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I. INTRODUCTION 

The mammalian cell has become the "New Frontier" of present 

day biology. Although discovered over a century ago scant few of 

the mysteries concerning its ability to communicate with and react 
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to environmental stimuli, including other cells, have been un-

raveled. Consequently, our knowledge of neoplastic and degenera-

tive diseases, developmental abnormalities and immunologic fail-

ures is still quite primitive. We do know that certain molecules 

on the cell surface react to environmental stimuli and somehow 

notify the interior of the cell of this interaction. The nature 

of the cell surface receptor and the mechanism by which it ef-

fects communication with the internal workings of the cell is 

still poorly understood. For this reason much biological research 

effort has been directed toward the isolation and structural-

functional characterization of cell surface components. 

Our laboratory is presently interested in several alloanti-

gens expressed on normal murine lymphocytes as well as lympho-

blastoid cell lines. In particular, three cell surface antigens 

found on the murine T-lymphocyte, Thy-1 (1), H-2 (2), and gp70 

(3-6), have been chosen for study. The Thy-1 molecule consists of 

a single glycoprotein (approximately 25,000 daltons) found in 

large quantities on central nervous system tissue and on thymo-

cytes of the mouse and rat where it reflects the state of T-

lymphocyte differentiation (7-15). This antigen exists as one of 

two allelic forms, Thy-1.1 and Thy-1.2, in the various strains of 

inbred mice, although only the Thy-1.1 form has been found in the 

rat. While the function of the Thy-1 antigen is still unknown, 

the tissue distribution and developmental appearance of this 

molecule suggests it plays a major role in cell-cell interaction. 

Presently, the H-2 molecule is one of the most extensively studied 

cell surface antigens (2). It consists of two polypeptide chains 

of 45,000 and 12,000 daltons and is expressed in varying amounts 

on nearly all tissues of the body (2, 16, 17). Recent evidence 

suggests that this molecule also plays an important role in in-

tercellular interaction, especially in the immune system (18). 

Finally, gp70 is an evelope glycoprotein of oncoviruses, which 

often is expressed on normal as well as transformed murine cells 

(4-6). It has been suggested that endogenous viral antigens ex-
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TABLE I Expression of Selected Membrane Components 
by Several Cell Types 

Membrane No. of 

component Cell type molecules/cell
a
 References 

Thy-1 Mouse thymocytes 440, 000 25 
Mouse lymphocytes 61, 000 25 
Rat thymocytes 500, 000 11 

H-2 Mouse thymocytes 87, 000 25 
Mouse lymphocytes 570, 000 25 

HLA Human lymphocytes 140, 000 26 
TL Mouse thymocytes 45, 000 25 

ig Rat lymphocytes 150, 000 27 

C3b Human Raji cell 400, 000 28 

line 
32-microglobu- Human lymphocytes 520, 000 26 
lin 

Glycophorin Human erythrocytes 500, 000 29 
PHA receptors

13 
Human erythrocytes 450, 000 30 

Insulin re- Rat liver cells 250, 000 31 
ceptors Human monocytes 16, 000 31 

Rat adipocytes 50, 000 31 
Turkey erythrocytes 3, 000 31 

Growth hormone Human lymphocytes 4, 000 31 
receptor 

Glucagon re- Rat liver cells 110, 000 31 
ceptor 
ß-adrénergie Frog erythrocytes 1, 800 31 
receptor Turkey erythrocytes 600 31 

Acetylcholine Electric tissue >1 ,000, 000 32 
receptor of eel 

Cytochalasin Human lymphocytes 1 ,000, 000 33 

receptor Human erythrocytes 300, 000 33 

a
In every case data has been selected from the literature that 

demonstrated the maximal number of each component. 
b
PHA = phytohemaglutinin. 

