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ABSTRACT

Aleutian disease virus (ADV), a parvovirus, was treated with the 

enzymes trypsin, alpha-chymotrypsin (°<CT), pronase, deoxyribonuclease 

(DNase), and ribonuclease (RNase) by incubation at 37C for 60 min. 

Effects of enzyme treatment on the infectivity of ADV were determined 

by direct immunofluorescent assay, which showed the only significant 

drop in titer, about 2 log^Q, from treatment with pronase, trypsin, and 

o<CT. A change of over 1 log-,g was found to be significant using this 

assay. A time course of digestion by trypsin and °<CT was followed 

through liquid scintillation counting (LSC) of S methionine-labeled 

Crandall feline kidney cells (CRFKs), both ADV-infected and ADV-free.

A time course of ADV digestion by trypsin and <x.CT was also followed by 

direct immunofluorescence assay. Activity of the enzymes on the ADV 

is most pronounced in the first 10 min of incubation. The results of 

this experiment concur with those obtained by Burger (8) and Eklund (13) 

using an in vivo assay method.
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INTRODUCTION

Aleutian disease virus (ADV) is the causative agent of Aleutian 

disease of mink (6, 13, 23, 30, 31). Aleutian disease is an immuno

logical ly mediated disease, the histopathology being caused by deposi

tion of immune complexes in the tissues. Viremia and high titers of 

antibody persist throughout the course of the disease. The ultimate 

cause of death is uremia, a consequence of immune complex deposition 

in the glomeruli of the kidneys.

The Aleutian disease virus belongs to the parvovirus genus (6, 33, 

34). Parvoviruses characteristically are resistant to chemical and 

enzymatic treatment (39). My study on ADV endeavored to quantify the 

effect enzymatic and chemical treatments had on infectivity as determined 

by direct immunofluorescent assay. Enzymes used were trypsin, alpha- 

chymotrypsin (°<-CT), deoxyribonuclease (DNase), ribonuclease (RNase), 

and pronase. Soybean trypsin inhibitor (STI) was used to see its 

efficacy in trypsin inhibition. The chemicals used were chloroform and

freon.

Trypsin and chymotrypsin treatments of the virus were of particular

interest and were studied most extensively.



LITERATURE REVIEW

Description of Aleutian Disease (AD)

Aleutian disease is a persistent viral infection of mink (3, 5, 13, 

27, 30, 33). The immune system is involved in producing the pathology 

of the disease. The disease was first observed in Aleutian mink, hence 

the name. Aleutian is a gun-metal gray color phase of mink that 

resulted from a spontaneous mutation in a kit born of pastel (brown) 

minks on an Oregon mink ranch in 1941 (30). The gene mutation is 

recessive and the homozygous aa condition is necessary for phenotypic 

expression. At first the disease was believed to be genetically linked 

because only Aleutian mink appeared to be affected, but it was found 

that non-Aleutian mink acted as reservoirs of the virus while appearing 

healthy (2, 3, 7, 13). More virulent strains of the virus have been 

found which also cause the disease in non-Aleutian minks, though often 

with lessened severity (2, 3, 7). Aleutians, however, are susceptible 

to all the virus strains.

The immune response of the mink is responsible for the histopathology 

of the disease, Aleutian minks respond to infection with massive pro

duction of antiviral antibody, which combines with ADV to form immune 

complexes. The immune complexes deposit in the tissues causing lesions, 

most noticeably in the glomeruli of the kidneys. The mink generally 

die from uremia, a result of massive immune complex deposition in the 

kidney (13, 30, 31).
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Description of Aleutian Disease Virus

The causative agent, Aleutian disease virus (ADV), is a parvovirus 

(6, 33, 34). The parvoviruses are a group of small viruses having a 

single-stranded DNA genome of approximately 1.4 megadaltons (17,34).

The nucleic acid is contained in a capsid of 32 capsomeres arranged in 

icosahedral symmetry. Parvoviruses tend to be resistant to enzymatic, 

physical, and chemical treatments, such as trypsin, heating, ether, 

and chloroform (39).

Effect of Protease on Selected Viruses

The effects of protease on several genera of viruses (including 

parvoviruses) has been studied. It is useful for comparison to describe 

the results of some of this work.

