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Proc!dure5 arL dýcribed f.,br prkiparat±i" of he.zt-stable
chemically defined mudiura fol the cultivatlon of animal
cells in Nuspensionr. Gro•th Of CL kidayv, HeLW, ani L
rL f 1A 2.1., 33.8, and 47.1 x 105 cAlls par M! was
recorded atter 6, 10, and 10 nayd ui ro
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* The advantages of a cheamica~ly defined mediux iu tissue cultre havo
been recognized for several years. A chemically defined medium that is
also heat-stabic has additional advantages: proiessing in a single
vessel requirce le s handiins, and thereby reduces chance of contamination,
availability ot aulI-Oclaves la most iaboratories eaiminaLes i W lx ssi~y

-d, c~hermcaily defra'd unis---.n decrihe4 in 19-3
that supported growth in suspension of sevexal call ;1I-ý;

w ~ ~ ~ -c 1arsio~ ' iari~u of~ Laati1±n.2 A heat-.,table aetr=-iee

"describes the development of a heat-stable, chemically defined medium
that supports growth of animal cells in suspension culture comparable to
growth obtained in filter-sterilized media.

II. MATERIALS AND METHODS

A. MEDIA

Except for methylcellulose, glutaiaine, and sodium bicbonate, all
ingredients t.o make 1,000 ml of the chemically defined medium (Table 1)
were dissolved in 937.5 ml of distilled wrter, placed in 8-oz or 16-oz
prescription bottles (187.5 ml or 375 ml), and autoclaved with loose
"caps at 121 C for 15 minutes. Hethylcellulose was prepared by autoclaving
at 121 C for 15 minutes as a 2% solution in 8-oz prescriptio:n bottles.
The 5% sodium bicarbonate solutions were autoclaved in nearLy filled,
tightly stoppered serum bottles of various sizes. Glutamine was autoclaved
as a dry powder (180 mg, sufficient for 400 ml of complete medium) in a
stoppered 15-ml serum bottle for I hour at 121 C. Each of these
components was stored at 5 C. Serum bottles were fitted with rubber

* serum-bottle stoppers and sealed with metal closures. Antibiotics
(dissolved in sterile distilled water as 2G3, solutions and stored at
"-25 C) were added to most experimental media at concentrations of 100 jg
of streptomycin per ml and 100 units of penicillin per ml. In experiments
testing the addition of filter-sterilized -edLum components, a 0. 2 2-g
membrane filter* was used. Components were combined to prepare U1 medium
as follows: to 375 ml of incomplete medium were added 20 ml of 2%
methylcellulose, 2 ml of 200X antibiotics (whan used), and 3 ml of 57
sodium bicarbonate for partial neutralization. The autoclaved glutamine
powder also was added aseptically at this time, either by removing the
metal closure and rubber stopper and dumping the 1BC mg of dzy powdex i••o

* Millipore.



