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A BSTRACT

A system designed to provide a standard laboratory incubator wi th

a reciprocating carriage for in vitro primary cultures is described .

Data obtained with this system approximate results of the standard

rocker system under most conditions and exceed results obtained by the

rocker culture system in 24—well (l6mm diameter well) plates at low

cell concentrations.
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INTRODUCTION

Mishell and Dutton (1967) reported conditions for in vitro

immunization of lymphocytes featuring a rocker platform requiring

periodic feeding and gassing of cell cultures .

The alternative system of placing a moving platform within a

laboratory sized CO2 incubator has not been explored . This

communication reports the development of such a dev ice for incubation

of spleen cell cultures and in vitro immunization .

MATER IALS AND METHODS

4
,

C57B 1/6 x DBA /2 (B6D2F
1
) mice of either sex, 8—14 weeks of age,

were purchased from Cumberland View Farms, Clinton , Tenn., U.S.A.

Cell suspensions

Spleens from mice were teased Into Hank’s balanced salt solution

(HBSS) without bicarbonate buffer and allowed to settle in 15—ml tubes

on Ice, for 5 m m .  Cell suspensions were decanted , counted and added

to plates In varying numbers as noted In Results.

Culture systems

Cells were cultured In Costar 24—well (l6mm diameter well) plates.

Each well received 0.5 ml of cell suspension. Varying numbers of

cells and sheep red blood cells (SRBC) were used as noted in the 
I -

Results. Mishell—Dutton media was used for cultures In all cases.

Fetal bovine serum from Rehels Chemical Co. was tested for endotoxin

• , 
and shown to be negative by the Llmulus Amebocyte Lysate System

(Microbiological Associates, Walkersville, MD , U.S.A.). Cell cultures

were fed a nutritional cocktail consisting of 25 ml ITBSS , O.5m1

~ II4
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glutamine, 2 ml sodium bicarbonate (7.5%), 0.5 ml dextrose (50%), 1 ml

essential amino acids and 0.5 ml nonessential amino acids. Cultures

were incubated either on a rocker platform using Misheil—Dutton

conditions or on the shifter device in a CO
2 incubator.

Plague—forming cell assay

A modification of the hemolytic plaque assay of Jerne , Nordin ,

and Henry (1963) utilizIng microscope slides was performed . Data given

are for direct (1gM) plaque—forming cells (PFC) only.

Antigen

SRBC were a gift from Barbara Johnson of Dr. Donald E. Mosier ’s

laboratory, National Institute of Allergy and Infectious Disea e,

Bethesda , Md., U.S.A.

Description of the shifter system

The shifter power supply was fit onto a Hotpack, table—top CO2

incubator , Model 351816 (Hotpack Corp., PhIladelphIa , Pa. U.S.A.). This

incubator has forced air circulation and glass—wool insulated chamber

walls. The power device for the shifter platform is a variable speed ,

two—channel Buchler peristaltic pump (Buchler Instruments, Ft. Lee,

N.J., U.S.A.). The pump motor is attached to the incubator as

Illustrated in fig. 1. Briefly, the alterations made for this fit were:

(1) removal of external pump assembly to expose the motor shaft; (2)

fabrication of L—brackets to be pop—riveted to the motor case and screwed

to the top surface of the incubator ; (3) drilling of shaft holes through

incubator chamber walls; and (4) mounting of brass bearings for the

power transfer shaft.

A power transfer shaft with a cam on it was fabricated from Deirin

stock (Reed Plastics, Rockville , Md., U.S.A.) and inserted through the

_ _ _ _ _ _ _ _
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wall of the incubator. The cam was aligned with the push plate on the

shifter carriage within the incubation chamber. FIg. 1 Illustrates the

shifter in place in the incubator .

The shifter carriage was fabricated from stock Plexiglas sheet .

The moving portion of the carriage runs on four captive wheels. The

stationary part of the carriage was anchored in the stainless steel

shelving by means of pegs Into drilled holes. Fig. 2 shows the shifter

carriage with a microtiter plate carrier applied to It. Various carrier

platforms were made to accommodate multi—well culture plates, culture on

Petri—type dishes, or tubes of various sizes. These interchangeable

carrier platforms are fitted to the shifter carr age by Plexiglas pegs.

The shifter was run at 15 cycles/minute while the rocker was

maintained at 4 cyc les/minute.

RESULTS

Results are In the form of comparisons of PFC/well , while culture

conditions are varied In 24—well Costar cluster plates incubated at 37°C

either in a chamber on a Belco rocker or on the shifter device in a

culture incubator.

