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CHAPTER I 

INTRODUCTION 

The biological species concept is based on actual or 

potential reproductive isolation among populations (Mayr, 

1963)• In most cases inferences are made as to reproductive 

isolation among groups. In the past, systematists have relied 

largely upon morphological characters as indexes of relation

ships among various animal groups. Differences in morpholog-

ical characters, however, are a result of multiple biochemical 

differences. On the other hand, individual biochemical diff

erences may be sub-cellular and not always expressed morpho

logically. Therefore, analyses of biochemical characters 

may be very useful in indicating subtle differences in organisms 

of very similar morphology (Dessauer, Fox, and Pough, 1962). 

It is now accepted that proteins, usually in the form 

of enzymes, are the direct products of gene action. Thus it 

Is feasible to utilize the physico-chemical properties of 

proteins in studies of evolutionary divergence and syste-

matics. Electrophoretic and serological studies of proteins 

are among the simpler and more reliable techniques when 

compared with the more difficult process of a complete amino 

acid analysis of proteins. Rationale of using such methods 

to reveal relationships has been reviewed by Boyden (1963t 

1965, 1966), Dessauer and Fox (1964), Dessauer (1966a), 



Johnson and Wicks (1959)t Leone (1964), Manwell and Baker 

(1963), and Sibley (I96O). Individuals within a given species 

have been shown to be biochemically unique; nevertheless, 

the number of proteins which they have in common greatly 

exceeds the number by which they differ (Williams, 1956). 

A given protein which occurs consistently within a species, 

genus, family, or any of the other taxa is considered "con

servative", while a protein which occurs only in a limited 

number of individuals or is polymorphic is considered "highly 

variable". Conclusions as to the taxonomic value of the 

protein must be preceeded by the examination of a large 

number of individuals. Thus species which are closely 

related show a high degree of protein similarity, both 

serologically and electrophoretically. 

The last revision of pocket mice. Genus Perognathus, 

was based on a small number of specimens (Osgood, I9OO). 

Since that time doubt has arisen as to the systematic status 

of certain species and groups of species of pocket mice. 

One taxon, the fasciatus group, is poorly understood taxon-

omically. This group consists of five species. In my study, 

electrophoretic and serological techniques have been applied 

to P. merriami, P. flavus, P. apache, and P. flavescens. 

The other member of this species group, P. fasciatus, was 

not available to me for study. 

Certain proteins have been considered more conservative 

than morphological characters since they may be less sensitive 



to environmental influence. Some differences in morpho

logical characters are due to phenotypic variation; however 

the genotype will determine the limits within which these 

characters vary. Hence phenotypic variations are usually 

conditioned by the environment. Even though proteins are 

considered less flexible, a study of protein systems cannot 

strictly distinguish species from one another but may aid 

in revealing phylogenetic relationship between suspected 

groups. The objectives of this study were as follows: 

(1) determine the serological similarities of four species 

of Perognathus using structural proteins (organ homogenates); 

(2) study some qualitative variations of individual proteins. 

Review of Literature 

Pocket mice (Perog;nathus), spiny pocket mice (Heteromys 

^^^ L^o^ys)f kangaroo rats (Dipodomys), and kangaroo mice 

(Microdipodops) constitute the living genera of the family 

Heteromyidae. Wood (1935) concluded, on the basis of dental 

patterns and other skeletal characters especially those of 

the skull, that heteromyids evolved during the middle Olig-

ocene from a sciurid-like ancestor. On the basis of fossil 

evidence it appears that pocket mice probably evolved during 

the Barstow stage of the Miocene epoch. These mice are now 

highly adapted, both physiologically and ecologically, to 

the arid areas of Mexico and the western United States. Geo-



graphically Perognathus extends farther north than other 

genera of the Family Heteromyidae. The 26 currently recog

nized species of pocket mice are all endemic to the Western 

Hempisphere (Hall and Kelson, 1959). 

The Genus Perognathus was first described by Maximillian, 

Prince of Wied, in I839 on the basis of morphological char

acters. Maximillian's original description was accompanied 

by a colored plate of the animal, a table of measurements, 

and figures of the skull and teeth. The holotype is P. 

fasciatus from the Upper Missouri River, near the mouth of 

the Yellowstone (Old Ft. Union, vie. Buford, Williams Co., 

North Dakota). The first major revision of Perognathus was 

that of C. Hart Merriam in I889. Merriam recognized eighteen 

species based on a total of 170 specimens. In I9OO, the 

revision of W. H. Osgood recognized thirty-one species 

based on a total of 3,000 specimens. Osgood's work resulted 

in dividing the subgenus Perognathus of Merriam into four 

species groups: fasciatus, longimembris, fprposus, and parvus. 

