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I NTRODUCTION 

Hog cholera is a highly contagious virus disease of 

swine which has persisted in the United States since about 1840 . 

The disease is chara cterized by sudden onset in susceptible 

swine populations, followed by a high morbidity and mortality 

incidence . Although it is experimentally possible to propagate 

hog cholera virus in certain other animal species , wild and 

domestic pigs are its only known natural hosts. Historically , 

hog cholera epidemics of disastrous intensity were periodically 

observed in the United States, particularly in areas where 

swine husbandry f i gured significantly in the regional live-

stock industry . Hog chole r a continues to be a worldwide 

disease problem of swine in most countri es where swine are 

r a ised in substantial numbers . 

Even t hough the incidence of hog cholera has generally 

declined in the United States since about 1950 , persistence of 

the disease seriously handicaps export trade in por k products 

and contributes s i gnifica ntly to the total economic losses 

in our swine industry. A steadi l y increas ing use of vaccines , 

and applica tion of rigorous diagno s tic and control techniques 

undoubtedly accounts for the current low incidence of hog 

cholera in the United Sta tes. However, the average annua l 

cost of controlling hog cholera in this country remains a t 

about $40, 000 , 000 (1) . Between 1940 a nd 1960 this figure 

approached one billion dollars or the approximate present 
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value of our entire swine industry . The magnitude and per-

sistence of economic losses due to hog cholera resulted in the 

current Federal program for eradication of this disease in the 

United States . 

Because most research with hog cholera virus has been 

devoted to the histo- pathology of the disease , development 

and improvement of various diagnostic techniques , vaccines and 

immunization procedures, very little is known about the chem-

ical and physical properties of hog cholera virus . As a 

result, little progress is evident relative to an objective 

serologic, immunologic, and taxonomic characterization of the 

viral agent. Probably the most important single feature 

responsible for such slow progress is the fact that few cell 

types will propagate the virus in culture, and no direct in 

vitro cytopathology has been established for hog cholera virus. 

Thus , until recent times hog cholera virus infectivity assays 

were obtained using large numbers of swine; a rather ponderous, 

uneconomical procedure often difficult to control and inter-

pret. The first in vitro assay procedures for hog cholera 
~ . 

virus and its antibody involve modification of the cytopathic 

effects due to Newcast l e virus and interference with bovine 

diarrhea virus. 

Recent development of a fluorescent-antibody plaque 

assay for hog cholera virus provides a direct, reliable in 

vitro method for accurate, quantitative infectivity measure -

ments . With this procedure it is possible to assay hog cholera 
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virus by enumerating infected cell plaques stained with 

fluorescein- labeled specific antibody . Not only is it poss ible 

now to assay infective virus for diagnostic and other labora-

tory routines, but the availability of such a procedure is 

pre- requisite for any systematic study bearing on the physical-

chemical properties of hog cholera virus . 

An adequate body of data regarding the physical - chemical 

properties of a virus agent often leads directly to a rapid 

accumulation of p r act i cal information related to the serologic 

and immunologic properties of that virus . Since concentra-

tion of the agent concomitant with relative freedom from 

extraneous material s is usually pre-requisite to chemical-

physical analyses , a most useful early step in this context is 

development of a practical purifi cation-concentration proce-

dure . The first objective of this study was to define optimal 

conditions for the partial purification of HCV using adsorp-

tion chromatography on magnet i c ferric oxide . The second ob-

jective wa s to achieve a final degree of purification and con-

centration by ultra-centrifugation in (cesium chloride ) density 

gradients . As a practical application for these procedures , 

an attempt was made to obtain an electron-mi crograph of hog 

cholera virus . 



LITERATURE REVIEW 

A systematic search of literature regar d ing the character-

izat ion of hog cholera virus yields relatively few reports 

containing pertinent data . Most of this data was published 

subsequent to 1961 when the first in vitro assay for HCV 

was described (2). Prior to 1961, the difficulty in conduct -

ing infectivity assays is reflected by a near absence of 

data bearing on the physical-chemical properties of HCV . 

The viral n a ture of hog cholera was established in 1903 

when De Schwein itz and Dorset ( 3) demonstrated that the infe c-

tious agent could pass through fine porcelain filters whi ch 

excluded al l bacteri a . In 1929, Kernkamp (4) described filtra-

tion exp-eriments which indicated the size of HCV wa s less than 

35 mp . In 1949 Bachrach described simila r filtration experi -

ments which indicated that the size of HCV was between 1 7 and 

25 mµ (5) . Boynton et al . (6 ) were able to obtain the first 

e l ectron-micrograph of hog cholera material in 1948 . Although 

their photos were relatively c rude when compared to results 

obtained with present-day equipment , the photos do show objects 

which may be virus particles. Using extracts of spleen tissue 

from p i gs infected with HCV, Bachrach also obtained electron 

micrographs of chromium shadowed objects which resembled virus 

particles ( 5) . However , simi l ar particles were observed with 

the electron microscope in specimens p repared from normal pig 

spleens. Similarly , in 1951 , Reagan et al . (7) published 
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electron- micrographs showing objects with a mean diameter 

of 27 mf which they obtained from infectious pig serum. 

In a more recent electron microscope study , Ageev (Sa) 

reports seeing particl es 20 and 40 m}'- in diameter on erythro -

cyte membranes from blood of pigs infe cted with HCV . Using 

ultra-filters, Pehl and Gralheer ( Sb), determined a size range 

of 1 5- 25 m~ for HCV . Wilner (9 ) s ummarizes these data by 

giving a range of 15 to 44 mp f or HCV . Even with such varia -

tion in the data perta ining to s ize, it is evident that HCV 

is a rather smal l animal virus . 

In 1962 , Dinter (1 0) described the first systematic study 

to determine certa in characteristics of HCV using taxonomic 

criteria such as those suggested by Wilner (9) . Dinter •s 

r esults ind i cate that HCV is a RNA- containing virus , sensitive 

to ether , chloroform and sodium des oxycholate, moderately 

sensitive to trypsin and not stabilized to heat by molar mag-

n esium chlori de . Loan (11) confirmed Dinter 1 s work with 

r espect to nuclei c acid type and lipi d solvent sensitivity. 

McKis s ick (12 ) further confirmed the sensitivity of HCV to 

lipid solvents by repeating Dinter •s experiments with ether , 

chl oroform and desoxycho l ate . 

Al though these data are important taxonomic points , a 

s tate of confus ion is evident in the lite r ature regarding the 

r elat ionship of HCV to certain major groups of animal viruses. 

Dinter arranged his data to show a rel at ionship be tween tlCV 
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and bovine diarrhea v i rus (BVD ) and further suggest s that 

both agents may be rel a t ed to the group B Arbovi ruses due to 

the nature of their tryps i n sensitivity . In contrast , Dit ch-

f i e l d and Doane (13) suggest that BVD be considered a myxovirus 

due to its morphology as seen with the electron microscope . 

They furthe r suggest that HCV may a lso be a myxovirus by 

virtue of its relationship to BVD with respect to nuclei c 

acid type , ether s ens itivity and the presence of a so l uble 

antigen common to both agen ts (14) . The concept of HCV as a 

myxovirus is a rather vulnerable one s ince HCV would occupy a 

unique position with respect to size , being far smaller than 

t he currently accepted range of 80- 200 mµ fo r the myxoviruses 

( 15 ). Furthermore. there is no evi dence that HCV will aggl u-

tinate erythro cytes , induce hemadsorption or otherwise show 

affinity for mucoprotein substan ces , the l atter bei ng a funda-

mental characteristic of the myxovlruses (9 ) . Classif i cation 

as a group B Arbovirus probably ls les s risky but the require -

ment fo r an insect vector , so f ar as is known , is not ful filled 

with HCV . Wil ner (9 ), therefore , hesitantly l ists HCV as a 

11 possible 11 myxovirus while most recently Packer (16 ), due to 

l ack of sufficient taxonomic data , p l aces HCV in a l i s t of 

unclassified animal viruses . A decision concerning a n appro -

pri ate position for HCV within the ma jor g roups of ani mal 

7iruses , seems now to depend more on morpholog i cal data obtai n -

ed with e l ectron microscope stud i es of concent rated , puri fied 

v irus . 



7 

In recent years cell cul ture techniques have been widely 

applied to the investigation of a great variety of viral 

agents , particul arly those whi ch cause d irect, readily observed 

cytopathi c effects in cell cultures . Unfortunately , such 

techniques have had only limited appli cat ion in hog cholera 

research since characteristic cytopathology has n o t yet been 

e stablished fo r HCV . Propagat i on of HCV in either primary or 

established cell lines from swine tissues has generall y been 

successful but, until recent years, applied only to vaccine 

studi es . 

The first widely used in vitro assay for HCV was described 

by Kumagai et a l. ( 2 ) in 1 961. Thi s method , designated END 

( exaltation of Newcastle disease ), originat ed from the finding 

that HCV , by itse l f a noncytopathogenic viru s , enhances 

cytopathic changes in swine testis cells subsequently infected 

with t he Mi yadera strain of Newcastle disease virus ( NDV) . 

Briefly , the test involves inoculation of p rimary swine t estis 

cel l cultures wi th various dilutions of HCV . After four days 

of incubation each cul ture is challenged with a high dose of 

NDV and cytopathic changes are noted following a n additional 

three - day incubation period . Cytopathic effect is considered 

as evi den ce of the pr esence of infective HCV . The same workers 

l ater demonstrated that END could be blocked by hog cholera 

antibody and descri bed a v irus neutral ization procedure f o r 

HCV using END (17) . I n 1962 , Nishimura et al ., described a 

simi l ar in vitro assay procedure f or HCV involv i ng u se o f the 
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Sato strain of NDV but which resulted in exal tation of hem.ag-

glutination and inhibition of cytopathic effects (HEI C) due 

to NDV (18 ). Obviousl y , when considering use of e i ther the 

HEIC or END methods , the researcher must carefully sel ect 

the proper NDV strain and determi ne i ts behavi or wi th respect 

to the strain of HCV under investigation . 

Although these methods provide a means for conducting 

more extensive and expedient hog cholera research , t hey are 

not without disadvantages . Both procedures require use of 

an addit i onal virus agent and involve indire ct methods subject 

to the eccentricities of cell culture techniques used at 

various l aboratories . Also , considerable time may e l apse 

b efore resul ts ca n be obtai ned ; 9-11 days f or HEI C and 7-9 

days with the END method . However, each method is a distinct 

blessing to those concerned with hog cholera research and both 

have been instrumental in providing much of the recent data 

regarding HCV . 

Another possible method for in vitro HCV assays was 

indicated in a recent report by Malmquist, e t al . (19) . These ---- -
workers adapted a cytopathogenic strain of BVD to both prir;:iary 

and an established cell line of swine kidney cells and noted 

that cytopathic effects of BVD were abolished by pri or infec -

t i on wi th HCV . They a l so noted that the i nte rference was 

dose- dependent with respect to HCV and infection of cells with 

HCV was required before interference was observed . There is 

y et no evidence in the literature that this procedure has been 
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applied to hog cholera research . I ts disadvantages would be 

similar to those mentioned for the END and HEI C procedur es . 

Literature concerning cytopathology produced by HCV 

first appeared in a 1956 publicat ion by Gustafson a nd Pomerat 

( 20 ) . Microscopic cytopathic changes were observed in lung 

and s p leen cell cultures derived fro m a pig infected with HCV , 

and in cell cul tures from p i g embryo l ymph nodes whi ch were 

infected in vitro ( 21) . Gillespie et a l . ( 22 ) observed cyto-

pathic effects with a virus isolated from a pig chronica lly 

infected with HCV. This virus was sub- cultura ble in p rimary 

pig k idney cell cultures and was des i gnated as cytopathogenic 

HCV , strain A. Cytopathic effects of strain A were neutral-

i zabl e by HCV a ntibody , a featur e l ater ( 2) ) used in sero-

l ogical studies relating HCV and BVD. Bass and Ray examined 

Gillespie ' s strain A using acridine-orange fluorescence methods 

and described the cytopathic changes observed in embryonic 

pig k idney cell s ( 24 ) . Segr e obtained cytopathic effects 

wit h HCV i n cell cultures maintained under high oxygen tens ion 

(25 ) . Mayr and Mahnel considered that the cytopathogenici ty 

of HCV was dependent on very special cul tural conditions and 

produced electron micrographs of virus particl es propagated 

with the i r methods (26 ). A stri k i ng featur e of their second 

report is the presence of adenovirus part i cles contaminating 

cell cultured preparations originally thought to conta in only 

HCV . Thus , it may be that contami nat ing adenoviruses a r e 

respons ible for cytopathic effects seen with other cytopatho -
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genie strains of HCV. In a recent study directed toward 

resolving this question, Bodon has shown rather conclusively 

that with each of the seven 11 cytopathog enic11 strains of HCV 

he observed , cytopathology was due to contaminating adenovirus -

es ( 27) . He concludes his report by stating, 11 ••••• that in 

every case when HC virus exhibits a cytopathic action, a 

contaminant virus should be considered and checked by thorough 

cytochemical examination." In view of these findings, caution 

must be exercised when interpreting results of hog cholera 

research involving the alleged cytopathogenic strains of HCV. 

Application of fluorescent antibody techniques to detec-

tion of HCV in cell cultures has been described by Solorzano 

(2 8 ) and by Meng eling et al . ( 29 ) and was subsequently used by 

Carbrey et a l. ( JO ) and by Mengeling (Jl) to estimate relative 

concentrations of HCV in tissues from infected pigs . Mengeling 

later modified the procedure to obtain a high degree of 

accuracy for HCV infectivity titrations based on enumera tion 

of infected cell plaques stained with homologous fluorescent 

antibody ( J2 ). With this procedure, reproduc~ble infectivity 

assays are obtained within 48 hours after di l utions of HCV are 

inoculated into Leig hton cell - culture tubes containing HCV-

suscepti ble cell monolayers. 

Major disadvantag es of the fluorescent - a ntibody p l aque 

assay (FAPA) procedure concern its requirement for ultra-

violet light microscopy and the p repara tion of fluorescein-

labeled specific a ntibody for HCV . A minor disadvantage 
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concerns the fact that f luorescei n-la bel ed hog choler a a n ti -

body may also bind to soluble antigen produced in cells infect-

ed with BVD (33). Therefore, appropriate precaution in labor-

atory procedures should be exercised to avoid such nonspecific 

reactions . It is also notable that performance of the test 

i n primary cell cultures has not yet been expl ored but is 

limited to use with an established cel l line derived from pig 

kidneys (32) . However, the advantages of speed and accuracy 

obtained with the F.APA procedure easily outweigh its dis-

advantages and place it in a position superior to other in 

vitro assays for HCV. Consequently, the FAPA procedure as 

described by Mengeling , was used for all HCV infectivity titra-

tions in the present study (32). 

Application of concentration and purification methods 

to studies concerning HCV has, until recently, been frustrated 

by the absence of a suitable .!£vitro infectivity assay proce-

dure. Boynton et al., Bachrach, Reagan et al . , and Mayr and 

V!ahnel used combinations of methanol precipitation and differ-

ential centrifugation prior to electron microscopy (6, 5 , 7, 

26 ). However , such methods, with the exception of results 

obtained by Ma.yr and Mahnel , failed to achieve a purification 

suffi cient to show discrete virus particles . 

