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ABSTRACT

Comparative studies of protein expression and DNA 

similarity were carried out on two recombinant plasmids 

of Aleutian Disease Virus. ADV-G genome molecularly cloned 

into plasmid pUC8 is designated pBMl and a Danish isolate of 

ADV(DK-ADV) also cloned into pUC8 is designated pBM2.

The recombinant plasmid pBMl induced expression of three 

previously recognized and one unrecognized polypeptides in 

E. coli strain JM103 that were specifically detected by sera 

of ADV infected mink. The proteins with approximate molecular 

weights of 2?K, 36K, 49K, and 58K daltons were detected by 

immune blotting of JMlO3(pBMl). The same set of proteins 

was detected in JMlO3(pEM2). No specific proteins were seen 

in JM103 or JMlO3(pUC8) reacted with Mink AD Sera(MAD) or in 

JMlO3(pBMl) and JMlO3(pEM2) reacted with Normal Mink Sera(NMS)

Comparative study of the genomes of the isolates by re

striction enzyme analysis, however, revealed a dissimilarity. 

Both inserts consisted of an EcoRI-Hindlll fragment replacing 

a smaller segment of the pUC8 plasmid with complementary 

ends. Similarity of protein expression suggests similar 

genomes, but digestion with various restriction endonucleases 

followed by resolution on agarose gel electrophoresis showed 

dissimilarities between the DNA with the pBM2 insert contain

ing one more restriction site than the pBMl.

These studies seemed to indicate the two isolates were
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genetically different forms of the Aleutian Disease Virus yet 

code for the same antigenic determinants.
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INTRODUCTION

Aleutian disease is a virus-induced, immune complex 

disease of mink characterized by glomerulonephritis, arteritis, 

generalized plasmacytosis and hypergammaglobulinemia (2).

Previous studies have involved taking an EcoRI-Hindlll 

segment representing a large portion of the 4.8 kbp duplex 

genome of the Aleutian Disease Virus(ADV-G) and cloning it 

into the plasmid pUC8 (pBMl=0.54-0.88 map units). This same 

map unit segment of a Danish isolate of ADV(DK-ADV) is also 

cloned into pUC8(pBVI2). These recombinant plasmids induce 

expression of several polypeptides in E. coli(JMl03) that are 

specifically recognized by sera from mink infected with ADV. 

However, JM103 or JMlO3(pUC8) with MAD and JMlO3(pBMl) or' 

JMl03(pBM2) with NMS do not induce expression of any specific 

polypeptides (1).

Previous comparative studies of the DNA of pHVll and pBVI2 

have also been carried out. They appear identical in size by 

gel analysis and contour length measurement with no apparent 

areas of heterology being detected with heteroduplex mapping 

(1).

My paper is concerned with further comparative studies

of protein expression and DNA homology of the two recombinant
plasmids. Previous protein expression studies used [I'1'2^]-

Staphylococcal Protein A which was not at full binding activity

to label the complexes of the immune blotting. My comparative 
12 5analysis utilized [I -^-Protein A at a much higher binding
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activity and, therefore, provided better resolution. Also, 

the DNA homology study utilized a broader range of restric

tion enzymes in an attempt to identify any heterology in the 

plasmid genomes.e
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LITERATURE REVIEW

Aleutian Disease Manifestations

Aleutian disease is a persistent viral infection of mink 

(1»3»^)- A consequence of infection with this virus is severe 

immune complex disease accompanied by unusually large titers 

of antiviral antibodies that react with both virion and non

virion ADV antigens (1,2). Other distinguishing characteris

tics of ADV infection such as hypergammaglobulinemia, glomer

ulonephritis, arteritis, and plasmacytosis are attributable 

to a breakdown in immunoregulation, but the role of ADV in 

causing this breakdown is unknown (1,3).

Immune complexes containing ADV + antiviral antibody are 

formed throughout the disease, but the virus is never neutral

ized (1,2). These complexes are deposited in the body's blood 

vessels, most noticeably the glomeruli of the kidneys, causing 

lesions. The identification of viral antigen, antiviral anti

body, and complement within these lesions confirms this (2,3). 