The four species studied herein are all members of the 

fasciatus group. Vernacular name, authority, and type 

locality for these species are as follows: (1) apache pocket 

mouse, Perognathus a-pache Merriam, N. Amer. Fauna (l:l4), 

Oct. 15, 1889, Keams Canyon, Navajo Co., Arizona; (2) plains 

pocket mouse, Perognathus flavescens Osgood, N. Amer Fauna 

(18:20), Sept. 20, 1900, Kennedy, Cherry Co., Nebraska; 

(3) silky pocket mouse, Perognathus flavus Baird, Proc. 



Acad. Nat. Sci. (7:332), 185^-1855. El Paso, El Paso Co., 

Texas; (4) Merriam's pocket mouse, Perognathus merriami 

J. A. Allen, Bull. Amer. Mus. Nat. Hist. (4:45), 1892, 

Brownsville, Cameron Co., Texas. Table 1 lists those 

characteristics used to differentiate the four species 

in the past. 
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Table 1. Morphological characters of four species of 
Perognathus. Number in parenthesis below 
figure indicates sample size. All measure
ments were in mm. a.- Hall and Kelson, 1959; 
b.- Osgood, 1900; c- Blair et al., 1957. 



CHAPTER II 

METHODS AND MATERIALS 

Animals.- Specimens were taken from the following 

localities: P. apache, 10-15 mi. W. Albuquerque, Bernalillo 

Co., New Mexico; P. flavescens, 6.5 mi, SE Kermit, Winkler 

Co., Texas; P, flavus, 6,5 mi, SE Kermit, Winkler Co,, Texas, 

and vicinity of that area; and P, merriami, vicinity Kings-

ville, Kleberg Co,, Texas, All animals were either captured 

at night by hand or with live traps. 

Antigen.- Homogenates of liver, spleen, skeletal 

muscles, kidneys, and heart were prepared from two males 

and three females of each species. Tissue proteins were 

utilized in this study since they are considered good anti

gens in comparative serological work (Martin and Leone, 1952). 

Homogenization was effected with a Potter hand homogenizer 

and the homogenate was suspended in 50 ml physiological 

saline. The suspension was centrifuged for 30 minutes at 

12,100 X G in a Sorvall RC-2 centrifuge and the supernatant 

collected. The supernatant which contained saline-soluble 

proteins was used for injection and serological testing, 

Homogenates from the five animals of each species were pooled. 

Protein concentration of each antigen was determined 

by the Biuret Method (Weichselbaum, 1946), Protein concentra

tion of homogenates were: P, apache, 10,5 mg/ml; P, flaves-
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cens, 13.4 mg/ml; P. flavus, 13 mg/ml; and P. merriami, 

6.7 mg/ml. 

Ant1 sera.- Adult rabbits were used for immunization. 

Each antigen was mixed 1:1 with Freund's complete adjuvant 

(Crowle, 1961) prior to injection to enhance high titer anti

serum production. The immunization schedule used on all 

experimental animals is outlined in Table 2. All inject

ions were made subcutaneously. Ten days following the last 

injection the animals were bled v̂ ia the marginal ear veins. 

Blood was allowed to clot for one hour at room temperature 

and placed in the refrigerator overnight for maximum expression 

of serum. The precipitin test employing varying dilutions 

of homologous antigen was used to determine the titre of 

the respective antisera. Only high titre antisera were 

used for serological tests. These were divided into 5 ml 

aliquots and stored at -5 C. 

Sf-Zol9̂ 1î _̂ l Tests*, Quantification of homologous and 

heterologous precipitates vjas done by ultraviolet absorption 

spectrophotometry (Beckman model DB Spectrophotometer) and 

specific precipitate systems observed by the micro-Ouch-

terlony plate method, A flow diagram of the analytical 

method for the precipitin reaction is shown in Table 3. 

A constant amount of protein antigen, JOyul, vras delivered 

to the bottom of a 10 ml test tube vlei microliter syringe. 

An excess of antiserum, O.50 ml, was added over the antigen 
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and the contents of the tube stirred well. The mixture 

was incubated at 37»5 C for 30 minutes and then placed in 

a refrigerator for 36 to 48 hours. The precipitates were 

washed 3 times in physiological saline and then dissolved 

in 0.25 N acetic acid. The mixture was incubated for 15 

minutes at room temperature and the Optical Density (OD) 

was read at 280 m^ with 0.25 N acetic acid as a reference. 

