The physiological relationships of the serum pro

teins are many and varied. The blood proteins act as 

buffers to maintain the physiological hydrogen ion con

centration of the system v/hich is necessary for carbon 

dioxide transport (Engle and IVoods, 196C) . Another prin

cipal function of blood proteins is the maintenance of 

colloid osmotic pressure. This is important for the 

mechanics of fluid exchange between the blood and tissue 

1 



fluid where the two are separated by an endothelium 

(Florey, 1966). This is also important for osmoregula-

tion differences between fresh water and land. In 

general, as the complexity of the animal increases, the 

protein concentration and the osmotic pressure likewise 

increase. During metamorphosis, the composition of the 

serum of the tadpole of Rana catesbiana changes from 

fractions of moderate electrophoetic mobility to fractions 

of slow and fast mobility in the adult frog. These adult 

proteins correspond to human Y-globulin and hum.an albumin 

(Frieden, 196I). 

Several studies of various amphibian species' 

blood proteins have been made, v/ith varying results. 

Frieden (190I) found a marked increase in albumin during 

metamorphosis in Rana heckscheri, Xenopus laevis, and Rana 

grylio. A 2.5"- increase in total seruam protein was report

ed in Rana catesbiana (Frienden, et al, 1957)^ and a 2x 

increase in total serum proteins v/as reported in Amby stoma 

tigrinum by Hahn(l962). Total protein concentrations in 

grams/100 ml (adult levels) v/ere reported for Salamandra 

maculosa at 2.l6 (Lvistig, 1937) and for Tarichia torosa at 

3.53 (Favour, 195S). 

Albumins can be defined on the basis of chemical 

properties, such as molecular v/eight, electrophoretic 

mobility, solubilities, and ion binding capacities (V/hite, 

et al, 1964). Engle and Woods (196O) stated that the best 



definition of albumins in biological fluids is, " . . . the 

protein in the highest concentration in the blood which has 

a relatively high electrophoretic mobility and a molecular 

weight of approximately 70,000." This definition was 

especially useful in their comparison of sera of several 

different species. Because of the strong affinity of 

albumins for anions, they serve to reduce the concentration 

of ionic materials in the blood and thus have a buffering 

activity. They also serve a transportation function, carry

ing ions to their site of need or elimination (Foster, 1960). 

'. In the lamprey, a nev/, fast moving plasma protein ap

pears coincident v/ith metamorphosis. This fraction v/as 

defined as an c^-globulin, but v/as the most rapidly moving 

of the plasma proteins (Rail, et al, 1961). There have 

also been reports of a lack of albumins in both amphibians 

and reptiles; Gleason and Friedberg (1933) reported the 

absence of albumin in Nectiirus macula turn and /̂jaby stoma 

maculatum, as did Hahn (196I) for Ambystoma tigrinum. 

On the other hand, Guttman (1963) found albujnins in three 

species of Siren, and Frieden (I9y7) reported its presence 

in several Rana species and in Xenopus laevis. Cei. and 

Bertini (196I) reported an albumin-like fraction in tv/o 

species of Leptodactylus. Crenshaw (1962) noted that serum 

albumins may be absorbed to the filter paper in paper elec

trophoresis, the procedure used for many of the above studies, 

and then demonstrated the presence of albumins in several 



chelonla after the absence of such a fraction had been 

reported by others (Cohen and Stickler, 193^; Gleason and 

Friedberg, 1933). Masat and Dessauer (1967) showed the 

presence of albumins in fifteen reptilian species. 

The objectives of this study were to determine 

the nature of the serum proteins of Ambystoma tigrinum, 

and the changes in these proteins during metamorphosis. 



CHAPTER II 

Materials and Methods 

Ambvstoma tin:rinum larvae and transformed animals 
*- . I I I ! l ' - - | • • [ I 

V/ere collected by seining in a permanent playa lake at 

Reese AFB, Hurlwood, Texas. The animals v/ere all collect

ed betv/een October, 1970 and January, 1971. The larval 

animals ranged in size from 137 nim to 165 mm snout-vent 

length; the transformed animals v/ere from 123 mm to 130 

mm snout-vent length. Blood v/as collected by decapitation 

and v/as allov/ed to clot overnight at h^C. The serum v/as 

pipetted to fresh tubes and v/as placed in a deep freeze 

for later use. A sample size of 20 larva and 20 trans

formed anim:als v/as used for each experiment. 