Rotaviruses. The rotaviruses are a group causing diarrhea in 

many animals, including man. One problem encountered in their study 

was their inability to grow to high titers in tissue culture. Clack 

et al. (9) in 1978 found that a 2 log^ increase in titer could be 

obtained by incubating the bovine rotavirus with 10 ug/ml trypsin at 

room temperature for 15-30 min. Barnett (4) substantiated that the 

tryptic enhancement was a result of action on the virus and not on the 

cells. Al pha-chymotrypsin (°i-CT), in contrast, caused a threefold 

reduction in titer of bovine rotavirus. The mechanism of enhancement 

by trypsin appears to be improvement of viral adsorption or else improved 

replication after cell penetration (18), possibly by removal of the 

outer coat (4, 9). These findings were consistent among bovine, Simian 

(14, 15), human (38), and porcine rotaviruses.
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Paramyxoviruses. Another virus group that has been subjected to 

trypsin treatment is the Paramyxovirus. Examples from this group include 

parainfluenza virus, Newcastle disease virus, measles virus, mumps virus, 

and Sendai virus. Sendai is a strain of parainfluenza virus (17). Scheid 

and Choppin (36, 37) found that the active protein of Sendai virus is 

two polypeptides (F^ and linked by a disulfide bridge. The active 

protein is derived by proteolytic cleavage of a precursor protein, Fg 

(29, 37). Various cell lines used as hosts differ in their permissivity 

to viral growth. Permissiveness depends on the presence of a proteolytic 

enzyme capable of converting FQ to F^-S-S-F^ (29). The protein is an 

outer coat glycoprotein involved with virion penetration of the cell (35). 

In vitro, trypsin accomplishes the conversion for Sendai virus but c<-CT 

and elastase are ineffective (36).

Enteroviruses. In the enterovirus group, the foot and mouth 

disease virus has been tested (12, 26). Serotypic variants of the virus 

were used and could be grossly distinguished because one produced small 

plaques (SP) in primary calf kidney cell cultures and the other produced 

large plaques (LP) in the same cell line. The SP-specific antigen 

resisted trypsin treatment whereas the LP-specific antigen was destroyed 

by trypsin treatment, as determined by immunodiffusion analysis. Although 

SP antigen was resistant, the infectivity was decreased significantly 

(about 2 log^) by the treatment in both L.P and SP variants (26).

Parvoviruses. Among the parvoviruses, susceptibility to trypsin 

digestion is variable. In the minute virus of mice (MVM) a 72,000 

dal ton capsid protein, termed "B," is processed to "C," a 69,000 dal ton
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capsid protein, by proteolytic cleavage (10, 11, 40). This shift in 

molecular weight, as determined by sodium dodecylsulfate-polyacrylamide 

gel electrophoresis (SDS-PAGE), is accompanied by a change in particle 

density on CsCl gradient from 1.47 g/cc for the unprocessed virions 

to 1.42 g/cc for the processed virions. The specific infectivity of 

the processed and the unprocessed virions is the same but the unprocessed 

particles do not adsorb to cells as readily. Tryptic cleavage does not 

accurately mimic the in vivo conversion since the trypsin treated 

particles had heterogeneous densities in CsCl between 1.42-1.47 g/cc, 

which never appear in vivo. Yet protein analysis by SDS-PAGE shows 

proteins from the trypsinized virions that migrate with the proteins 

of the in vivo processed virions. Treatment with cell culture super

natant mimics both the conversion of the proteins and the density.

The formation of H-l virions closely resembles that of MVM. A 

denser particle is assembled first, and then converted to the less 

dense particle by proteolytic cleavage. In vivo enzymes are hypothesized 

as being those in cell lysosomes. Trypsin and chymotrypsin again did 

not change the density in CsCl gradient from the unprocessed to the 

processed, but proteins that comigrated on SDS-PAGE with the less dense 

processed form resulted (21, 22).

Mayr (25) found porcine parvovirus to be resistant to trypsin 

treatment at a concentration of 0.5 mg/ml. Feline panleukopenia virus 

is resistant to trypsin treatment (20).

Previous studies on ADV. Burger (8) found that ADV was resistant 

to trypsin. He incubated a spleen suspension of ADV with trypsin, then 

injected minks to observe if disease ensued. An in vitro assay technique

was unavailable at that time.
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Chemical treatments provide an avenue for characterization of a 

virus. Parvoviruses tend to be resistant to most chemical treatments 

(19, 34, 39). ADV was treated with chemicals, then healthy minks 

were inoculated to test its resistance (8, 13). Again, no in vitro 

assay technique was available at the time these experiments were con

ducted.

V i!
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MATERIALS ANO METHODS

Host Cells

Crandall feline kidney cells (CRFK) were obtained from Dr. D. D. 

Porter (University of California, Los Angeles) at the fifty-first 

passage level. These cells were passaged twice at Rocky Mountain 

Laboratories (RML) (4 October 1979), and aliquots stored in liquid 

nitrogen. Aliquots were thawed, then grown to form a working stock 

which was passaged not more than thirty times. These were the cells 

used in my experiment as hosts for ADV.

Virus

The ADV used was derived from the fifth passage level (pool V) and 

seventh passage level (pool VII) of an isolate of Utah-1 ADV adapted to 

growth in CRFKs in 1976 by Dr. John Gorham (Washington State University, 

Pullman). RML received the virus in February 1979. The working stock 

of virus used for my experiments were the third serial passage from 

pool V, diluted 10"^° at each passage, designated here as IBC3, and a 

pool of the seventh passage of pool VII in CRFKs at RML, designated 

pool XIV. Virus was stored at -20C in 10 mM Tris or Dulbecco's phosphate 

buffered saline without Ca or Mg.