pressed on the cell surface may have a functional role in cellular 

differentiation (19, 20). In addition to these particular cell 

surface components there are obviously several other lymphocyte 

alloantigens of similar interest including la, TL, and Ly (21-24). 
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The largest obstacle confronting the total characterization 

of cell surface molecules is the paucity of each component avail-

able. An estimate of the quantities per cell of several cell sur-

face molecules is shown in Table I. It should be mentioned at 

this point that "lectin receptors" are probably not a single spe-

cies of molecule but rather represent a large number of cell sur-

face components containing a particular carbohydrate moiety; usu-

ally glucose, galactose, or mannose. Indeed the lentil lectin 

receptors on our cell lines are Thy-1, H-2, and gp70 as well as 

several other molecules. The other membrane components listed in 

Table I are present in amounts ranging from >1,000,000 to less 

than 600 molecules per cell. Thy-1 is present at approximately 

500,000 molecules per cell, thus 100 nanomoles, which in our 

opinion is the minimum amount required to begin extensive struc-

tural analysis, would represent approximately 10·*-·*- cells. Since 

the recovery of small amounts of material during a several thou-

sand fold purification is likely to be as low as 10% (34), 100 

nanomoles of Thy-1 would require 1 0
1 2
 cells. 

One major consideration in our approach was that a homogenous 

cell line grown in vitro would eliminate any question of contami-

nation by other cell types. Thus, any antigen found on these 

cells, even in low quantities, is made by the cell and not by 

another cell type present in low amounts. Furthermore, we de-

sired to study systems like established murine lymphoblastoid 

cell lines, which are available to other investigators so that we 

could correlate our findings and observations with theirs. 

Cell culture is usually conducted in one of two forms; mono-

layer or suspension. In monolayer culture cells attach to an in-

ert surface for growth and are usually detached by EDTA or trypsin 

treatment. In suspension culture, on the other hand, cells are 

harvested without treatment simply by pouring off the desired 

amount of cell-containing culture fluid. In both cases cells are 

separated from the culture fluid by centrifugation. In order to 

eliminate the possibility of modification of cell surface anti-
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gens by such agents as trypsin or EDTA we selected suspension cul-

ture as the method to produce large quantities of established mu-

rine lymphoblastoid cell lines. 

Murine lymphoblastoid cell lines often reach densities of 

2 x 1 0
6
 cells/ml or more in suspension culture (35, 36), thus, 

1 0
1 2
 cells would represent 500 liters of culture fluid. Since 

these cell lines double approximately every 24 hr, only one half 

the volume of each vessel can be harvested each day under semi-

continuous culture conditions. Thus, a total working volume of 

150 liters or more for culture vessels is required to produce 10^-
2 

cells in a 4 day period. With these requirements in mind, in ad-

dition to the absolute need for sterility, we have designed, con-

structed and are operating a large scale, mammalian cell culture 

system. Our experience to date with the system will be the sub-

ject of this review. 

II. DESIGN AND OPERATION 

The design of the facility at the University of Alabama in 

Birmingham (UAB) was influenced by our own experience as well as 

by consultation with others in academic institutions and in-

dustrial concerns. 

A. Architectural Considerations 

The primary concern in housing the facility was centered 

around potential biohazards associated with growing and proces-

sing large quantities of cells. The renovation was effected such 

that the area conforms to the guidelines described by the National 

Cancer Institute for work with moderate risk oncogenic viruses. 

The facility also conforms to the P3 requirements of the Recom-

binant DNA Research Guidelines of the National Institutes of 

Health. The laboratory is separated from areas that are open to 

the general public. The surfaces of walls, floors, bench tops. 
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FIGURE 1 Primary equipment configuration. Cell culture center. 

FIGURE 2 Photograph of primary equipment. 
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and ceilings are easily cleanable. The ventilation system is bal-

anced to provide a supply of inflow air from the access corridor 

into the facility. Exhaust air is not recirculated. 

As depicted in Fig. 1 the area is divided into two laborator-

ies. The smaller laboratory is for the preparation of inocula for 

the large culture vessels and contains a biological safety hood, 

incubator for spinner flasks, freezer for serum storage and a New 

Brunswick 14-liter bacterial fermentor modified for mammalian cell 

culture as previously described (35, 36). The larger laboratory 

houses the large-scale equipment consisting of stainless steel 

vessels, control cabinets and product separation equipment (Fig. 

2). 

