
Title
Production, Purification and Characterization of
the Plasminogen Activator in Teratocarcinoma
Stem Cells Induced with Sodium Butyrate

Author(s) Ichikawa, Norio; Miyashita, Tomoyuki; Nishimune,
Yoshitake et al.

Citation Biken journal : journal of Research Institute
for Microbial Diseases. 1984, 27(4), p. 143-151

Version Type VoR

URL https://doi.org/10.18910/82418

rights

Note

Osaka University Knowledge Archive : OUKAOsaka University Knowledge Archive : OUKA

https://ir.library.osaka-u.ac.jp/

Osaka University



PRODUCTION PURIFICATION AND CHARACTERIZATION OF THE

PLASMINOGEN ACTl\IATOR IN TERATOCARCINOMA STEl\I

CELLS INDUCED \\71TH SODIUM BUTYRATE

NORIO ICHIKA\\;A, To A10YUKi AnYASHiTAi YOSHITAKE
NISHIMUNE and A1ZO AllATSUSHIRO

Department of A, Iicrobial Genetics, Resc"Tclt Institute for Allcrohinl I)ise"scs, OSnk, I Uni-
\'CTSity, Ynit. ridaokn 3-I. Suita Osaka 565, Jap, in

BiKrx JouRNAi, \701.27143-151,1984

uMMARY Suspcnsioit cultures of PIui'IPOtent tcratocai'cinoma cells were induced
with sodium buts, rate to produce PIasminogen activator (PA), generally ^egarded

as a marker enzyme of differentiation of the tcratocarcinoma. 'The induction of
piasminogci\ activator was very efEcicnt, resulting in production of sufficient enzyme
to allow its purification. The activator was Inactivatcd by rabbit anti-human
melanoma PIasminogeiT activator antiserum, indicating that it was a tissue-type
activator (t-PA)

'I'hc cnzyme was purified by column chromatographus on phosphoccllulOSc,
zinc-chelate agarose, Con-A Scpharose and Sephadcx G-150. 'The preparation at
the final step of pullfication gave a single peal< of enzyme activity at pH 7.3 LOT
on isoclcctric focusing, and showed a molecular \\, eight of ~77,000 on SDS PAGE

IN'I'RODUCTION

SennC protease PIasm!nogen activator' Is gen-
erally accepted to be a marl<ei' of endoderm
cells, and in^, play, an important role in cm-
bryogcnesis ; the PIasminogen activator func-
tions in the Interaction between cells and their

surrounding matrix and In cellular migration
(St, ichiand at a1. , 1976)

F1asminogen activators from various sources
have been classified into two major groups,
urokinase-type PIasminogen activator (u-PA)
and tissue-type PIasminogen activator (t-PA),
based on their Immunological properties. In

I To whom correspondence shotild be addressed

a recent report on the distilbution on PIas-
minogcn activators (u-FA and t-FA) in early
mouse embryonic cells it was proposed that
.ne typ" of on"yin* (u-FA) i^ p". duned by
botl\ \, isceral endoderm and extraembryonic
me sodcrm, while the other type (t-FA) is syn-
thesized by parietal endoderin (Allarotti at al. ,
1982). These reports prompted us to purify
PIasminogen activator to obtain a understand-
ing of its character and role in mammalian
embryogcnesis

NIOuse teratocarcinoma cells can differen-

tiate in vivo and in \, itTo (A, Iatin and Evans,
1975), PIOducing a variety of cell types, ini-
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inicking normal embryogenesis and so pro-
viding a good system for use in studies on the
determination and differentiation of main-
in alian cells under controlled conditions.

Chemicals, such as Tetinoic acid and dibutyryl
cy. tic AMP (St"ickland and M, hd, vi, 1978),
or DMA and polybrene (Speers at a1. , 1979)
are known to Inducer teratocarcinoma cell

differentiation. Recently we demonstrated that
the PIuripotential teratocarcinoma cell line
311 was induced to produce piasminogen
activator much more effective Iy with sodium
butyrate than with other drugs (Nishimune
et a1. , 1983).