B4

UkB ~ 1. 1 iiAIT-32TARL C H"XICALY ZI&FV,-ED~31J

Amino acids Salt: c
L-A•rgialnn-HC1 100 NaC 7,40

ei'e~iICI75 .9c, 40

• •-r 'seuc'ae 25 7C• S6• 7
-- L_ Lt •infe 300 CaC1 2 •2T'20_ 265

~~~ - yi-l 00 phenol re4l to

°• . ...... . ..... ... L~i H[6 lne60 car bon BQUTr-2- •L- Phenylalaaie 120 Glucose 1,000

L-Threonine 135 Na pyruvate 100

L-Tryptophan 60 VitarInsj/

L-T)Tosine 120 D-Biocin 1.0

L-Valine 150 Choline Cl 1.0

Aseptic addition5 Folic acid 1.0

Methylcellulose, 15 cps 1,000a/ Niacinamide 1.0

L-Glutamine 450&/ c pantothenate 2.0
NaHCO3  500-./ Pyridoxal HC1 1.0

Thiamiae•HC1 1.0

i-Inositol 1.0

Riboflavin 0.1

B1 2  0.002

a. Added as 2% solution.
b. Added as powder.
c. Added as 5%. solution. j
d. Added as IOOX solution.

the medium, or by using a syringe containing 5 to 10 ml -f medil-m to dissolve
the glutamine and then adding this solution to the remaining medium. The
completed medium was atored at 5 C. An additional 0.5 to 1.0 ml of
bicarbonate solution was added to each 25 ml of medium contained in the growth
bottles at time of inocuiation with cells. This step assured an initial pH
of approximately 7.2 to 7.4.
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?•use ±lbroblajs (L), Ruiz; aud cat kidney (CK) cells that "Id been
growinp in suýýpone 2Q, xo iaure thenl -1 yeirrg Iin V. filtuz._-
litQWi42vd. chimla:Uv' delined u.•diuin Werx: eployiW ia th.ie SLizdii". N~O
pceursupov tu'a-Itke oi (?L) wee- detre in thcae cell
Cultur-'s upo~n testi~ ný . staadxrd P7LQ ~i~

Svrowth of suspuaion culturez was Imirtalle frum ppopuLa•ieu of1
tv 3 %10 .CII pi'r Qlý Cul"Lurez werc ,w,;5eted a: _'4 -.,16 C 1" ruaber-

iiti£pperad 1i0-ml serum bottle, contaialng 25 tI oi medium ot a NNWe
Brun5,,ick G-rotoiy lhake. orýr:tin% at 24 tt 130, ýp.. At appropriate

__--I--ýintcr~vals_ ___" bars Cat ha -I~=^ i:
bv -ha t rypan blue procadure of XzLimans et al . M?4dia. were chunsed by
c,ýtrifu-ino t'ý :Trum bottle cultures at 1,*O0 rpm for 3 to 5 minutes.
decanting the supernatant, and replacing it with freshi medium.

III. RESULTS

Table 2 shows the results of an experiment with L celLs in which
separate groups of filter-sterilized components were rested in ai .ut~laved
basal mixture. Two cycles of grcozth were carried out iLx these Media to
insu.re the exhaustion of any possible cellular pool of potentially heat-
labile medium components; after one 7-day period of growth all cultures
were adjusted tc, about 3 x 1C5 cells per ml and reincubated. Media were
changed daily. Results of the second growth cycle, shown in Table 2,
indicated that glutamine was the most heat-labile medium compcnent and
that growth occurred if glutamine was sterilized by filtration or by
autoclaving the dry powder.

Growth curves for CK, HeLa, and L cells ware determined in th, auto-
claved medium conrtaining dry-sterilized glutamine; these rezultz are
shown in Figure 1. Yields of 34.1, 3!.8, and 47.1 x 105 cells per ml
were recorded for CK, HeLa, and L cells after 6, 10, and 10 days of
SincubatiunL, respectively. These cell lines had been cultured continuously
for almost a year in the autoclaved fafined medium (subsequent to growth
in the filter-sterilized medium) prior to growth curve measurements.

A
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Auccc.iaved c*;aplu•. zkdi"ýi .9

- Autoclravod cu¢•Plec'; li•diwv t--COpL Pyruva twi 8.

4

7-_....Autociaved complete medicare ex-cept- vitanu/••i 4.9

A. £ABlA2 .. i...CCi4At : ,f ...... .Z14A.. Ot . ....a

S........ C Ua~a.le.•na, ,AW t.t&/A": •:taic-bai- b?ŽL0. (A2 'TS

5 Aut-clzvd coaplec

Autoclaved cctplete medium except dry-autoclaved

Siltration of complete mediurbi 1-5.3 -

Sa. Set;ond 7-ciay cycle, of growrý i-a respective media. 0-houtr p,•ulatinA--
•4in every -case was apprifimately 3 x 1u 5 P= Mi.

Aovb. Complete except for methyldellulose, bicirbonate, and antibiotics.
Indicated were a pr erilized by fpltration.
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forin Insu our syofe,,

fn:meiu az•ar I tobe, i ufice'.5 ht- I be ,--L-hen przý re a

L-et-.5:.

in thje mu~ont;ve 6; dium-,e 4r', xei~ ~wh h_ i-.i m ,oe•

f gzc o o ss t drarh.. ;ve4 the ha i

:er-sihi±L .infwas 'onCfdcred ofi-u anuniuetie tIed c

/ "
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:7tienaCA1 1o11 6"Clsn;'w LO -ý5'

ULea cells. Presut-antv. then, iv r-a*:u . -' a o Peat t 3 ror z~iý. (icoss
or vi-amI2ns) etc.) zvay be offbct in Lzei'r'tancrnS by teo'pr~:i t" i
,LOWipleX SLbStýnCe&Li that arc! tiqiful th lb ul4 titl~ SUtS

t&stinag in our sys~tem.

The zedlium appe-arsb to be iufficierclv heat-stiablte tten pretarcid arc
describeid to allcow cc'ntinutod growch Lý-ftl4 Thriee cell lnctesteid. No
diminution of growt-h has bc-en uc-:ced iv tbe past p.ar. Cells that had Lbeena
Ltainr~ained ia the fi4ltEr-sceritizcci rc';q;ire no period Cfedttac

411 t~he zCutocl-akveZ- neudiuo f-or excelIlent avtowt. 'The izdjm ag rat
be most useful in cell and- vires ra.,ea r.7, oparticulzarly 4-a t OiEj thue reottte
filndings of toxic subs tznc "s in ccrtac in ar.braae fIters 0 th:at are used i cn
flleer-steriiization of tisgue culture media4.
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