B. Serum Preparation 

It is economically impractical to purchase sterile serum that 

had been screened for adventitious agents to use in the large-

scale culture facility. We, therefore, purchase high quality 

serum collected under sterile conditions and stored frozen, which 

is processed within the facility. This "raw" serum is processed 

by slow thawing at 5°C after which it is introduced into the 

medium poising vessel (to be described presently in section C ) , 

where the temperature is raised to 56°C for 30 min under constant 

agitation at 100 rpm. This treatment inactivates most adventi-

tious agents, such as virus and mycoplasma, which are difficult to 

remove by filtration. The temperature of the serum is then de-

pressed to 5°C and is filter sterilized with equipment designed by 

the Millipore Corporation. This unit consists of a 31" AP-20 

Lifegard depth filter cartirdge, a 31" AP-15 Lifegard depth fil-

ter cartridge, a 10" CW-06 Milligard prefilter cartridge, a 10" 

CW-03 Milligard prefilter cartridge, a 31" MF Millitude final 

filter (0.22 micrometer porosity) and a 293 millimeter diameter 

membrane final disc filter (0.22 micrometer porosity). With this 

apparatus raw serum can be sterilized in 60-100 liter batches de-



136 R O N A L D T. A C T O N et al. 

pending upon the species in about two hr. The serum is filtered 

directly into sterile 20 liter stainless steel vessels (37) and 

stored at 2°C until use. 

C. Medium Preparation, Holding, and Poising 

Medium is prepared by adding commercially available powdered 

concentrate and processed serum to high purity water in a 650 

liter open vessel. A built in agitation system insures rapid and 

total solution of all the components of the medium. This system 

is composed of a magnetically driven, offset, marine impeller lo-

cated in the bottom of the vessel (38). This configuration ob-

viates the need for seals or diaphrams in that there is no pene-

tration of the vessel. Also, by virtue of its eccentricity, there 

is no need of baffles or other turbulence causing devices. The 

impeller is magnetically coupled to a gearhead motor outside the 

vessel. The speed of the agitator is monitored and controlled on 

a panel adjacent to the vessel. The pH of the medium may be ad-

justed by the addition of acid or base by a pH controller. The 

final adjustment of pH is usually made in the poising vessel just 

prior to addition to the culture. 

After the medium has been prepared, it is then filter steril-

ized. The medium is pumped through a quarter-turn, stainless 

steel ball valve with Teflon packing by virtue of a centrifugal 

pump through a pair of presterilized (in place) Pall Trinity 

cartridge filters into the medium holding vessel. The two series 

cartridge filters (AB2AA8P pre-filter, and AB2AR8P bacterial of 

0.22 micrometer porosity) are in parallel with a similar pair of 

filters. Each of these filters has 10 square feet of surface 

area. In the event one set becomes blocked, the alternate set of 

filters is utilized. The medium holding vessel is a 625 liter 

stainless steel pressure vessel with a jacket around its circum-

ference to allow cooling fluid to circulate and keep the tempera-

ture of the vessel depressed. The vessel is also insulated on 

the outside to avoid condensation of water vapor. This vessel, 
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along with the remaining vessels of the system, is sterilized in 

place along with being jacketed and of the pressure vessel type. 

Medium can be stored in this vessel for extended periods of time 

and removed as needed. Medium in this vessel is normally kept at 

2°C with the agitator operating to eliminate temperature gradients 

and inhibit precipitation. On a control panel adjacent to the 

medium holding vessel are valves for regulation of air pressure in 

the vessel, circulation of coolant and steam sterilization. The 

panel also contains temperature controlling, monitoring and re-

cording instrumentation along with that for agitation. 

The next step in the process is to adjust the pH and tempera-

ture of the medium prior to addition to the culture. This proce-

dure is called "medium poising." During the poising procedure, 

the medium is heated to 37°C. The pH is also lowered to its ap-

propriate value by sparging C 0 2 through the medium. The tempera-

ture, pH and are monitored, controlled and recorded by instru-

ments located in a relay rack adjacent to the vessel. This rack 

contains a set of valves (similar for all vessels) for temperature 

control, gas regulation, and steam sterilization. Transfer of 

medium from the holding vessel to the poising vessel is effected 

by a flexible teflon lined stainless steel hose and quick-con-

nects. After attachment, steam is circulated through the hose for 

sterilization. After this cycle is completed, valves at both ends 

of the line are opened and a pressure differential established 

between the two vessels causes fluid to flow from the holding to 

the poising vessel. A liquid level indicator located on both ves-

sels indicates the amount of fluid transferred. All transfers 

between vessels are made in this manner. 