Serological correspondence on a percentage basis was computed 

by means of the following formula (Leone and V/eins, 1956) : 

OD of heterologous reaction e/ ««,,^T «.,« ««T ««̂ «̂r,>.̂ ,̂q«v,«̂  
rrrr—-rm ^ ^ zTT = % serologlcal correspondence 

OD of homologous reaction ' 

Saline controls were employed with antigens and antisera. 

Micro-Ouchterlony plates were used for qualitative 

analysis of precipitate systems. One inch square templates 

were constructed from 1/8 inch thick plexiglas. The template 

had a center well and four surrounding wells (for pattern see 

p. 22) 4 mm from the center well (Crowle, I96I). 

A double layer of plastic electric insulating tape 

(Homart Plastic Tape, 3/4 inch wide. Sears, Roebuck, and 

Co.) 9.5 cm long was wrapped on both sides of the middle 

2 cm of a 1 X 3 inch glass slide. lonagar No. 2 (Consol

idated Laboratories, Inc.) washed for two to three weeks 

was found to be the best medium due to its exceptional 

clarity. Thirty-five thousandths (0.035) ml of agar, melted 

and cooled to 55 C, containing barbital buffer at pH 7.4 

was placed on the slide betvreen the tapes (Crowle, I96I). 



12 

A plexiglas template was placed on the molten agar and the 

edges of the two tapes while the agar cooled to room temp

erature. Antiserum was delivered to the center well and 

antigens v̂ ere delivered into the four surrounding wells 

of the plexiglas template. Micro-Ouchterlony slides were 

incubated for 48 hours at room temperature. 

Following incubation the following procedures were 

employed: (1) template removed; (2) unreacted protein 

removed by washing the slide in 0.85^ saline to obtain 

high contrast between precipitin reactions; (3) slides 

placed in an open wooden slide box and the wooden slide 

box placed within a 1000 ml beaker; (4) air continuously 

bubbled through the solution to facilitate washing; (5) 

slides washed for 48 hours and saline changed several times. 

After washing, wet filter paper (Curtin #7775) was 

placed on the agar and two layers of wet filter paper 

(Whatman #1) placed over the first layer of filter paper. 

The agar was dried to a thin film at 100 C for 45 minutes 

in an oven. The slides were removed from the oven and the 

filter paper was removed by soaking the slides in tap 

water for a few minutes. Precipitin bands were stained 

for 30 minutes in a triple stain consisting of Thiazine 

Red R, Amido Black 10 B, and Light Green SF Yellowish 

(all obtained from W. H. Curtin Co.), 0.25^ each in 5.0̂ ^ 

acetic acid. Slides were destained in tap water. 

Photographic prints were produced by placing the 
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stained 1 x 3 inch glass slides in a negative carrier of 

a photographic enlarger. The enlarger was then turned 

on so as to print the precipitin band images onto photo

graphic paper (Kodabromide IV, Kodak Photography Co.) which 

was held in an easel. 

Plasma and Hemoglobin Preparation,- Blood samples 

were collected from the postorbital sinus of etherized 

animals with heparinized capillary tubes (Riley, I96O). 

The tube-end was stoppered with clay after filling with 

blood. The sample was centrifuged for 15 minutes at full 

speed in an International Centrifuge, Plasma was removed 

with a microliter syringe and placed directly onto the 

sample applicator for cellulose acetate electrophoresis 

or into slots in the starch-gel for electrophoresis. 

Erythrocytes were washed three times in physiological 

saline to remove extraneous proteins. The red blood cells 

were hemolyzed by osmotic shock or an alternating freeze-

thaw method (Gorman and Dessauer, I966). Hemoglobin analysis 

was conducted on the supernatant. 

Serum Protein Eleptrophoresis.- Components from the 

Gelman cellulose acetate strip electrophoresis apparatus 

#51101 were utilized with the following technique employed: 

(1) plasma samples were applied to the strips with a Beckman 

#320005 applicator; (2) a IOJU^I sample was applied to 

each Gelman Sepraphore III strip; (3) buffers employed 
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were phosphate or barbital at pH 6.5t 7.0, or 8.6; (4) 

strips were then placed in the chamber with sufficient 

buffer and a direct current potential of 350 volts was app

lied for one hour; (5) following electrophoresis, strips 

were'stained in Ponceau S (500 mg in 100 ml 5% trichloro

acetic acid) for three minutes; (6) strips were destained 

in successive washes of 5% acetic acid until a white back

ground appeared; (7) drawings were then made of each strip 

(cellulose acetate strips cannot be kept indefinetly), 

Enzyme Electrophoresis.- The vertical method of starch-

gel electrophoresis of Smithies (1959) was employed with 

modifications by Boyer (1964). Components of the Buchler 

Inst, Co. starch-gel electrophoresis unit (#3-1070) were 

used. Starch was obtained from Connaught Laboratories. 

