Inactivation of viruses in labile blood derivatives

1. Disruption of lipid-enveloped viruses by tri(n-butyl)phosphate
detergent combinations

B. HorowiTz, M. E. WiEBE. A. LippiN, AND M. H. STRYKER

Use of the organic solvent, tri{n-butyl)phosphate {TNBP), and detergents for the inactiva-
tion of viruses in labile blood derivatives was evaluated by addition of marker viruses {VSV,
Sindbis, Sendai, EMC) to anti-hemophilic factor (AHF) concentrates. The rate of virus
inactivation obtained with TNBP pius Tween 80 was superior to that observed with ethyl
ether plus Tween 80, a condition previously shown to inactivate greater than or equal to 10%°
C1D50 of hepatitis B and greater than or equal to 10* CID50 of Hutchinson strain non-A,
non-B hepatitis. The AHF recovery after TNBP/Tween treatment was greater than or equal
to 90 percent. Following the reaction, TNBP could be removed from the protein by gel
exclusion chromatography on Sephadex G25; however, because of its large micelle size,
Tween 80 could not be removed from protein by this method. Attempts to remove Tween 80
by differential precipitation of protein were only partially successful. An alternate detergent,
sodium cholate, when combined with TNBP, resulted in almost as efficient virus inactivation
and an 80 percent recovery of AHF. Because sodium cholate forms smali micelles, it could
be removed by Sephadex G25 chromatography. Electrophoretic examination of TNBP/
cholate-treated AHF concentrates revealed few, if any. changes in protein mobility, except
for plasma lipoprotein(s). TRANSFUSION 1985:25:516-522.

THE TRANSMISSION OF viral hepatitis by coagula-
tion factor concentrates and other plasma derivatives
remains a serious health concern. The recent world-
wide outbreak of acquired immunodeficiency syn-
drome (AIDS) that is caused by 2 blood-borne virus'?
further necessitates the development of effective
methods for virus inactivation in labile blood deriva-
tives. Although the pasteurization of albumin at 60°C
for 10 hours in the presence of fatty acid ligands has

. been reported to inactivate 10* infectious doses of

hepatitis B, application of this method to anti-
hemophilic factor (AHF) results in the complete loss
of biologic activity. More recent approaches to virus
inactivation in blood products include heating in the
presence of low molecular weight stabilizers orin the
lyophilized state® and treatment with beta-propiolac-
tone and ultraviolet (UV) irradiation.®

We recently reported’ the susceptibility of hepatitis

B and Hutchinson strain of non-A, non-B hepatitis
viruses to inactivation by ethyl ether and Tween 80, a
method known to disrupt lipid-enveloped viruses.
Greater than 10*° chimpanzee infectious dose (CID)50
of type B and 10* CID50 of Hutchinson strain non-A,
non-B hepatitis viruses were inactivated, and the re-
covery of AHF was 70 percent. Because of the
hazardous nature of ethyl ether, an alternative was
sought. This report explores the use of tri(n-butyl)-
phosphate (TNBP) as an alternative to ethyl ether
through the addition of easily quantifiable marker
viruses to an AHF concentrate. Previous work with
TNBP substantiated its effectiveness in the disruption
of lipid-enveloped viruses.'

Materials and Methods

Reagents
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\;hem'rcals—w:cre_—_reagenkgrade‘»unless_othmvise_smgd.{,
TNBP. sodium deoxycholate, Tween 80, and Triton X-100

were obtained commercially (Fisher Scieatific, Springfield,

NJ). Sodium cholate was also obtained commercially

(Eastman Kodak, Rochester, NY), as was PEG 4000 (Union

Carbide Corp., Moorestown, NJ), Aerosil 380 (Degussa,

Atlanta. GA). and antisera (Calbiochem-Behring Corp.. La

Jolla, CA).
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Viruses and virus assavs

Vesicular stomatitis virus (VSV) was obtained from Dr.
William Stewart. I, and cultured in mouse L929 cells.
Encephatomyocarditis virus (EMC) was obtained from Dr.
Emilio Emini. and stocks were prepared by culturing the
virus in mouse 1929 cells. Sindbis virus was obtained from
the collection of Dr. William Scherer, uand stocks were
prepared in primary chicken embryo cells. Sendat virus
(Cantell strain) was purchased from Flow Laboratories.