D. Cell Culture and Harvest 

To begin large-scale culture, 20 liters of poised medium is 

transferred to the 70 liter culture vessel and "seeded" with a 12 

liter culture of cells produced in the 14 liter culture vessel 

(35). 
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Several parameters are controlled, monitored, and recorded 

during cell growth. The control panel adjacent to the culture 

vessels contains instruments for monitoring pH, dissolved oxygen, 

temperature, agitation rate, turbidity and C 0 2 output. Since we 

may be growing cells that are producing oncogenic viruses, from 

this point on each vessel is connected to an incineration system 

for all exhaust gases and to a kill tank system for liquids dis-

posed. These two biohazard control systems will be discussed 

later. 

After 24 hr in the 70 liter culture vessel cells have usually 

doubled and the vessel can be filled by the addition of poised 

medium. After an additional 24 hr the contents of the 70 liter 

culture vessel is used to inoculate the 200 liter culture vessel. 

The mixture of inoculum and the poised medium should result in a 

density in accordance with the lower log phase density of that 

cell line (39). After 48 hr, the 200 liter vessel is ready for 

harvest, and cells are directed to the harvest vessel. The har-

vest vessel is similar to the holding vessel except for the bio-

hazard consideration. The harvest vessel is used as a temporary 

holding vessel to prevent any possible contamination from the 

centrifugation system to the culture vessels and is emptied 

through the flexible line to a Sharpies Laboratory centrifuge en-

closed in an isolator to contain hazardous aerosols. The operator 

works through rubber gloves in the isolator and after the process 

is over, sprays the interior with formaldehyde to guard against 

viral contamination. The isolator is attached to the aforemen-

tioned incinerator system. 

The supernatant from the Sharpies is directed either into 

a supernatant holding vessel for continued processing or to the 

kill tanks for disposal. If one is interested in products other 

than the cells themselves, such as viruses or macromolecules in 

the supernatant, additional processes are required. One may con-

centrate the supernatant on a system developed by the Amicon 

Corporation. With 100,000 molecular weight cutoff hollow fiber 
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cartridges in this system viruses can be concentrated 30 to 60 

fold and then further concentrated and partially purified by use 

of a Beckman L5-50 preparative ultracentrifuge equipped with a 

CF-32 continuous-flow rotor. This centrifuge is contained in a 

laminar flow hood fitted with rubber gloves. By using fiber 

cartridges of lower molecular weight cutoff one may separate addi-

tional macromolecular fractions found in the supernatant. 

Adjacent to the cell separation device are monitors for the 

kill tanks and incinerator located in other areas. 

E. Ancillary Equipment 

The primary equipment described in the previous section re-

quires a number of services for its operation. These ancillary 

service items are located on the floor below the primary facility 

and also on the roof above. Figure 3 is a schematic representa-

tion of the ancillary equipment located on the floor below. An 

electric steam generator produces all the steam required to ster-

ilize the vessels, filter system and transfer lines on the floor 

above. Behind the steam generator is a refrigeration plant that 

provides chilled water for the jacketed vessels on the floor above 

and also is used to regulate the temperature of the culture and 

poising vessels. Figure 4 is a schematic representation of all 

components of the water system. Normal tap water is fed through 

two prefilters to remove particulate matter and then through the 

reverse osmosis (RO) unit. From this unit the water goes into the 

large 250 gal polypropylene reservoir (Fig. 3). A valve and pump 

is located at the bottom of the reservoir to circulate the water 

within the loop. The water in the RO loop goes to a water heater, 

which in turn directs the water to the steam generator or up-

stairs to hot water taps. Also, water in the loop goes to cold 

water taps upstairs. This hot and cold water is used for washing 

down the vessels and to produce high purity water that is used in 

the preparation of medium. High purity water is produced by pump-

ing water from the RO loop through an organic absorber, two de-
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FIGURE 3 Ancillary equipment configuration. Cell culture 
center. 

ionizer cartridges and a micro-filter. When the water leaves 

these four cartridges it is very pure, (18 megohms resistance) 

and sterile: the properties desired for growth medium. Not shown 

on the schematic are a liquid level controller in the reservoir 

and also a vacuum switch to shut off the pump if the reservoir 

goes dry. A number of check valves are required in the system 

that are not shown for the sake of clarity. On the other side of 

the high purity water system are located gas cylinder manifolds. 