Necropsy of diseased mink shows they generally die due to 

uremia (kidney failure), a result of immune complex deposi

tion (3.4,5)•

Causative Agent of Aleutian Disease

The causative agent of Aleutian Disease(AD) is a non

defective parvovirus designated as Aleutian Disease Virus(ADV) 

(6,7,8). The parvoviruses are small mammalian viruses having 
linear single stranded (ss) DNA genomes ***1.4x10^ to 1.6x10^
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daltons in size (7). This nucleic acid core is contained in 

a capsid of 32 capsomeres with icosahedral symmetry (8).

Recent studies have shown the genome to be converted 

into a variety of double stranded replicative forms (RF) that 

function both as intermediates in the production of more ss 

DNA or as templates for viral RNA synthesis (7). One of 

these RF exists as a hairpin and has been isolated from in

fected cells by Hirt extraction (7)« Subsequent molecular 

cloning and protein specificity studies have provided evidence 

that this genome may be coding for some antigenic determinants 

characteristic to AD (1).

Studies of ADV Genomes

There have been relatively few studies done on the ADV 

genome to date; however, recent studies have attempted to 

characterize it (7)• Separation and extraction of the low 

molecular weight RF viral DNA from the higher molecular weight 

chromosomal DNA of the host cells is effected by the procedure 

of Hirt (15)- The RF are then digested with a series of re

striction endonucleases in order to derive a physical map of 

the ADV genome (7). This map appears in Fig. 1 and provided 

a means for further study and analysis.

Molecular Cloning of ADV DNA

Based on the map derived from restriction enconuclease 

analysis, the EcoRI-Hindlll fragment of the ADV-G genome is 

cloned into the plasmid pUC8 with the resultant recombinant
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RESTRICTION ENDONUCLEASE 
MAP OF ADV DNA

ENZYME

Fig. 1. Physical map of ADV DM DNA. The rapidly re
annealing RF DM DNA from a Hirt supernatant was prepared on 
a preparative scale and purified hy electroelution from an 
agarose gel. Portions were digested with a series of re
striction nucleases to deduce the map. The map is aligned 
so that the 3'-terminus of virion DNA (3*) would be at the 
left and the 5' would be at the right (5')« The overall 
length is 4.8 kbp and is expressed as 0 to 100% of the 
rapidly reannealing RF DM.

* Reprinted with permission of author (?)•
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plasmid designated pEMl (1). Fig. 2a and 2b depict the ADV 

genome and the plasmid.

Besides this ADV-G fragment, an EcoRI-Hindlll fragment 

from a Danish isolate of ADV(DK-ADV) is also cloned into pUC8 

and is designated as pBM2 (1). Fig. 3a and 3h again depict 

the isolated genome and the insertion site.

Both recombinant plasmids appear to be the same size by 

both agarose gel electophoresis and electron microscopic 

analysis (1). Mean contour lengths (50 molecules + standard 

deviation) were 1.63 ± 0.05^- kbp for pEMl and I.630 + 0.055 

kbp for pBM2 (1). Heteroduplex mapping also reveals no detect

able regions of heterology. This procedure involves placing 

complementary strands of the two different inserts together, 

allowing them to anneal and then observing them under the 

electron microscope to detect non-complementary regions. At 

least a 50 bp difference is needed in order for a bubble in 

the strands to be large enough for detection. Since no bubbles 

were detected, a difference of no more than 50 bp is possible 

between the two inserts. These studies show the great degree 

of similarity between the two ADV virus strains.

Protein Expression Studies

Previous experimentation involving protein expression of 

the ADV genome helps us to better understand which portion of 

the genome is coding for the antigenic determinants.

Other non-overlapping segments of the ADV genome are 

cloned into bacteriophage vectors and studied for antigenic
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Fig. 2. a) Restriction Map of ADV-G Genome. This 
map shows a limited number of restriction sites known to be 
located within the ADV-G genome and providing possible in
sertion fragments.

b) Insertion Site of ADV-G Genome. This 
figure indicates that the EcoRI-Hindlll fragment of the 
ADV-G viral DNA is inserted into the lac gene region of the 
pUC8 plasmid DNA with the resultant recombinant plasmid 
being designated pBMl.
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Fig. 3- a) Restriction Map of DK-ADV Genome. This map 
indicates that an Eco-Hin region of comparable size to the 
ADV-G region exists in DK-ADV and is isolated for insertion.

h) Insertion Site of DK-ADV Genome. This 
figure indicates the Eco-Hin fragment is also inserted into 
the lac gene sequence of the pUC8 plasmid with this recom
binant being designated pBM2.
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expression, but the EcoRI-Hindlll fragment of the genome seems 

to be the only portion coding for the antigenic determinants 

in E. coli. Therefore, most study is based around the pBMl 

and pBM2 recombinant plasmids containing this fragment.