Electrophoretic behavior of enzymes described herein is 

in reference to relative rate of migration in pH 8,6 EBT, 

EDTA (ethylenedlamlnetetraacetic acid) - Boric acid -

Tris, buffer (Boyer, Farner, and Naughton, I963). 

Aliquots of plasma (30yMl) were applied into slots 

cut in the starch-gel and the mold placed in the tank for 

electrophoresis, A potential of 150-170 volts was applied 

to the starch-gel for a period of IO-I8 hours. The starch 

mold was removed from the tank and sliced longitudinally 

so that two sides of each gel could be stained by different 

techniques. Aromatic esterases were detected by the dye 

couplinp method of Markert and Hunter (1959), usinc: alpha-
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napthyl acetate as the substrate and with either Fast-

Blue RR or Fast Garnet GBC as the dye-coupler. Peptidase 

and acid phosphatase were detected in starch-gel by mod

ifications of histochemical techniques (Dessauer, 1966b). 

Hemoglobin Electrophoresis.- Fresh preparations of 

hemoglobin were used. These vrere never frozen for a period 

longer than 15 minutes (extra bands may appear that are 

probably methemoglobin as a result of longer storage, see 

Gorman and Dessauer, I966). Electrophoresis of hemoglobin 

was conducted on paper, cellulose acetate strips and in 

starch-gel. Cellulose acetate strips were used with buffers 

of barbital and phosphate at pH 6,5f 7.2, and 8.6. When 

starch-gel was the supporting medium, EBT buffer was used. 



CHAPTER III 

RESULTS 

Comparative Serology.- Serological correspondence (for 

formula see p. 11), based on the quantitative precipitin 

test, was an index of relationship betv:een any two species 

only for that antiserum employed. Each pooled homogenate 

of the organs of five individuals from each species was 

the only one utilized. Antisera are highly variable, some 

being specific and others being relatively.nonspecific. 

The significance of these tests is that the higher the per 

cent correspondence the greater the amount of antigenic 

similarity. 

Figures 1, 2, 3t and 4 are bar graphs showing per cent 

reaction between the indicated antiserum and antigens being 

investigated. Figure 1 indicates that a greater serological 

similarity exists between Perognathus merriami and P. flavus 

than between P. merriami and P. flavescens or P, apache. 

When P, flavus antiserum was employed with the antigens 

of the four species of pocket mice (Fig, 2), the serological 

similarity between P. flavus and P. merriami was greater 

than the relationship of P, flavus to P, flavescens or 

P. apache. 

A close serological similarity between P. apache and 

P, flavescens was indicated by the per cent reaction when 

16 
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either P. flavescens or P. apache antiserum was employed 

(Figures 3 and 4). Particularly interesting was the stronger 

reaction of the P. merriami antigen with the P. apache 

^^^ £• flavescens antisera than the P. flavus antigen. 

Quantitative precipitin tests indicated that P. apache 

^^^ E» flavescens have structural proteins which were 

serologically very similar. P. merriami and P. flavus 

were serologically similar but not to as great a degree 

as P. flavescens and P. apache. P. merriami shows more 

serological similarity with P. flavescens and P. apache 

than did P, flavus. 

Since the same turbidity may be produced by reactions 

between different proteins, antigen-antibody reactions 

in agar were studied using micro-Ouchterlony plates. Fig

ures 5 and 6 are photographs of stained slides showing the 

protein arcs that developed when employing P. merriami 

antiserum (A MR) and antigens of all four species of 

pocket mice, 

Micro-Ouchterlony plate photograph in Fig, 5 is a 

comparison of precipitates formed when P, merriami antigen 

(MR) and P, flavescens (FN) antigen were employed. The 

upper right well was a 0.85^ saline control. Several 

antigen-antibody reactions formed by the homologous system 

were noticeably absent with P. flavescens (FN) antigen. 