Kulesko et al . described a concentration- purification 

procedure for HCV involving homogenization of virus- laden 

tissues with a fluorocarbon organic solvent (34) . A success -

ful vaccine was produced using this method but the authors 
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indicate that further study was required before the procedure 

could be defi ned . Similar results were reported by Bychkov 

who also used a fluorocarbon to purify and concentrate HCV 

(35) . 

Using a DEAE- cell ulose chromatographic pr ocedure , 

P i rtle successfully partitioned HCV and its so l ubl e antigen 

( 36) . Although the procedure was developed to study the iso -

lated soluble antigen of HCV , good y i elds of infective virus 

were obtained . While it is evident that HCV purification may 

be obtained with such a procedure , a practical applicati on 

woul d require an additional step for concentration of HCV . 

An important set of data which suggest a purification 

and concentration procedure for HCV was recently reported by 

Horzinek who described the stability and buoyant density of 

HCV in cesium chloride solutions (37) . After demonstrating 

that HCV was stabl e for several hours in ces i um chloride , 

Horzinek used isopycnic density centrifugation to determine 

that the buoyant density of HCV ranged from 1 . 16 to 1. 18 in 

cesium chloride . These data a re similar to data obtained by 

Crawford in studies concerni n g the buoyant density of Rous 

sarcoma virus ( RSV ) in rubidium chl oride ( 38 ) . However , 

Crawford concentrated RSV in a preliminary step by ultra-

centri fugal sedimentation onto a dense layer o f rubidium 

chloride . Purification of RSV was subsequently obtained by 

isopycnic density centrifugation in rubidium chloride . The 

methods successfully used by Crawford suggested that similar 
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results might be obtained with HCV if cesium chloride were 

used t o obtain the densities indicated by Horzinek's data. 

Another interesting method which yields partiall y puri -

fied preparations of .myxoviruses has been described by Warren 

et al . ( 39) . These workers used pulverized magnetic ferric 

oxide to adsorb influenza viruses from the chorioallantoic 

f l uids of infected embryonated chicken eggs . The adsorbed 

viruses were eluted by saturated phosphate or carbonate 

s olutions with good yields of viral antigen and substantial 

reduction of extraneous nitrogenous material. Successful 

application of this rather simple batch-type procedure to 

purification of certain .myxoviruses suggested its use with 

HCV and originated the present study. 

The absence of such concentration-purification methods 

f or HCV was another limiting factor which frustrated the first 

attempts to observe HCV particles wi th the electron microscope . 

Boynton et al . and Reagan et al . used differential centrifuga-

tion to concentrate material containing HCV prior to e l ectron 

microscopy (6, 7). Although both groups published elec~ron 

micrographs of particles which may be HCV, Bachrach ' s observa-

tion of s imila r virus-like parti cles in extracts of normal 

pig spleen generates at least some doubt concerning the nature 

of the virus-like particles described by the other workers 

( 5) . In a ddition to two cycles of diff erential ultra centri -

fugation , Bachrach used a methanol precipitat ion step with 

infectious spleen extr~cts, but failed to achi eve a state of 
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purity or concentration sufficient for conclusive electron-

micrographic evidence of HCV particles (5). Ageev evidently 

used thin-sections of embedded erythrocytes from pigs infected 

with HCV and observed virus-like particles adsorbed to 

erythrocyte membranes (40) . Most recently Mayr and Mahnel 

obtained good electron micrographs of virus particles from 

cell cultures infected with cytopathogenic strains of HCV 

(26). These workers used differential centrifugation to 

purify HCV prior to concentration in the ultracentrifuge. 

Unfortunately, their cell cultures were inadvertently contam-

inated with adenoviruses. Consequently, the electron micro-

graphs show numbers of characteristic adenovirus particles as 

well as smaller, less well defined picornavirus-like particles 

about 22 mµ in diameter. 

It is evident that our present state of knowledge regard-

ing the physical-chemical properties of HCV is not sufficient 

for an acceptable classification of this agent. It is a lso 

evident that research toward characterization of HCV has been 

handicapped by the inability to obtain practical quantities 

of relatively pure and sufficiently concentrated virus prep-

arations . 
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MATERIALS AND METHODS 

Hog Cholera Virus 

The virus used throughout this study was an avirulent, 

noncytopathogenic strain of cell cultured HCV. The original 

stock culture of this virus was the virulent, cytopathogenic 

strain A described by Gillespie et al. (22), which was adapted 

to primary embryonic pig kidney cell cultures by Bass and 

Ray (24). The virus lost its virulence for swine and its 

cytopathogenicity after about 100 serial passages in embryonic 

pig kidney cells (24). The virus is marketed as 11 Monovac11 ,
1 

an avirulent living virus vaccine which successfully immunizes 

swine against hog ·cholera ( 24). 11 Monovac 11 virus used in this 

study originated from the commercial vaccine and was success-

fully adapted to an established pig kidney cell line. For 

this study the virus was propagated in cultured cells grown 

in l arge flasks, collected aseptically in the fluid culture 

media, and stored without further treatment at - 20°c until 

needed. 

Cell Cultures 

The NADL PK-15 (PK-15 ) swine kidney cel l line as described 

by Pirtle (41), was used to propagate HCV , and a l so as an 

1Monovac ; Affiliated Laboratories Corporation , Whlte 
Hall, Ill. 



indicator host for the in vitro titration of HCV . PK- 1 5 cell s 

were maintained by seri a l passage in screw- capped 250 ml 

sterile p l asti c cul ture f l asks1 . 

The f luid culture medium u sed for cell g rowth a nd virus 

p ropagat ion was Eagl e ' s minimum essent i al medi um wi th Earle ' s 

ba l ance sal t so lut i on and other supplements ( MEMS ) . The 

formula for MEMS is g iven as f ollows: 

Component Grams/L 

NaCl 6 . 800 

KCl . 400 

NaHzPO 4 • 2H2 0 .150 

Mgso 4 . 7H2 0 . 200 

CaC1 2 ( anhyd . ) . 200 

Glucose 1 . 000 

L- arginine HCl . 126 

L- cystine . 024 

L- tyrosine . 036 

L- histidine HC1 . H2 0 . 04 2 

L- gluta mine . 292 

1o btained from Falcon Plastics , a d i v i s i on of B- D Laoor a -
tory , I nc ., 5500 W. 8Jr d Street , Lo s Angel es 45 , Calif . 
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Component Grams/L (conti nued ) 

L- isoleucine . 0525 

L- l eucine . 0524 

L- l ysine HCl . 073 

L- methi oni ne . 01 5 

L- phenyl a l anine . 033 

L- threonine . 048 

L- tryptophan • 01 0 

L- val ine . 047 

Choline Cl • 001 

Fo l i c acid • 001 

i - i n os i tol • 002 

Ni cotinamide . 001 

Ca- D- Pantothenate . 001 

Pyri doxal HCl . 001 

Ri bofl avin . 0001 

Thiamine HCl • 001 

Phen ol r ed • 01 0 

NaHCOJ 2 . 200 
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Supplements1 : L- glutamine, lactalbumin hydrolysate (0 . 5%) , 

sodium pyruvate (lm M) , calf serum (2-10%) 2 , penicillin (1 00 

units/ml) and streptomyc in (100 µ g/ml). 

Using MEMS with 2% calf serum , PK- 15 cells were mainta ined 

in a healthy condition for at least 10 days when refreshed 

by ~edium changes at 2 - 3 day intervals . PK- 15 cells used for 

seeding new cultures were dispersed by repla cing the MEMS 

medium with a trypsin- versene solution (ATV) previously heated 

to 37°c . The ATV was allowed to react with the cells for 

about 5 minutes during which time the culture flasks were 

vigorously shaken at least twice to hasten detachment and to 

di s aggregate cell clumps into singl e cells . Dispersed cells 

were poured from the culture f l ask into conical centrifuge 

tubes and packed by low s p eed (1000 rpm) centrifugation at 

room tempera ture . After the s upernatant ATV was dis carded, 

the packed PK- 15 cells were resuspended by gentle pip etting 

i nto fresh , pre- warmed MEMS containing 2% calf serum. Twenty-

five ml of the fresh medium containing the dispersed PK- 15 

1Eagle 1 s minimum essential medium plus nonessential amino 
acids and L-glutamine were purchased a s a pre- mixed powder 
(MEM dry p owder medium , F- 15) from the Gra nd Island Biolog ica l 
Co ., Grand Island, New York . The c o mplete medium for PK- 15 
cells was orig inally suggested by Dr . E. C. Pirtle of the 
National Animal Disease Laboratory, Ames, Iowa. 

2 Calf serums were obta ined from s pecific p a thogen free 
calves whi ch were colo strum deprived a nd raised under condi -
tions whi ch exclud e a ll but a minimal cha nc e o f exposure t o 
bovine pathog ens . Such serums were heat inactiva ted and known 
to be free of antibodies against BVD a nd HCV . 
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cells were added to 250 ml screw- capped p l astic culture f l asks 

and incubated at 37°c . When a single heavy culture was thus 

dispersed into 5 new cultures , fresh monolayered cultures were 

es tabl ished in about 48 hours. 

For propagation of HCV , PK- 15 cells were cultured in 

one l i ter , rubber stoppered, pyrex glass culture flasks . Cell 

monolayers were establ ished in the one- liter flasks about 48 

hours after being seeded with dispersed cells in 100 ml of 

MEMS containing 2% calf serum. One- liter monolayer cel l 

cultures were infected with lx107 infectious units of HCV in 

a 10 ml inocul um pipetted onto each cell monolayer after the 

growth medium was discarded . Virus in the inoculum was allow-

ed to adsorb to the cells for one hour duri ng which the ino c-

ulum was redistributed over the monolayer at 15- minute inter-

vals . At the end of the adsorption period the inoculum was 

replaced with 100 ml of pre-warmed MEMS containing 10% calf 

serum. Cultures thus infected were incuba ted an additional 

48 hours at 37°c. At the end of this incubation period the 

virus- containing fluid medium from several bottles was pooled , 

divided into aliquots and stored at - 20°c until needed. 

Samples of each virus pool were cultured in NIH thiogl ycollate 

broth1 and Sabouraud's dextrose broth1 for bacterial and 

mycot i c contaminants . When found such agents were removed 

1ner.ydrated medium obtained f r om Difeo Laboratori es , 
Detroit l, Mi ch . 
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from the virus pool by filtration through a O. JJ )L Mill ipore1 

membrane . 

When used as indicator hosts for the in v i tro titration 

of HCV , fresh PK- 1 5 monolayer cel ls were d i spersed with ATV 

and s u spended in MEMS containing 2% calf ser um. The concen-

t rat i on of suspended PK-15 cells was adjusted so that when 

1 . 5 ml of cell suspension was used to seed each Leighton cel l -

cul ture tube , a monolayer cell sheet was establ ished after 

24 hours of i n c ubation at 37°c. Each 15 x 1 2 5 mm Leighton 

tube contained a 10 . 5 x 35 mm g l ass coversl ip for attachment 

of the cell monolayer , and was sealed with a s i liconized 

l atex stopper . 

Buffers and Solutions 

All buffers and solutions were prepared using volumet -

ric glassware and a precision balance . Except where indi -

cated , buffers and solutions were sterilized by filtration 

throug h 0 . 33 1 Millipore filter membranes . Samples of buffers 

and solutions were cultured , when appropriate , in NI H thio -
2 glycollate broth and Sabouraud ' s dextrose broth to confirm 

freedom from bacterial and mycotic contami nants . 

1Millipore Filter Corporation , Bedord , Mass . 
2 Sigma Chemical Comp any , 3500 DeKalb St ., St . Louis 1 8 , 

Mo ., Sigma Technical Bulletin 106B (7 - 61) . 
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Phosphate- buffered sal ine (PBS) 

Phosphate buffered saline was prepared according to 

Dulbecco ' s formula for PBS , listed by Merchant et al. ( 42 ): 

Unit #1 

Unit #2 

Unit #J 

Materia l 

NaCl 

KCl 

Na2HP04 

KH2Po 4 
CaC12 

Amount 

8 . 0 Gm 

0 . 2 Gm 

1 . 15 Gm 

0 . 2 Gm 

0 . 1 Gm 

0 . 1 Gm 

Preparation 

Components of Unit #1 were 
dissolved in 800 ml of dis -
tilled water 

Dissolve in 100 ml distill ed 
water . 

Dissolve in 100 ml distilled 
water . 

Units #1, 2 , and J .were autoclaved s eparately and mi xed after 

being cooled . 

Tris - buffered saline (TBS) 

The following formul a for 0 . 05 M Tris buffer , pH 7 . 4 was 

taken from a tabl e provided by Sigma1 : 

Trizma HCl 

Trizma base 

Grams/Liter 

6 . 61 

0.97 

1Sigma Chemi cal Company , J500 DeKalb St ., St . Loui s 18 , 
Mo . Sigma Technical Bulletin 106B ( 7- 61) . 
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The 0 . 05 M Tris buffer , pH 7. 4 wa s diluted 1 : 5 with 

distilled water to the 0 . 01 M level used most frequent l y in 

this study . The 0 . 01 M Tri s buffer was us e d as diluent to 

prepare 0 . 146 M NaCl solutions which are d esignated as 0 . 01 

M TBS . 

Physiolog ic saline solution (PSS ) 

Physiolog ic sal ine was prepared as a 0 . 146 M solution of 

sodium chloride in disti l led water and was considered physic -

log ic or isotoni c with respect t o mammal i a n cell s . 

Satur ated ammonium sulfate 

Ninety Gm of ammonium sul fate were added to 1 00 ml of 

distilled water , mixed and a llowed to stand for 24 hours . The 

saturated supernatant fluid was used t o precipitate gamma 

globulins from swine s erums . 

0 .1 ~ gl ycine buffe r , ~ 2...!.J_ 

Glycine buffer in saline was prepared as follows: 7. 505 
Gm glycine and 5 . 85 Gm NaCl were dissolved i n a bout 500 ml 

distilled water . Sod i um hydroxide ( O. l N) was added until the 

pH of the gl ycine- sal ine solution had reached 9. 7. The volume 

wa s then brought t o exactly 1000 ml with distilled water . The 

pH of the 0 . 1 M g l ycine buffer was 9. 7. 

Carbonate- bicarbonate bu ffer , £!! ~ 
Solution A: Na2 co3; 5. 3 Gm were d i sso l ved in 1 00 ml of 

distilled water . 
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Solution B: NaHco 3; 4.2 Gm were dissolved in 100 ml of 

d istilled water. 

Addition of 4 .4 ml of Solution A to 100 ml of Solution 

B gave a pH of 9 . 0 . 

Versene-trypsin cell dispersion medium (ATV) 

The cell dispersion medium used in this study was essen-

tia lly the same as the saline-ATV medium described by Madin 

and Darby, except that antibiotics were deleted and the formula 

was modified to yield an isotonic solution (4J). The modified 

formula is as follows: 

NaCl 8.0 Gm 

KCl o.4 Gm 

Dextrose 1.0 Gm 

N~OOJ 0 . 58 Gm 

Tryp sin 0. 5 Gm 

Versene 0.2 Gm 

These ingredients were dissolved in suffi c ient distilled 

water to give a final volume of 1000 ml. Four-tenths of an 

ml of 5% phenol red in water were added to each liter of ATV. 

Antiserums 

The anti-hog cholera serum used in the culture medium of 

all in vitro infectivity assays was kindly supplied by Dr. 