The biologic activity of all viruses was assayed by endpoint
dilution assay. Ten-fold serial dilutions of virus preparations
were made in culture medium (MEM). For VSV EMC. and
Sindbis. virus. each dilution was used to inoculate eight

replicate wells of cells in 96-well microtiter plates. Human -

A549 cells were used for VSV and EMC, and primary
chicken embryo cells were used for Sindbis virus. Virus-
induced cytopathology was scored after 72 hours of
incubationat 37°Cin § percent CO2. For Sindbis virus. each
dilution was inoculated into the allantoic sac of three 10-day-
old embryonated chicken eggs. Following incubation for 3
daysat 37°C.allantoic fluid was harvested from each egz and
a 1 to 20 dilution was assayved for hemagglutination activity
using avian red cells. For all assays, the D50 value was
calculated using the Spearman-Karber method."* "

_Inactivation of viruses added 10 AHF

Virus and virus inactivating agents under evaluation were
added to an AHF concentrate (New York Blood Center)
and mixed continuously, usually by rocking. under the con-
ditions stated. For assessment of virus inactivation, the
reaction was stopped by 100-fold dilution into Eagle’s Min-
imal Essential Medium (Gibco Laboratories. Grand Island.
NY) containing 5 percent (vol/vol) fetal calf serum (M.A.
Bioproducts. Walkersville. MD). The lack of virus inactiva-
tion at this diiution was contirmed ior cach of the inactiva-
tion conditions studied. Samples were sterile filtered (Swin-
nex Millipore filters, Bedford. MA) and frozen at —70°C.
or below. until assay.

AHF activity was assayed by determining the degree of
correction in APTT time (General Diagnostics, Morris
Plains, NJ) of factor Vliil-deficient plasma (George King.
Overland Park, KS).?

Chromatography (Biogel Al15m, Bio-rad Labs, Rockville
Center, NY) was performed at ambient temperature on a
columa (1.5 X 96 cm) equilibrated with 0.02 M Tris-HCI,
pH 7.2, containing 0.15 M NaCl, and operated at a flow
rate of 5.4 ml per cm? per hr. Discontinuous electrophoresis
under nondenaturing conditions” was performed essentially
as described." and proteins were stained with Coomassie
blue. Crossed-immunoelectrophoresis was performed essen-
tially as described'" using 1 percent agarose (Seakem ME:
FMC Corp, Rockland, ME) in tricine buffer IV (BioRad.
Rockville Center, NY) applied to Gelbond film (10 X 15 cm:
FMC Corp.). Electrophoresis in the first dimension was at
20 mA per plate and proceeded until a bromophenol blue

marking dye migrated two-thirds of the plate length. Aga-

roseabovethesamptelane was removed-and replaced -with
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volumesof ethanolatambient temperature and clarification
by centrifugation. The cleur supernatant was mixed with an
equal volume of 2 percent anisaldehyde and 5 volumes of 50
pereent HISOL at 60°C for 30 minutes. Absorbance at 570
nm was determined.'* TNBP concentration was determined
as follows: to 1.0 ml of sample was added 0.5 mlof 1.5 N
HCIO4. Atter vigorous mixing. 4 ml of CHCI3 was added.
and after mixing. the sample was clarified by centrifugation.
The organic phase was evaporated under a stream of air. the
residue was dissolved in S0 ul of hexane, and TNBP was
quanuficd by gas chromatography.