Only one system appeared to be shared, and this was a rather 

weak reaction judging from the intensity of the stain. 
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Figure 5. Photograph of micro-Ouchterlony plate. 
A MR=P. merriami antiserum; MR=P. merriami 
antigen; FN=P. flavescens antigen; NaCl= 
0,85^ sodium chloride control. 
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Figure 6. Photograph of micro-Ouchterlony p l a t e , 
AP=P. apache an t igen; FA=P, f lavus an t igen . 
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Figure 6 is a comparison of the P. flavus (FA) and P. 

apache (AP) antigens with the homologous system (MR-A MR), 

P. apache antigen, when reacted with P. merriami antiserum, 

shows the formation of numerous spurs. Again there appeared 

to be only one reaction and the intensity of the stain vras 

somewhat less than with the homologous system which in

dicated less protein and consequently a weaker reaction. 

The reaction with P. flavus antigen appeared more intense 

than with either of the two previously mentioned species. 

Small spur formations were obvious with the P. flavus antigen 

indicating that even though there was a high serological 

relationship between P. merriami and P. flavus, differences 

did exist. 

Figures 7A and 7B are line drawings of reactions of 

antigens with P. flavescens antiserum. Figure 7A indicates 

that there vrere no differences between P, apache antigen 

and P, flavescens antigen in their reaction with P, flavescens 

antiserum. In contrast, differences did exist between 

p. flavus and P. merriami antigens when reacted with P. 

flavescens antiserum (Fig. 7B). 

Figures 7C, 7D, 7E, and 7F are line drawings of micro-

Ouchterlony plates showing relationships between the four 

species employing antisera produced against antigens from 

the two remaining species, i.e. P. flavus and P. apache. 

Relationships, based on reaction of these two antisera 

with all antigens, are basically the same as with the two 
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Figure 7. Line drawings of micro-Ouchterlony plates. 
A FN=P. flavescens antiserum; A FA=P. flavus 
antiserum. 
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Figure 7. Line drawings of micro-Ouchterlony plates. 
A AP=P. apache antiserum. 
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previous antisera. P. merriami and P. flavus antigens 

showed stronger reactions with the antisera produced by 

each other than either showed with the antisera produced 

by P. apache or P. flavescens. Furthermore, P. apache and 

P. flavescens exhibited no different antibody-antigen 

reactions thus indicating an extremely close relationship. 

Serum Protein Electrophoresis.- Best separation of 

serum proteins was obtained with pH 6.5 phosphate buffer. 

Six protein fractions appeared on electropherograms of 

serum of all four species at this pH. Four fractions 

appeared at pH 8.6, whereas electrophoresis at pH 7.2 

revealed five fractions. P. merriami could not be disting

uished from P. flavus nor could P. apache be distinguished 

from P. flavescens on the basis of serum proteins. Diff

erences did exist in fractions 2, 3, 4, and 5 so that the 

P. merriaml-P. flavus pattern could be distinguished from 

the P. flavescens-P, apache pattern, see Fig. 8. Seven

teen animals of each species were tested. 

Hemoglobin Electrophoresis.- No interspecific diff

erences in hemoglobins were obtained. Figure 9 is a photo

graph of hemoglobins following electrophoresis with paper 

as the supporting medium. Only one hemoglobin-polymorphic 

animal (a P. flavescens) was found after an average of 

15 animals of each species had been examined. Johnson 

and Wicks (1959)f and Manwell and Kerst (1966) noted only 
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Figure 9. Paper electrophoresis of hemoglobins of four 
species of Perognathus. Anode i s to the l e f t 
of or ig in . 
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slight differences in hemoglobin migration of various 

mammals. 

Enzyme Electrophoresis.- Only one form of peptidase 

was detected in the plasma of each of the four species of 

pocket mice. Figure 10 is a photograph of a zymogram of 

the peptidases found in pocket mouse plasma. Perognathus 

flavus and P. merriami possessed a fast moving peptidase. 

In contrast, P. apache and P. flavescens both possessed a 

slow moving peptidase. 

Acid phosphatase activity appeared as-diffuse bands. 

Similar results with acid phosphatases were reported by 

Baker, Manwell, Lablsky, and Harper (1966). No differences 

were observed in relative migration rate of acid phosphatases. 

However, the inability of starch-gel electrophoresis to 

resolve acid phosphatases leaves the question open as to 

whether or not differerent forms of this enzyme exist in 

these animals. 