The first electrophoretic series v/ere run on a 

Beckman Microzone apparatus^ Human serum i/as applied to 

a space on each strip to serve as a reference. The 

cellulose acetate strips v/ere later scanned on a Beckm.an 

Analtrol v/lth a Microzone attachment. The amount of pro

tein v/as calculated by triangulation as a percentage of 

total protein recorded. 

Total protein present for larval and transformed 

serum samples v/as determined by a Biuret test using a 

Technicon Autoanalyzer following the procedure published 

for the i3rotein determination attachments. The amount 
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of protein present in each sample was calculated on the 

basis of bovine serum albumin standards. 

The starch gel electrophoresis method of Smithes 

(1933, 1939) was applied using a borate buffer system 

and a I'i'p starch gel (pH 8.6). Thirty yU/1 samples v/ere 

applied to the gel with capillary tubing and electrophor-

esed at I60 volts for l3 hours. Bromophenol Blue dye was 

added to a serum sample and run on a starch gel to deter

mine the binding capacity of the serum components. Before 

these gels v/ere stained, the level of the dye v/as marked 

by cutting a small piece out of the gel. All gels were 

stained for protein v/ith Amido Black stain. 

Sephadex G-I30 Superfine v/as used v/ith a tris-HCl 

buffer of pH 7.2 and ionic strength 0.1 for the determi

nation of the molecular v/eights of the protein fractions. 

The thin layer gel filtration method was used (Sephadex 

instruction manual; Andrews, 1964). The buffer v/as pre

pared as indicated by Bates (1963)• The standards used 

v/ere ribonuclease A, chrymotripsinogen, ovalbumin, aldolase, 

and blue dextran, all obtained as the Sephadex calibration 

kit. These v/ere spotted on the gel of 0.5 mm thickness 

about 3 cm. apart. The plate v/as run at a 10*̂  angle at 

4^C. for 3 hours and v/as developed in a closed container 

of iodine vapor for 1 hour (Andrev/s, 1964), The distances 

traveled v/ere measured and compared to the distances mi

grated by the standards. 



CHAPTER III 

Results 

The cellulose acetate strips shov/ed a separation 

of a serum into two distinct fractions. A concentration 

difference v/as visually present between the transformed 

and the larval sera. The fractions formed at the same 

distance from the point of application in both the trans

formed and the.larval samples. The leading fraction ran 

slightly slov/er than fraction of the human reference 

sam.ple . 

The scans of cellulose acetate strips, shown in 

Figure 1, revealed definite concentration differences 

betv/een the transformed and the larval samples in both 

fractions. The larval leading fraction consisted of 33/̂  

of the serum proteins and the transformed leading frac

tions consisted of 4l̂ ^ of the serum proteins. The second 

fraction of the larvae comprised 25̂ ^ of the serum proteins 

v/hile the second fraction of the transformed animals v/as 

only 23^, (See Figure 2). The leading fraction v/ill be 

referred to as the albumin fraction and all other proteins 

in the sera as the globulins. On the basis of these scans, 

the mean albumin-globulin ratio (A/G) of the transformed 

animals is O.7I, and the larval animals is 0.34.(See Table I). 
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Fig. 1.--A comparison of the cellulose 
acetate strip scans of Ambystoma tigrinum 
and himian sera. 
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Fig. 2.--Comparison of the relative compositions 
of fractions one and tv/o of larval and transformed 
Amb;;stoma tirrinum. The mean, range, standard deviation 
and LV/O stanaara errors of the mean are shov/n. 