Media, Buffer Solutions, Cell Culture Solutions
2The cells were grown in 150 cm flasks with modified Eagle's 

minimal essential media (MEM) obtained from Flow Laboratories in 10 liter
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packets (Lot 10101011, McLean, VA). This media was supplemented with 

HEPES (H, 25 mM, ULtrol, Lot #710143, Calbiochem, La Jolla, CA), 

gentamicin sulfate (GRS, 50 Mgm/ml, control #9GRB2, Schering Corpora

tion, Kenilworth, NJ), lactalbumin hydrolysate (LAH, 0.5%, control 

#2OK16Q1, Gibco Laboratories, Grand Island, NY), and fetal calf serum 

(FCS, 10%, Microbiological Associates, Lot #97498, Walkersville, MD, 

heat inactivated at 56C for 30 min). Media, when seen in this paper, 

refers to this mixture.

Saline trypsin versene (STV), Dulbecco's phosphate buffered saline 

with or without Ca and Mg (Dul PBS), phosphate buffered balanced saline 

(PBBS), 10 mM Tris buffer, and Tris buffered saline (TBS) were all 

prepared in the media unit at RML.

Cell Culture
2Cell monolayers were grown in 150 cm Corning tissue culture flasks 

(polystyrene, Corning Glassware, Corning, NY) in a 5% CO^ incubator. 

Media, STV, and Dul PBS with Ca and Mg were brought to 37C in a water 

bath (Thermomix 1441, B. Braun Melsungen). Media was decanted, the 

monolayer washed with 50 ml of Dul PBS with Ca and Mg, and 10 ml STV 

added to the cells, which were then incubated at 37C for 10 min. This 

dissociated the cells, forming a single cell suspension. Twenty ml of

media were added and 3 ml of the resulting suspension seeded into a
2

150 cm flask to maintain a cell working stock. Cells were passaged 

every 4 days. For production or assay of virus, a 1/10 dilution of 

the suspended cells was made to count on the hemocytometer. The follow

ing shows the quantity of media and concentration of cells used to seed 

each Lab-Tek chamber slide (Lab-Tek Division, Miles Laboratories, Naper

ville, IL) or flask.
8



Container Vol. of Media (ml) # Cells/ml

8-chamber Lab-Tek 3.2/slide 1,.3 x 105

0.4/chamber

150-cm^ flask 50 1 x 105

75-cm^ flask 25 1 x 105

The cells were grown overnight (about 24 hr} before infection with 

virus. At this time the monolayer was about 40-60% confluent.

Viral Growth and Direct Immunofluorescence Assay of Viral Infectivity
2Virus was grown in CRFK monolayers in 150 cm" flasks. Infection 

was accomplished by incubating the monolayers with 5 ml of virus dilution 

for 2 hr at 31.8C on a rocker platform, 45 ml of media were then added, 

and the flask was incubated for 5 days at 31.8C. The media was decanted 

and PBBS added to the flask for harvesting the cells using a rubber 

policeman. The suspension was centrifuged at 3600 rpm at 4C for 5 min, 

the PBBS decanted, 10 mM Tris buffer added (usually 10 ml), the pellet 

resuspended, freeze-thawed once (FT), and sonicated 4 times, 15 sec per 

time. The virus preparation was then aliquoted and stored at --20C.

For viral infectivity assays, the medium was aspirated from Lab-Teks 

that had been seeded with CRFKs about 24 hr earlier. One hundred ul

of virus inoculum was used to infect each chamber and the slide was

incubated at 31.8C for 2 hr. After incubation each chamber was washed 

with 300 ul PBBS, fed with 400 ul media, and returned to the incubator 

at 31.8C for about 72 hr. The medium was aspirated from each chamber, 

the plastic chambers removed, and the monolayer fixed in acetone at 

room temperature for 15-20 min. After air drying, each chamber, still
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delineated by the rubber gasket, was stained with 50 ul of fluorescent 

anti-ADV antibody /fl-a-ADV, prepared by Wolfinbarger and Bloom, 

following Porter's protocol (32), at RML 3-30-78, stored at -20C. 

Fluorosceinisothiocyanate (Lot #610031, MW 389.4, Calbiochem, La Jolla, 

CA) was conjugated to mink anti-ADV antibody/ diluted 1/20 in Dul PBS 

with Ca and Mg and incubated under a wet paper towel for 30 min at 37C. 

The slide was washed for 15 min in Dul PBS with Ca and Mg on a magnetic 

stirrer, rinsed in a stream of 95% EtOH, then allowed to air dry. After 

the gaskets were surgically removed, buffered glycerol mounting media 

was placed on the slide, and a 24 mm x 50 mm coverslip placed on top. 