Succcessful cloning into the plasmid vector used in the 

studies is recognized by insertional inactivation of the alpha 

portion of the beta-galactosidase gene located in pUC8 (1). 

Following potential insertion of the fragment into pUC8, the 

plasmid is transformed into a competent strain of E, coli- 

(JM103) containing the beta portion of the lac gene sequence. 

The pUC8 plasmid also contains an ampicillin resistant gene 

(Amp-R) which serves as a selective marker for plasmid trans

formation. When cultured on YT agar with ampicillin to kill 

non-transformed JM103, Isopropyl-Beta-D-thiogalactopyranoside 

(IPTG) as an inducer, and 5-hromo-4-chloro-3-indolyl-Beta-D- 

galactoside (X-Gal) as an indicator, possible insertions are 

detected by the mere color of the colonies formed. X-Gal 

will remain colorless unless hydrolyzed by beta-galactosidase, 

upon which 5"t>romo-4-chloro-indigo is released, giving a deep 

blue color (9)» Blue colonies usually indicate a properly 

functioning lac gene and, therefore, an unsuccessful insertion. 

Colorless colonies, on the other hand, have improperly func

tioning lac genes and are, therefore, potentially successful 

insertions. These colonies are sought and then further tested 

for insertional success. White colonies could also be formed 

due to a mutation within the lac gene, or else satellite
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colonies, which are non-transformed E. coli colonies, can

sometimes form near another colony due to high levels of 

penicillanase released hy the transformed colony adjacent to 

it making the environment survivable. These colonies would 

be detected with further testing.

JMlO3(pEMl), JMlO3(p®12), JMlO3(pUC8), and JM103 all have 

been analyzed previously by both immune blotting and immuno

precipitation (1). Three polypeptides are specifically recog 

nized in JMlO3(pBMl) and JMlO3(pBM2) by antiseras obtained 

from AD infected mink when analyzed by both methods (1).

The molecular weights of these proteins were determined to be 

approximately 27K, 3^-K, and 55K daltons. None of these pro

teins appear when JMlO3(pUC8) or JMI03 are reacted with Mink 

AD sera or when JMlO3(pBMl) and JMlO3(pBM2) are reacted with 

Normal Mink sera (1). These studies led investigators to 

hypothesize that the recombinant plasmids contain gene se

quences possibly directing synthesis of ADV antigenic deter

minants in JMI03 (!)•
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MATERIALS AND METHODS

Materials

The restriction endonuclease EcoRI (20,000 units/ml)

was obtained from New England Biolabs, Beverly, Mass., while

Hindlll (2,000 units/200 ul) and AccI (70 units/35 ul) were

purchased from Bethesda Research Labs of Rockville, Md.

Isopropyl-Beta-D-thiogalactopyranoside (IPTG), ampicillin,

and cloramphenicol were from Sigma Chemical Co., St. Louis,

Mo. and the indicator 5~bromo-4-chloro-3-indolyl-Beta-D-

galactoside (X-Gal) was also bought from Bethesda Research 
125Labs. [I Staphylococcal Protein A was obtained from New

England Nuclear, Boston, Mass.

Recombinant Plasmids for Protein Studies

JM103, JMl03(pUC8), JMlO3(pHVIl) and JMlO3(pEM2) were all 

previously prepared (1) and stock cultures were kindly made 

available to me by Dr. Marshall Bloom, Lab of Persistent Viral 

Disease, Rocky Mountain Lab, Hamilton, MT. JM103 was plated 

on HZY agar only, while all others were plated on NZY agar 

containing 50 ug/ml ampicillin, 10 ul 100 mM IPTG and 50 ul 

2% X-Gal, followed by incubation overnight at 37°C. Selected 

colonies of each group were placed in 50 ml of NZY broth with 

1 mM IPTG and shaken in a water bath at 37°0. At O.D. 0.4 

they were transferred into 200 ml NZY with 1 mM IPTG and 

shaken until an O.D. of 0.6 was reached. Chloramphenicol was 

added to 20 ug/ml and they were shaken overnight at 37°C.
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The following morning, the cultures were centrifuged at 

8000 RPM for 10 min at 4°C, then suspended in 50 ml cold normal 

saline, and centrifuged again. Suspension was made in 50 ml 

NZY with ImM IPTG and shaken at 37°C for 60 min. Suspensions 

were then centrifuged as above and suspended in 5 ml Laemmli’s 

Sample Buffer (8). They were then boiled for 5 min, sonicated 

for 30 sec, and then passed through a syringe (20 Ga) to shear 

the DNA in preparation for immune blotting.