Figure 11 is a photograph of a zymogram of aromatic 

esterases in sera of the four species of pocket mice when 

the dye-coupler was Fast Blue RR. A total of six types 

(numbered 1-6, fig. 11) of aromatic esterases were de

tected in the sera from the four species. Four aromatic 

esterases were detected in the sera of P. flavescens and 

p, apache, while five were observed in the sera of P. 

merriami and P. flavus. No differences in migration 
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rates were noted in the aromatic esterases of P. flavescens 

and P. apache. esterases 2, 3, 4, and 6 were always present. 

In addition, P. flavus possessed a very slow and light 

staining esterase (esterase 1) not present in any of the 

other four species. The next three esterases (2-4) were 

present in all four species. P. merriami possessed all of 

the esterases (2-6) with the exception of esterase 1 found 

only in P. flavus sera. 

When the diazonium salt was Fast Garnet GBC, the 

fastest moving esterase (6) of P. apache and P. flavescens, 

the fast esterase of P. flavus (5)t and the fastest and 

fast esterases (5 and 6) of P. merriami all developed as 

two bands rather than one. Fast Blue RR proved to be a 

rather intense dye-coupler while Fast Garnet GBC was not 

as intense. Thus, if two enzymes had relatively close 

Isoelectric points the high coupling intensity of the Fast 

Blue RR might allovr them to appear as one band. 

Ten animals from each species were utilized in the 

peptidase and esterases studies. Four animals of each 

species were sampled for the acid phosphatase study. 
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Figure 10. Starch-gel electrophoresis of peptidases of 
four species of Perognathus, MasP. merriami; 
P»P. flavus; PNa=P. flavescens; A«P. apache. 
An3de Is to the right. 
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Figure 11. Starch-gel electrophoresis of aromatic 
esterases of four species of Perognathus. 
a=P, apache; fn=P. flavescens; f=P. flavus; 
m=P. merriami; numbers refer to esterase 
fractions revealed. Anode is to the right. 



CHAPTER IV 

DISCUSSION 

This examination of some of the biochemical char

acters of pocket mice revealed very little individual 

variation in contrast to other biochemical studies of 

mammals, i.e., that of the Subgenus Spermophilus by Nadler 

and Hughes (I966). No juveniles were used and no sexual 

dimorphic differences were detected. 

Biochemical characters may be less subject to variation 

than morphological characters. Berry and Searle (I963) have 

shown that there is overlap in both skull and postcranial 

features in distantly related and non-interbreeding rodents. 

In the past, taxonomists have largely relied on skeletal 

characters in studies of Perognathus. Proteins, used as 

taxonomic characters in this study, were remarkably con

stant within any species when contrasted with morphological 

characters. Review of the most reliable taxonomic characters 

(morphological) used in the past show some overlap (see 

Table 1). At best, even a combination of the more useful 

morphological characters does not always result in ease 

of identification of these species. These findings con

stitute strong evidence that protein composition is an ex

cellent taxonomic parameter in pocket mice, especially 

when compared to skeletal features. 

35 
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Amino acid composition of serum proteins of pocket 

mice investigated here appears to be less flexible than 

do the morphological characters. For example, the inter

parietal of one species, Perognathus flavus. varies between 

2,8 and 3.1 mm (R. L, Packard, personal communication). 

None of the protein characters studied exhibited variation 

in any comparable way. A change in one amino acid of one 

enzyme which is necessary to the metabolism of an animal 

may prove lethal. Such a change will alter not only the 

primary structure of the protein but also the secondary 

and tertiary conformation. Moreover, if the co-enzyme 

portion of the enzyme is not properly oriented at the 

proper position and at the correct pH in the cell then it 

may not be able to function properly. Thus, the possible 

effect of a change of one amino acid in a polypeptide 

sequence is most readily demonstrated by a comparison of 

hemoglobins s and a of human beings (Ingram, 1958). 

Manwell and Kerst (I966) demonstrated that bats studied 

were highly polymorphic in their enzyme constitution. They 

concluded that a high degree of polymorphism indicates that 

the group was undergoing a high rate of biochemical evol

ution. In this case a considerable degree of genetic 

variability existed and not much of it had stabilized into 

complete species specificity. This situation may exist in 

rodents too, but electrophoretic patterns in pocket mice 

proved relatively constant. If Manwell and Kerstfs hypo-
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thesis is correct, then perhaps pocket mice are not in a 

period of rapid biochemical evolution. It should be pointed 

out, however, that even though the proteins examined appeared 

constant, a greater sample number or high resolution elec

trophoretic systems might yield different results. 