On the left side is nitrogen, which can be used to regulate the 

reduction-oxidation potential of the medium during poising and on 

the right is the C 0 2 manifold system, which is used for pH con-

trol. An air compressor provides air for aeration during cultur-

ing of cells, transfer of liquid from one vessel to another, and 

operation of pneumatic control valves. Located to the right of 

the compressor are four industrial water heaters. One is used to 

provide hot water to the steam generator and the facility while 

the other three have been converted to be used as the kill tanks 

as described later. 



141 



142 R O N A L D T. A C T O N et al. 

ROOF 
INCINERATOR GAS 

GAS 

8th FLOOR 

CULTURE 

H CULTURE Ι -

Η HARVEST Ι -

Η SUPERNATANT \— 

—j SEPARATOR j — 

VESSELS 

LIQUID 

GAS 

7th FLOOR i r a 
KILL TANKS 

~ 1 
LIQUID 

FIGURE 5 Schematic of biohazard containment system. (Check 
valves & minor components omitted.) 

The roof above the cell culture facility houses other items 

of equipment required for the operation of the system. A large 

exhuast fan is used to exhaust air from the two biological safety 

cabinets located in the facility. A HEPA-filtered air handler 

serves exclusively the cell culture area. Also located in this 

area is a fan and an incinerator, which is part of the biohazard 

containment system (Fig. 5). 

The containment system is separated into components on the 

three floors that house the primary and ancillary equipment. This 

system is capable of handling all fluids and gases emitted from 

the culture system. Prior to disposal, liquids from the two 

culture vessels, the harvest and supernatant vessels and the cell 

separator are directed to industrial water heaters converted to be 

used as kill tanks located on the floor below. Fluids can be 

transferred from one kill tank to another but they may not be re-

leased to the drain automatically, this must be done with a hand 

valve to avoid dumping contaminated fluid due to an electrical 
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malfunction. A monitor in the cell culture area indicates the 

status of each of the tanks, i.e. fluid contained and length of 

residence. All gases in the system, that is the gases from the 

kill tanks as well as cell culture, harvest and supernatant ves-

sels pass through the incinerator by virtue of a fan located on 

the roof prior to release. This incinerator has three heating 

elements whose status can be monitored in the cell culture area. 

This system is designed such that if one element fails, the in-

cinerator will still be effective in killing pathogens. Above 

the fan is located a balancing loop such that a constant flow of 

air passes through the incinerator to protect the elements and 

insure proper residence time of all potential pathogens in the 

incinerator. There are a number of check valves and other compo-

nents in this system which have been omitted for the sake of 

clarity. 

III. PRODUCT GENERATION 

A. Selection of Cell Lines 

We are particularly interested in cell surface components of 

thymus-derived lymphocytes (T-cells) termed "differentiation al-

loantigens." These include Thy-1, TL, H-2, and G I X (gp70) whose 

qualitative and quantitative expression reflects the state of 

differentiation of T-lymphocytes (1-20). Since most mouse lymph-

ocytic leukemias are of T-cell origin, one would expect cell 

lines derived from these tumors to continue expressing the normal 

complement of T-lymphocyte cell surface molecules (40-43). We 

have analyzed a number of established murine lymphoblastoid cell 

lines (35, 36). Approximately 20 cell lines were obtained from 

various laboratories, adapted to suspension culture and analyzed 

for growth properties as well as expression of alloantigens. 
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Property Data References 

Mouse strain of origin AKR/J 44 
Method of tumor Spontaneous 44 
induction 

Cell surface phenotype 
Determined Thy-1,1, H-2

k
, GCSA, 

GP>0 36, 47, 52 
Expected Ly-1.2, Ly-2.1, Ly-

3.1, Ly-5.1, G I X2 , 
TL 1, 2, 4 

Type of virus produced Gross 44 
Population doubling 10-16 hr 35, 36 

time 
Other observations Cortisol and PHA 

sensitive 
42, 46 

Most of these cell lines grew reproducibly in semi-continuous 

suspension culture to densities of 2-4 χ 10^ cells/ml if the prop-

er vessel dimensions, medium and pH were maintained (35, 36). 