Wm. L. Meng eling of the Nationa l Animal Disease Laboratory at 
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Ames, Iowa. This antiserum, designated #8194, was prepared 

in a specific pathogen free (SPF) pig1 which had been hyper-

im.munized with both cell culture attenuated and fully virulent 

strains of HCV (J2). The antiserum was heated at 56°c for JO 

minutes and stored at -20°c until needed . A number of 1:10 

stock dilutions in PBS prepared for routine work were also 

stored at - 20°c when not in use . 

The original untreated stock of fluorescein-labelled 

hog cholera antibody was kindly provided by Dr . E . A. Carbrey 

of the National Animal Disease Laboratory at Ames, Iowa . This 

antiserum, designated #7802 was prepared by immunizing SPF p i gs 

with an avirulent HCV a nd by subsequent hyperimmunization Nith 

a fully virulent strain of HCV2 . Fractionation of hog cholera 

antiserum and conjugation of its isolated gamma g lobulin 

with fluorescein isothiocyanate, has been described by Mengel -

ing et a l . ( JJ ) . This procedure was applied to antiserum 

#7802 as follows: 

Twenty-five ml of antiserum # 7802 were placed in a round-

bottomed centrifuge tube conta ining a small p~astic-coated 

magnetic stirring bar. The tube and its contents were 

vertically fixed in a large beaker conta ining chipped ice a.~d 

t ap water . The beaker was placed on a magnetic stirring 

1Hysterectomy derived , co lo s t rum deprived swine rai sed 
under conditions which exclude a ll but a minimal chance of 
exposure to swine pathogens . 

2carbrey, E . A. , Preparation of Hog Cholera Antiseru:i, 
Ames , Iowai Nation~l Animal Di sease La boratory. Private 
Comounicat on. 1967. 
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apparatus so that the open end of the centrifuge tube was 

free to receive the tip of a 50 ml burette tube containing a 

saturated solution of ammonium sulfate . Magnetic stirring 

assured rapid mixing of the ammonium sulfate and serum while 

the ice water bath maintained a temperature of 2- 4°c within 

the tube . Saturated ammonium sulfate was allowed to drip 

slowly into the serum until 12. 5 ml had been added . At this 

point , a f i ne white precipitate had been produced. 

The precipitate was sedimented by centrifugation a t 
0 2 , 500 rpm for 1 5 minutes at 4 C. Supernatant fluid was 

discarded and the precipitate redissolved in 25 ml PSS at 

4°c . Gamma g lobulin from antiserum #7802 was thus precipitat -

ed a total of 3 times. The final precipitate was redissolved 

i n 12 . 5 ml of PSS and dialysed overnight at 4°c against 500 

ml of PSS . Four changes of fresh PSS were used during the 

dialysis procedure . 

Protein concentration of the dialysed gamma globulin was 

d etermined using the Biuret method and diluted with PBS to 

10 mg protein/ml of solution. A weighed quantity of f l uores -

cein isothiocyanate ( FITC) (isomer B) 1 was dissolved in 6 ml 

o f pH 9 . 0 carbonate- bicarbonate buffer which , when added to 

the globulin solution , gave a final concentration of 0 . 025 mg 

FITC per mg of protein . The mixture of FITC and globulin 

1Balt1more Biologica l Labora tory , Baltimore 1 8 , Md . 
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solution was stirred o v ernight a t 4°c. 
A 2 x 1 2 c m cylindrical column of Sephadex G- 251 was 

prepared by pouring a s lurry of the hydr a ted gel into a 

vertically mounted g l ass chromatography tube . A stock of 

hydra ted Sephadex G- 25 was prepared by mixing 1 00 Gm of the 

gel with 650 ml PBS . PBS was passed through the g el in the 

column until pH equilibr ium between the buffer a nd gel was 

in:iicated . The solution of FITC-conjugated ga mma g lobulin 

was freed of unbound FI TC by filtration through the gel 

column . Thus , the excluded conjugate rapidly drained out of 

the column while unbound FITC was reta rded by diffusion into 

the hydrated g el . 

Gamma globulin which non- specifically binds to cell 

proteins 1·1as removed from the conjugate by adsorption wi th 
2 rehydrated rabbit l iver p owder at the rate of 20 mg per mg 

o f protein in the conjugate. Two and a hal f ml of PBS was 

us ed to rehydrate each g ram of desiccated liver po wder . The 

s l urry of liver powder and conjugate were all owed to interact 

by stirring at 4°c for 1 8 hours . Coa rse liver.powder materia l 

was removed by one cycle of centrifugation at J , 000 rpm for 
0 JO minutes at 4 c. The turb i d supernatant conjugate was 

further clarified by centrifugation at J0 , 000 r pm for 60 

1AB Pharmaci a , Uppsal a , Sweden. 

2Generously provided by Dr . Wm. L . Mengeling of the 
National Animal Di sea se Laboratory, Ames , Iowa . 
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minutes in a Spinco Model L preparative ultracentrifuge using 

the #JO angular rotor. Final clarification was achieved by 

passing through a O. JJ µ Millipore filter membrane. The 

conjugate thus prepared was divided into 1 ml a liquots and 

stored at - 20°c until used. For optimum effect, the stock 

conjugate was diluted 1:5 with 0 . 01!1 TBS before use. 

Fluorescent-Antibody Plaque Assay (FAPA) Procedure 

The FAPA procedure used to quantitate HCV infectivity 

throughout this study was the same as a procedure originally 

described by Mengeling (J2). PK-15 cultures used in the FAPA 

procedure , were grown on coverslips in Leighton cell- culture 

tubes as previously indicated . Just prior to dosing such 

cultures with the virus dilutions prepared for testing, the 

fluid medium in each tube was discarded . 

For infectivity assays virus samples were prepared as 

10-fold serial dilutions in MEMS cont a ining 1% calf serum. 

A set of two Lei ghton tube cultures of PK- 15 cells was used 

to assay each dilution of HCV. Each tube received a 0.2 ml 

dos e of the a ppropriate dilution . The tubes were stoppered, 

positioned horizonta lly in Leighton tube racks , and incubated 

1 hour at J7°C to permit adsorption of HCV to cells of the 

monolayer. The fluid ino culum was redistributed over the mono-

layers at 1 0- minute interva ls during the adsorption period. 

After the adsorption period the fluid inoculum was decanted 
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fror.i each tube and replaced with 2 ml of pre- warmed MEMS 

containing 10% calf serum and 0 . 1% antiserum ,¥8194 . As 

indicated by Mengeling ( J2 ), the 0 . 1% level of antiserum 

#8194 was sufficient to prevent all but cell- to- cell dissemina-

tion of HCV from primary foci in the cell monolayers . Thus, 

on a g iven monolayer , discrete p l aques of infected cells 

developed for each successfully adsorbed infective unit of 

HCV . 

After additi on of fresh MEMS containing cal f serum and 
0 HCV antibody , such tests were incubated 40- 48 hours at 37 C. 

The coverslip monol ayers were then removed from the Leighton 

tubes, rinsed with PBS, and fixed in acetone containing 10% 

methanol for 10 minutes at 22- 24°c . After fixation , the cover-

slips were placed hori zontally across parallel plastic tubes 

stretched longitudina lly over a narrow rectangular wooden 

pallet . The pl asti c tubes were smeared with a thin coat of 

vacuum g rease to prevent movement of the coversl i ps during 

subsequent treatments. After evaporation of the acetone-

methanol fixative , the coverslips were floode~ with a thin 

l ayer of FITC- conjugated antiserum #7802 and incubated 15 

minutes a t J7°C in a humid atmosphere . After this incubation 

period , the coverslips were pla ced in labelled test tubes con-

taining PBS and allowed to stand at 22 - 24°c for 5 minutes . 

Coverslips were then rinsed in distilled water , returned to 

the coverslip pallet and a llowed to dry . In the latter part 

of this study., it was observed that a s uperior cond ition of 
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the PK- 15 monolayers was mainta ined when the staining proce-

dure was modified a s follows: PBS was substituted with O. OlM 

TBS containing 0 . 0005M MgC12 and 0 . 00015M CaC12 . The same 

concentrations of these cations was added to distilled water 

used for rinsing. Coverslip cultures thus prepared were 

mounted , cell surface downward, on a 5 x 7. 5 cm glass micro -

scope slide . The mounting medium used was prepared by mixing 

equal volumes of glycerol and 0 . 02M TBS and the above mention-

ed cations . The upper surface of the glass microscope slide 

was etched with long itudinal parallel lines 1 . 5 mm apart1 . Such 

lines facilitated a systematic coverage of the superimposed 

coverslip cultures while enumerating cell plaques stained with 

fluorescent antibody. 

The microscopic enumeration of cell plaques stained with 

fluorescent antibody was performed with a Leitz Ortholux 

fluorescence microscope using a BG-12 exciting filter and an 

OGl yellow barrier filter . The ultra- violet light source 

was an HB0-200 W lamp . Use of the darkfield condenser illumi -

nated a darkfield area suitable for low power observation of 

the coverslip cultures . Infected cell plaques were easily 

observed wi t h the method described and counts were usually 

1Prepared by Dr . Mengeling of the National Animal Disease 
Laboratory at Ames , Iowa. 

2E . Leitz, 468 Park Ave. South , New York, New York . 
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t aken from covers lip cultures conta ining 50- JOO plaques . 

Thus, the number of p laques occurring on such cultures were 

accumulated on a hand tally while the coverslip was rapidly 

scanned. A simple average was calculated from counts obtained 

from the two best coverslips from a di lution series in a given 

assay . After a correction was made for the dose volume the 

infectivity titer was expressed as a common logarithm of the 

reciprocal dilution at whi ch the enumeration was made . The 

average number of plaques found at such a dilution was included 

as part of the logarithmi c expression . It was often more 

convenient and meaningful to express such infect ivity titers 

as the scientific notation of their common logarithm. Since 

eac h p l aque represents a single infect ive unit of HCV , the in-

fectivity titers in this study are expressed in terms of 

pla que- forming units (PFU). 

Micro - Kjel dahl and Biuret Methods for 

Organi c Nitrogen Determinations 

The micro - Kjeldahl method for organi c nit~ogen was used 

to determine near- a bsolute values to establish the degree 

o f purity obta ined with the procedure used in this s tudy . The 

procedure used was taken from a description by Kabat ( 44) and 

is as follows: 



31 

Reagents 

Sulfuric acid 40 ml of a saturated aqueous Cu so4 
solution was added to a 9 lb bottle of 11 low N11 C. P . reagent 

sulfuric acid in 1 0 ml portions with thorough mixing . After 

several days, the excess anhydrous Cu so4 settl ed out as 

crystals and the supernatant acid was ready for use . 

Potassium sul fate 

nitrogen K2 so4 was used . 

Analytical Reagent Grade , low 

Boric acid- indicator mixture 

Stock solution A 

Stock solution B 

1% methylene blue in water . 

A saturated solution of twice 

recrystallized methyl red in 95% ethanol. 

Stock solution C 15 ml of stock solution A was 

mixed with 125 ml of solution B . 

Stock solution D 0 . 1 ml of solution C was added 

to 40 ml of saturated boric acid in distilled water. 

~ NaOH solution 50% NaOH solution for Kjeldahl 

nitrog en determinations was obtained from Fisher Scientific 

Company , Fair Lawn , New Jersey . 

Standard N/70 HCl The N/70 solution was made by 

dilution of exactly N/1 . 00 0 HCl. The normality of N/ 1 . 000 

HCl was determined by direct weighing of constant boiling HCl . 

Procedure 

Ten :nl Pyrex mi c ro - Kjeldahl flasks were used for the 

digestion o f s amples . One ml v olumes of suitably diluted 
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samples were added to duplicate sets of d igestion flasks . 

Two or three Hen gar granules1 were added to each flask with 

about 0 . 25 Gm of K2 so4 and 0 . 5 ml of H2 so4 concentrate 

saturated with Cu S04. 

The f l asks were then p laced on a micro- Kjeldahl electric 

digestion rack and the heat under each flask was cautiously 

increased until the samples boiled without superheat ing . 

Al ternatively , samp les were pre- heated at 125°C in an oven 

f or 1 6-1 8 hours prior to digestion . The alternative st ep 

g reatly reduced the foaming of samples during the early part 

of digestion. Samp l es were a llowed to d i g est under full heat 

for JO minutes after acid- reflux rings appeared in the necks 

of the f l asks . 

At the end of the d i gest ion peri od the s amples were allow-

ed to cool and 2 ml of d i stilled water were added to each 

flask . The crystalline material in each flask was dissolved 

by g ently heating the mixture to l 00°c . 

The f luid content of each flask was quantitatively trans -

ferre d to a micro- Kjeldahl g l ass d i stillat ion apparatus (44) , 

and J ml of 50% NaOH was qua nti tatively added to the s ample 

wi thin the apparatus . The mixture of sample and NaOH was 

then steam distilled for a total of J minutes after condensate 

began t o emerge from the condensing uni t. Eac h condensate was 

1 Boilin g chips obtained from the Hengar Company , Phila-
del phi a , Pa . 
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collect ed in a tube containing 2 . 0 ml of Solution D of the 

bori c acid- indicator mixture. 

The condensates derived from each sample were titrated 

with N/70 HCl to a colorless endpoint matching that obtained 

in a d i stilled water blank run . Such titrations were carried 

out using a mi c roburet te t o deliv er the N/70 HCl. Constant 

sti r ring was effected by bubbling a stream of nitrogen throug h 

the sample as the N/70 HCl was added . App ropriate duplicate 

sets of control samples were included with each titration . 

Thus . the organic nitrogen content o f a sample could be 

corrected b! subt r acting the nitrogen contributed by the s a mple 

diluent . 

Use of exactly N/70 HCl made nitrogen calcul ations e xtreme -

ly s imple s ince mg N = ml N/70 HCl x 0 . 2 x the reciprocal 

dilution factor of the sample . Therefore, the nitrogen 

content of a samp l e was expressed as mg N/ml after a s imple 

average was calcula ted from the duplicate set of titration 

values determined for each sample . 

Biuret Method 

The b iuret method for protein nitrogen determinations 

u sed in this study has been described by Gornall et al . (45) . 

It was u sed primarily to obtain rap i d estimates of nitrogen 

conten t in vari ous samples . Such information wa s especially 

helpful for det ermini ng the proper di l ution of s a mples for 
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micro- Kjeldahl nitrogen assays . The biuret reagent and the 

procedure used were as follows: 

Reagent 

1. 1 . 5 Gm of finely powdered Cu so4 was dissolved in 

400 ml of distilled water. 

2 . 6 . 0 Gm of sodium potassium tartrate was then dis -

solved in the 400 ml of Cu so4 solution . 

J . JOO ml of 2 . 5 N sodium hydroxide was added to the Cu 

so 4- tartrate solution through a 50 ml burette. The NaOH was 

added dropwise with constant stirring. 

4 . 1 . 0 Gm of potassium iodide was dissolved in the 

mixture . 

5. .The volume was brought to exactly 1000 ml with disti l -

l ed water . 

Pro cedure 

One ml of suitably diluted sample was mixed with 4 ml of 

biuret reagent and allowed to react for JO minutes . The 

optical density of the reacted mixture was determined with a 

Bausch and Lomb Spectronic- 201 spectrophotometer at a wave -

length of 540 mp. Appropriate controls were included with 

each determination. The protein content of an unlrnown sample 

was estimated by consulting a standard plot of optical density 

1 Bausch & Lomb Incorporated , Rochester , N. Y. 



35 

x mg protein obtained from known quanti ties of a purified 

protein. 