Here we report the establishment of a simple
for mass culture of teratocarcinomasystem

cells to produce a large amount of PIasminogen
activator, and the purification and characteriza-
tion of PIasminogen activator produced on
induction with sodium butyrate.

of S% CO, in air. The feeder layer \\. as a conHuent
monolayer of BALB-A31 cells treated \\, itIt 10 Ingjml
of initomycin C for 31, . For experiments, the stock
culture \\, as treated \\, ith 0.125% try, psin and 0.5 init//
EDTA in phosphate buffered saline (PBS) at 37 C
for 10 min and then the cells were seeded at 10'

cells per 60 mm gelatin coated culture dich previsouly
incubated with fetal calf serum (0.2 in 1160 ntm dislt)
in medium supplemented witlt 10~' AJI 13-mercnpto-
ethanol (OShima, 1978)

3. FD, matio, , of 1111nors and prepnrn!ion of PIns-
111,110ge, , act, "at or IN ci, 1111re

Teratocarcinoma 311 cells, that had been culti-

vated in \, itTo were injected subcutaneously (5 xiO'
cells) into botlT sides of the inguinal region of 1291sv

About 20 days after the injection, tumors
were excised asepticalIy, \\, ashed with PBS, and cut
into fragments (I-2 mm) in PBS containing I mill
EDTA. Those fragments were treated with 0.05%
trypsin and 0.83 inM EDTA in PBS for 10 min at
37 C \\, ith stirring, and after addition of bovine
serum tl, e preparation was centrifuged. The pellet

suspended in Dulbecco's modified Eagle's
medium containing 0.1% inctoalbumin hydrolysate,
5 inMglutamine andlO% FCS and stood for 20 min
at 37 C. Then the preparation wars centrifuged
and the pellet \\, as suspended in the same nTedium
as before but \\, ithout serum in siliconized glass
flasks. Suspension cultures were initiated with
cells from about ten tumors (~ xiO' cells)in I-liter
of serum-free medium In 3-liter siliconized glass
flasks. After the addition of sodium butyrate
(5 inM-10 inM) as an inducer of teratocarcinoma
cell differentiaion, the flasks are shaken at 60

strokes jinin at 37 C. After culture for I-2 days,
the culture medium \\, as centrifuged and the super-
natant was stocl<ed. The pellet was resuspended
in fresh medium containing inducer and cultured
again. This process \\, as repeated two to tl, Tee
times and the culture fluids obtained \\, ere stocl<ed

as a source of PIasminogen activator.

4. assay of PIas, ,, illoge, I actibotoi

Piasminogen activator was assayed by me asur-
ing PIasminogen dependent fibrinolysis on PIas-
minogen-Ticl\ and free fibrin plates (Astrup and
Mullertz, 1952; 1<waan and Astrup, 1976). For
this, PIasminogen-rich and free fibrinogen solutions
(3.2 ing10.4inI of 0.1 M phosphote buffer at pH
72) \\, ere mixed with thrombin solution (4 Uj0.4 inI
of 0.1 M phosphate buffer at pH 7.2) in ice water

A{ATERIALS AND ATETHODS

I. Mater, o13

The following reagents were used : sodium buty-
rate, jinmidazole, polyethylene glycol, Triton X-100
and Tween 80 (\\;ako Pure Chemical Industries,
Ltd. ) ; fibrinogen, potassium thiocyanate and acryl-
amide (Nakarai Chemicals, Ltd. ) ; zinc-chelate
agarose, Con-A Sepharose and Sephadex (Pharmacia
Fine Chemicals); retinoic acid (all trans) and Co-
omassie brilliant blue G-250 (Sigma Chemical
Co. ) ; Iactoalbumin I\ydrolysate and gelatin (Difco
Laboratories) ; human urokinase and thrombin
(Green Cross Co. ) ; bovine PIasminogen (Daiichi
Chemicals) ; phospho-cellulose (whatman) ; Apro-
tinin (Boehringer Mannheim Yamanouchi) ; ,r-D-
methylmannoside (Fluka A. G. ) ; sodium dodecyl
sulfate (SDS) (Pierce) ; "in phonne (LKB) ; PI
markers (Oriental Yeast Ltd. )

mice.