Results

Assessment of virus inactivation with organic
solvent[detergent

The rates of virus inactivation observed at 4°C with 20
percent {vol: vol) ethyl ether and | percent (vol/vot) Tween
80 were compared with that observed with 0.1 percent
(vol vol) TNBP and | percent (vol/vol) Tween 80 using
viruses added to an AHF concentrate (Fig. I). For each of
the lipid-enveloped viruses studied (VSV, Sindbis, Sendai).
the rate of inactivation was more rapid with TNBP. Tween
than with ether: Tween. Treatment with TNBP/ Tween for 6
hours inactivated 4.0, greater than or equal to 5.8, and 3.5
logs of VSV, Sindbis, and Sendai viruses, respectively. The
infectivity of EMC, the non-lipid-enveloped virus. was
unaffected by either treatment. Raising the temperature
from 4°C to ambient (22-24° C) accelerated virus inactiva-
tion markedly by both ether. Tween and TNBP. Tween
(Table I, experiments 1 and 2). increasing the inactivation
velocity constant, k*, for TNBP Tween by 8- to 12-fold for

s
«

Fi; 1. Comparison of '\
TNBP Tween to ether e 2 v

Tween. Viruses were added

to separate aliquots of an Zf

AHF coacentrate followed : ——y

by addition of ethyl ether o

(20 vol vol)and Tween 80

(1% vol;vol) (open circles) SINDBIS

or TNBP(0.1¢ vol 'vol)and

Tween 80 (I vol!vol)

(closed circles) and incu- =

bated at4° C. Residualinfec- ';‘-:

tious virus was assayed at s —

the times indicated after a S

100-fold dilution. SENDAL
+—o0
f—
EMC

agarose containing antibody. Electrophoresis in the second
dimension was at 10 mA per plate and proceeded overnight.
The agarose was soaked in normal saline to remove soluble
proteins, air dried, and stained with Coomassie blue.
Tween 80 concentration was determined after hydrolysis
of samples with 25 pcr€cnt (wt/vol) NaOH at 100°C for 18
hours, by the method of Skoog.'* Sodium cholate concentra-
tion was determined after extraction of samples with 4

HOURSS AT 4°C

_ 2303 log C/Co
t—to
tion of virus at time, ty. and C is the concentration of virus a2

. where Co is the initial concentra-

time, t.
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Table 1. Inactivation of viruses by organic solvents and detergent

Conditions Log Inactivation
Experiment Additive Temperature Hours VSv -Sindbis  © Sendai EMC
1 Ether (20%), Tween 80 (1%) 4°C 3 08 20 1.5 0.2
6 0.5 1.7 1.2 0.2
ambient 1 3.1 =54 =40 0.0
3 =41 =54 >4.0 0.5
2 TNBP (0.1%), Tween 80 (1%) 4°C 1 04 03 0.0 —-0.2
3 37 1.0 2.8 0.2
ambient 1 33 37 1.6 07
3 45 255 30 Q.4
3 - . Tween 80 (1%) alone 4°C 3 0.3 0.0 0.0 0.4
ambient 18 - —0.1 -03 0.0
4 Ether (20%) alone 4°C 3 - 13 0.8 00
18 - 2.0 =50 —
5 TNBP (0.3%) alone ambient 4 0.8 46 4.9 -0.1

TNBP (2.0%) alone ambient 4

08 3.6 25.1 0.1

the first hour, although just 1.1- to 1.2-fold for the first 3
hours. Raising the TNBP concentration from 0.1 to 0.3
percent (vol/vol) in the presence of | percent Tween 80
improved the reproducibility of virus inactivation (data not
shown). Tween 80 (1 percent) used without an organic
solvent was ineffective in inactivating VSV, Sindbis, Sendai,
or EMCat 4 or 22°C (Table I, experiment 3); however, the
organic solvent without detergent did inactivate virus. Ether
(209%)at 4° Cinactivated 2 logs of Sindbis and greater than or
equal to 5.0 logs of Sendai virus in 18 hours (Table 1.
experiment 4). and treatment with TNBP (0.3 or 2.0¢) at
ambient temperature for 4 hours inactivated 0.8, 3.6 to 4.6,
and greater than or equal to 4.9 logs of VSV, Sindbis, and
Sendai virus, respectively (Table 1, experiment 5).