The slide could then be examined on the fluorescence microscope (Zeiss 

Orthoplan, Wetzler, Germany) using the 4x ocular lenses. Virus titer 

was determined by the following equation:

# cells fluorescent/high power field x #HPF/chamber X 
(HPF) (543)

1/dilution of virus x 1/vol of inoculum 

= fluorescent forming units (FFU)/ml

Enzymes

Trypsin was obtained from Worthington Millipore Corporation, 

Freehold, NJ (3703 TRL 39B 755 D, 180 U/mg, 1-29-81). The stock 

solution was 1 mg/ml in 1 mM HC1 (14, 15).

Soybean trypsin inhibitor (STI) was also from Worthington (1 mg 

inhibits 2.13 mg TRL, 3570SI 59C416, Freehold, NJ). It was dissolved 

in Dul PBS without Ca or Mg, 2 mg/ml.

Pabst Laboratories (PL, Milwaukee, WI, Lot #143-7) was the source 

of o<-CT. Stock solution was 1 mg/ml in 1 mM HC1.
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Pronase (Calbiochem 53702 Lot 901689, La Jolla, CA, 45,000 PUK/gm) 

was dissolved in Dul PBS with Ca and Mg, 5 mg/ml.

RNase (Worthington Mi Hi pore Corporation, Freehold, NJ, pancreatic, 

grade r, RAF, 2500 u/mg) was dissolved in 0.15 M NaCl and the pH was 

adjusted to 5.2 with HC1. It was then heated at 90C for 15 min to 

inactivate any contaminating DNase.

DNase I was obtained from two companies--Pabst Laboratories 

(PL 0512) and Worthington (DPFF). Both DNases were dissolved in 0.15 M 

NaCl at a concentration of 4 mg/ml. When prepared for an experiment,

1.0 M MgClg Wfls added to make a final solution of 10 mM MgClg. This 

was done to supply the DNase with its Mg ion cofactor requirement.

Trypsin, treated with the^CT inhibitor L-(tosylamido 2-phenyl) 

ethyl chloromethyl ketone (TPCK), was obtained from Worthington, (247 u/mg, 

90% protein, 3740 TRTPCK 38B789) The TPCK-trypsin was dissolved in 

1 mM HC1, 1 mg/ml. For use in the experiments, its specific activity 

was adjusted to match that of the trypsin used by diluting it with Dul 

PBS with Ca and Mg. £0.729 mg (247 U/mg) = 180 U/mg (1 mg)/

Enzymatic Treatment

Enzymes were thawed and put on ice. Measured amounts of enzyme

stock solutions to give the desired concentration of enzyme after 1 ml

of ADV dilution was added were placed in tubes in an ice water bath.

Cofactors were added. After addition of 1 ml of ADV, each tube was

gently mixed by inverting, then placed in a 37C water bath for 60 min.

The tubes were then removed from the water bath and placed in an ice 
~1 -2 -3water bath. Serial dilutions (10 ,10 ,10 ) were made in media on

ice, each dilution being mixed on a vortexer (VWR Vanlab Vortex Mixer,
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Scientific Industries, Inc., Bohemia, NY, model K-55O-G). The dilutions 

were then used to inoculate CRFKs in 8-chambered Lab-Teks for direct

immunofluorescence assay.

Chemical Treatment

Five hundred ul of ADV dilution was treated with 250 ul of freon 

(tri-chlorofluoroethane, CCKF-CC1-F^, Johnstone Supply, Spokane, WA, 

Racon 113) and with 125 ul chloroform (CHCIp Lot 733456, Fisher 

Scientific Company, Fair Lawn, NJ) by vortexing both samples for 2 min, 

then spinning in a microfuge for 10 min. The hyperphase was aspirated

and used to make serial dilutions in media for direct immunofluorescence

assay.

Liquid Scintillation Counting

For metabolic radioactive labeling, the CRFKs were allowed to grow 
2

overnight in 75 cm flasks. (When digestion of infected cells and

digestion of noninfected cells were compared, both had been grown for

5 days at 31.8C). The medium was aspirated and 37C PBBS added. The

cells were returned to the 37C incubator for 30 min, PBBS aspirated, and

the cells incubated with 2 ml of medium with dialyzed FCS (to remove 
or

amino acids) and 50 uCi/ml of S methionine for 90 min at 37C. The 

labeling medium was aspirated, PBBS was added to harvest the cells with 

a rubber policeman and the suspension was centrifuged at 2000 rpm and 

4C for 5 min. PBBS was than decanted, the pellet resuspended in the 

desired buffer, freeze-thawed once, and sonicated 4 times, 15 sec/time.