TABLE I 

CELLULOSE ACETATE STRIP SCAIIS. VALUES 
GIVEIJ IN PERCEI:T OF TOTAL PROTEIN 

No'. Samples Hean-S,E. A/G 

Larva, Fraction 1 l8 34.93-3.22 ^ _. 
Larva, Fraction 2 l8 28.04io.o2 ^-^^ 
Transformed Fraction 1 21 41.27+1.17 
Transformed Fraction 2 21 23.03il.i9 ^./l 

The biuret test determined that the total amount 

of protein present in the transform.ed animals is not sig

nificantly different from the amount present in the larval 

animals. This is shov/n in Figure 3. The transformed have 

a mean value of 3-4 gm-Ŝ ,̂ while the larva have a mean value 

of 3.0 gm-^. 

http://28.04io.o2
http://23.03il.i9
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pi2. 3.--Total Protein of transformed and larval 
Ab-.̂ stoma tigrinum. The mean, range, standard deviation, 
ana tv;o sr.andara errors of the mean arc snov/n. 

The starch gel electrophoresis showed concentra

tion differences betv/een the albumin fractions before 

and after metamorphosis. (See Figure 4). The transformed 

animals had greater concentrations of proteins in this 

fraction. The Bromophenol Blue dye ran with the albumin 

fraction exclusively, as can be seen in Figure 3- The 

Ambystoma tigrinum albumin ran slightly slower than did 

the human albumin reference in all cases. 
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Fig.4.--Starch gel electrophorogram of 
t ran s f ov\no d, j. arva 1 and human se ra sarm 1 e s 
after electrophoresis in borate buffer (pH 3.6) 

The serum sam.ple applied to the Sephadex gel plate 

separated into tv/o distinct fractions upon filtration, the 

leading fraction having a miolecular v/eight of 63^000, the 

slov;er fraction having a m.olecular v;eight of lSO,000. 

(See Table II). 
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Eig. 5.--Starch gel electrophorogram of sera 
containing Bromophenol Blue, after electrophoresis. 
The notch in the gel marks the point of dye move
ment . 

TABLE II 

MOLECULAR V/EIGHT DATA OBTAINED FROM 
SEPHADEX GEL FILTRATION. 
STANDARDS AND UNKNOVJNS 

ARE REPRESENTED 

Samole Distance Molecular v/eight 

Ribonuclease A 

Chymotrypsinogen 

Ovalbumin 

Aldolase 

Blue Dextran 

Sample, Fraction 1 

Sample, Fraction 2 

6.5 cm 

8.0 cm 

9.5 cm 

13.3 cm 

20.5 cm 

10.0 cm 

13.0 cm 

1.35 X 10-̂^ 

2.50 X 10̂ ^ 

4.50 X 10^ 

1.38 X 105 

2.00 X 10^ 

6.30 X 10̂ ^ 

1.80 X 10^ 



CHAPTER IV 

Discussion 

The serum proteins of Ambystoma tigrinum apparently 

change only in relative concentrations during metamorphosis 

This serum contains two major fractions corresponding to 

mammalian albunin and iT-globulin; smaller fractions 

corresponding to the (K-globullns of mammals are also pre

sent. The leading fraction has a higher charge density 

than the others as indicated by the electrophoretic 

studies, shown in Figures 4 and 5. This protein was also 

shov/n to bind an ionic dye (Figure 5) and to be of a 

molecular v/eight of the proper order of magnitude for an 

albumin. 

Several v/orkers have postulated that the greater 

concentrations of albumins are a terrestrial adaptation 

(Frieden, I96I; Hahn, 1962; Bertini and Cei, 1962) but 

this has been disputed by Guttman (1965) who found albumin 

in the entirely aquatic Siren. He believes that the role 

of plasma albumin in osmoregulation has been overstated. 

Since the ratio of albumin to globulin increased 

coincidentally with metamorphosis in Ambystoma tigrinum, 

even though the total concentration of protein remained 

constant, there is an increase in osmotically active par

ticles in the adult. This may increase the colloid osmotic 

pressure of the blood sufficiently to promote water reten

tion by the tissues and the kidneys enough to support a 

terrestrial existence. 
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