When combined with TNBP (0.3%), the effect on virus

inactivationand AHF recovery of reduced concentrations of
Tween 80 and of substitutes was evaluated (Table 2).
Decreasing the concentration of Tween 80 from 1 10 0.1 or
0.01 percent reduced the degree of inactivation of virus,
especially VSV. This is in accord with the observation that,
of the three lipid-enveloped viruses used. VSV inactivation s
accelerated most by addition of detergentto TNBP (Table 1,
experiments 2 versus 5, ambient temperature). Other
nonionic detergents. e.g.. Triton X-100. could substitute for
Twezn 80: however. polyethylene glycol 000, a nondezergent
analog of Tween and Triton, could not. Use of TNBP plus
either nonionic detergent resulted in greater than orequal to
90 percent recovery of AHF at all concentrations of
detergent used. Addition of sodium deoxycholate or sodium
cholate, naturally occurring bile salts, to TNBP also

Table 2. Inactivation of viruses by TNBP and several detergents

Conditions Log Inactivation
AHF

{ ‘} TNBP (0.3%) Detergent Recovery
Experiment and Detergent Concentrate (%) Hours VSV Sindbis Sendai EMC (%)
1 Tween 80 1 1 35 4.6 4.5 -0.1 —
0.1 1 1.4 4.6 52 0.1 —
0.01 1 07 3.6 4.7 0.0 —
2 Tween 80 ' 1 a 42 - 256 47 0.0 14
Triton X-100 1 4 =43 =56 =58 -02 92
0.2 4 =243 256 258 0.1 T 99
0.04 L] 42 256 =58 0.1 99

Sodium deoxycholate .. . ...0.2 - 4 . 43 256 =58 ---—04. .. 25 .
} 0.05 4 3.3 256 4.8 0.0 73
0.01 4 0.1 46 52 05 97
Polyethylene glycol 4000 1 4 0.1 36 3.5 00 87
TNBP alone — 4 0.6 3.0 3.8 0.1 90
3 Sodium cholate R 4 =48 253 250 0.0 2
0.2 4 23 3.7 =55 -0 83
0.05 4 0.5 3.1 35 0.0 -
0.01 4 -0 25 3.2 00 -
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FiG 2. Inactnation of VSV in presence of TNBP and sodium
cholate. VSV was added to an AHF concentrate, followed by
addition of TNBP (0.3 vol vol) and sodium cholate (0.25¢ wt; vol).
and incubated at ambient temperature. Residual virus was assayed
asin Fig. 1.

accelerated virus inactivation, although concentrations of
sodiumdeoxycholate and sodiumcholate above 0.05and 0.2
percent (I m.V and 4.6 mM). respectively, inactivated AHF
substantially (Table 2). Use of sodium cholate (0.2%)
without TNBP did not inactivate the four viruses used in this
study (data not shown).

Because VSV was relatively resistant to inactivation by
TNBP cholate. its inactivation was examined more closely.
The rate of VSV inactivation by 0.3 percent TNBP and 0.2
percent sodium cholate was not first order. Starting with a
VSV titer of 3.6 logs (after a 100-fold dilution to stop the
reaction). the inactivation velocity constant. k. was esti-
mated it 18.4 per hour for the {irst0.25 hour. 1.2 per hour for
the period between one-half and 2 hours, and 0.5 per hour
for the period between 2 and 6 hours (Fig. 2). One common
explanation for a decay in the velocity constant is hetero-
geneity of the virus being studied. If this was the case, the
data in Figure 2 indicate that the resistant fractions were 0.9
and 0.2 percent, respectively, estimated by extension of the
second and third components to the X axis. Alternatively,
the decrease in the velocity constant could be ascribed to
other factors affecting the reaction, such as reassociation of
virus particles or consumption of reagent.