Buffers used to suspend the cells were 10 mM Tris (Lot #30F-5002 

Trizma. Base, Sigma Chemicals, St. Louis, M0) and Tris buffered saline
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(TBS, 10 mM Tris, 0.15 M NaCI). Twenty ul samples were applied to 540 

Whatman filter papers (Whatman Ltd., England), air dried, and placed 

in 400 ml of 10% TCA (trichloroacetic acid, C.lgCC09H, MCB Manufactured 

Chemicals, Inc., Cincinnati, OH) for 10 min on ice, then 5% TCA for 

10 min on ice, and acetone, 200 ml at room temperature for about 15 min. 

The filter papers were dried for 10 min under an infrared lamp (Infra- 

rediator, Fisher Scientific Company, Fairlawn, NJ), placed in polyethylene 

vials (Mansio Supply Co., New Rochelle, NY), and scintillation fluid 

(Spectrafluor PPO-POPOP, Amersham Corporation, Arlington Heights, IL,

Lot #108B concentrated in toluene; NCS tissue solubizer 12.5 ml/500 ml, 

order #190620, Amersham, Lot 941; 1.75 ml distilled water) added, allow

ing the samples to sit overnight, then were counted (LS 8100, Beckman, 

Irvine, CA) for 1 min on the liquid scintillation counter.
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RESULTS

Time for Inoculation

This experiment was done to determine how long it takes for the 

ADV to adsorb to CRFKs in cell culture. Lab-Teks with CRFKs were 

inoculated with a dilution of ADV giving lFf?U/5 cells /jnultipl icity 

of infection (MOI) = 0.2Ff7^/cel 1/, incubated at 31.8C for the time 

shown on the graph (Fig. 1), inoculum was aspirated, chambers were 

washed once with PBBS, then fed with media and returned to the incu

bator for about 72 hr. They were then assayed for degree of infection 

by direct immunofluorescence. Incubation with inoculum for 120 min 

was used as 100%. In all my subsequent experiments, a 2-hr inoculation 

period was used.

Accuracy of Direct Immunofluorescent Assay

This was to determine the amount of error to be expected in the 

assay technique alone; therefore, a significant change in infectivity 

could be recognized as not attributable to experimental error but as a 

reflection of a change in the infectivity of the virus. Two 1/500 

dilutions of one aliquot of pool XIV ADV were made (MOI = 0.3^F^/cell) 

then used to inoculate two separate Lab-Tek slides to do a direct 

immunofluorescence assay. In this way, accuracy within one dilution 

could be compared by comparison of the titer (FFU/ml) arrived at in 

the different chambers on one slide, and also between two dilutions of 

the same stock virus by comparing titers for the two slides.
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100

0 10 30 60 120

Min of incubation with inoculum

Fig. 1. Timed ADV Inoculation. CRFK monolayers in Lab-Tek chamber 
slides were inoculated with 0.1 ml of a dilution of ADV giving a MOI 
of 0.2 FFU/cell, then incubated for 0 min, 5 min, 10 min, 30 min,
60 min, and 120 min, after which time the inoculum was aspirated, 
the monolayer washed once with PBBS, fed with medium, and the slides 
were returned to the incubator for 72 hr. The slides were assayed 
by direct immunofluorescence and the number of fluorescent, therefore 
infected, cells were expressed as a percentage of the number of cells 
fluorescent when incubated with inoculum for 120 min.

15



Slide #1 Slide #2

Range .57 .94

Mean 1.28 1 .45

Standard deviation .22 .34

Root-mean-square deviation .20 .31

Range between slides 1.02

Table 1. Accuracy of Direct Immunofluorescence Assay. All figures are 
to be multiplied by 107 FFU/ml. Two separate dilutions of a stock of 
Pool XIV ADV were made to give a MOI = 0.3 FFU/cell. Lab-Teks were 
inoculated and assayed by direct immunofluorescence. Six chambers per 
slide were counted and analyzed statistically as shown above.

Enzyme Incubation of ADV

The STI used in experiments #1 and #2 were prepared at different 

times, though at the same concentration and from the same stock. Results 

of enzymatic treatment are shown in Table 2.

Time Course of Inactivation/Digestion of ADV by Trypsin and °fCT

Results of the time course of inactivation of virus infectivity 

as determined by direct immunofluorescent assay, using trypsin and<CT, 

can be seen in Fig. 2. Results of the same experiment shown as a 

percentage of FFU/ml retained by the virus may be seen in Table 3.