Preparation of Magnet ic Ferric Oxide 

The magnetic ferric oxide ( MFO) used in this study was 

obtained from the Minerals , Pigments and Metals Division of 

Charles ?fizer & Co . , Incorporated1 . Three 100 Gm batches of 

MFO were prepared as follows : 

One hundred Gm of MFO were placed in a ball mill and 

suspended in 1 000 ml of distilled water . The ball mi ll was 

filled to about one- half it s volume with nearly round, smooth 

stones approximately 0 .5 inches in diameter. The ball mill 

was sealed and operated at 74 rpm fo r a tota l of 24 hours . 

This was sufficient to pulverize the MFO into parti cles about 

1 µ in diameter . The pul verized MFO was transferred to a 

5- liter glass- stoppered r eagent bottle and washed in about 4 

l iters of d istilled water. After the MFO settled out , the 

supernatan t water was removed by aspirat ion and replace d 

with d istilled water . The MFO was resuspended in the w~ter 

and again allowed to settle out . Three batches of MFO were 

thus washed by 8 such cycles of resuspension and sed i mentation 

in di stilled water . 

After the final wash cycl e , nearly all the s u pern atan t 

water over the MFO sediment was removed by aspiration and the 

1 Metal Oxide- 985). Chas. Pfi zer & Co., Inc ., New York , 
N. Y. 1 001 7 . 
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thick MFO slurry was transferred to a 1 000 ml g raduated glass 

cylinder . The s l urry was vigorously shaken to assure uniform 

distribution of MFO particles and exactly 1 0 ml were with-

drawn and placed in a pyrex weighing dish for dry wei g ht 

determinat ion . The sample was evaporated to dryness at l 00° c 

for 20 hours. After the dry weight of the sample was deter-

mined the slurry was di luted with d i stilled water to 100 mg 

MFO/ml of stock suspension . One hundred ml aliquots were 

transferred to pyrex screw-capped bottles and sterilized in 

an autocl ave . 

Certain of the 100 ml aliquots of stock MFO were given 

an additional treatment by washing twice in a volume of 0 . 001 

M NaCN equal to twice the volume of packed MFO . These a l iquots 

were then washed in distilled water as previously described , 

diluted to 1 00 mg MFO/ml and sterilized in an autoclave. 

Application of cyanide- pretreated MFO to studies with HCV 

will be described in another section of this report . 

Ability of Magnet i c Ferric Oxide to Adsorb 

and Elute Hog Cholera Virus 

In the original experiments to determine whether MFO 

would adsorb HCV , three 5- ml samples of HCV were mixed with 

50, 1 00 , and 200 mg MFO , respectively. The mixtures were 

then agitated on a rotary shaker1 for 20 minutes at 22 - 24oc . 

1Gyrotory Shaker , New Brunswick Scientific Co. , New 
Brunswick , N. J . 
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After agitation the MFO was sedimented by centrifugation at 

1, 500 rpm for 2 minutes and the supernatant fluids were 

assayed for HCV infectivity. An untreated aliquot of the HCV 

used in adsorp tion trials was retained throug hout the proce-

dure and a ssayed as a virus control . As a result of the above 

preliminary adsorption trials, 40- 50 mg MFO/ml of virus were 

used in all subsequent experiments . 

The f ollowing solutions were prepared to study their 

ability to elute HCV adsorbed to MFO : 

Na2HPo4 
Na Hco 3 
EDTA1 

NaCN 

5. 3% 
1 0.0% 

0 . 02M 

O. OlM 

All solut ions were made i n distilled water except EDTA 

whi ch was d i ssolved in O. Ol M tris buffer , pH 8 . 6 . 

Prior to the elution experiment , the stability of HCV 

in the phosphate , carbona t e , EDTA and the O. OlM NaCN solutions 

was determined by d i a lyzing HCV samples against each solution. 

An aliquot of HCV was divided into 5 samples and each sa~ple 

was placed in a sac prepared from d ialysis tubing 2 . One virus 

s ample was p l aced in each of 4 f l asks containing 100 ml of 

the eluting solution a nd one sample was placed in a flask 

1EDTA : Disodium Ethylenediamine-tetra acetate . 

2 union Car bide Corporati on , Food Products Di v i sion , 6733 
W. 65th St ., Chicago , Ill inois , 60638 . 
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conta ining PBS as a control . All five sampl es were then 

placed on a rotary shaker and dialyzed at 4°c for 24 hours. 

At 24 hours the sacs were opened and the pH of each virus 

sample was determined. The sacs were re - sealed and dialyzed 

at 4°c against several changes of PBS for an additiona l 24 

h ours . F i nally , the HCV infectivity titer o f each sample 

was determi ned . 

To determine the abi l ity of these e l uting mediums to 

dissociate MFO- HCV complexes , 40 ml of HCV were adsor bed t o 

1, 600 mg of MFO . After the MFO-supernatant f l uid was removed 

by centrifugation , the packed MFO was washed by resuspension 

i n 40 ml of PSS . The MFO was a gain packed by centrifugation 

and the supernatant PSS was decanted . Thi s washing cycl e 

was repeated four times and the PSS washings from each cycle 

we re coll ected a s a sing l e pool. During the fourth washing , 

the MFO s l urry was divided into four 10- ml a l iquots and 

c entrifuged separately . Each of the resulting MFO pellets 

was then r e s u spended in 10 ml of one of the eluting mediums 

and agitated for 10 minutes on a rotary shaker . The samples 

were again centrifug ed and the sup ernatant f l uids were d~alyzed 
0 overni ght against 400 ml PBS at 4 C. The PBS a s chang e d 

three times during dialysis procedure . Sampl es were s t ored 

at -20°c until used. Finally , the dial yzed MFO - supernatant 

fluid , pooled washings , the 4 eluates and a virus c on t r ol 

dialyzed against PBS were as s ayed for HCV infec tivity . Results 

of the elution t ria l indicated that only the cyan i de solution 
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was effective in dissociating significant quantities of 

infective HCV from MFO-HCV complexes. Consequently , additional 

experiments were conducted to study the nature of the inter-

action between MFO-HCV complexes and cyanide ions. 

Effect of Cyani de Concentration on Dissociation 

of MFO - HCV Complexes 

To determine a n optimal concentration of cyanide ions 

for dissociation of MFO-HCV complexes the following molarities 

of NaCN were prepared in Glycine buffer; pH 9. 7: 0.001, 

0.005 , 0 . 01 0 , and 0.020. 

Fifty ml of HCV was adsorbed to 2 , 000 mg MFO, centrifuged , 

and washed with 4 cycles of resuspension and centrifugal 

sedimentation in 50 ml of cold PSS . The final washing was 

divided into five 10-ml aliquots which were centrifuged 

separately. Four of the resulting MFO pellets were resus -

pended in 1 0 ml of one of the cyanide- glycine buffer solu-

tions while the fifth pell et was resuspended in 10 ml of 

glycine buffer alone . The five slurries were agitated for 

1 0 minutes and centrifuged to pellet the MFO . Each superna-

tant eluate and a virus control were dialyzed overnight at 

4°c against 4 separate 400 ml quantities of cold PBS . After 

dialysis, the MFO-supernatant fluid , pooled washings , each 

eluate and the virus control were assayed for HCV infectiv-

ity. 
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Effect of pH on Dissociation of MFO- HCV Complexes 

With Cyanide Ions 

I n this experiment 50 ml of HCV were adsorbed to 2 , 000 

mg of MFO . Using methods described in the previous experi -

ment, the MFO was packed , separated from its supernatant fluid 

phase a n d washed 4 times in PSS . The fourth washing was 

divided into five 10 ml portions and each of the resulting 

MFO pell ets were resuspended in 10 ml of one of the following 

solutions : 

NaCliI O. Ol M in O. OlM Tris - buffer , pH 7 . 2 

NaCN 0 . 01.M in O.OlM Tris - buffer , pH 7 . 6 

NaCN 0. Ol i'1 in O.OlM Tris - buffer, pH 8 . 0 

NaCN O. Ol M in O. Ol M Tris - buffer , pH 8 . 4 

NaCN O. OlM in distilled water , pH 9. 7 
The 5 MFO slurries were a g itated for 1 0 minutes on a rotary 

s haker and then centrifuged to pellet the MFO . The superna-

tant e l uates were then dialyzed overnight against several 

changes of PBS at 4°c . A dialyzed virus control and samples 

from each part of the experiment were assayed for HCV infe c -

tivity . 

Effect of Sodium Chloride Concentration on Dissocia-

tion of MFO- HCV Complexes with Cyanide Ions 

The methods used in thi s experiment were identical to 

those described for the prece d ing test. Thus , 50 ml of HCV 
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were adsorbed to 2 , 000 mg MFO and subsequent l y washed in PSS . 

Three of the 5 equal MFO pellets obtained by d i vision of the 

final wash slurry were resuspended in 10 ml of O. 05 M, 0 . OJ I1 

or 0 .01 M NaCl in d i stilled water . One of the two remaining 

MFO pellets was resuspended in 10 ml of O. OlM NaCN in distilled 

water , while the other was resuspended in 1 0 ml of d i stilled 

water a lone . After agitati on for 1 0 minutes , the slurries 

were centrifuged and the s upernatant eluates d i alyzed over-

night against PBS as previously described. Dial yzed sampl es 

representing the v i rus control , MFO - s upernatant , p ooled wash-

ings and the 5 e luates were then assayed for HCV infectivity . 

Repetitious Elut ion of MFO - HCV Complexes 

with Cyanide Ions 

A number of experiments were conducted to determine the 

effect of repetitious elution of MFO- HCV complexes on the 

total yield of HCV . The methods used for adsorption and wash-

ing of MFO- HCV complexes were the same as described in previ -

ous experiments . However , a single MFO pellet was prod~ced 

f r om the final wash cycle . The MFO pel let was then resuspend-

ed in a volume of O. Ol M NaCN equal to 1 /4 ( 4 elutions ) or 

1 /3 {J elut i ons) the volume of the original virus sample that 

was adsorbed . The slurry was agitated for 10 minutes then 

centrifuged to collect the eluate . This procedure was repeated 

2 or J times depending on the number of elua tes desired . The 

eluates as well as samples representing a virus control , MFO 
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supernate and pooled washings were d i a l yzed against PBS and 

assayed for HCV infectivity as previously described . 

Effect of Low Ionic Strength and pH 9. 8 

on Dissociation of MFO - HCV Complexes 

Two repli cate experiments were conducted to compare the 

i nfecti v i ty yiel ds obtained by dissociating MFO- HCV complexes 

wi th O. Ol M cyani de ( pH 9 . 8) and wi th O. OOJM NH40H i n distilled 

water (pH 9 . 8). Twenty ml of HCV was adsorbed to 800 mg of 

MFO and washed in PSS as previous l y descri bed. The fina l 

washing was divided into two 1 0 ml portions and centrifuged . 

One of the MFO pellets was e l uted twice with 5 ml O. Ol M 

cyanide in d i s t illed water whi l e the other was e l uted twice 

with 5 ml of O. OOJM NH4oH in distilled water . The eluates , 

virus control , MFO - supernatant and pooled washings were 

dialyzed against PBS and assayed for HCV infectivity as pre-

viously described . 

Adsorption and Elution of HCV Using MFO Pretreated with 

Cyanide I ons 

To reduce the amount of colloidal ferric oxide generated 

by eluting MFO - HCV complexes with O. OlM NaCN, some of the MFO 

stock was pretreated with O. OOlM NaCN as previously descri bed . 

The methods used for adsorption of HCV to cyanide-

pretreated MFO, the subsequent washing and repetitious elution 

procedures with O.OlM NaCN were the same as described for 
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non- pretreated MFO . The method for dialysis against PBS and 

the assay for HCV infectivity also were described previously . 

Attempts to Concentrate HCV by Sequential 

Re- adsorption and Elution with MFO 

Results presented l ater in this report indicate that 

40 mg MFO/ml of virus would adsorb essentially a ll infectious 

HCV in a g i ven sample . Also , nitrogen analyses indicate that 

the v irus preparations used in this study contained 1 . 67 mg 

N/ml . These data suggested that about 25 mg MFO/ml H in a 

virus sample were required for efficient adsorption of HCV . 

Thus , since a single adsorption- elution cycle on MFO removed 

90- 95% of organic N, i t was reasoned that sequential readsorp-

tion and elution using MFO at the rate of at least 25 mg/mg N 

mi ght provide a means of concentration as well as purification 

of HCV . Consequently , the following experiment was conducted 

to test the hypothesis concerning the weight ratio of MFO/N 

as it would apply to a concentration procedure for HCV : 

1 0 ml of HCV partially purified on MFO , containing 0. 25 
mg N/ml , was re- adsorbed to 100 mg of MFO . The MFO -

supernate , pool ed washing s a nd two eluates were produced 

as previously described . All samples were d i alyzed 

against PBS and assayed for HCV infectivity. A control 

e xperiment was conducted using identical procedures 

except that the 1 0 ml of partially purified HCV was re-

adsorbed to 400 mg of MFO; a w/w ratio i dentical to that 

used in the origina l purification procedure . 
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Partial Purification of Large Volumes of 

HCV Using MFO 

A single 100-ml volume and two JOO- ml volumes of HCV 

were adsorbed to cyanide- pretreated IvIFO and eluted with O. OU1 

cyanide in distilled water . In each case MFO was added to 

give a final concentrat ion of 40 mg/ml of virus . The procedure 

for adsorption and washing in PSS were as described previously . 

However , the MFO complexes were eluted only twice , and each 

time with a volume of O. OlM cyanide equal to 1/2 of the volume 

of virus that was adsorbed. Thus , the combined volume of the 

two eluates was equal to the original volume of virus adsorbed 

with MFO . Also, the eluates and other samples were dialyzed 

against O. OlM TBS instead of the usual PBS . Assays for HCV 

infectivi ty with appropriate sampl es were conducted as pre-

viously described . 

Density Gradient Centrifugation Experiments 

Various concentrations of cesium chl oride1 and sucrose1 

were prepared on a w/w basis in 0 . OH1 TBS for the density 

gradients used in these experiments . Precise weight s from 

standard tables for cesium chloride (46) and sucrose (47) 

1optical grade cesium chloride was obtained from the 
Gallard- Schlesinger Chemical Mfg . Corp., Carle Place, N. Y. 
Reagent g rade sucrose was obtained fro:n Herek .3c Co. , Inc ., 
nahway, N. J. 
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were used to obtain a number of so l utions with dens i t i es 

covering the expected range of components i n MFO - purif i ed 

HCV preparations . 

Using a precision bal ance and cal ibrated vol umetri c 

g l as s ware , the density o f O. OlM TBS was found t o be l . 002J . 

Therefore , only a minor error was committed by assuming that 

the standard densities of cesium chloride and sucrose in water 

a lon e we re equi val ent to thei r densities in O. Ol M TBS . Al so , 

standard tabl es for s u crose (47 ) indicates a difference of 

0 . 001 2 density uni ts for an 8°c change in temperature . Thus , 

the de ns i ty variation introdu ced by conducting dens i ty gradient 

experi ments at 1 0-18° c and determining refract i ve indices at 

21°c , i s not considered to be s i gnifi cant . Consequentl y , 

dens i ty units were recorded us i ng three decimal pl aces . 