No migrational differences in an electrical field 

were noted in many of the proteins examined. These proteins 

included hemoglobins, acid phosphatase, and several of the 

serum proteins and aromatic esterase fractions. Other pro

teins examined, peptidase and some of the serum proteins, 

exhibited a rather constant diversity. This suggests that 

even though there is diversity within this group of four 

species, the degree is not great. The fact that very little 

protein polymorphism was noted within any species examined 

here may indicate that fairly strong selective pressures 

for these proteins confine them to narrow limits. 

Nuttall, in 1904, was the first to use the precipitin 

serological reaction extensively to study mammal relation

ships (Boyden, 1958). Comparative serology, using the pre

cipitin test, has been used in many studies of mammals to 

reveal relationships such as in the Lagomorpha (Moody, 

Cochran, and Drugg, 1949), among the Cetacea and other orders 

of maminals (Boyden and Geomeroy, 1950), within the Order 

Carnivora (Leone and Weins, 1956) and among the primates 

(Goodman, 1964). In this study the precipitin test was 

employed to study the relationships of four species of 
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pocket mice. 

Both quantitative precipitin testing and immuno

diffusion by the micro-Ouchterlony plate method were used 

since one serves to complement the other. Quantitative 

testing of precipitate is, at best, a gross quantitative 

estimate of antigen-antibody reactions and may fail to re

veal subtle differences in the reactivity of antigens with 

a given antiserum. Micro-Ouchterlony plates reveal only 

the minimum number of antigen-antibody reactions since 

one precipitate may represent more than one antigen-anti

body reaction. No quantitative estimate as to per cent 

reaction of an antigen with an antiserum may be made using 

micro-Ouchterlony plates. 

On the basis of serological testing of the four species, 

P. flavescens and P. apache had extremely similar structural 

proteins. Micro-Ouchterlony plates indicated no difference 

in reaction of either antigen with the antiserum produced 

by P. flavescens or P. apache (Figs. 7A, B, E, F). Quan

titative testing (Figs. 3 and 4) revealed some difference 

in the total amount of reaction between P. apache and P. 

flavescens antigen with the antiserum produced by the other 

species. 

Perognathus flavus and P. merriami also have a close 

relationship but as one can see (Figs. 1, 2, 6, and 7D) 

the serological reaction is not so intense that they are 

difficult to differentiate from one another. P. merriami 
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antigen (Figs. 3 and 4) also exhibits intermediate reactivity 

^l^h P. flavescens or P. apache antisera. This indicates 

that P. merriami is not as divergent from P. flavescens 

and P. apache as is P. flavus. Serological data suggests 

that P. merriami is an intermediate but has a closer re

lationship with P. flavus than it does with the other two 

species examined here. 

The electrophoretic method, separation of proteins 

on the basis of charge and molecular size, allows the 

comparison of individual proteins in different species. 

The study of serum proteins and enzymes using synthetic 

substrates has been employed in a great number of taxonomic 

studies. In this study both the serum proteins and some 

enzymes provided taxonomic information. 

The only knovm study of proteins of Perognathus was 

by Auernheimer, Cutter, and Atchley in I96O. In their 

investigation of the serum proteins using electrophoresis, 

they found no differences between closely related species 

of Perognathus which were not identified. However, they 

examined these proteins by paper electrophoresis at only 

one pH (8.6). Six fractions of proteins were resolved by me 

with the cellulose acetate system at a pH of 6.5 in phosphate 

buffer (Fig. 8). No migrational differences between 

p, flavus or P. merriami and P. flavescens or P. apache 

serum components were observed. These data reinforce 

the serological data in that the four species of pocket 
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mice form two closely related groups (Group I-P. merriami 

and P. flavus, and Group II-P. apache and P. flavescens. 

see Fig. 8). The differences betvjeen the two groups are 

seen in serum fractions 2, 3, 4, and 5. The band tent

atively identified as albumin (fraction 6) and fraction 1 

showed no migrational differences in any of the species. 

Peptidase, as detected on starch-gel (Fig, 10), in

dicates that the pocket mice examined again fell into two 

groups as results of immunodiffusion and serum protein 

electrophoresis suggested. The peptidase enzyme appears 

to be highly conservative in regards to its distribution 

in higher plants and animals. Dessauer and Fox (unpubl. 

data) found only one variant form of peptidase in one 

individual after a sample of 500 snakes had been examined. 

Wall and Drotman (unpubl. data) have found that peptidase 

does not vary electrophoretically in four species of beans, 

Phaseolus vulgaris, P. coccineus, P. aureus, and P. mungo. 