was

2. Cell line

The piuripotent teratocarcinoma cell line 311
(Ogiso at a1. , 1980), \\, as used throughout. The
stock culture was passaged on a feeder layer twice
weekly in Eagle's IVIEM containing 5 inM gluta-
mine, I inIV/ sodium pyruvate and 1096 fetal calf
serum (FCS) at 37 C in a humidified atmosphere
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and the mixtures \\etc tjuic1{I\ 1.1"tcd o11 slide vinsscs
(261nntx76 mm). Drops of 10 1.1 of sample solu-
tinn wetc an PIicd to the slidcs jind Inc. hat'd in n

it urnid chainbcr tit 37 C. .\net 24 h, the ;Iru:I of
tile zone o1' i'sis \\. as mealsurcd rind 1.1nsittino;!cn-
dcpcndent librinol\. sis was confirmed it\ the absence
of its is on " slide of PIasminogcn-free fibrinogen
it'he arc;I of titc zone of I\ sis it\ the simple \\ us
crimp;ITed \\, itit tnnt 11\. standard solutioit oI urukin"sc
nitd titc aicti\it\' \\'"s expressed in International
Units (IU)

S. 111h!b!troll DJ pinsiiii110q, 11 or!1'7'n!o1~ 61. '11/1-113si, ,
aCl!taroi' '11/1sei'1,111

R, 11^bit anti-serLiin raised ing;11nst ITUm "it

mehnomti it Irisit. Inogcn 11cti\'amr (n tissue-tvpc
ticti\ at or), 1<1ndly it To\Ided 11^ 1< uricgafLichi Clinini-
cal Co. Conccntr"tcd solutions of plusminogcii
acti\'altar from it\Iru tin ittelanom". itto usc ternto-
carcinomai anti I, Lii, till, Litokin"sc \\ CTC Incubated for

90 ruin at room telTtperatLire \\, 111t increasing rimotints
of linti-it urunn ritel:mumn it i'sminogeit activntoi

TITcn, allquots of tlic ittixtures \\ercantiscrum

ass"yed for titc residual ;ICti\'it\ tit 1.1"smilingcit
acti\. titor b}' titc fibriit 111;!IC n\ctlt, Id

6. Pill'"miloi, PIOc, din'c

Purification \v"s aclticvcd it^ the ittctllod of RIP^cn
and Colicit (1981), \\. itit titc SIIglTt itTodinc"lions
tlTat phosphu-cellulose coluinii chromatograplt\
was Lised for' conccntration of culturc fluid and

tlte eltiatc \\. itit 0.5 IV NaCl was tipj, 11cd to am nit}
calumit chromatogrnphies on zinc-chelate rig;Irusc
and Con-.\ agarose fulln\\. ed it\ gcl filtration
o1t Scpltndex G-150. ProtCii, conccntr;It jolt \\."s
ittellstirccl by tlTc itTetltnd of Lowr} at ill. (1951),
\^itit b0\'11\C SUI'Uih nibLimii, us a standard

pi, DSPhntc itulTer (Dr1 7.2), tind stood o\. cmigltt at
+ C lintl the stipern"tants \\ CTe uss\'cd on fibrin
plates. 'I'he colored marker protCins \\ere glib-
JCLtcd to SOClcclric focusing tindci' the saltTc condi-
tinns for comparison \\itit samples.

\\'as

8. ZJ'11/041'riphiC "Jian'SIS

Zyinographic ;innl\SIS wits carriecl nut as dc-

scribed itv I-ICLisscn 11nd Do\\'dlc (1980). Briefly,
clcctrophorcsis lit pol\. ticrvlamidc gel cunt;lining
0.1',, gelatin, I'D\. lite pinsmino;:en nitd 0.1",, SDS
\\'"s I, UTFormcd at 4 C at a constant CLIrrent of 8 in A
until thc BPB I'mrker Talclicd titc boltont of the

gel. 'The I!CIS \\. CTC tl, eit \\;Ishcd \\illt 2.5n Tritoit
X-100 to rumo\. e SDS, inculintcd in !!I\cine-NaOH
nullti. (pi-I 8.3) for 3-S h ill 37 C jind sinine, I \\. itit
Coom;!*siC 1111/11"nt 1,111c

7. ,SDS polynci, ,/allii',/, !!r/ ,/, c!; uph, ii, F1's (P. 4GE)
nilt/ ISO, /ecl!'IC foci, '11/4