Spleen cell  density

Concentration of cultured spleen cells varied from 1 x lO~ —

3 x l07/ml cultured in O .5—ml aliquots. PFC produced in primary in vitro

immunization were comparable between the systems except for 1 x ~~

cells/ml , fed or nonfed, where more PFC were observed from shifter than

comparable rocker cultures. In some cases PFC from these conditions

equaled the number of PFC from 2 x ~~ cells/ml fed cultures on the

rocker.

______  
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SRBC coneen r at  [on

SRRC were added in a range ex t end ing  f r o m  1 x 106 
— 3 x io6 

cells!

w e l l .  The op t ima l number of SRRC in c u l t u re  ranged f rom 2 x io
6 

— 3 x io6

c e l l s / we l l .  The l a t t e r  number o ft en  produced only  nominal increases in

FEC over x io6 
S R B C / w e l l .

Cultu r e  feed ing

Cultures were either not fed or fed 0.05 ml of n u t r i t I o n a l  c o c k t a i l .

Cultures containing sp leen ce l ls  at a 2 x 10 7
/ml  d e n s i ty  or above

benefited from feed ing on either the  rocker  or s h i f t e r  i n c u b a t i o n  s stems .

L The data show that feeding cultures increased the number o f plaques from

the shi f t e r sy stem at low i\’. .Iphocvte conc e n t r a t i o n s .  R e s u l t s  of one

exper iment  are summarized in table  1. Each data p oin t  is the mean of

th ree values . Exp er iments  a l t e r i n g  these var iab les  have been performed

app r o x i m a t e l y  20 t imes g ivi ng q u a l i ta t i v e ly  s imi la r  r e s u l t s .

D ISCU SSION

A basic coinp ar ab i l  it between data from s h i f t e r  c u l t u r e  and rocker

c u l t u re exis ts .  This includes s h i f t s  of PFC numbers induced by a l t e r i n g

numbers of spleen cells and SRBC . Fur thermore , t he s imi lar  requi r ements

for feeding of cell cultures at high sp leen ce l l  conc e n t r a t i o ns  are

shown to exist in both svst ems. By way of general comparison , I t would

appear that the two svs t ems r eac t  s i m i l a r ly  to changes in these var fables .

S p e c i f i c  data comparisons show that the sl~ I C ter is super ior to the

rocker system in c e r t a i n  c r i t i c a l  areas .  The numbers of PFC at I x 1O 7

spleen ce l l s /mi  from nonfed shifter cultures are comparable to the 2 x

10 sp leen cells/mi cal tu re s  which are fed and incubated on the rocker.

This suggests that  f e e d i n g  cultures is not as necessary on the s h i f t e r  

~~~~~~~~~~~~ 
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(at low spleen cell concentrations) as it is on the roc ker.  A second

comparison of 1 x 1O7 spleen ce l l s/mi  in fed s h i f t e r  c u l t u r e  w i t h  2 x

lO~ spleen cel ls /mi  in fed rocker culture shows shifter data only

slightly lower than that for rocker. This decrease is not in linear

relationshi p to cell number and demonstrates the ability of the s h i f t e r

culture system to enhance primary In vitro immunization at low cell

numbers.

The advantages in the two comparisons made above are: an option is

g iven in the former comparison as to the necessity of daily feeding of

cultures; and in the second case , if one chooses daily c u l t u r e  f eed ing ,

half the n~’nber of cells per m i l li l  iter  are requi red  on the s h i f t e r

than on the rocker to produce similar numbers of FEC .

No explanation Is readily apparent for the advantages of shifter

cu l t u r e  data made in these comparisons.  Obviously the difference in

plate motion could be a factor increasing cell interaction efficiency.

However , it is probable that  the r e l a t ive  constancy of heat , CO pa r t i a l

pressure and humidity of the c02 
culture incubator are major factors.

The f i na l  area in which the s h i f t e r  and rocke r  ct,~ tu re  systems may

be compared is in size, cost and availability . The shifter is far

smaller than any rocker and i ncubat io n box currently a va i l ab l e  and

therefore  very space saving. Furthermore , the sh i f t e r  has no requir ement

for  a walk—in incubator .  This is an impor tant  f ac to r  in support  of

cer ta in  research p r ot ect s .  The cost is r e l a t i v e l y  modest and even when

fabr ica t ion  charges are applied , t he cost shou ld s t i l l be com pa rab le to

the rocker and Incubator  box. A forced a i r  cu l t u r e  incubator is the

only necessity for the shifter culture system .
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LEGENDS FOR FIGURES

Fig. 1. Pe r ist a l t ic  pump -i t tac 1 . d  b y b racke ts  to a conven ient  location

on the incubator .  Note s h i f t e r  device connected to the power source by

cammed s h a f t .

Fig. 2. Interchangeable carrier is shown fitted to the shifter carriage.
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