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' Separstion of Anticompleméntary Material and Plasminogen from a
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It bas been previously shown that normal
“nsman serwn possesses a complement-depend-
-ent cytotoxic factor (CyF) active against
Ehlich sacites tumor cells(1-7). The CyF,
: poabably & “ntural antibody” (5) is found in
. Chep-globulin fraction of the serum (Cohn’s
»ffation TTT) and is absorbed by human tu-
«mur celis but not by normal cells(4,6). Al-
Agwugh Hela cells absorb CyF, they do not
Fﬂ-quntly undergo cytolysis on addition of
‘complement. However, such cells are pro-
‘tacthd against the cytolytic effect of rabbit

‘t=Hela sntibodies(4).
\—Cohn’s F-action III, containing CyF, is

Also known to contain plasminogen and iso-

*. hemagglutinins; it is strongly anticomple-

-~ mantary because of its high content of phos-

.F""P“' end B-lipoproteins. Ir order to
| slsow CyF activity, it is therefore necessary to
“incubate the tumor cells with Fraction IIT,
wash repeatedly to remove anticonrplementary
factors and finally to add complement to
. damsonstrate cytotoxicity.

"-The present report describes a simple
ranthod for isolation of CyF with high recovery
fyem buman Cohn Fraction I-ITI, free of the
sttampanying anticomplementary matetial.

moethod involves extraction with fluoro-
then or n-butanol followed by gel-filtration

- through  Sephadex G-25 and ion-exchange

+qhiromatography on DEAE-Sephadex. Also,
by this method plasminogen present in Cohn’s
“raction ITI is obtained in good yield.

Meaterigls and methods. Isolation of CyF.
Ooha's Fraction I-I1II was kindly supplied by
the Marcus Memorial Blood Fractionation In-
stitute of T'el-Aviv-Jaffa. One grom of Frac-

‘tiom I-ITI veas dissolved in 10 mi of isotonic
[ diluent (barbital-saline buffer
containing Ca++ and Mg++, pH 7.4(8)) by
ginding in a mortar at 1°C. The highly
opalescent solution was then extracted at 1°C
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with n-butanol 20% V/V or with fluoro-
carbon 1:1 V/V (Arcton-113, Tmperial
Chemical Industries) by stirring on a mag-
netic mixer in the cold for 30 minutes. Fol-
lowing extraction, the mixtures were cen-
trifuged at 10,000 X g for 10 minutes in a re-
frigerated centrifuge.

In the butanol extraction 3 layers ap-
peared in the tubes. An upper layer con-
taining excess butanol and a middle layer con-
taining a yellow insoluble “cake” were dis-
carded, and a lower opalescent aqueous solu-
tion was aspirated and kept in the cold for
further treatment.

In the fluorocarbon extraction the upper
opalescent layer containing protein was re-
moved and kept in the cold. The middle
“cake” and a lower layer of excess fluoro-
carbon were discarded.

Both the butanol and fluorocarbon extracts
were filtered through Whatman 41 filter
paper. After 30 minutes at 1°C, a heavy
precipitate appeared in both extracts. This
was removed by centrifugation. The butanol
and fluorocarbon extracts were passed through
Sephadex G-25 column 15 X 2.5 cm (Phar-
macia, Uppsala, Sweden) and then were
chromatographed on DEAE-Sephadex (see
below).

Determination of CyF activity. Various
fractions were incubated with Ehrlich ascites
cells (5 X 10%/ml) suspended in barbital
buffer in the presence of 5 CHyq units of com-
plement(8), the 1 mi of reaction mixture
containing cells at a final concentration of
§ % 10%/ml and protein at 5-150 pg/ml. Rab-
bit serum was used as a complement source
since it has been shown that the CyF did not

* Part of this work was done in the Dept. of
Exp. Med. and Cancer Research, Hebrew University -
Hadassah Medical School, Jerusalem.
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TABLE 1. Extraction of CyF from Fraction I-11T by Fluoroearhon.

Gel-filtration on

Chromatography on
Bephadex G-25

DEAE-Sephadex*

Original Fluoroear- Applied Applied Fraetions
Fraction I-IIT  bon extract to  Recovered to A B C
(mg) (mg) column  (mg) column (mg)
Protein in fraction 200 180 80 24 3.5 1.3 12 20
Crtotoxie activity, 16 —1 —t 50 50 00 40

LDyw/mg

¢ Oonditions given in Fig. 1.
t Not done since fluorocarbon was present.

utilize guines-pig complement effectively (4).
After 30 minutes at 37°C the percentage of
cells stained with trypan blue (non-viable
cells) was determined and the results were
expressed as LD;, per mg protein(4). Protein
was determined according to Lowry et al(9).
To determine the CyF activity of the original
Feaction I-ITI, the tumor cells were first in-
cubated with this material for 30 minutes at
37°C, washed a few times with buffer, and
resuspended in buffer containing complement.
The tubes were further incubated for 30 min-
utes at 37°C and the LDy, was determined
as above,

Determination of plasminogen. One mg/ml
of the fraction to be tested was incubated for
10 minutes at 37°C with 100 units/ml of
Streptokinase ( Varidase, Lederle Lab.) to
activate plasminogen, Bovine fibrin (prepared
from 10 mg/ml of fibrinogen clotted with §
units of thrombin) was added, and after 30
minutes at 37°C, the extent of lysis was
determined. One unit of plasmin was taken as
the highest dilution which caused lysis,

Results, Table I summarizes the results
f the recovery of CyF activity from Frac-
tions I and I1I following extraction with fluo-
rocarbon, As can be seen, 75% of the protein
was recovered following the extraction but
only 35% was recovered from the gel-filtra-
tion. CyF activity was found in the fluoro-
carbon extract, with considerable loss but with
a 3-fold increase in specific activity on gel-
filtration (Sephadex G-25 in 0.02 M barbital
buffer, pH 7.4). Similar results were obtained
by extraction with n-butanol.