Immune Blotting

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis 

was carried out using the SDS-Tris-Glycine system of Laemmli 

in a Bio-Rad Model 221 slab gel apparatus (5)- Fifty-ul samples 

were applied to wells of a stacking gel (5% polyacrylamide-5% 

acrylamide-0.13% bisacrylamide) atop a 10% polyacrylamide-30% 

acrylamide-0.8% bisacrylamide resolving gel both immersed in 

Laemmli buffer (6.05g Tris, 28.8g glycine, 2g SDS, 2000 ml 

HgO) . Electrophoresis was carried out at 12mA and 5V over

night followed the next morning by 1.8A and 40V for 2 hr.

Transfer of proteins was made onto nitrocellulose paper 

(HA filter, 0.45 urn pore size, Millipore Corp, Bedford, Mass.) 

using 50 mM sodium phosphate buffer, pH 7.5» in a transfer 

chamber run at 1.6A (30V) for 2 hr. The filter was then blocked 

for 1 hr at room temperature in 0.004 m KHgPO^, 0.016 M Na2HP0^, 

0.115M NaCl buffer, pH 7.3 with 0.05% Tween 20 (PBS-Tween) acord 

ing to Batteiger, et. al. (10). Filters were then rocked at
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room temperature for 2 hr with 1:100 dilutions of either a 

normal mink serum pool or sera from ADV infected mink pro

vided by Dr. Bloom. The filters were then washed three times 

with blocking buffer and rocked at room temperature for 1 hr 
with 10^ cpm of [I^^^J-Staphylococcal Protein A in 25 ml 

buffer. After three washings of 30 min each with buffer, the 

filter was dried and autoradiographed (Kodak X-Omat XR-5 

film) at -70°C overnight with lightning plus screens (Eastman 

Kodak, Rochester, N.Y.). They were developed in a Kodak D-19 

developer.

Restriction Endonuclease Analysis

Samples for agarose gel electrophoresis were prepared

as follows. pUC8, pBMl, and p3VI2 DNA each were incubated for 

60 min at 37°C with the following combinations of restriction 

enzymes: EcoRI + Hindlll, Hindlll + AccI, and EcoRI + Accl. 

One ul of each enzyme was used with corresponding amounts 

of buffer, salt, and HgO to give a 20 ul sample. Ten ul of 

Southern Stop Buffer (0.2% Orange G-10% Ficoll-O.Ol M Tris- 

hydrochloride-0.025 M EDTA, pH 8,0) were added to each sample 

following incubation and they were then electrophoresed (BRL 

Horizontal Gel Apparatus) in buffer E (0.04 M Tris-acetate- 

0.002 M EDTA,pH8.0) into agarose gels (1.5%) at 75mA constant 

current for 2 hr. Gels were stained with ethidum bromide 

(0.5 ug/ml) for 15 min and destained in distilled HgO for 

30 min before photography with transmitted UV light onto 

Polaroid type 57 film.
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Calculation of Molecular Weights and Genome Lengths

Calculation of protein molecular weights and restriction 

fragment lengths were carried out in the same manner. Log- 

linear graphs utilizing the log scale for size and the linear 

scale for distances migrated were utilized.

Protein studies involving immune blotting used pure viral 

ADV-G as a positive control with protein bands of known M.W. 
of 85K and 75K daltons. A track of [I^^J-IgG was also used; 

it has a heavy chain of 50K and a light chain of 25K daltons. 

These four knowns and their migration distances were used to 

plot a standard curve from which the M.W. of the plasmid-pro

duced proteins could be determined.