LOG TITER

2 , a 6
HOURS

Fiu 3. Effectof readdition of VSV on its rate of inactivation by

~ TNBPand sodium cholate. VSV was added to an AHF concentrate,

followed by addition of TNBP (0.3¢7 vol 'vol) and sodium cholate
(0.27 wt vol). and incubated at ambient temperature for the ume
indicated. After I hour. the mixture was divided in two and an
additonal 1.5 logs per mlof VSV were added 1o one of the aliquots
(open circles).
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LOG VSV

<-G5S = L

HOURS
FiG 3. Sensitivity of residual, infective VSV to a second TNBP-
cholate treatment. VSV added to an AHF concentrate was treated
with 0.3 percent TNBP/0.2 percent sodium cholate at 24° C. At the
arrow, an aliquot was removed. subjected 10 chromatography on
Sephadex G25. and then the treatment started anew (open circles).

Several experiments were conducted to distinguish among
these models. To determine if the reduced rate of inactivation
resulted from reagent consumption or other factors specific
to the progress of the reaction besides heterogeneity of the
virus, 1 hour after the inactivation reaction had begun, the
mixture was divided in two, an additional 1.5 logs of VSV
were added to one of the aliquots. and the rate of inactivation
was monitored. If the decline in rate resulted from
consumption of reagents, then the decline in virus titer in
each of the two aliquots would be paraliel. Alternately, if the
decline in rate constant represented virus heterogeneity,
inactivation of the newly added virus would be rapid. The
results (Fig. 3) indicate that the inactivation rate of virus

NTER

LOG

HOURS

Fi; 5. Inactivation of VSV at elevated temperatures. VSV was
added toan AHF concentrate followed by TNBP (0.3 vol/ vol) and
sodium chalate (0.2 wt. vol) (upper panelyor TNBP (0.3¢7 vol "vol)
alone (fower panel). lncubations were at the temperatures indicated,
and’ other details were as described in Fig. 1.

BAYP0000024_063_0004
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added after | hour was rapid and similar to the initial rate of
inactivation at time 7efo.

If the change in inactivation rate resulted solely from virus
heterogeneity. then residual infectious VSV present at the
conclusion of the initial inactivation reaction would be
expected to inactivate slowly on recxposurce to fresh
TNBP cholate. However. VSV subjected to two consecutive
treatments with TNBP:cholate with only a Sephadex G25
step intervening showed essentially identical initial rates of
inactivation (Fig. 4). This suggests that the normally
observed decline in inactivation rate wasanextrinsicand not
an intrinsic property of the virus.

The rate of inactivation of VSV by 0.3 percent TNBP in
the presence of 0.2 percent sodium cholate was substantially
increased by raising the temperature from 24 to 30 or 35°C
(Fig. 5. upper panel). When sodium cholate was omitted, an
initial lag in inactivation was apparent, the duration of which
appeared to be inversely dependent on temperature. The
recovery of AHF following 6 hours of reactionat 24.30.and
35°C was, respectively, 82, 79, and S5 percent for TNBP;
cholate, and greater than or equal to 90 percent for TNBP
alone at each of the temperatures.

Analysis of protein in AHF concentrate treated
with TNBP/detergent

Following treatment with 0.3 percent TNBP and 0.2
percent sodium cholate, examination of the proteins present
by discontinuous gel electrophoresis under nondenaturing
conditions did not show any alteration in band pattern Fig.
6). AHF appeared to remain associated with von Wille-
brand’s factor as judged by their elution profile when chro-
matographed (Biogel AlSm) (Fig. 7). The proteins present
in an AHF concentrate also were examined by crossed
immunoelectrophoresis following treatmeni with 0.3 per-
cent TNBP and 0.2 percent sodium cholate for 6 hours at
ambient temperature. Using agarose as the separation
medium and anti-normal human serum as antibody. at least
19 protein peaks were detected (Fig. 8). The great majority of
these were unchanged as a consequence of treatment, while
two peaks, marked 1and 2, differed. Peak I was identified as
alpha-1-lipoprotein using monospecific antiserum. The
identity of peak 2 is unknown.

Fic. 6. Electrophoresis
of AHF treated with TNBP/
cholate. An AHF concen-
trate was treated with TNBP
(0.3% volivol) and sodium
cholate (0.2¢; wt/vol) for 6
hours at 24°C after which it
was chromatographed on a
column of Sephadex G25.