These results are from the same experiment that is illustrated in 

Fig. 2. Here, FFU/ml are tabulated as a percentage of the FFU/ml 

observed at time 0.
35Next, CRFKs were labeled with S methionine, one flask that had

been infected with ADV and one flask that was non-infected. A time 

course of digestion at 37C with trypsin and °<CT was run. At the times
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Enzymatic and Chemical Treatment % Yield of FFU/ml
Incubation 37C x 60. min Experiment 1 Experiment

Dul PBS with Ca and Mg 100 100
Trypsin, 1 Mg/ml (0.18 U) 27 2.8
Trypsin, 10 mg/ml (1.8 U) 15 1.9
TPCK-trypsin, 0.73 mg/ml (0.18 U) -- 2.5
TPCK-trypsin, 7.3 mg/ml (1.8 U) — 0.3
Trypsin (1 ug/ml) + STI (2 ug/ml) 65 116.
TPCK-trypsin (0.73 ug/ml) + STI (2 ug/ml) — 94.
.001 N HC1 81 115
STI, 50 ug/ml 82 103
®<CT, 1 ug/ml 74 2.6
o<CT, 10 ug/ml 3.4 4.0
e<CT, (10 ug/ml) + STI (20 ug/ml) — 3.4
DNase (PL) 100 ug/ml 60 73
DNase (Worthington), 100 ug/ml 75 59
10 mM MgCl2 87 77
DNase (PL) + STI (2 ug/ml) — 60
DNase (Worthington) + STI (2 ug/ml) — 51
RNase, 50 ug/ml 76 80
RNase (50 ug/ml) + STI (2 ug/ml) — 58
Pronase (10 ug/ml) 4.6 .88
Untreated, on ice x 60' 106 61
CHClg extraction — 3.5
Freon extraction — 7.6

Table 2. Enzyme Incubation of ADV. Virus used in experiment 1 was 
from IBC3 and frozen in Dul PBS without Ca and Mg. That used in 
experiment 2 was pool XIV, frozen in 10 mM Tris buffer. Both were 
diluted in Dul PBS with Ca and Mg when prepared for enzyme treatment 
Percentages show the amount of viral infectivity retained as deter
mined by direct immunofluorescent assay in terms of FFU/ml.
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7

Log10 of 
FFU/ml

HC1 .......... Trypsin --------- CT —------------

Fig. 2. Time Course of ADV Inactivation by Trypsin and <<CT. ADV was 
incubated with a 10 ug/ml solution of trypsin and °<CT. Both enzymes 
were diluted in 0.001N HC1, thus the control was incubation with this 
acid. Enzymatic action was stopped by a 10-fold dilution of the reaction 
mixture in media on ice at 0 min, 5 min, 10 min, 20 min, and 60 min, 
which was then used as the virus dilution for inoculation of Lab-Teks.
The log of the FFU/ml was obtained by direct immunofluorescent assay of 
the Lab-Teks.
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Treatment

% Yield of FFU/ml After Time of
Incubation at 37C With Enzyme (in min)

0 5 10 20 60

HC1 100 47 53 42 48

cVCT 100 9 0.6 0.8 5.0

Trypsin 100 0.5 0.6 0.6 3.4

Table 3. Time Course of ADV Inactivation by °<CT and Trypsin.

shown, 20 ul samples were spotted onto filter papers and fixed in TCA 

to stop enzyme action. The amount of radioactivity remaining on the 

filter paper was the amount that was TCA insoluble. This amount is 

expressed as a percentage of time zero radioactivity, registered in 

the LSC as counts per minute (CPM). Figs. 3 and 4 are graphic repre

sentations, with and without ADV infection, respectively, and Table 4 

is a tabulation of the percentages to facilitate comparison.

Percent of Time 0 CPM

Time of Enzyme
Incubation (min) 0 5 10 20 60
Treatment wi th

ADV
w/o
ADV

wi th
ADV

w/o
ADV

wi th
ADV

w/o
ADV

with
ADV

w/o
ADV

wi th
ADV

w/o
ADV

0.001 N HC1 100 100 103 103 106 88 106 93 99 90

Trypsin, 10 ug/ml 100 100 73 72 72 69 63 65 56 49

CT, 10 ug/ml 100 100 65 87 66 72 55 70 42 65

Table 4. Time Course of ADV-infected and Uninfected CRFK Digestion by 
Trypsin and <=<CT. For treatment of cells, see Figs. 3 and 4.
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% of time 
0‘ CPM

--------  Trypsin
.......... HC1
------- otCT

Time of incubation with enzyme in min, ADV-infected CRFKs

Fig. 3. Time Course of Digestion of ADV-infected CRFKs by Trypsin and °<CT 
A 75-cm2 flask of CRFKs was infected with 5 ml of a dilution of ADV having 
3.0 x 10° FFU/ml (MOI = 0.6 FFU/cell) and incubated for 5 days. The CRFKs 
were then metabolically labeled with 35s methionine and harvested for use. 
Harvested cells were divided into equal-volume aliquots for each reaction 
mixture and incubated in a 37C water bath. Twenty ul was removed from each 
reaction mixture at the time specified and spotted onto filter papers to 
be used in LSC. Each reaction mixture provided its own zero time control. 
CPM are expressed as a percentage of the time zero CPM.
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Fig. 4. Time Course of Digestion of CRFKs by Trypsin and ^CT.
A 75 cnr flask of CRFKs was incubated at 31.8C for 5 days. The 
CRFKs were then metabolically labeled with 35$ methionine and 
harvested for use. Harvested cells were divided into equal volume 
aliquots for each reaction mixture and incubated in a 37C water 
bath. Twenty ul were removed from each reaction mixture at the 
time specified and spotted onto filter papers to be used in LSC. 
Each reaction mixture provided its own zero time control. CPM 
are expressed as a percentage of the time zero CPM.
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DISCUSSION