Tite separation gel contniited 10",, pol\ ticr\I'm Idc
was Liscd and gels \\'cre st"Incd \\'jilt Cool. lassic

brilliant I, Iue G-250 jind sit\CT stallt (Bio-R, Id
SII\'er Stallt). NIOlecular \\ Cigltt \\"s dctcrinii, cd
witlt a 10\\' molecLilar \\'cigltt calibration 1<1t (PItnr-
n. acia, Uppsnla, S\\'eden). ISOClectric focusing
^. as perfornted in 4'n polyacrylamide gcl at 200 V
at 4 C for 7 h in a glass tube (14 cm x0.5 cm) witlT
LKB "inph. jin, * (pH r"rigc 3.5-10). Tl, e gels
were shaken gently in 62.5 init{ Tris-HCl buffei

(Dr16.8) to reino\e tite tintpholiiTes and cut into
5 mm SIIccs. E"clt SIIcc \\asltomogcnizedin 20 run, /

Rl;SUT, TS

I. 171d!1,110ii of 11nsiii!'110geJi rini'tiff /o1' fullh
Tornwi!! bull, idle In Ihe 1/11/1101,111 ICJw/of din'110-
Intr c, 11 11N, 31 I

A large Ilumber of tci'atocai. cinoma cclls ai. c
ICquii'cd for production of SLifEcicnt pinsinini)-
gcn activatoi' for its pullfication. 'Thcsc can
be obtained by subcutaneous cultivation of
tcTatocarcinoma stcm cells in vivo T'erato-

Carcinoma cclls \\, CTC prcpai'CLI as Liescribcd
11ndcr I\laterinIs and NICthods. Thc effect of

sodiLim but}'rate on PIOduction of PIasminogcn
activator IN thc cells in vitro Is showcn in

Fig. I. I. 'he Induction was ureatcst \\, ith
5 init-I-10 in A1 sodium nutyrate. ACcumula-
tion of 1.1asminogcn activator in the medium
is sho\\, I\ In Fig. 2. Flatsminogcn activator
was detectable aftei. 10 h and Increase in Its

activity, continuetl until at ICast 22 h and then
stopped. I. bi' at ICast thrcc times, incdium
change ICsultcd in PIOduction of the samc
amount of PIasminogcn activator again. The
production of piasminogen activator by cells

culttirc wars similar to that ofin suspension

cells cultured o1t plastic tissue culture dishes
(datc not shown). On the contrai\, no detect-
able activator was produced until at least 94 h
on treatment of the suspension culture \\, Ith
10~" A'I letinoic acid (a \VCIl-known inducer)

1,111KA\\' \, \. or ill. I'/drillJiing, 11 at/!"trioi 1'11 Iru'amrni'ci'1101/1n F1, ,,! cr//s 145
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FIGURE I. Effect of concentrntioiT of sodium bury-
rate in the culture medium o11 production of pins-
minogen activator

Teratocnrcinoma cells at a concentratioit of lo'

cellslml were incubated in itTedium containing an
appropriate conceittration of sodiunt butyrate in
agar-coated dishes to Iteep the cells in suspension
After 48 h, tl\e culture fluid were collected and
centrifuged. The supernatants \\. ere assayed for
PIasminogen activator. Abscissa : Concentration of
sodium Itutvrate in medium. Ordinale: Pinsmino-

gen acti\, at or activity (IUlnTl)

10 10 ~ '

Na-butyraie (M)

0.15

.

.

10~ '

,-

S 0.10
.

>.

These results indicated that the suspension

culture produces piasminogen activator fail'Iy
efficiently and that sodium butyrate is a better
inducer than Tetinoic acid

>

,
"

10 '

<005
L

2. 171hi'bin'on of 151ns, ,11/10ge, I dc/run/DJ' by '11/1'-
ifsswe dc/?tator o, 111ser",, I