Further purification of CyF was achieved
by ion-exchange chromatography on DEAE.-
Sephadex columns. In a typical experiment 1
ml of fluorocarbon extract containing 3.5 mg

protein and CyF activity of 50 LDso units/
mg protein were chromatographed on 10 X
1.2 cm columns by stepwise elution, with 0.02
M barbital buffer, pH 7.4, and 0.1 M Na(Cl
and 0.25 M NaCl in this buffer (Fig. 1). CyF
activity was found in the fraction eluted at
0.25 M NaCl, with a specific activity of 40
LDso units/mg protein (Table I). Immuno-
electrophoretic analysis of this fraction
showed two precipitin lines vs rabbit anti-
serum to total human serum protein, in com-
parison with five such lines in the fluorocarbon
extract.

It was also found that the 0.25 M Na(l

eluate contained considerable amounts of

plasminogen. Since plasminogen ‘may be con-
verted autocatalytically to plasmin, and the
latter is known to inactivate complement(10),
it was desirable to eliminate plasminogen from
CyF preparations. It was found that heating
of CyF-containing material to 58°C for one
hour resulted in the inactivation of plasmino-
gen, leaving CyF activity unaltered. -

In another series of experiments it was
found that plasminogen with high specific ac-
tivity and free of CyF was obtained by gel-
filtration of the fluorocarbon extract on a
column of Sephadex G-25 (IS5 X 1.5 cm)
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FIG 1. Stepw'se  elution chromatography  of
Fraction I-11I extracted with fluerocarbon on DEAE-
Sephadex A-50.
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acetate buffer, pH
most of the protein,
plasminogen, was precipitated on
4 Colwmn, allowing CyF to pass through un-
!"\M Plasminogen was then eluted from
4o same column by washing with 0.2 M Tris

iC buffer, pH 7.4. In a typical experiment
+- (Table IT) the specific activity of plasminogen
_ Was increased more than 10-fold compared
_ with the original Fraction I-
~ Dligssion. It was previously shown(4)
. that-normal human serum has a cytotoxic ac-
- tivity (CyF) for Ehrlich ascites tumor cells,
. with approximately 0.3 LD,, units/mg pro-
s 3ein. Cobn Fraction I-III contains 16 LDyg,
\ Wmits/mg protein, but jts use in this cytotoxic
“reaction and its applications have been ham-
rpered.by the anticomplementary factors which
were Concentrated in this fraction.

_ also
Fluorocarbon, which has been successfully
veed to extract antigens from tissues(11) and

b TABLE II. Imolation of Plasminogen from p
Filtration on
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to purify viruses(12), was effective in sepa-
rating the CyF from the anticomplementary
material. Further, the yse of low ionic-
strength buffer in gel-filtration on Sephadex
G-25 allowed the separation of CyF from
other proteins insoluble under such conditions,
It appeared also that gel-filtration increased
the total plasminogen, probably by elim;-
nation of inhibitory materials present in the
fluorocarbon extracts.

The separation of CyF from lipoproteins in
the serum fractions suggests other possible
uses of fluorocarbon extraction. This method
might be useful in the treatment of hyper-
lipemic sera, where complement fixation tests
are difficult or impossible to perform. It may
also be of use for the elimination of non-
specific antistreptolysin activity of sera rich
in  B-lipoproteins, Preliminary work per-
formed in our laboratory has shown that
treatment of a variety of antisera (iso-hemag-
glutinins, rabbit anti-human red blood cells,
rabbit  anti-Ehrlich ascites tumor cells) with
fluorocarbon does not result in loss of either
antibody, or of complement activity (to be
published), F inally, the 2-step elution method
of the fluorocarbon extract from Sephadex
G-25 may be usefully employed in the prepa-
ration of large amounts of plasminogen,

Summary, 1. A method for the separation
of a cytotoxic factor active against Ehrlich
ascites tumor cells and of plasminogen from
Cohn Fraction I-II] js described. The method
involves extraction by fluorocarbon, gel-filtra-
tion on Sephadex G-25, and ion-exchange
chromatography on DEAE-Sephadex. 2. The
fluorocarbon extract contains both CyF and
plasminogen, Heating the extract to 58°C for

luoroearbon Extract of ¢
Sephadex G-25,

raction T-1T1* Ly (ol

Speeifie
Protein fetivity of  Tota) aetivity
Protein recovery  plasminogen reeovered
Fraction (mg) (%) (anits/me) fnnite
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L SepARATION OF CyrtoToxic FACTOR

1 hour inactivates plasminogen but leaves the
CyF unaltered. 3. Separation of CyF from
in the fluorocarbon extract could

be done on G-25, using a column
ted with a buffer of such low pH and

fonic strength as to precipitate the plasminogen
selectively, and then recovering this with an
eluting buffer in which plasminogen is soluble.

~ The authors thank Dr. T. N. Harris for review-
ing the manuscript.
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