The effects of enzymes and chemicals on viruses are of particular 

interest in virology since they form a major portion of the information 

used in virus classification. Simple chemical tests allow the grouping 

of viruses by their degree of susceptibility to the chemical, a useful 

method of grouping since a fossil record or ontogenic criteria are not 

available when dealing with viruses. Enveloped virions have a membrane 

surrounding their capsid which is instrumental in their penetration of 

cells. Lipid solvents disrupt the membrane, making cell penetration 

impossible. For enveloped viruses, treatment with lipid solvents, such 

as chloroform or ether, reduces the virus titer to 0 (1, 16). Examples 

of enveloped viruses are the paramyxoviruses and herpes viruses. Parvo

viruses are not enveloped.

Through the experiment to determine the accuracy of direct immuno

fluorescence assay, I found that for a difference in titer of ADV to be 

significant, it had to be more than a 10-fold (1 Tog^g) change. When 

treated with chloroform, the titer of ADV decreased by less than 2 log^g, 

which is a significant decrease, being greater than 1 log-,Q, but is not 

of a magnitude that would indicate ADV to be an enveloped virus. This 

resistance to chloroform agrees with ADV's classification as a parvo

virus, which is a non-enveloped virus group.

The effect of freon on the virus was checked because freon is 

frequently used in the extraction procedure for purifying ADV from the
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mink (5, 7). Freon extraction decreased the titer by approximately 

1.5 log-jg, which is 0.5 log^ over the statistically significant level. 

This indicates that ADV is resistant to freon treatment.

In the LSC experiments, the filter discs were allowed to sit in

the scintillation fluid overnight to allow for decay of chemiluminescence.

Chemiluminescence is the emission of photons as a result of chemical

reactions occurring between the components of the scintillation fluid.

The LSC cannot discriminate between a photon emitted as a result of

chemiluminescence and a photon emitted as a result of a fluor molecule

returning to the ground state after excitation by a ^-particle (24).

The photocells of the LSC simply "see" and record the photons. Extremely

erratic counts were obtained in an LSC experiment where the overnight

waiting period was eliminated. The overnight waiting period eliminates

the problem of chemiluminescence because it decays much more rapidly 
„ 35than the p-particle emission of the S methionine used in labeling.

As previous investigators have found, ADV was resistant to all the 

enzymes tested (8, 13), though a small susceptible population exists.

In the in vivo assay technique, virus was treated with the enzyme, then 

injected into mink. Infectivity, therefore resistance, was observed 

as the number of mink that developed AD after injection. This method 

of assay would not determine whether infectivity was enhanced by trypsin 

treatment, as is the case with rotaviruses (4, 9, 14, 15, 18, 38), since 

development of disease would occur in both cases, if the virus infectivity 

was enhanced or if it was resistant to treatment. The results of the jn 

vitro assay appear to be fairly consistent, encouraging its use over the 

live mink assay which is much more expensive in terms of the number of
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minks that must be used. The live mink assay is probably more sensitive 

(Bloom, personal communication) and could be adapted to show enhancement 

by dilution of the virus after enzyme treatment, to show at what dilu

tion infectivity was absent.

The greatest decrease in titer was observed in the time course of 

inactivation by trypsin and c<CT where over a 2 T°9-jq decrease in titer 

was observed after 10 min, which decreased to slightly over a 1 log^Q 

decrease by the end of 60 min (Fig. 2). Perhaps the increase in titer 

after 10 min was a result of virus dispersion by digestion of cellular 

material holding the virus in aggregates.

Another enigmatic aspect to this study was the greater effect of 

°<CT on ADV-infected cells when subjected to LSC but trypsin's greater 

effect when the cells were not infected (Figs. 3 and 4). ®<CT did not 

appear to inactivate more virus than did trypsin in the enzyme digestion 

using direct immunofluorescent assay. If °<CT is more active on a virus 

associated protein than trypsin, creating its greater activity when 

tested in LSC, the protein could not be involved directly in viral 

infectivity or antigen expression on the cell since the direct immuno

fluorescence assay did not show a correspondingly greater decrease in 

infectivity after <=<CT treatment. Trypsin and °fCT continued to digest 

cellular material up to 60 min, thus inactivation of enzyme would not 

account for the increase in virus titer after 10 min of incubation.