Tissue-type PIasminogen activator differs
jinmunologically from the urokinase-type ; anti-
tissue-type activator antiserum was reported
to inhibit tissue-type but not urokinase-type
PIasminogen activator (Marotti et a1. , 1982;
Rijken and collen, 1981). Therefore, we

examined the inactivation of PIasminogen
activator in the culture fluids of ITUman

melanoma and mouse teratocarcinoma cells

with antihuman melanoma PIasminogen acti-
For this, after incubation ofvator antiserum

of culture fluids with an appropriate amount
of antiserum, residual activity of PIasminogen
activator was assayed. Althougl\ the pias-

activator of mouse teratocarcinomaminogen

0.00

FIGURE 2. Effects of incubation time and 1.1cdium

change o1, production of pinsminogen activator
Teratocarcinoma 311 cells front tuntors are in-

cubated as described tindcr A, laterin Is and NICtltods

and treated \\, illt sodium butyrate (0) or Tetinoic
acid (0). At appropriate times, pinsminogen ac-
tivator in alliquots of culture fluid was assayed
ATedium in some flasks \\, as changed at 22 h and 60 h
( ! ). Abscissa : incubatioit time lit I'Durs. Ordi-
nate : F1asminogen acti\, at or tictivity (IUjml)

?,; 48

Incubation lime (h)

72

cells seemed to be less sensitive than human

melanoma PIasminogen activator to the anti-
serum, the martivatioiT curve of the two were
similar (Fig. 3). These results indicated that
piasminogen activator in the CLIlture fluid of
mouse teratocarcinoma cells was tissue-type
PIasminogen activator.

3. PM, incn/1071 rind chn, 'nc/elf'gallon of PIns-
11/1/20geii ac/!""to I'

About 18 liters of culture fluid of terato-

carcinoma 311 cells, obtained as described
under IViatenals and A, lethods, was used as
starting material. it had a protein content
of about 1.0 ingjml and an activity of about
0.1 IUlml. All purification procedure were
performed at 4 Cm media containing 'Tween-80
and aprotinin except the last gel hiti. ation and
ISOelectric focusing steps. On a phospho-
cellulose column, the PIasminogen activator
was concentrated about 10 times and nTost of

the Iactoalbumin hydrolysate present in the
medium was removed. Because the piasmino-

activator secreted into thc culture fluidgen

96
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FIGURi; 3 . Inhibition of plusmiiTogci, tictivntor by jinti-lissuc activ"tor tintiscrum. Volumes of 15 111 of Iluru"n
urokin"se (.), I, umai\ incl"nomti pinsminogcit tictiv, it or (,) all, d ntouse terntoc, ITcinom, I PI"sininogeiT activ, it o1
(.) \\. CTC incub"ted \\, itit suri"I dilutions or lintiltum"IT nTcl:inumai piasminogen activator antiserum (15 111) as
described Linder A, later iais and ATCthods. Residual aictivities (ordinaltc) expressed as iterceittagcs of titosc
withoLit serum arc plotted against the dilution of titc scrunt (abscissa). I) Rabbit anti-human ITtclanomn PIas-
minogcn 11cti\, ator tintiscrum. it) Normal rabbit scrum

Normal serum
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~77,000

94 -

67 -

the preparation was subjected to Concanava-
line-A Sepharose column chromatography and
enzyme activity was eluted with about 0.2 M
rr-D-methylmannoside containing I M potas-
sium thiocyanate and subjected to gel filtra-
tion on Sephadex G-150 (superfine) without
treatment with the protease inhibitor, apio-
tinin. The result of the purification pro-
cedure are summarized in Table I. The

recovery of enzyme activity was 300 and the
specific activity of the finally preparation was
about 4,000 times that of the starting material.
On SDS-gel electrophoresis, the purified
piasminogcn activator fraction gave two bands
of material with molecular weights of ~77,000
and 35,000 (Fig. 4A). Although b. th material
showed zymographicenzyme activity on

analysis (Fig. 4B), the specific activity of the
material with a molecular weight of ~77,000
was higher than that of the 35,000 protein
On ISOelectric focusing, the purified PIas-
minogen activator fraction gavc a single peak
of on"yin" archity at pH 73, .0.1 (Fig. 5).
Moreover, the protein in this peak showed a
molecular weight of ~77,000 on SDS PAGE
(Fig. 5).