Genome fragments resolved by agarose gel electrophoresis 

were measured for size using endonuclease digestion of known 

DNA to give fragments of predetermined size. A track contain

ing phage DNA digested with Haelll + Lamda phage DNA digested 

with Hindlll was utilized. The fragments from these digests 

then served as markers for the production of a standard curve.

e
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RESULTS

Protein Expression by Recombinant Plasmids

E. coli strain JM103, both untransformed and transformed

with the plasmids p£Ml, pBM2, and pUC8, was analyzed by 

immune blotting for protein expression. The results (Fig. 4) 

indicate four polypeptides were specifically recognized in 

the JMlO3(p3VIl) and JMlO3(pBM2) I cultured and to a lesser 

degree in Dr. Bloom's JM1O3(pBMl) when reacted with antisera 

from ADV infected mink. The M.W. on these polypeptides (as 

determined from the log-linear graph of Fig. 5) were calculated 

as approximately 27,000; 36,0001 49,000; and 58,000 daltons. 

Normal mink sera used as a control did not react with these 

specific proteins (Fig. 6).

Restriction Enzyme Analysis of the Plasmids

Restriction endonuclease digestion of pUC8, pBMl, and

pBM2 DNA isolated and provided by Dr. Bloom was followed with 

resolution of the fragments by agarose gel electrophoresis.

Fig. ? illustrates the reaction products following resolution, 

indicating which enzymes were used in each digestion. The 

size of each fragment was determined again using a log-linear 

graph (Fig. 8) and the results of these measurements are 

provided in Table 1.
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Fig. 4. Immune Blotting of ADV Proteins Reacted with 
MAD. As can be seen in tracks 5.8, and 9, JMlO3(pBVIl) and 
JMlO3(p3VI2) produced four specifically recognizable proteins 
when reacted with MAD. Tracks 3, 4, 6, and 7 show that 
neither JM103 or JMlO3(pUC8) produce these specific proteins
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Fig. 5. Log-linear Graph of Protein Molecular Weights. 
This graph utilizes ADV-G proteins as a positive control 
along with [llz->]-IgG as markers to determine the M.W. of 
the specific proteins. The ADV-G gives proteins of 75K and 
85K daltons while IgG gives a heavy chain of 50K and a light 
chain of 25K daltons. Using these four M.W. to plot a 
standard curve, the four specific proteins were calculated 
to be 27K, 36K, 49K, and 58K daltons.
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Fig. 6. Immune Blotting of ADV Proteins Reacted with 
NMS. Tracks 5» 8, and 9 illustrate that none of the four 
specific proteins that reacted with MAD sera were detected 
when the recombinants were reacted with NMS, thereby in
dicating the antigenic specificity of the four proteins.
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Fig. 7• Restriction Endonuclease Analysis of Plasmid 
DNA. Plasmid DNA following digestion for 1 hr with enzyme 
and resolution by agarose gel electrophoresis. Track 1 
served as a marker track containing £&-phage DNA digested

• with Haelll in combination with Lambda-phage DNA digested
with Hindlll. Tracks 2, 3, and 4 contain the three plasmids 
reacted with EcoRI + Hindlll. Tracks 5» 6, and 7 show the 
products when digested with Hindlll + AccI and tracks 8, 9» 
and 10 indicate the digestion products of EcoRI + AccI.
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1

(10 kilo-base pairs)

Fig. 8. Log-Linear Graph of DNA Fragment Sizes. This 
graph utilizes JZfc-phage DNA digested with Haelll and Lambda- 
phage DNA digested with Hindlll as markers. A standard curve 
was produced based on the known fragment sizes and measured 
migration distances. The plasmid DNA digestion products were 
then sized according to their relative migration distances in 
the agarose gel.
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Table 1

DNA Fragment Sizes Following Digestion

Track DNA Enzvmes Fragment Sizes (kbn)

1 fix phage 
Lambda phage

Haelll
Hindlll

23.76 
4.26; 
1.35; 
0.31;

; 9-46; 
2.30; 
1.08; 
0.28

6.66;
1.96; 
0.87; 0.