The f ollowing standard densities of cesium chlor i de and 

s u cro se were prepared i n O. Ol M TBS : 

Cesium chloride Su crose 

1. 088 l . lOJ 

1.125 1.127 

l. 16J 1 . 151 

1. 217 1 . 190 

1 . 271 1. 229 

l . J89 1. 257 

1 . 508 1 . 286 
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The refractive ind ices of these standards were deter-

mined at 21°c with an Abbe Model A Refractometer1 and plotted 

as a function of their densities . The p lots for both cesium 

chloride and sucrose indicated a l inear relationship between 

density and refractive index throughout the range g i ven for 

each substance . Thus , the density for a sample containing 

e i ther substance was easily determined from its refractive 

index by consul t i ng the appropriate standard p l ot . Use of 

the Abbe refractometer was also advantageous since only two 

drop s of a sample were requi red to determi ne its refractive 

index . 

Basically , two types of density gradient centri fugation 

experiments were used with both cesium chl oride and sucrose 

solutions . A rate- zonal type of experiment was used to con-

centrate part ially purified HCV by sedimentation onto a dense 

l ayer of cesium chlori de or sucrose solution. In such experi -

ments , 45-50 ml samples of virus were centrifuged onto 6 ml 

o f 28% o r 45% cesium chloride or 9 ml of 60% sucrose. When 

necessary , the volume in the t ube containing HGV was adjusted 

to the volume used in the two ba l ance tubes by addi t i on of 

O. Ol M TBS . The Spinco2 SW- 25 . 2 rotor was used i n the Spinco 

1 carl Zeiss, Oberkochen, Wuerttemberg, West Germany. 
2Spinco Division , Beckman Instruments , I nc . Stanford 

Industrial Park , Palo Alto , California . 
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Model L- 2 preparative ultracentrifuge operated at 25,000 rpm 

for 6 hours at 18°c , without use of the braking mechanism. 

Since the 6 - hour duration of centrifugation is sufficient to 

allow considerable diffusion of a dense medium into areas of 

much lower density , non- abrupt density gradients were obtained , 

especial ly with cesium chloride . 

At the conclusion of a run the bottoms of the cellulose 

ni trate centrifuge tubes were punctured with a 20- gauge needl e 

and the contents were collected as a number of frac t ions us ing 

t he needl e as a dri p - out cannula . Two or three drops of 

e ach sample were used to determine the refractive index at 
0 

21 C , after which the fractions were dial yzed against several 

changes o f O. OlM TBS at 4° c . After dial ysis , the samples were 

assayed for HCV infectivity , and stored at - 20°c until needed . 

The buoyant dens i ty of partially purified HCV was studi ed 

i n a s e cond type of density gradient experiment designated , 

isopycnic density centrifugation. The virus samples used in 

the isopycnic experiments were the rate- zonal centrifugation 

fractions with the highest infectivity titers . Such sa~ples 

were prepared for the isopycnic experiments by adjusting the 

density to about 1 . 15 with either 45% cesium chloride or 60% 

sucrose . Five ml of virus thus prepared were placed in a 5 

ml cellulose nitrate tube and centrifug ed at J9 , 000 rpm in 

the Spinco L- 2 preparative ultracentrifuge using the SW- J O 

L rotor . When cesium chloride was the density medium , iso-

pycni c experimen ts were centrifug ed at 1 8° c for 24 hours, 



48 

0 whereas , with sucrose the centrifuge was opera ted at 1 0 C 

for 48 hours . Immedia tely after centrifugation the bottoms 

of the centrifuge tubes were cannul ated wi th a 22 gauge need le 

and the contents collected drop- wise in 0. 5 ml fractions . 

After the tubes were emptied , a pellet sampl e was obtained 

by resuspending the pelleted material in 0. 5 ml o f O. OlM TBS . 

As previously described , the refractive index of a ll but the 

pel let sampl e was determined and the sampl es were dial yzed 

against O. Ol M TBS at 4°c . Fina lly , all fractions were assayed 

for HCV infectivity . 

Preparation of HCV for Electron Microscopy 

Samp l e s of HCV used in e le ctron microscopi c studies were 

those i sopycni c density fractions with the peak infectivity 

titers and the resuspended pellet material . Such samples 

were dialyzed for 18- 24 hours at 4°c in distilled water to 

red uce salt concentrations to a n eglig ible level . After 

dialysi s , 2 - J drops of the virus were mixed with 2 drops of 

2% aqueous potassium phosphotungstate (pH 6. 7 to 7. 2 ) and 1 

drop of about . 01% aqueous bovine serum albumin . This mixture 

was placed i n a nebulizer and sprayed onto carbon- coated 

collodion filmed grids . HCV p reparat ions, thus negatively 

stained . were immediatel y examined in a Phillips EM 200 elect r on 
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microscope a t 60 kv with double c ondenser illuminat1on1 . In 

addi tion , two - d rop aliquots of such HCV sampl es d ialy zed in 

distilled water were mixed wi th 1 - 2 drops of FITC- conj ugate 

# 7802 whi ch had been d iluted 1 : 250 in distilled water . After 

incubation overnight at 4°c the HCV- antiser um mixture was 

negat ivel y stained and o bserved in the electron microscope . 

1 The negative staining procedure and operation of the 
electron microscope were conducted by A. E . Ri tchie at the 
Nat iona l Anima l Di sease Laborato ry , Ame s , Iowa . 
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RESULTS 

Ability of MFO to Adsorb and Elute Infectious 

Hog Cholera Virus 

The capaci ty of MFO to adsorb HCV was determined in one 

or more preliminary trials with each 100 Gm batch of MFO . 

Results of these trials are summarized in Table 1 . The data 

s hown for each batch was determined subsequent to the sixth 

day after the MFO was sterilized. These data indicate that 

each MFO batch behaved similarly and that 40 mg MFO/~Il of 

virus was sufficient to adsorb nearly all the HCV in e ach 

s ample . 

Table 1 . Capacity of MFO for adsorbing HCV 

Mg MFO Eer ml of virus 

MFO sample 1 0 20 4 0 

Batch # 1 o . 58a (74)b 1. 93 (98 . 8) 2 . 98 ( 99 . 9) 

Batch #2 0 . 90 ( 87) 2 .17 (99 - JJ) 2 . 87 (99 . 86) 

Batch #J 0 .48 (67) 1. 90 ( 98 . 8 ) 2 . 73 ( 99 . 82) 

~og10 difference between v i rus control titer and titer 
of non- adsorbed virus in MFO supernatants . 

bpercent of virus adsorbed to MFO. 
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Table 2 . Stability of HCV in eluting solutions 

Solutionsa 
pH at Log~0 titer 

24 hours pr mlc 

Control virus in PBS 7 . 4 5 . 47 

1 0,% NaHco 3 8 .1 5 . 30 

5 . 3% Na2HPO 4 8 . 7 5 . 23 

0 . 02M EDTA b 8 .1 5.20 

O. OlM NaCN 9 . 7 5 . 13 

a5 ml virus samples dialyzed at 4°c against indicated 
solutions . 

~DTA made up in 0 . 05M Tris buffer at pH 8 . 6 . 

cAfter additional 24 hours dialysis against PBS, pH 7 . 4 . 

The results of a preliminary tria l to determine the 

stability of HCV infect ivity in selected eluting solutions 

are shown in Table 2. These data indicate that HCV was 

relatively sta ble to a prolonged treatment with the fou r 

eluting· solutions . Consequently , the capacity of each· eluting 

solution for dissociat ing MFO - HCV complexes was tested in an 

eArperlment summarized in Table 3 . The results of this experi -

ment indicate that only the O. Ol M NaCN solutions eluted a 

substantia l quantity of infect i ous HCV . This finding suggested 

some spec ific activity of cyani de ions and led to more d etailed 

experiments bearing on the dissociation of MFO- HCV complexes 
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Table 3. Ability of selected eluting solutions t o dissociate 
MFO- HCV complexes 

Sample Total PFU 
x 105 

% PFU yield 

Virus cont rol 14. 8 1 00 

MFO supernate <. 01 .::: 0 . 1 

Pooled washings <. 01 5 <: 0 . 1 

(1) 1 0% NaHco 3 <. 01 < O. la 

(2) 5 . 3% Na2HPo4 <. 01 <:la 

( 3) 0 . 02M EDTA . 01 5 O. la 

( 4) 0 . 01!1 NaCN l.J6 9.2a 

aYields were determined from a single elution. 

with NaCN . 

The first experiment concerning the activity of cya nide 

ions was designed to determine an o pt i mal concentration of 

NaCN for dissociating MFO - HCV complexes . Since O. OlM NaCN 

in water usually had a pH of 9 .7-9 . 8 , the various concentra-

tions of NaCN u sed were prepared in O.lM g l ycine buff er , pH 

9 . 7. The result of dissoci ating MFO- HCV complexes with 

various concentrations of buffered NaCN is given in Table 4. 

These data indi cate that the O. OlM NaCN was the most efficient 

eluting solution . However , it s hould be noted that since 

glycine buffer d i d not cont r ol pH in t h e 0 . 02 M NaCN solution, 
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Table 4 . Effect of cyanide concentrat ion on dissociation of 
MFO- HCV complexes 

Total 3Fu % yield 
Sampl e pH x 1 0 

Virus control 7 44 ( PBS ) 1 50 1 00 

MFO supernate NDb < 0 . 02 ~ 0 .1 

Pooled washings ND <. 0 . 05 < 0 .1 

Eluates 

O. l M Glycine buff er 9 . 7 o. 25 0 . 17 

O.OOlM NaCN + GBa 9 . 6 26 1 7 . 6 

0 . 005M NaCN +GB 9.7 27 . 5 1 8 . 6 

O. OlOM NaCN + GB 1 0 . 0 J2 . 5 2J . 8 

0 . 02M NaCN + GB - 1 0 . J 19 . 0 1 2 . 7 

aAll NaCN solutions made in O.lM glycine buffer , pH 9 . 7 . 

bND = Not done . 

the poor yield in this sample may have been due to effects of 

high pH . Also notable ls the fact that glycine buffer alone 

eluted 0 .17% of the total PFU yield while 0 . 005M NaCN at the 

same pH , eluted 100- fold more virus . This further suggests 

a specific eluting activity for cyanide ions and indicates 

that d issociation of MFO- HCV complexes is only partiall y 

dependent on pH . 



Table 5. Effect of pH on dissociation of MFO - HCV complexes 

Sample Total PFU 
x 1 0 5 

% yield 

Virus control 47.5 100 

MFO supernate 0 .10 0 . 21 

Pooled washing s 0 . 52 1.1 

Eluate s 

NaCN- Tris 7 . 2a 0 . 09 0 . 35 

NaCN- Tri s 7 . 6 0 . 11 0 . 75 

NaCN- Tris 8 . 0 0 . 75 1. 57 

NaCN- Tris 8 . 4 J . 53 7 . 5 

NaCN- HOH 9 .7a 22 . 0 46 

aCyanide ( O. OlM ) made up in O. Ol M Tris buffer at pH 
ind icated . pH of O. OlM NaCN in water was 9 . 7 . 

I n order to determine the effect of pH on the d issocia-

tion of MFO - HCV compl exes , samples of O. Ol M NaCN prepared in 

O. Ol M Tris buffers at various pH values were used a s eluting 

solutions. 'rhe resul ts of this experiment are summari zed in 

Table 5. These data show a progressive increase i n yield of 

HCV i nfectivity a s pH is increased . A most striking feature 

of these data is the l a r ge incr eas e in yiel d between pH 8 . 4 

and 9 . 7 . Since dat a p r e sented in Table 4 ind i cate decreasing 
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HCV yields at pH 10 . J, it is evident that a pH of about 9.7-

10. 0 is optimal for dissociating MFO - HCV complexes with O. OlM 

NaCN . 

Since it was considered undesirable to expose HCV to the 

osmotic shock produced by the abrupt change from isotonicity 

in the washing procedure to the hypotonic conditions of the 

O.OlM NaCN eluting solution , an experiment was conducted to 

test the effect of NaCl concentration on the MFO-HCV dissocia-

tion phenomenon. The results of this experiment, shown in 

Tabl e 6, indicate that yields of HCV infectivity increased 

as the saline concentration was decreased . Thus , it was noted 

that both ionic strength and pH were factors affecting the 

stability of the MFO-HCV complexes. Indeed , distilled water 

alone eluted a significant quantity of HCV. Although the pH 

of the distilled water eluate was not determined , it was 

observed that supernatant water from MFO washings usually had 

a pH of 8 . 4- 8 . 6 . Thus, by assuming that a similar pH value 

applied to the distilled water eluate shown in Table 6, it 

was reasoned that distilled water when adjusted to pH 9 :7 

would be far more effective as an eluting solution. 

This reasoning led directly to the two experiments which 

compared the effects of eluting MFO-HCV complexes with O. OlM 

NaCN and O. OOJM NH40H in distilled water. The O.OOJM concen-

tration of NH40H was selected since it gave pH values similar 

to O. Ol M NaCN (9.7-10 . 0) . Resul ts of these experiments are 

shown in Table 7 . 
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Table 6. Effect of NaCl concentration on dissociating MFO-
HCV complexes 

Sample Total PFU 
x 1 05 

Virus control 225 
MFO supernate o . J2 
Pooled washings o . 01 5 
Eluatesa 

#1, 0 . 05M NaCl 5 . 18 
#2 , O. OJM NaCl 22 . 75 

#J . O.OlM NaCl 4 8 . 00 

#4 . O. OlM NaCN 1 07.5 
#5 . distilled water J2. 5 

aEacb NaCl concentration contai ned O. Ol M NaCN . 

% yield 

1 00 
0 .14 

< 0 . 1 

2 . J 
1 0 . 1 

21 . J 
48 . 0 
1 4 . 0 

Table 7. Ability of 0 . 00311 NH4oH to dissociate MFO - HCV 
complexes 

Samples 

Virus control 
MFO- supernate 

Pooled washings 
NaCN Eluatesa 

#1 
#2 

NHltOH Eluatesa 
#1 
#2 

Total PFU x 105 

( Exp . A) 

54 
. 001 
. 004 

6 . 8 
1 8 . 8 

1 9 . 2 
20 . 4 

( Exp . B) 

1 2 . 8 
~. 01 

<. 01 

J . O 
4 . 0 

4.2 
20 

% yield 

( Exp . A) 

(1 00) 
<. 01 
<. 04 

12. 6 
J5 . 0 

J5 . 6 
J 8 . 0 

(Exp . B) 

(100) 

2J 
Jl 

ao . Ol M Na CN had a pH of 9 . 8 as did O. OOJM NH 40H . 
byield was high but accuracy of this fi g ure ls questionable . 
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These data indicate that use of weak NH40H solutions is 

at least as effective as O. OlM NaCN and has the additional 

advantage of being generally less toxic and easily neutralized 

by weak aci ds . 

Effect of Repetitious Elutions on Dissociation 

of MFO - HCV 

Upon recognition that the dissociation of MFO- HCV (com-

pl exes) was dependent on low ionic strength , it was reasoned 

that residual NaCl from the washing procedure might be suffi -

cient to suppress complete release of HCV when only one or 

two elution steps were used. Therefore . several experiments 

were conducted to determine the number of elution steps re-

quired for maximal yields of infective HCV . The results of 

three typical experiments are summarized in Table 8 . 