From these early studies several cell lines expressing various 

specificities of Thy-1, TL, and H-2 were selected for further 

analysis. Considerable information has been obtained on the cell 

surface components of the BW5147 line (42) and will be reviewed 

in this section. Table II summarizes some of the properties of 

this line. In addition to maintaining a cell surface phenotype 

analogous to a murine thymocyte the cell line is also sensitive 

to Cortisol and phytohemaglutinin (PHA). The line is a relatively 

good producer of Gross virus and doubling times often equal that 

calculated for a thymocyte in vivo. 

B. Cell Growth 

The generation of "seed" culture in 50 ml to 4 liter spinner 

flasks for inoculation into the 14 liter fermentor has previously 

been described (35). We have established certain parameters that 

must be maintained to maximize the generation of cells (39). In 

TABLE II Properties of BW5147 Murine Lymphoblastoid Cell Line 
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all vessels, regardless of size, it is important to maintain cells 

in a logarithmic stage of growth which often require that they be 

cut every 12 hr. If cells are allowed to reach the stationary 

phase, they may either die rapidly or fail to divide as fast when 

fresh medium is added (35, 36, 39). Moreover, the expression of 

certain cell surface components decreases when cells enter the 

stationary phase of growth (35, 36, 47). In Fig. 6 the growth of 

cells in a typical scale-up from 14 liters to the 70 liter and 

200 liter vessels is shown. Although environmental parameters 

can be monitored and controlled in the 14 liter vessel, more con-

trol capability is available in the large scale system. In the 

70 liter and 200 liter culture vessels, pH, dissolved oxygen (DO), 

oxidation-reduction potential (ORP) and C 0 2 output can all be 

continuously recorded by use of strip charts. In the 14 liter 

culture vessel the pH, temperature, agitation rate, gas flow rate, 

and vessel pressure can be controlled to various set-point levels 

but with the exception of pH are not continuously recorded. 

In a typical run utilizing the BW5147 cell line pH is normally 

6.95 following the introduction of seed culture into freshly 

poised medium. Air is introduced through the sparge and overlay 

lines at a continuous rate of 1-2 1pm and 4-5 1pm for the 70 and 

200 liter culture vessels, respectively. The pH is maintained at 

6.95 ± 0.05 by the introduction of C 0 2 at a rate of 0.3 1pm and 

1.2 1pm for the 70 and 200 liter vessels, respectively, or by the 

addition of 1 molar sodium carbonate. During a typical run with 

BW5147 in the 200 liter vessel 200 ml of sodium carbonate is uti-

lized in a 24 hr period for maintaining pH at the set point. 

The BW5147 cell line grows well in 2% horse or fetal calf 

serum (51). As can be seen in Fig. 6, this line can be re-

producibily grown to densities of 4 χ 1 0
6
 cells/ml with population 

doubling times averaging 14 hr. We have continuously grown 

BW5147 cells for 38 consecutive days in our facility producing 

greater than 1 0
1 3
 cells. A number of other cell lines have been 

grown for shorter periods with similar success. 
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FIGURE 7 Membrane component isolation scheme. Purification 
scheme for membrane components. Crude membranes are isolated by 
differential centrifugation. 

C. Isolation of Membrane Components 

A generalized scheme for the purification of several membrane 

components is shown in Fig. 7. It involves disruption of the 

harvested cells, isolation of the crude membrane fraction, deter-

gent solubilization and the isolation of membrane components by 

use of affinity chromatography and gel filtration. 
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2
) 

FIGURE 8 The controlled disruption of Rl and S49.1 cell 
lines at a concentration of 1 χ 10

8
 cells/ml over a range of 

disrupting pressures. The cell suspension was pumped at a rate 
of approximately 3 liters/hour. 