2 pUC8 EcoRI + Hindlll 2.60

3 pBMl EcoRI + Hindlll 4.20; 2.60; 1.57

4 pBM2 EcoRI + Hindlll 4.20; 2.60; 1.57

5 pUC8 Hindlll + AccI 2.65

6 pBMl Hindlll + AccI 4.20; 0.19

7 pBM2 Hindlll + AccI 3.20; 1.00; 0.19

8 pUC8 EcoRI + AccI 2.65

9 pEMl EcoRI + AccI 2.80; 1.35

10 pBM2 EcoRI + AccI 2.80; 1.04; • 33
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DISCUSSION AND CONCLUSIONS

This study dealt with both the expression of ADV anti

genic determinants by two recombinant plasmids (pEMl and pBVI2) 

in E, coli cells and a comparative analysis of the DNA 

similarity of these same two recombinants. Specific antigens 

with the approximate M.W. of 58,000; 49,000; 36,000; and 

27,000 daltons were detected with anti-ADV sera (Fig. 4).

The three lower M.W. proteins have been observed previously 

(1) while the 58,000 dalton protein appeared for the first 

time. This larger M.W. protein gave a much lower antigenic 

response than did the other three proteins and its resolution 
is probably attributable to the fact the [I^2^]-Protein A 

used to label the FC end of the antibodies of the complexes 

was of a much higher binding activity than that used previously. 

The ADV segment in pEMl and pBM2 is approximately 1.6 kbp 

long (Fig. 2b and 3^) and is thought to be able to encode a 

protein with a M.W. of about 59,000 daltons (1,11), possibly 

providing the largest M.W. protein we have observed. The 

smaller proteins could be separate antigenic determinants or 

possible breakdown products or premature termination products 

of the higher M.W. protein. The larger protein may also be 

a hybrid protein composed of ADV and lac sequences (1). The 

alpha portion of the lac gene in pUC8 can code for a 17,000 

dalton protein (1, 13, 14) and a hybrid of this size protein 

with the 36,000 dalton protein would give one 53,000 daltons 

in size which is comparable to the 59,000 dalton protein
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observed. Further analysis will be needed to categorize 

these individual proteins. However the data is interpreted, 

it is evident that the two recombinant plasmids contain gene

• sequences capable of coding for ADV antigenic determinants in 

JM103, and the similarity of the proteins dictates a comparable 

genome for the two plasmids.

The analysis of the plasmid DNA for heterology proved 

to be equally interesting. Using Table 1 as a reference, a 

hypothesis as to the proper location of the resolved fragments 

was made. The pUC8 plasmid is approximately 2.7 kbp in size 

and this was indicated in Track 2 in which EcoRI + Hindlll 

were used to cut out the small (5-10bp) Eco-Hin fragment of 

the pUC8 leaving a single 2.6 kbp fragment. The small fragment 

was most likely electrophoresed out of the gel. Tracks 3 and 

4 then were used to demonstrate the similarity in size of the 

two inserts in the pBMl and pEM2 plasmids. The 4.20 kbp 

fragment simply represents undigested recombinant plasmid.

The 2.60 kbp segment resolved is the pUC8 portion of the re

combinant and the 1.57 kbp fragment seen in both track 3 and 

4 represents the EcoRI-Hindlll insert of ADV DNA(ADV-G in 

pBMl and DK-ADV in pEM2) and the fragment size calculations 

show them to be indistinguishable as to insert size.
* Subsequent analysis was carried out with the restriction 

endonuclease Accl. There are no Accl restriction sites located 

anywhere in the pUC8 plasmid; therefore, any determination of 

an Accl site in the pEMl or pEM2 recombinant plasmids would
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necessitate the AccI site to be located within the insert DNA. 

Subsequently, AccI was used in combination with either Hindlll 

or EcoRI to open the plasmid and the results obtained indicated 

a noticeable heterology in the two insert DNAs. Tracks 5 and 

8 (Table 1) give the results of digestion of the pUC8 plasmid, 

first with Hindlll + AccI followed by digestion with EcoRI + 

AccI, confirming there are no apparent AccI sites located in 

the pUC8 genome. The fact the size of the plasmid is 2.60 

kbp in both cases rather than the 2.65 kbp calculated pre

viously was probably due to the inaccuracy in measurement. 