·Generally , these data indicate that two or three elution 

steps with NaCN will recover most of the available HCV bound 

to MFO . Low yields consistently obtained with the fourth 

elution step resulted in its delet ion in practical pro~edures . 

Yields of 1 09 . 4% and 41 . 4% were included in Table 9 to illus -

trate the range of yields that were obtained with this proce -

dure . The 109% yield indicates that essentially all infec-

tivity was recovered . Most often total yields were between 

50- 75% -
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Table 8 . Effect of repetitious elution steps on di ssociat ion 
of MFO - HCV complexes 

Samp l es ~ ;zield of PFU 

{Exp. A) {Exp. B) {Exp. C) 

Virus control {1 00 ) (100) {1 00 ) 

MFO- supernate 0.1 0 . 2 < 0 .1 

Pooled washings ~0.1 < 0.1 <.. 0 .1 

NaCN Eluatesa 

#1 JJ.5 l J . O 5. 8 

#2 57 . 0 1 7.4 4 8 . 8 

#J 1 2 . 2 9.3 8 . 8 

# 4 6 . 7 1.7 2.0 

Totals 1 09 . 4 .% 41.4% 65.4% 

ao . Ol M NaCN , pH 9 . 8. 

Effect of Aging on the Adsorpt i on of HCV by MFO 

The preliminary experiments concerning adsorption of 

HCV by MFO were conducted , entirely by coincidence, u s ing 

material from batch # 1 subsequent to the 4th day after sterili-

zation. Ho wever , the f i rst adsorption tests with MFO batches 

#2 and #J were conducted on the same day or one day after 

s terilization. In each case MFO batches #2 and #J failed to 

adsorb the expected quantities of HCV . When these adsorption 
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Table 9 . Effect of aging on the capacity of MFO to adsorb 
HCV (x) days after sterilization 

.Ll.L llil ( 26) {1,20) 

MFO Batch #1 2 . 13a 2.98 3.9 5.7 
iQl_ iW.. illl 

MFO Batch #2 0.81 2.87 3. 98 

ill_ .Ll.L (14) 

MFO Batch #3 0 . 34 2 . 73 3 . 06 

aLog10 difference between virus control and titer found 
in MFO - supernate on day indicated. All values determined 
with mg MFO/ml of virus. 

experiments were repeated a few days later the results indicat-

ed an increased avidity of the MFO for HCV . Thus, when the 

data for each of the three MFO batches were studied and compar-

ed with respect to an increased adsorption capacity with aging, 

it was possible to arr ange these data as shown in Table 9 . 

When compared in this way it is evident that the capacity 

of MFO for adsorption of HCV increases significantly with time, 

especially during the first 4-5 days after sterilization. 

Although the cause of this phenomenon is problematic, recogni-

tion of such behavior has obvious importance in any future 

chromatographic studies with MFO . 
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Attempt to Concentrate HCV by Sequential 

Adsorption and Elution with MFO 

As indicated in Materials and Methods , a hypothesis 

concerning the w/w ratio of MFO and mg N in a virus sample 

was tested to determine if it was possible to concentrate 

partially purified HCV on MFO with a sequential readsorption-

elution procedure. Since partially purified HCV contains 

only 5- 10% of the original organic N, it was reasoned that 

much less MFO would be needed to readsorb HCV . Thus , through 

a sequential readsorption- elution series the vo l ume of eluate 

could be reduced to obtain a concentrated and purified HCV 

preparation . The results of the controlled experiment designed 

to test thi s hypothesis are summarized in Table 10 . 

The resul ts of this experiment indicate that concentra-

tion of HCV is not possible using a sequential readsorption-

elution procedure. The data shown for Exp . A indicate that 

the 100 mg MFO used was not sufficient to adsorb a significant 

amount of virus while in Exp. B , 400 mg MFO adsorbed essen-

tial ly a ll the HCV in the sampl e. This indicates that the 

protein and HCV eluted from the original MFO - HCV complex 

r equire the same quantity of MFO for complete readsorption. 

Thus, although HCV can be successfully readsorbed and eluted 

from MFO , the procedure as described would not be useful for 

the concentration of HCV . 
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Tabl e 10. Ability of MFO to concentrate HCV by sequential 
readsorption and elution 

Sampl e Total PFU x 105 ~ lield 

(Exp. A)a (Exp . B)a (Exp. A) ( Exp. 

Virus control 66 67 (100) (100) 

MFO supernate 65 < 0.1 98.4 

Poo l ed washings 2. 8 . 76 4. 2 1. 1 

NaCN e l uates 

#1 2.J 49 J . 5 73 

#2 .98 10 . 5 1. 5 1 6 

B) 

a i n Exp . A; 10 ml of partially purified HCV adsorbed to 
100 mg MFO , while in Exp . B ( control) such virus was adsorbed 
to 400 mg MFO which was equivalent to that used i n the ori ginal 
purification procedure . 

Effect of Pretreating MFO with Cyanide Ions 

on Dissociat ion of the MFO-HCV Complex 

As previously indicated , the dissoci ation of MFO-HCV 

complexes with O.OlM NaCN is accompanied by the apparent 

generat i on of colloidal MFO. Thus , the eluates had a distinct 

dark amber color , the bulk of which precipitated as MFO pellets 

after the sampl e had been d ialyzed against PBS. Since it was 

known that .MFO would adsorb HCV from isotonic saline solut i on 

the presence of colloidal MFO in t he eluates was considered 

undesirable . Consequ~ntly, it was found that the pretreatment 
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of MFO with O. OOlM NaCN substantially reduced the amount of 

colloidal forms appearing in eluates p r oduce d wi th O. OlN 

NaCN . Thus , two experiments were conducted to study the 

capacity of cyanide- pretreated MFO for adsorbi n g and eluting 

HCV . The resul ts of these experiments are summarized in 

Tabl e 1 1 . 

Tabl e 11 . Ability of cyanide- pretreated MFO t o adsorb and 
elute HCV 

Total PFU x 105 ~ lield 

Samples ( Exp . A) (Exp . B) ( Exp . A) ( Exp . B) 

Vi r u s control 0 . 9 6 4 (100 ) ( 1 00) 

MFO supernate < o. 01 5 7 . 8 

Pooled washing s < 0 . 01 2 . 9 4 . 5 

NaCN eluatesa 

#1 0.45 71. 5 50 111 

#2 0 . 001 0 . 2 0 . 1 O. J 

#3 < o. 001 0 . 24 0 . 4 

~hree repetit i ous e l utions in O. Ol M NaCN . 

Although these data suggest that cyanide- pretreated 1FO 

adsorbs HCV somewhat less avidly than when non- pretreated , it 

is important to note that the bulk o f the S CV infectivity was 

recovered in the first eluates . This latter feature is in 
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contrast to results obtained with non-pretreated MFO (Table 

8). In view of these findings, subsequent experiments were 

conducted with cyanide-pretreated MFO using two repetitious 

elutions in O.OlM NaCN. 

Partial Purification of Large Volumes of HCV 

Using Cyanide-Pretreated MFO 

The conditions for adsorbing HCV to cyanide-pretreated 

MFO and its subsequent elution with O.OlM NaCN have been 

described in Materials and Methods. Such methods were applied 

as a partial purification procedure to a single 100 ml and 

two JOO ml aliquots of HCV in preparation for further purifi-

cation and concentration by density gradient centrifugation. 

The results of these three partial purification experiments 

are summarized in Tables 12-A and 12-B. 

Among the salient features of these three experiments 

is the fact that 40-60% of the original infectivity was 

obtained with two elutions when volumes common in preliminary 

experiments were increased about 10-fold. The micro-Kj~ldahl 

nitrogen determinations indicate that lJ, 7.5 and 12 . 5% 

of the total nitrogen was adsorbed in Exps. #15, 17 and 18, 

respectively, while 6.J, 6 and 8% of the total nitrogen was 

eluted in the first eluates. Thus, since the first eluate in 

each experiment was one-half the volume of original virus, 

Exp . #15 prov ided 50 ml of HCV which assayed 4.1 x io6 PFU/ml, 
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Table 12- A. Partial purificati on of l arg e volumes of HCV 
using cyanide-pretreated MFO 

Total PFU x 1 05 ~ iield 
Sampl e 

(Exp . ( Exp . (Exp a (Exp. ( Exp . (Exp . 
#15)a #17) #1 8 )a #15) # 1 7) #18) 

Virus contro l 4 , 400 9 , 450 4 , 500 (1 00) ( 1 00) ( 1 00) 

MFO supernate 6 . 2 1 50 16.5 . 14 7 . 9 . 37 

Pooled washings JJ.2 J60 126 .75 J . 8 2 . 8 

NaCN eluates 
b 

#1 2 , 050 J,040 2,100 46. 6 J2 . 2 47 

#2 6 00 855 555 l J. 6 9 . 0 12 

aExperiment #15 involved 100 ml of HCV while Exps . #17 , 
18 were JOO ml volumes of virus. 

Orwo repetitious elutions in O. Ol M NaCN . 

while Exps . #17, 1 8 provided 1 50 ml with 2 x 1 06 and 

J x 106 PFU/ml, respectively . Since these elua tes contained 

onl y 6 - 8% of the ori g inal total m1cro- Kjel dahl nitrogen , 

such p reparations were considered partially purified and . suit-

able for application in phys i cal - chemical studies . 
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Table 12-B. Micro- Kjeldahl nitrogen determinations for experi-
ments #15, 17, and 18 

Sample Exp. #15 Exp. # 17 Exp. #1 8 

Vi rus control 1 65. 6oa 481 . 20 499.2 

MFO supernate 127.60 411 . 60 371 . 4 

Pooled washings 16.48 34. 02 64 . 62 

NaCN eluates 

# 1 1 0.49 38 . 64 40.44 

#2 6 . 49 25 . 08 29.37 

8Total mg micro-Kjeldahl nitrogen (volume x mg N/ml) . 

Density Gradient Centrifugation Experiments 

As previously indi cated , density values for these e xper-

iments were estimated from plots of the refractive indices 

determined from standard densities of cesium chl oride and 

sucrose in O. OlM TBS . These densities and their corresponding 

r efractive indices are presented in Table 13. 

The plots for these values ( Figs . 1 and 2 ) indicate a 

linear relationship over the range of standard densities used . 

Thus , densities of unknown samples were obtained simply by 

consulting the appropriate standard plot. Since the standard 

plots we re linear , it was also possible to calculate the slope 



Figure 1. Linear rela tionship between the refractive indices 
and standard densities of cesium chloride in O.OlM 
TBS. 
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Figure 2 . Linear relationship between the refractive indi ces 
and standard densities of sucrose in O. OlM TBS . 
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Table 1 3 . Refra ctive indices of standard densities for cesium 
chloride and sucrose in O. OlM TBS 

Cesium chl oride Sucrose 

Densitya Refractive Density Refra ctive 
index index 

1. 088 1.3428 1.103 1.3737 

l.'125 1. 3462 1.127 1. 382 3 

1.163 1. 3497 1.151 1. 3917 

1.217 1. 3550 1.190 1.4060 

1.271 1.3602 1.229 1.4212 

1. 389 1. 3716 1.258 1.4312 

1. 508 1.3824 1.286 1.4429 

ain g m/ml on a w/w basis . 
b Fourth decimal place estimated with Abbe Model A 

Refractometer . 

and intercept of e a ch using the genera l formula for a linear 

equation in two unknowns: 

y = ax + b , 

where y = density a nd x = ref ractive index 

then a = intercep t and b = slope. 

By inserting data for cesium chloride from Table l J int o 

the formula a nd s olv ing for a a n d b , a = 1 0 . 6061 a n d b = 
-l J . 1 54 . Similarl y , f or sucros e in O. OlM TBS, a= 2. 669 a nd 

b = -2. 5623 . As expected , cal cula ted values and va lue s f rom 
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the standard plots indicate excellent agreement in the first 

three decimal places. 

Rate- zonal density gradient centrifugation 

The first e luates from Experiments 15 , 17 and 1 8 were 

the source of partially purified HCV used in all density 

gradient experiments. Four rate-zonal types of experiments 

were completed, three of which were conducted in cesium chlor-

ide , while the fourth was in sucrose . All four rate- zonal 

experiments were centrifuged at 25 , 000 rpm for 6 hours at 18° 

C in the SW-25.2 rotor. The data from these experiments are 

summarized in Tables 14, 15, 1 6 and 17. 

The results indicate that with both density mediums, HCV 

was concentrated into relatively narrow bands which were 

collected as 1-3 ml fractions . Thus, use of the one-step, 

rate- zonal procedures resulted in a 15- 50 fold concentration 

of HCV . However , recovery of only 15-58% of the total inpu t 

of PFU (Tabl es 14- 1 6) in the cesium chloride experiments 

suggested excessive degradation of HCV by this salt solution. 

Consequently , a similar run was conducted using 9 ml of 60% 

sucrose as the initial density medium. Results of this single 

run ( Table 17) indicate that 87% of the input PFU was recover-

ed. These data suggest that sucrose is superior to cesium 

chloride as a density medium for rate-zonal density gradient 

concentr~ tion of HCV. 
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Tabl e 14. Density g radient centrifugation of partially puri -
fied HCV into cesium chloridea 

Fraction Total Pf;U 
Densityd S ample vol . (ml) x 1 05 % yieldc 

Virus control 45 1 080 ( 1 00 ) 

Fraction 1 0 . 5 .1 3 1 . 1 8 
Fraction 2 0 . 5 .75 . 02 1.17 
Fract ion 3 0 . 5 5.5 3 . 3 1.15 
Fract ion 4 0 . 5 65 . 0 39 . 4 1.14 
Fraction 5 0. 5 52.5 31 . 5 1 . 13 
Fraction 6 0 . 5 1 5 . 0 9 . 1 
Fraction 7 0. 5 8 . 0 4 . 9 
Fraction 8 0. 5 5. 5 3 . 3 
Fraction 9 0 . 5 5. 0 J .l 
Fraction 10 0. 5 1. 6 . 9 
Fraction 11 0. 5 1.5 
Fract ion 12 0. 5 l. J 
Fract ion lJ 0. 5 . 75 
Fraction 14 0 . 5 . 5 
Fraction 15 0. 5 . 5 
Fraction 1 6 0 . 5 . J4 
Fraction 17 5 . 39 
Fraction 1 8 5 . 26 
Fraction 19 5 . 15 
Fraction 20 5 .1 0 
Fraction 21 5 . 05 
Fraction 22 28 . 013 

a25 , ooo rpm for 6 hours at 18°c using SW- 25. 2 rotor . 

bA total o f 165 x 105 PFU or 15. J~ of the input was· 
recovered from this experiment . 

c 
Values shown for % yield were cal culated from the total 

recovered PFU . 

d45 ml virus sample layered over 6 ml of CsCl with a 
density of 1 . 27 . 



Table 15. 

Sample 
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Density gradient centri fugation of partially puri -
fied HCV into cesium chloridea 

Fraction 
vol . (ml) 

Total PEU 
x 105 'f, yieldc Densityd 

Virus control 50 750 (100) 

Fraction 1 3 34. 8 8 . 1 1.174 

Fraction 2 J J60 83 . 5 1.128 

Fraction J 1 14. 0 3 .5 1.105 

Fraction 4 1 2 . 9 .7 <.1. 1 

Fraction 5 1 1 .5 .4 <1. 1 

Fraction 6 1 1. 5 . 4 <1 .1 

Fraction 7 1 • 55 .1 "(1. 1 

Fr action 8 5 2.95 .7 < 1. 1 

Fraction 9 5 1 . 65 . 4 <1.1 

Fraction 10 5 2 . 6 . 6 ~1.1 

Fraction 11 1 5 6 . 3 1. 5 <.1.1 

Fraction 1 2 5 2 . 7 . 6 <1. 1 

a25,ooo rpm for 6 hours at 1 8°c using sw-25.2 rotor . 

bA total of 431 . 4 x 1 05 PFU or 58% of the input was 
recovered . 