During an average run our facility generates 3 χ 10
±J
- cells 

per day. This represents a packed cell volume of approximately 

300 mis, which is somewhat of a problem to handle in an efficient 

manner for the subsequent generation of membrane components. 

Cells are disrupted by pumping a cell suspension under pressure 

through a controlled orifice. We presently are utilizing a Stan-

sted Model A0612 cell disruption pump equipped with a model 716 

disruption valve. As can be seen in Fig. 8 controlled disruption 

measured by the severity of total cellular disintegration and 

cell viability as determined by trypan blue exclusion was exam-

ined by pumping the cell suspension through the orifice at près-
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sures varying between 150 and 325 psi. Optimal membrane yields 

are achieved under conditions that result in a 50% reduction in 

cell number with the remaining cells being less than 10% viable 

(48). We have observed that the cell disruption pressure required 

to achieve the optimal yield of membrane varies from one cell line 

to another. As shown the disruption profiles for the murine 

lymphoblastoid cell lines Rl and S49 are distinctly different. 

Moreover, we have observed that a given cell line will also vary 

with regard to the degree of pressure necessary for disruption if 

harvested during different stages of the growth curve. The tem-

perature of the cell suspension and the rate of pumping also in-

fluence the degree of disruption at a given pressure. These con-

ditions for disruption must be determined for each cell line 

utilized. 

Membranes produced during a production run are usually frozen 

at -20°C until use. Approximately 5 x 1 0 ^ membranes are thawed, 

homogenized and solubilized in 500 ml 4% deoxycholate (DOC), 40 

mM Tris, 10 mM iodoacetamide at pH 8.3. The mixture is incubated 

for one hour at 4°C and centrifugea at 100,000 x g for one hour. 

The supernatant is precipitated with ethanol as described by 

Letarte-Muirhead et al. and Barclay et al. (13, 14). The protein 

pellet is redissolved in 500 ml of 2% DOC, 20 mM Tris, 10 mM io-

doacetamide at pH 8.3 and centrifuged again at 100,000 x g for one 

hour. This supernatant is then applied to a 200 ml Lens culinaris 

lentil lectin column equilibrated in .5% DOC, 10 mM Tris at pH 

8.2 prepared and utilized according to Allan et al. (49). The 

glycoprotein fraction is eluted from the lectin column with 3% 

alpha-methyl-D-glucoside, precipitated with ethanol and redis-

solved in .5% DOC, 10 mM Tris at pH 8.2 and applied to a 2.5 x 

100 cm AcA 34 column in the same buffer. Antigenic activity is 

monitored by inhibition of cytotoxic activity as previously 

described (34, 47). 
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FRACTION NUMBER 

FIGURE 9 Lens culanaris lectin chromatography of BW5147 
proteins. The DOC solubilized 100,000 xg supernatant was applied 
to the column and washed with 10 mM Tris-HCl, pH 8.2 containing 
0.5% DOC. Elution of the glycoprotein fraction was accomplished 
by 3% alpha-methyl-D-glucoside, which was applied at fraction 48 
in the above buffer. H-2K^ and Thy-1.1 antigenic activities were 
monitored. 

The elution profile of DOC solubilized BW5147 cell membrane 

components from a lentil-lectin affinity column is shown in Fig, 

9. All detectable H-2K
k
 and Thy-1.1 alloantigens bind to the 

lentil column and elute with 3% alpha-methyl-D-glucoside. Cell 

surface gp70 also elutes in the same position (not shown). As 

shown in Fig. 10 the Thy-1.1 and H-2K
k
 activities are separated 

on an AcA 34 column in agreement with their proposed molecular 

weights of approximately 57,000 daltons for H-2 (including 32-

microglobulin) and 25,000 daltons for Thy-1.1. As shown in Fig. 