Because of this evidence, the appearance of two forms of 

peptidase in these pocket mice, the fast form being found 

in Group I animals and the slow form being found in Group 

II animals, appears to be very important in indicating 

relationships. The appearance of two forms of peptidase 

may indicate a significant amount of divergence between 

the two groups. 

The electrophoretic pattern of the aromatic esterases 

in Figure 11 shows no differences between P. apache and 
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P. flavescens. This combined with other biochemical data 

presents the possible situation of conspecificity between 

the two species. Since there is but minimal morphological 

evidence to support the justification for the recognition 

of these two species, this study strongly suggests the need 

for a critical reexamination of the taxonomy of these tvjo 

species. 

The esterases of P. flavus and P. merriami show more 

diversification than do those of P. flavescens and P. apache. 

Three aromatic esterases showed no migrational differences 

(esterases 2, 3. and 4) and were possessed by all species 

indicating several homologous genes. However, the slow 

moving esterase of P. flavus which was not possessed by any 

of the other pocket mice examined indicates a more divergent 

position for this species. P, flavus differs from P. flav

escens and P. apache by two esterases. 

P. merriami appears to be very unique in that it 

does not possess any esterase which is exclusive to itself. 

In view of the fact that P, merriami has both the fastest 

moving esterase (6) of P. flavescens and P. apache and 

the fast moving esterase (5) of P. flavus, this species 

again appears to be an intermediate form, P. merriami 

may have the necessary genes for the formation of both 

the fastest and fast esterases otherwise exclusive to 

p, flavus and P. flavescens-P. apache, 

Based on the aromatic esterases and quantitative 
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serological testing, the following suppositions may be 

made about P. merriami: 

(1). It is an intermediate (see Fig. 12); 

(2). The possibility exists that occasional hybrid

ization may occur between P. merriami and any of the other 

three species thus permitting a kind of introgressive 

hybridization. 

On the basis of various biochemcial tests, a model 

showing relationship between the four species is f): -m 

in Figure 12. Length of line is subjective but i.s ' -ised 

on results of biochemical and serological testing end is 

indicative of the suspected degree of relationship. P. 

flavescens and P. apache are very closely related and seem

ingly form but a single species in terms of the overall 

biochemical results. The only basis for difference be

tween these kinds is the quantitative precipitin test. 

P. merriami is closely related to P. flavus, but on the basis 

of several biochemical tests the two species can be easily 

differentiated. P̂ , merriami appears to occupy an intermed

iate position, sharing biochemical characters with P. flavus 

and the P. flavescens-P. apache group; the degree of re

productive isolation in these species may vary in such 

a way that isolation between combinations of them (par

ticularly P, apache and P. flavescens, and less so between 

P. merriami and P. flavus) is not complete. Thus P. apache 

and P. flavescens may be incipient species or conspecific. 
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CHAPTER V 

CONCLUSIONS 

1. Perognathus merriami and P. flavus have a close 

serological relationship and P. flavescens and P. apache 

have a very close relationship. Neither P. merriami nor 

P. flavus exhibited a very close serological relationship 

to P. flavescens or P. apache. 

2. Perognathus merriami could be distinguished from 

^* flavus using both micro-Ouchterlony plates and analytical 

precipitin testing. P_. flavescens and P. apache could not 

be distinguished from one another using serological methods. 

3* Perognathus merriami has a closer serological 

relationship to P. flavescens and P. apache than does P. 

flavus. 

4. Electrophoresis of serum proteins with cellulose 

acetate as the supporting medium indicated that P. merriami 

^^^ 2.' flavus could not be distinguished from one another 

nor could P. flavescens and P. apache. 

5. Hemoglobins, several fractions of serum proteins, 

and acid phosphatase shov;ed no differences between any of 

the four species following electrophoresis. 

6. Electrophoresis and detection of peptidase enzymes 

on starch-gel indicated that P. merriami and P. flavus 

possessed the same peptidase as did P. flavescens and 

44 
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P. apache. 

7. Starch-gel electrophoresis of enzymes hydrolyzing 

alpha-napthyl acetate indicated that P. flavus was unique 

in at least one enzyme and P. merriami possessed all enzymes 

of the other three species thereby suggesting that it is 

an intermediate or ancestral stock. 

8. Perognathus flavescens and P. apache could not be 

distinguished from one another by the serological and bio

chemical tests utilized here. These two species might 

possibly be conspecific or sibling species. 

9. A re-evaluation of the taxonomy of the entire 

fasciatus species group is needed. 
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