This apparent increase in titer is best explained by protease digestion 

freeing virus from clumps formed with cellular proteins, as noted above.

In the enzyme treatment experiments, the substances for diluting 

the enzymes, the cofactors and buffers, were used to treat ADV, as a 

control (eg. Table 2 - STI, 0.001 N HC1, 10 mM MgClg). None of the
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diluting substances decreased ADV's titer significantly (more than 1 log^) 

STI was effective in inhibiting trypsin. CT, trypsin, TPCK-trypsin, 

and pronase were the only enzymes to decrease the titer of the ADV more 

than 1 log-jg. STI was added to =<CT, DNase, and RNase to ascertain 

if any effects observed could be attributed to the presence of contami

nating trypsin since all of these enzymes are isolated from the pancreas.

No tryptic enhancement without STI was seen. TPCK-trypsin provided 

a control for insuring that effects observed for trypsin were not attribu

table to °iCT.

There has been some controversy over the molecular weight of the 

major proteins of Aleutian disease virus. Shahrabadi et al. (as cited 

in 6) reported polypeptides ranging from a molecular weight of 30,000 

to 14,000 while Bloom et al. (6) reports the molecular weights of the 

two major proteins to be 89,100 and 77,600. The lower molecular weights 

obtained by the former researcher may have resulted from extensive 

proteolysis under the conditions used to purify the virus. Another 

explanation may be that the proteins of the in vivo propagated virus 

differ from those of the in vitro propagated virus, since ADV-G passaged 

in CRFKs became attenuated for mink, though it had extremely high titers 

in cell culture. ADV-G had originated from the Utah-I ADV strain, a 

strain highly virulent for mink. Attenuation for mink could be reversed 

by serial passage in vivo. Treatment of the i_n vitro ADV isolate with 

proteolytic enzymes followed by molecular weight determinations may show 

proteins of a molecular weight similar to those determined by Shahrabadi. 

Treatment of the in vitro virus with enzymes may enhance its virulence 

for mink, perhaps by a mechanism similar to that observed in paramyxo

viruses (29, 35, 36, 37). Enzymatic treatment may be useful in showing
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differences between the in vivo and the in vitro propagated virus 

particle.

Another speculation I have considered is using enzyme treatment 

to enable the virus to grow in CC1 64 cells, a mink cell line. ADV 

will not grow in this mink cell line, but only in the CRFK cell line 

at a temperature of 31.8C, 5.2C degrees lower than the mink body 

temperature of 37C. The virus gradually decreases in titer as it is 

passaged in CC1 64s until it no longer appears (32, Bloom, personal 

communication). Perhaps enzymatic treatment would enhance adsorption 

and infectivity of ADV in these cells.

The Aleutian mink are afflicted by the Chediak-Higashi syndrome 

(CHS), a genetically transmitted syndrome carried by an autosomal reces

sive gene. CHS is characterized by partial occulocutaneous albinism, 

the presence of large, abnormal membrane bound organelles in various 

cell types, and increased susceptibility to infection (23, 28). Macro

phage cells are seen to have these abnormal granules which appear to 

be normal lysosomes that have fused as a result of leakage of enzymes 

through an excessively permeable membrane enclosing the granules.

Kupffer cells are the stationary macrophages in the sinusoids of the 

liver, believed to be a primary site of ADV replication and a major 

source of virus when ADV is isolated from mink (13, 31). The cause of 

death in AD is uremia resulting from deposition of macromolecular 

complexes of virus and antibody in the kidney glomeruli. The macro

phage cells are not accomplishing their function of digesting the macro- 

molecular complexes. Abnormal enzymes in the abnormal lysosomes may 

explain the increased severity of the disease and the greater suscepti

bility to the virus in Aleutian mink. If the enzymes are less functional
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than those in normal lysosomes, the abnormal macrophage cells of CHS 

mink may not process the viral antigen for the immune system so that 

the antibody can act effectively (23). By treating ADV with enzymes 

the non-neutralizing antibody produced in the mink might be capable of 

neutralizing the virus. Though I found most of the virus to be resis

tant to enzyme treatment in that infectivity was retained, I did no 

study to see what changes may have occurred in the virus because of the 

enzyme treatment. The changes may be enough to render the antibody 

capable of neutralization, and the enzymes of the abnormal lysosomes 

may not be capable of creating these changes.

Aleutian disease is a puzzling and multifaceted disease. The 

study of the pathogenesis of this disease probably best begins with 

greater knowledge of the causative agent ADV. Studying ADV should 

lead to a greater understanding of how ADV involves the host's immune 

system in AD's histopathology. Apart from the monetary interest 

generated by the mink ranchers whose herds may be decimated by this 

disease, Aleutian disease carries interest as an example of a slow 

virus disease. The exploration of AD may elucidate slow virus diseases 

afflicting man.
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