11 gp70 antigenic activity elutes in a position identical to that 

for H-2K
k
. Polyacrylamide gel electrophoretic analysis of these 

fractions revealed that significant purification had been 
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BSA OVA 00-9 -44 

FRACTION NUMBER 

FIGURE 10 Gel filtration on an AcA-34 column of lectin-
purified BW5147 membrane glycoproteins. Column buffer was 10 mM 
Tris-HCL, pH 8.2 containing 0.5 ml DOC. H-2K

k
 and Thy-1.1 anti-

genic activities were monitored. 

achieved at this step. The Thy-1 fraction from the AcA 34 column 

can be rechromatographed on a Sephracyl S-200 column for final 

purification. At this stage the molecule is pure as judged by SDS 

Polyacrylamide gel electrophoresis (34, 50). Table III tabulates 

the data for the purification of Thy-1.1. The Thy-1.1 molecule 

can be isolated in yields of approximately 11% and represents 

greater than a 2000 fold purification. Although H-2K
k
 and gp70 

have not been totally purified we have been able to obtain a 1000 

fold purification of the H-2K
k
 and gp70 components over intact 

cells with an overall yield of antigenic activity of 5 to 10% 

(51, 52). These results demonstrate the feasibility of isolating 

sufficient quantities of several cell surface components from the 

same cell line for structural and functional investigations. 
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FRACTION NUMBER 

FIGURE 11 Elution profile of H-2K
k
, Thy-1. and gp70 from an 

AcA-34 column under identical conditions described in Fig. 10. 

D. Isolation of Murine Leukemia Virus 

Five hundred liters of supernatant generated from 3 days of 

cell harvests of BW5147 cells is subjected to the isolation 

scheme shown in Fig. 12 for the purification of murine leukemia 

virus (MuLV). It is concentrated by use of Amicon Diafiber 

cartridges in conjunction with an air operated dual diaphragm 

pump. The viruses are separated from the fluid by use of five 

H10P100 cartridges whose fibers will retain molecular species 

larger than 100,000 daltons. The 30-60 fold concentrate is 

clarified by centrifugation at 6000 x g for 30 minutes. This 

pellet contains small membrane fragments that can be solubilized 

with DOC for the extraction of membrane components. The super-
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Cul ture M e d i u m S u p e r n a t a n t 

S t o r e d 4 8 hrs, 1 ° - 2 ° c 

C o n c e n t r a t i o n ( 1 0 0 , 0 0 0 M.W. Cutof f ) 

3 0 - 6 0 fo ld C o n c e n t r a t e 

C l a r i f i c a t i o n 
6 , 0 0 0 x g , 3 0 ' 

Pel le t S u p e r n a t a n t 

Extract ion of 
M e m b r a n e C o m p o n e n t s 

C o n t i n u o u s Flow Cent r i fuga t ion 

D iscont inuous Sucrose Grad ient 

C r u d e Vi rus Prep, 
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Iso la ted Virus 

FIGURE 12 Isolation scheme for murine leukemia virus from the 

media used to grow BW5147 cells. 

natant containing the virus is partially purified by continuous-

flow, zonal centrifugation using a Beckman CF-32 rotor and a dis-

continuous sucrose gradient. The virus containing fraction from 

this run is slightly diluted, centrifuged at 100,000 x g for 45 

min and the resuspended pellet subjected to isopycnic centrifuga-

tion on potassium tartrate gradients to obtain purified, concen-

trated virus. Although the BW5147 cell line is not a prolific 

producer of Gross virus we have been able to generate approximate-

ly 100 mg of pure virus from a 7 day production run. This materi-

al should be of great value as we attempt to correlate the chemi-

cal nature of normal differentiation alloantigens with envelope 
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glycoproteins of oncoviruses found on the surface of cells that 

are indicative of malignant transformation (4-6). 

IV. FUTURE POSSIBILITIES 

Hopefully the data presented have provided insight into the 

capabilities of our Cell Culture Center. Obviously there is still, 

room for several areas of improvement. We are particularly con-

cerned with the yield of membrane presently obtained. Efforts are 

now underway to improve this process. Improvement of product 

acquisition coupled with the capabilities for producing large 

numbers of cells will allow the pursuit of a variety of scientific 

investigations concerning the mammalian cell at a relatively low 

cost. We are particularly excited about the possibility of totally 

deciphering the structural and functional properties of the major 

membrane glycoproteins from a murine lymphoblastoid cell line such 

as BW5147. We feel much greater knowledge of the mammalian cell 

will be gained as a consequence of these endeavors. 
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