Track 6 contains the pBMl DNA digestion product sizes follow

ing reaction with Hindlll and AccI. Fragments calculated to 

be 4.20 kbp and 0.19 kbp were resolved. The 4.20 kbp fragment 

could correspond to undigested pEMl while the 0.19 kbp would 

indicate an AccI site this same distance from the Hindlll end 

of the insert (Fig. 9a)• Appearance of a 4.0 kbp fragment 

would be expected, but it would probably be hard to resolve 

from the 4.2 kbp fragment. Succeeding analysis following 

digestion with EcoRI + AccI (Track 9 of Table 1) turned up 

complementary results. The 2.80 kbp segment would indicate 

an AccI site approximately 0,2 kbp away from the Hindlll end 

of the insert. The 1.35 kbp fragment roughly corresponds to 

the EcoRI-AccI portion of the insert that would be expected 

(Fig. 9b). My hypothesis, therefore, indicates one AccI 

site located approximately 0.2 kbp from the Hindlll end of 

the ADV-G DNA insert of pBMl (Fig. 9c).
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Fig. 9a,

pUC8

H /----------- E/^ 3N H

|__________L_____ I J Hindlll + AccI

Insert

9b.

0 12 3 4
Kbp

pUC8 Insert

|___________________ I j_____________ | EcoRI + AccI
0 12 3 4

Kbp

E AH
9c. J_________ {J pBVIl Hypothesis

0 12 
Kbp

Fig. 9• a) pBMl DNA digestion with Hindlll + AccI. 
This digestion was made with the designated enzymes follow
ed by resolution on agarose gel. The results suggest an 
arrangement as represented above.

b) pBMl DNA digestion with EcoRI + AccI.
This digestion provided complementary results to the digest 
ion carried out above.

c) Current hypothesis as to probable location 
of the restriction sites.
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The same procedures were carried out on the pBM2 

plasmid with a strikingly different outcome. Track 7 (Fig. 7, 

Table 1) shows three digestion products of pBM2 DNA reacted 

with Hindlll + Accl, suggesting two Accl restriction sites

• rather than one as seen in pBMl. The fragments are thought

to fit together in the following manner:

The 3.20 kbp fragment resolved indicated the 2.60 kbp 

pUC8 fragment with an Accl site located 0.6 kbp from the 

EcoRI end of the DK-ADV insert. The 0.19 kbp fragment would 

most likely indicate another Accl site located about 0.2 kbp 

from the Hindlll end of the insert as seen in the pBMl DNA.

This would necessitate an Accl-Accl site about 1.0 kbp from 

the middle of the DNA insert and my results indicate such a 

piece (Fig. 10a).

I then proceeded to analyze the products of the EcoRI + 

Accl digestion to determine if comparable results were obtained 

(Track 10 of Table 1). The 2.80 kbp fragment points to one 

Accl site being located about 0.2 kbp from the Hindlll end of 

the insert as expected. A piece approximately 1.04 kbp was 

resolved and fits nicely into the hypothesis of an AccI-AccI 

fragment of this size; however, the last fragment in order to 

complete the hypothesis, should have been approximately 0.6 

kbp in size, but was calculated at 0.33 kbp. This fact may 

be a result of improper resolution in this track due to im

purities or something else affecting the electrostatic field, 

or else the possibility of a third Accl site located within
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Fig. 10a i_J___Lk indlll + AccI

10b.

pUC8

,0
EcoRI + AccI

E A

10c,

A H

JJ pBM2 Hypothesis

Fig. 10. a) p3W2 Digestion with Hindlll + AccI. This 
digestion was made like the text indicates with the desig
nated enzymes and the results indicate this relationship of 
the fragments.

b) pBM2 Digestion with EcoRI + AccI. See text 
for desrciption of resolution.

c) Current hypothesis as to probable location of 
the restriction sites in pEM2 DNA.
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this region could exist and its fragments would be too small 

to resolve. I therefore hypothesize that the pEM2 plasmid 

contains at least two AccI restriction sitess one located 

0.2 kbp from the Hindlll end of the DK-ADV insert and the other 

about O.33-O.66 kbp from the EcoRI end of the insert (Fig.

10c) .

In conclusion, the following statements are made. As 

seen in the protein analysis studies, the possible antigenic 

determinants characteristic of mink Aleutian disease are coded 

for by the genomes of both the pBMl and pBM2 plasmids; how

ever, the two DNAs are not the same. There exists a noticeable 

heterology between the DNA of the two isolates as depicted in 

my restriction enzyme studies, however, the differences un

doubtedly lie in a portion of the genome which is not actively 

involved in coding the ADV specific proteins.

These two isolates of ADV, ADV-G from the U.S. and DK- 

ADV from Denmark, may contain other dissimilarities not only 

in genomic structure, but in protein production as well; 

therefore, future analysis of these isolates must encompass 

studies delving into both of these realms.
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