CValues for % yield were calculated from the total 
recovered PFU . 

d50 ml virus sample layered over 6 ml CsCl with a density 
of 1 . 27 . 
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Table 1 6 . Density g radient cen trifugation of partia lly puri -
fied HCV into ces i um chloridea 

Fr action Total Pf;U 
Densityd Sample vol. (ml) x 1 05 % yieldc 

Virus control 50 400 ( 1 00 ) 

Fr action 1 J . OJ • 01 l . Jl 

Fraction 2 J . 1 5 . 07 1. 26 

Fra ction J 1 . 9J .47 1. 21 

Fraction 4 1 8.2 4 . 1 6 1 . 1 9 

Fraction 5 1 65 JJ . O l . 1 6J 

Fraction 6 1 115 58. 5 1 . 1 35 

Fract ion 7 1 3 . 6 1 . 8 1 . 11 

Fraction 8 5 1. 8 . 9 < 1 . 10 

Fraction 9 5 . 45 . 2J < 1 . 10 

Fraction 10 5 . JO . 15 < 1.10 

Fraction 11 1 5 . J5 . 1 8 < 1 . 1 0 

Fraction 12 1 5 . 95 . 48 < 1. 10 

a25 , ooo rpm for 6 hours at 18°c using sw- 25. 2 rotor . 

bA total of 196 . 8 x 1 05 PFU or 49% of input was recovered . 

°values for % yield were cal culated from the total re-
covered PFU . 

d50 ml of virus layered over 6 ml of CsCl with a density 
of 1 . 50 . 
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Table 1 7 . Density gradient centrifugation of part i a lly puri -
fied HCV into sucrosea ' 

Fr act ion Total P~ 
Densityd Sample vol . (ml ) x io5 % yieldc 

Virus control 5 0 JOO ( 1 00 ) 

Fraction 1 3 . 01 5 . 01 1. 288 

Fraction 2 3 • 36 .13 1. 274 

Fraction 3 2 1 89 72 1 .175 

Fr action 4 2 44 . 2 17 < 1 . 1 0 

Fraction 5 2 2 . 2 . 8 < 1 . 10 

Fraction 6 2 . 46 . 14 < 1 . 1 0 

Fraction 7 2 . 24 .09 < 1 . 10 

Fr action 8 22 3 . 0 1 . 1 < 1 . 10 

Fraction 9 20 1 . 4 . 54 <1 . 10 

a25 , o oo rpm for 6 hours at 18°c using SW- 25 . 2 rotor . 

bA total of 261 x 105 PFU or 87% of input was recovered. 

cvalues for % yield were calculated from the total 
recovered PFU . 

dso ml of virus l a yered over 9 ml of sucrose wih a density 
of 1 . 2 86 . 
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At the c onclusion of each centrifugal run, the tubes ~ere 

inspected for the p resence and location of v i s ible zones of 

concentrated material . Three distinct zones of opal escence 

were observed i n tubes at the end of each rate- zonal centri -

fugation experiment. I n general , two rather broad , lightly 

colored bands of opalescence were separated by a sing l e , 

n arrow, orange col ored band . In cesium chl ori de , the orange 

colored band was a l ways associated with the h i ghest infectiv-

ity titers found in the tube . Also in cesium chloride, the 

uppermos t opal escen t band appeared to be strat i f i ed . However , 

in the sucrose gradient the three bands appeared t o be narrow-

e r , more d i sti nct but c l oser together . A more important 

difference between the two dens i ty mediums regar ds the loca -

tion of fract ions with peak infectivity with respect to the 

o range colored band . In the s ucrose g radient , the orange 

colored material was collected in Fraction 4 (Tabl e 17 ) while 

the bulk of infectivity was found in Fraction J . 

Another n o tabl e feature of a ll four e xperimen ts was the 

d ens i ty of fracti ons containing t he peak infectivity titers . 

In the cesium chloride experi ments , the dens i ty o f s u ch 

fractions was l . l J - 1 . 14 (Tables 14- 1 6 ), while with sucrose 

this val ue was 1 . 1 75 ( Tabl e 1 7 ) . Since cesium chloride evi -

d ently produced a l ess abrupt gr ad ient than sucrose , the " zon-

ing '' of HCV in reg ions wi th densities of about 1.14 is easily 

recog nized from the data . I t is also apparent from the d~ta 

that the durat ion of centrifugation was not sufficient to 
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allow complete "banding" of infectivity . This is evidenced 

by the "tailing - off" of infecti vi ty from. the peak fraction 

into regions of lower densities . The abrupt decrease of 

infectivity between the peak fraction and fractions of higher 

densities suggested a buoyant density of about 1.14 Gm/ml 

for HCV in cesium chloride. 

Isopycnic Density Centrifugation of HCV in Cesium 

Chloride and Sucrose 

Isopycnic density g radient centrifugation of HCV was 

conducted primarily to obtain a high degree of purity and 

concentration required for electron microscope studies . It 

would also provide buoyant density data for comparison with 

findings published by Horzinek (J7) . 

Two isopycnic centrifugations were conducted in cesium 

c hloride , while a third was in sucrose . The results o f these 

e xperiments are presented in Tables 1 8 , 19, and 20 . 

The two successful experiments ( Tables 1 8- 19) clearly 

demonstrate very sharp infectivity peaks between densities of 

1 . 140 and 1 . 150 . These values represent the buoyant density 

of the HCV used in this study . F i gures J and 4 graphically 

illustrate these data as functions of the % PFU in each frac-

tion a nd the fraction density. 

Failure of the isopycnic exp eriment in sucrose (Table 

20) was an unexpected event . especially after rate- zonal 

centrifugation resulted in higher infectivity yields than in 
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Table 1 8 . Isopycnic density centrifugation of partially puri -
fied concentra ted HCV in cesium chlor i dea 

Sample Fraction Total P~U % y i eldc Density 
vol . (ml) x 1 05 

Virus control J. 6 430 (100) (1.15) 

Fract i on 1 0 . 5 <. 01 (. 1 1 . 22 5 

Fraction 2 0 . 5 <. 01 <. l 1.200 

Fraction J 0 . 5 • 52 • 4 5 1.189 

Fraction 4 0 . 5 J . 2 6 2 . 9 1. 1 69 

Fraction 5 0 . 5 J . 63 J . 2 1 . 156 

Fraction 6 0 . 5 J 6 . J J2 1 . 1 48 

Fraction 7 0 . 5 60 . 0 52. 5 1.140 

Fraction 8 0 . 5 5. 9 5 . 2 l.lJl 

Fraction 9 0 . 5 . 55 . 48 1.12 5 

Fraction 1 0 0.5 4.0J J . 5 1 . 117 

a39 , ooo rpm for 2 4 hours at 1 8° c using SW- J 9L rotor . 

bA tota l of 114 . 2 x 105 PFU or 2 7% of input was recovered . 

cValues for % yield were calcula ted from ·the total 
recovered PFU . 



79 

Table 19 . Isopycnic density centrifugation of part i ally puri -
fied - concentrated HCV in cesiwn chl oridea 

Sample Fr action Total PtU % yieldc Density 
vol . ( ml) x 1 05 

Virus control d 
3 . 5 1 8 . 2 (100 ) 

Vi rus control 
(CsCl)d 0 . 5 3.05 1 . 149 

Pell et 0 . 5 <. 00025 <. 01 

Fraction 1 0.5 <. 00025 <. 01 1 .217 

Fraction 2 0 . 5 <. 00025 <. 01 1.179 

Fraction J 0 . 5 . 075 1 . 8 1 . 1 60 

Fraction 4 0.5 4 . 05 94 1 . 148 

Fraction 5 0 . 5 . 175 4 . 1 l . 1 J5 

Fraction 6 0 . 5 . 00025 <. 01 1 . 1 28 

Fraction 7 0. 5 <. 00025 <. 01 1 . 118 

Fract ion 8 0. 5 <. 00025 <. 01 1 . 113 

Fraction 9 0 . 5 <. 00025 <. 01 1 . 1 09 

Fraction 1 0 0. 5 <. 00025 <. 01 1 . 1 08 

a39,ooo rpm for 24 hours at 1 8° c using the SW- 39L rotor . 

bA to tal of 4 . J x 1 05 PFU or 24% of lnput was recovered . 

Cyalues for % y i eld were cal culated from the total re -
c overed PFU . 

dvirus control indicates titer of HCV just prior to mixing 
with CsCl . Virus control ( CsCl) indicates nCV titer in CsCl 
{density = 1 . 1 48) after 24 hours at 4°c . 
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Table 20 . I sopycnic density centrifugat i on of partial l y puri -
fied - concentrated HCV in sucrosea 

Sample Fraction Tota l PFU .% yiel d Density 
vol. (ml) x 1 05 

Virus controlb 2 . J 6 . 9 (100) (1. 1 5) 

Pell e tc 0. 5 <· 0005 
Fraction l 0. 5 <. 000 5 1 . 163 

Fraction 2 0. 5 <. 000 5 1. 1 51 

Fraction 3 0 . 5 <. 0005 1 . 1 50 

Fraction 4 0 . 5 (. 005 1.150 

Fract ion 5 0. 5 <. 005 1 . 1 49 

Fract ion 6 0 . 5 <. 000 5 1.148 

Fraction 7 0 . 5 <. 0005 1 . 145 

Fraction 8 0. 5 (. 000 5 1.143 

Fract i on 9 0. 5 <. 0005 l . l JB 

aJ9 , 000 rpm for 4 8 hours at l 0°c usi n g SW- J9L ro tor . 

bAnother virus c ontro l in sucr ose a t a density of 1 . 150 
contai ned no detectable infectious HCV . 

Cpellet material resuspended in 0. 5 ml O. Ol N TBS . 



Figure J. I sopycnic density centrifugation of HCV in cesium 
chloride . Buoyant density of HCV indicated by 
infectivity peak at 1 .14 Gm/ml . Data from Table 
1 8 . 

Figure 4 . I sopycnic density centrifugation of HCV in cesium 
chloride. Buoyant density of HCV indicated by 
i nfectivity peak at 1 . 148 Gm/ml . Data from Table 
19. 
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cesium chloride . Possibly, the sudden mixing of the dense 

sucrose medium and virus just prior to centrifugati on p roduces 

an osmotic shock sufficient to destroy the v irus . 

No zones of opalescence or other evidence of stratif ica-

tion were observed after isopycnic centrifugation in either 

c esium chloride or sucrose . After one experiment in ces ium 

chloride there was a slight pellicle which suggested f l ota-

tion of lipid material . Also, a barely visible quantity of 

clear gelat inous material was pelleted in each isopycnic 

experiment . 

Electron Microscopy of HCV Preparations 

As previously described , the pellet material and the 

i sopycnic fraction with the hi ghest concentration of infective 

HCV (Table 1 8 , Fraction 7) were examined with the electron 

microscope . The characteristic v irus - like particles observed 

during ~hese examinations are illustrated in Figures 5 and 6 . 

Figure 5 illustrates two of the largest characteri stic part -

i c les f o und in isopycnic fra c tions with peak infectiv~ty 

titers . A variety of smaller particles a l so observed in such 

samples appear in Figure 5 , the most prominent of which a re 

1 2 -1 5 mp. in d i ameter . Although somewhat asymmetric , the l arg -

est characteristic particles are 40- 50 mp in diameter and a re 

surrounded by a sac- like a ppendage or membrane . Fi gure 6 

illustra tes severa l cha racteristlc 40- 50 ID.fl particl es similar 



Figure 5. Electron micrograph of characteristic 40- 50 m~ 
virus-like particles from isopycnic fracti ons 
(Table 18) with peak infectivity . Note asymmetric 
arrangement of sac-like membrane surrounding each 
particle. Also, note large number of 12- 15 IDJL. 
particles . Bar = 100 ~· (Magnified x )50,000) 

Figure 6 . Electron micrograph of 40-50 m~ virus- like part-
icles and 12-15 m~ entities aggregated by HCV 
antibody . Orig inal sample was an aliquot of mater-
ial used for Figure 5. Bar = 100 mp. (Magnified 
x ) 8 0 , 00 0) 
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to those in Figure 5 except that they a re incorporated in an 

amorphous mass of aggregated material . Such aggregates were 

found in an a liquot of the high titer isop ycnic fraction after 

interaction with dilute FITC- conjugat ed a ntibody # 7802 over-

nig ht at 4°c . The more distinct 40- 50 m~ par t icles in Figure 

6 have a regular s pherical to hexagonal sylilliletry but there is 

no evidence f or an enveloping membrane . 

During a comp arable scanning p eriod with pellet material , 

no particles simila r to those illustrated in Figure 5 were 

observed . FITC- conjugat ed antibody thus was not used with the 

pellet material . 
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DISCUSSION 

The results of this study indicate that HCV may be par-

tially purified using a simple batch- type chromatographic 

procedure with MFO . The virus ls avidly adsorbed to MFO 

from isotonic solutions and is eluted by s o lutions with low 

i onic strength at a pH near 9.7 . This is in contrast to most 

chromatographic procedures where an i ncrease in ionic strength 

i s customarily used to effect elution . Although ther e was 

some variability in the data , generally 50 to 75% of the i nfec-

tious HCV was recovered when MFO- HCV complexes were dissociated 

with O. OlM aqueous NaCN . Approximately 90- 95% of the extran-

eous organic nitrogen was removed with this procedure . 

I t was a l so observed that O. OOJH NH4oH in water (pH 9 . 7) 

was at least as efficient as O. OlM NaCN for dissociating MFO-

HCV complexes . Althoug h it was not possible to extensively 

investigate the NH4oH eluting solution , its use may have a 

distinct advantage over the cyanide solution . That is , i t may 

be possible to obviate the 1 8-24 hour dialysis procedure 

required to remove cyanide ions , by neutralizing the NH4oH 

with a weak acid and adjusting the solution to isotonicity 

wi th a concent rated saline- buffer solution . Thus , the MFO-

pur i fied HCV would be exposed to low ionic strength , and rela-

t i vely high pH for a period of 10-20 mi nutes rather than sever-

al hours . 
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P r etreatment of MFO with O. OOlM NaCN s ubstantiall y re-

duces the amount of colloidal ferric oxide generated during 

the elution procedure and also affected its binding capacity 

for HCV , when compared to non- pretreated MFO . This was 

evidenced by greater quantities of HCV in the MFO - supernates 

and poo l ed washings , a n d recovery of most of the adsorbed 

HCV in the first eluates . The reasons for this change in 

adsorption behavior are unknown . However , the fact that pre-

treated MFO settles out with normal g r avity somewhat slower 

and has a l a r ger packed volume than non- pretreated MFO , sug -

gests an inc reased hydration shell around pretreated MFO 

particles . 