35,000

43-

30-

Zymogram

FIGURE 4. SDS-Polyacrylamide gel electrophoresis
(PAGE) and zymographic analysis of purified PIas-
minogen activator. A: SDS ployacrylamide gel
electrophoresis of purified PIasminogen activator
(eluate from Sephadex G-150 column) witlt silver
staining. The positions of molecular weight mark-
ers run in parallel are indicated. B : Zymogram of
purified piasminogen activator. Gelatin ITydrolyzed
by PIasmin activated by PIasminogen activator Is
not stained with Coomassie brilliant blue and ap.
pears as transparent bands, demonstrating the
position of PIasminogen activator.

SDS PAGE

of teratocarcinoma cells was the tissue-type,
as described before, we used a modification
of the method for purification of PIasminogen
activator produced by ritelanoma cells (Rijken
and Collen, 1981). A zinc-chelator column
was used for affinity chromatography and
PIasminogen activator was eluted with about
0.02 M jinmidazole as a single peak. Then

DISCUSSION

Piasminogen activator Is often used as a marker
in studies on differentiation of teratocarcinoma

cells in vitro (Sherinan at a1. , 1976; Topp at
a1. , 1976). However, blochemical charac-
terization of this enzyme has been difficult,
because Insufficient material is obtained under

normal culture conditions. We established

a simple new method to obtain a large amount
of PIasminogen activator in the culture fluid
of PIunpotent teratocarcinoma cells from
tumors induced with sodium butyrate. This
system Is useful for obtaining a large number
of cells without culture dishes andusing

obtaining a large amount of piasminogen
activator. Since the effect of sodium butyrate
on piasminogen activator production appeared
faster than that of Tetinoic acid (a well-known
inducer, Strickland and Mahdavi, 1978), this

BIKEN JouitNAi, V01.27 No. 4 1984
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FIGURE 5. ISOelectric focusing of purified PIasminogen activator. After isoelectric focusing, PIasminogen ac-
tivator was eluted from sliced gels and its activity was assayed (0). The positions of PI marker proteins,
cytochrome c and acetylated cytochrome c (pH 9.7,8.3,6.44.9, and 4.1), are plotted (.). Iriset: SDS-PAGE
of peak fractions (Fr. 13.14,15.16) of PIasminogen activator stained with silver

compound is better for use on mass cultures
of teractocarcinoma cells. We purified the
PIasminogen activator and found that it had
molecular weights of ~77,000 and 35,000 on
SDS-polyacrylamide gel electrophoresis (Fig.
4A). Wallen at a1 (1981) reported that two
chains of tissue type PIasminogen activator
may be formed by proteolytic degradation of
a one-chain molecule, and that this degrada-
tion could be blocked by the addition of the
protease inhibitor, aprotinin, during punfica-
tion. Human melanoma PIasminogen activa-
for, prepared in the absence of aprotinin,
consists of proteins with molecular weight of
33,000 and 39,000, while the native protein is
thought to have a molecular weight of 72,000.

closelyFurthermore, the two species are

related in peptide composition, one probably

5 10

Fraction number

I~\

~.,

0.1

,-.~

E

.
~^,

>\
,-.

>
,-,
Q
co

20

<
a_

being denvated from the other (Rijken and
collen, 1981). Even in the presence of apro-
tinin during purification, we obtained two
proteins with molecular weight of ~77,000
and 35,000 proteins that both had activity
(Fig. 4). However, most of the activity was
recovered in the protein of ~77,000 and the
specific activity of this protein seemed to be
much higher than that of the 35,000 protein.
This finding is consistent with results on
molecular weight of the material produced by
F9 cells treated with retinoic acid (Marotti at
a1. , 1982). It is still unknown whether these
two molecules are quite distinct or the 35,000
protin is a degradation product of the ~77, -
000 protein. We achieved further purification
by isoelectric focusing, obtaining a molecular
weight of ~77,000 protein having enzyme ac-

25
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tivity and an ISOelectric point of 7.3 LOT (Fig
5). The difference in molecuar weight of the
~77,000 protein seen in Fig. 4A and Fig. 5
might be due to a difference in carbohydrate
composition or to the presence or absence of
an additi. onI p*ptid. (Panni. , at a1. , 1983)

Purified PIasminogen activator of terato-
carcinoma cells was weakly basic (Fig. 5),
which seems to be a character common of

tissuc-type and LITokinasc-type piasminogcn
activators (Bindcr ct a1. , 1979; Strickland at
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