Evidence is presented that the tota l nitrogen of a virus 

s a mpl e has no reliable corre l a tion with the amount of HFO 

needed to adsorb all the virus in the sample. This is indi -

cated by the failure of a sequential readsorption and elution 

procedure applied to MFO- purif ied HCV as a concentration step 

(Table 1 0) . These data suggest that MFO sel ectively adsorbs 

a certain cl ass of p roteins which happens to inc lude HCV . 

Also , the fact that HCV conta ins essential lipids (1 0 , 11 , 

1 2 ) , and MFO adsorbs other lip o - viruses (39 ) , suggests that 

the lipo - p rotein component of HCV is the substance whi ch 

bind s to MFO . 

Another interesting observation made during this study 

regards the progressive increa se of adsorpti on capacity of 

MFO after sterilization . It should be noted that thi s phen-
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omenon was not recogniz e d until the first batch of MFO was 

several weeks old . Although no systematic study of this 

phenomenon was made the second and third MFO batches were 

tested wi thin hours after sterilization. This provided data 

( Table 9) which indicates that the progressive increase of 

adsorption capacity commences immediately after sterilization 

in the autoclave . Although the reasons for this behavior are 

unknown , one may speculate that the heat and pressure applied 

during sterilization and the subsequent de - gassing upon cool-

ing and depressurization in some way affects the hydration of 

MFO particles . It is possible that a small increase in the 

hydration of MFO particles could result in a s u bstantial 

decrease in its adsorption capacity as a consequence of the 

increased distance over which binding energies must act. 

I nvestigation of this phenomenon quite possibly would provide 

much information regarding the nature of the binding energies 

between MFO and lipo- proteins as well as additional physical-

chemical data for HCV . I n this respect it is signifi cant 

that influenza viruses are eluted from MFO by saturated 

phosphate or carbonate solutions ( 39) while HCV was eluted 

only by solutions with low ionic strength and a relat\vely 

high pH . Thus , two l ipo- viruses are e l uted under vastly 

different ionic conditions indicating that both viruses 

possess unique physical - chemical surface properties relative 

to each other . 

Al though this study involved only q ba tch- type pro cedure 

with MFO , its use in a column might provide a more definitive 

mea ns for investi gating the chromatography of HCV or lipo -
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proteins . Since MFO particles would pack too t i ghtly in a 

column for practica l f l ow rates, it would be necessary to 

prepare columns with an MFO - coated carrier part i cle such as 

#40 mesh iron fi lings or small pl astic-coated magnetic beads . 

The iron filings coul d be magnetized by using the iron column 

itse lf as the core of an electro- magnet surrounded by a coil 

connected to a direct current source. 

Since MFO particl es are non-toxic to cultured cells (48) 

and are recognized and ingested as foreign bodies by macrophag-

es, it would be interesting to investigate the immunologic 

adjuvant potent i a l of MFO . Results of the present study 

i ndicate that the isotonic environment found in vivo would 

prevent dissociation of MFO-HCV comp l exes . Thus, such com-

plexes might be rapidly ingested by macrophages and trans -

ported to regional lymph nodes or other areas of anti body 

synthesis . Also , the intracellular location of the MFO - bound 

antigen would preclude inactivat ion by antibody during trans -

port to the sites of antibody synthesis . 

Another considera tion suggested by results of the present 

study regards the possible agglutinations of MFO - HCV corr;:ilexes 

by specific antiserum. Such a phenomenon could be modified 

as a simpl e diagnostic test for HCV as well as for titrations 

of HCV and its antibody . However , suc h a n inves tigation wo~li 

require use of non-ma gnetic ferric oxide since MFO auto -

a gglutinates in aqueous suspension due to i t s magnetis m. 
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Finally , the p rolonged exposure of HCV to the cyanide, 

EDTA and saturated phosphate and carbonate solutions de s cribed 

in this study ( Tabl e 2) resulted in the l oss of no more than 

50% of the i nfective HCV . This observation suggests that wi th 
care , HCV may be rel atively stable to v i gorous chemical treat-

ment; a fact whi ch constitutes an encouraging note to future 

chemica l - physical studies with this v irus . 

Result s of rate-zonal density gradient experiments con-

ducted to concentrate HCV indicate that the 6 - hour duration of 
centrifugation was sufficient to pack the virus into relatively 

narrow bands of con centrated infectivity. The 11 t a iling - off11 

of infectivity indicates that slightly longer durations of 

centrifugation would have resulted in somewhat narrower bands 

of concentrated virus . 

Some variability of data from rate-zonal experiments in 
cesium chl oride regarding the volume and location of the bands 

of conce ntrated HCV is indicated in Tables 14 , 15 and 16 . 

This may be explained by the fact that both the initial density 

of cesium chloride a nd the number a nd volume of fractions 

coll ected were also variable . Results of the most success-

ful experiment (Table 15) show that a high y ield of recovered 

virus was obtained in a singl e J ml sampl e when the initial 

density of cesium chlori de was 1 . 27 . These result s indicate 

that add itional experiments might have determined an opti~il 

procedure for cesium chl ori de regarding the initial density 

and the number and volume of fractions to be collected . 

The fact t hat sucrose diffu ses rather slowly in O. Ol M 

TBS relative to cesium chloriie is evidenced by the steep 

density 3radi ent or " shelf" found a t the end of the rate- zonal 
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experiment in sucrose (Table 17) . As a resul t of this steep 

gradi ent , the bulk of HCV infe ctivity banded into a fraction 

volume probably no larg er than 2 ml . Thus, it would appear 

that rate - zonal e xperiments in sucrose might provide narr ower 

density bands for the concentration of HCV . I n addition , 

the recovery of 87% of the infective virus i n the s u crose 

experiment emphasizes the advantag e of using sucrose rather 

than ces i um chl oride as a dens i ty medium f o r concentrating HCV. 

As previously i ndicated, the fact that concentrated bands 

of HCV in the rate- zonal experiments with cesium chloride 

occurred at densities between abou t l.l J and 1 .14 , s u ggested 

that the buoyant density of the virus is in this reg ion. 

However , ·the data presented in Table 1 7 suggests tha t HCV 

may have a buoyant density in sucrose of about 1 . 17- 1.18 . 

This discrepancy of density values may be explained by the 

abruptness of the density gradient produced by sucrose . Thus , 

Fraction J , Table 17 probably was a mixture of densities both 

higher and lower than 1. 1 75 with HCV concentrated i n one of 

the lower densi t ies . 

The two successful isopycni c density experiment s i n cesium 

chloride indica te that the buoyant density of the strain of 

n CV used in this study is between 1 . 14 and 1 . 15 Gm/ ml . This 

finding shows good a g reement with the 1.16 Gm/ml for the HCV 

strain used by Ho r zinek ( 37) . However , there was no evidence 

i n the p r esent s tud y which s uggeste d the secondary infectiv i t y 

p ea k i n isopycni c e xperiments indi cat ed by Horzinek ' s report . 
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Perhaps her findings regarding the primary and secondary 

infectivity peaks and the slightly h i gher buoyant densi ty 

value might be due to the fact that her experiments were 

conducted using relatively crude HCV preparations; i.e ., a 

fluid- phase , cell-cultured virus containing 1 0% fe tal calf 

ser um. Thus, the s econdary peak may have been due to involve-

ment o f virus with sub-cellular components, while the slight 

difference in buoyant density may be a result of simple 

differences in experimental technique and the strains of HCV 

used . The results of the present isopycnic studies are inter-

preted as essentially verifying the buoyant density for HCV 

determined by Horzinek . 

Since about 75% of the HCV infect ivity was lost during 

the isopycnic experiments in cesium chloride, the question 

might be raised whether any of the surviving infectivity 

represents virus which had sustained some damage due to partial 

degradation. However , since even partial degradation woul d 

probably increase the buoyant density of HCV with the r esult 

that one or more lesser infectivi ty peaks would be fo~nd at 

densities higher than those obtained in this study . Although 

there is a suggestion of this effect in Figure J , most of the 

recovered infectivity was found at densities that essentially 

agree with Horzinek ' s findings. Thus , the buoyant densities 

determined for HCV in the present study are interpreted as 

app lying to intact virus . 



Loss of v irtually a ll infectivity during the i sopycnic 

experiment in s ucrose ( Table 20 ) might be e xpl a ined by osmotic 

shock produced by the sudden mixin g of 60% sucr ose and HCV . 

Although the molarity of cesium chloride and sucrose are v ery 

similar at a density of 1.15 Gm/ml , the p roduction of t wo 

ions by cesium chl oride in solution indicates that its osmotic 

pressure should be about twi ce that of sucrose . Thus , the 

concept regarding osmotic shock with sucrose was at first 

over looked . However , since it is known t hat cesium chloride 

diffuses much more rapidly than sucrose , it is quite possibl e 

tha t the sucrose so l ution caused a destructive dehydration of 

HCV before concentration d ifferences could be equilibrated 

by diffusion . The superior results obtained with the r a te-

zonal experiments in sucrose may be expl ained then as due to 

a gradual penetration of HCV into the s u crose d ensity gradient. 

Since sucrose is a f ar more economic den s ity medium compared 

to cesium chloride , it would be advantageous to s t udy the 

buoyant density of HCV in s u cro se using methods , such as 

dialysis , which gradua lly increase density to the desired 

l evel . Since HCV has an unusually low buoyan t d ensity , ·other 

substances wi th l ow den s itie s , s uch as gl ycerol , mi ght be 

considered for use i n isopycnic experiments with t hi s v irus. 

Use of refractometry for r api d ly determinin g the densities 

of rather large numbers of sampl es without substantial loss of 

sample v olume was of significant benefit in ';his study . The 
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relationshi p between refractive index and density has been 

d i scussed by Ifft et a l . (49) and appli ed to buoyant density 

investigations of HCV by Horzinek (37). The linear relation-

ship between dens ity and refractive index for cesium chloride 

and sucrose further simplifi ed determination of d ensity by 

refractomet r y. Therefore , the density of unknown samp les 

may be obtained simply by consulting an appropriate standard 

p l ot, prepared by determining refractive indi c es for weighed 

samples of the density medi um being used . 

The electron micrographs of concentrated, MFO- purified 

HCV ( Figures 5 and 6 ) present evidence that the v irus has a 

spherical to hexagonal symmetry , with a diameter of about 40-

50 mµ, and is surrounded by a poorly defined sac- like membrane. 

The estimated size of 40- 50 ID)" d isagrees with earlier estimates 

of 15- 35 ID)4 (4, 5 , 6 , ? , 8), most of which were based on cal-

culations d erived from filtration experiments wi th membranes 

of g raded porosity. It is important to emphasize at this 

point that the presence and fate of HCV throughout the pro-

cedures d escribed in this study were indicated by di~ect 

infectiv ity assays which required interaction with FI TC -

conjugated homologous ant i body . Thus , electron micrographs 

were made from a purified- concentrated sample of infectious 

HCV and f u rthermore no virus-like entities were observed in 

the sam~le other than those illustrated by Figures 5 and 6. 

In addi t ion, the 40- 50 mp particles were obs erved to be involved 

i n aggregated masses after interaction with h omolo gous antibody 



(Figure 6 ) . I t is therefore concluded that the 4 0- 50 mµ. 

particles illustrated in Figure 5 are i mages of infective HCV. 

The nature of the 1 2 - 15 m_µ. entities illustrated in Fi gure 

5 is at present only specula tive . Since their presence in 

great numbers sugges ts that the i r buoyant density must be 

similar to that of HCV , it is conceivable that they may 

repres ent a d egra dative product of HCV; i . e ., "soluble a n t i g en 11 

( 36 ). However , it should be noted that such degradation could 

have occurred during dialysis against distilled water aft e r 

isopycnic centri fugation , prior to electron mi croscopy . Thus, 

there would be no need for assuming a buoyant d ensity similar 

to HCV . Th e fact that the 12-15 m~ particle also appeared to 

be invol ved in the aggregated masses illustrated by Fig ure 6 

further suggests a possible relation to HCV . Obviously , 

the nature and identity of such parti cles requires further 

study . 

Perhaps t he mo st striking recent electron micrographs 

of HCV mat e r ial were those published by Mayr and Mahnel (26) 

showing both adenovirus particles and smaller p i cornavirus-

like part i cles 22 mp in d iameter . The HCV used by these 

workers produced cytopathic effe cts i n cell cultures which 

could be neutralized by hog chol era a ntiser um . Although no 

decision was made concerning the i dent ity of the small v irus 

particles in the e l ectron micrographs reported by Mayr and 

Mahnel , thei r 22 mp. d i ameter i s consistent with the earlie~· 

size estimates f or HCV . However , in addi t ion to the morpho -
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logical resemblance to the picornaviruses a s suggested by 

Mayr and Mahnel , the 22 fil)I- v i rus entity bears a striking 

resemblance to the DNA- type chloroform resistant 11 satellite11 

viruses frequent l y associated wi th adenoviruses . The phys i cal , 

biologi cal a nd immunolog i cal characteristi cs of the newly 

recognized 11 satelli te11 o r adeno - associated viruses have been 

described by Hogan et a l . (50 ). Thus, the 22 m~ particle 

des cribed by Mayr a nd Mahnel should be investigated with 

respect to its nucleic acid type and its stability to chloro-

form before being considered a s a possible HCV particle . 
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SUMMARY 

Development of a batch- type chromatographic procedure 

with magnetic ferric oxide (MFO) to part i ally purify cell -

cultured hog cholera virus (HCV) is descri bed . The findings 

i ndi cate that MFO adsorbed infectiou s HCV from isotonic 

solutions and was subsequently eluted under conditions of 

l ow ionic s t rength and relatively h i gh pH (ca . 9. 7) . Dilute 

solutions of sodium cyanide ( O. OlM) and ammonium hydroxide 

( O. OOJM) effectively dissoci ated MFO- HCV complexes. Evidence 

ls presented that 50- 75% of the original HCV infectivity can 

be recovered with such a procedure concomitant with a 90- 95% 
red uction of extr aneous organic nitrogen . 

MFO - purif ied HCV was concentrated by rate - zonal type 

dens i ty g radient centri fugation in buffered solutions of 

cesium chloride and sucrose . There is evidenc e tha t HCV i s 

most stable in the buffered sucrose sol ution . Concentrated 

MFO - purified HCV was subjected to isopycnic gradi ent experi -

ments in cesium chloride and sucrose. As a result of p ro-

cedures used to prepare HCV for isopycnic centrifugation in 

sucrose, a ll infectivity was lost . However, two successful 

i sopycnic centrifugations of HCV in cesium chloride ind i cated 

a buoyant density of 1.14-1.15 Gm/ml for the virus . 

The isopycni c density fraction contai ning the h i ghest 

2CV i nfectivity titer was negat ively stained with phospho-

t ungst ic aci d a n d examined with an e l ec-cron mi croscope . 
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Electr on micrographs were obtained which show characteri stic 

virus-like particles 40- 50 m~ in diameter and large numbers 

of uni dentified 12- 15 mp. entities . The 40 - 50 mp part icl es 

were s urrounded by a poorly defined sac- like membrane . Both 

particl es were aggregated by interact i on with specific HCV 

antibody. I n the antibody- aggregated masses the 40- 50 mp. 

particle had spherical to hexagonal symmetry but visual evidence 

of the membrane was obscured . Although it i s most likel y 

that the 12 - 15 m)J- entity is a degradation product of the 40- 50 

m~ particl e , its true identity remai ns speculative . However , 

it is concluded that the enveloped 40- 50 mjL particle is an 

i mage of the intact , infective form of HCV . 
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