. The eluted protcin (T) and
untreated AHF concentrate
(U) were each electropho-
resed under nondenaturing
conditions as described un-
der Methods. Electrophore-
sis of the right two gels
was prolonged to better re-

- < solve the slower migrating
e proteins.

c

@
| @

TRANSEE 10N
Vol 25 Na A Oxs

FiG. 7. Gel exclusion chromatography of AHF treated with
TNBP:cholate. The AHF concentrates described in Fig. 6 were
chromatographed on a column of Biogel Al5m. The absorbance
at 280 nm of the cluate was monitored continuosly, and AHF
procoagulant activity and von Willebrand factor antigen were
measured in individual fractions.

Reagent removal

TNBP could be removed by dialysis or gel exclusion
chromatography on Sephadex G25 to a level below the
sensitivity of ourassay (0.5 ppm): however. Tween 80, which

UNTREATED

Fig 8. Crossed immunoelectrophoresis of AHF treated
with TNBP cholate. The AHF concentrates described in Fig. 6 werc
analyzed by crossed immunoelectrophoresis using rabbit anti-
normal human serum.
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Fia. 90 Removal ol TNBP and cholate from an AHF
concentrate. An AHF concentrate treated as described in Fig. 6
was chromatographed on a column (2.6 . 29 cm) of Sephadex G23
equibbrated with 0.02 M Tris-HCL, pH 7.2, contaiming 0.02 v/
sodium citrate and 0.10 3/ NuClat ambient temperature. The flow
ratc was [0 cm per hr. and the sample volume was 11 percent of
the column volume. Individual fractions were monitored - for
absorbance at 280 am, AHF procoagulantacuvity, TNBP.and sodium
cholate.

forms farge micelles, could not be removed by these methods
(data not shown). Precipitation of AHF by addition of 2.2

-.molal glycine and 2.1 molal NaCl resulted ina recovery of 90

to 100 percent of the initial AHF and 5 to 10 percent of the

_initial Tween in the precipitate. Under the conditions used.,

1000 units of AHF would be contaminated by 237 mg of
Tween. Reducing the initial concentration of Tween 80
during the inactivation reaction to 0.1 or 0.0l percent
(vol!vol) reduced its contamination of precipitated AHF to
102 and 12 mg per 1000 units, respectively. Alternately,
following treatment with 0.3 percent TNBP and | percent

Tween 80 and precipitation as described above, the residual .

Tween could be reduced by adsorption with 0.2 percent
Aerosit 380 to [ mg per 1000 units of AHF. although these
conditions resulted in an additionai 30 percent loss of AHF
activity. :

Sodium cholate. because of its small micelle size, was
removed completely by Sephadex G25 (Fig. 9).

Discussion

Elimination of viral infectivity from blood products
requires denaturing conditions capable of rendering
viruses noninfective while preserving the biological
activities and nonimmunogenic properties of proteins.
Thermal inactivation is inherently denaturing to both
virus and protein, although viruses are inactivated
more rapidly, probably as a consequence of their
complexity. Furthermore. conditions developed to
stabilize proteins to heat also stabilize viruses."

The use of organic solvents to disrupt, and thereby
inactivate, lipid-enveloped viruses appears to provide
the necessary discrimination between virus inactiva-
tion and maintenance of protein structure. Previously,
we demonstrated that ethyl ether combined with
Tween 80 inactivated greater than or equal to 10*’
CID50 of hepatitis B and greater than or equal to 10*°
CIDS0 of Hutchinson strain non-A, non-B .hepatitis,
and that AHF, factor IX, and fibronectin activity was
largely or completely retained.” However, introduc-
tion of ethyl ether into the work environment is

INACTHIVATION OF ENVELOPED VIRUSES IN BLOOD o 521

hazardous. The inactivation of hepatitis viruses by
chloroform also has been reported.'

One alternative to ethyl cther is TNBP. a non-
explosive organic solvent previously shown to be
uselul in the disruption of lipid-enveloped viruses® but
not demonstrated until now to preserie the biological
activity of proteins. We evaluated its use in prepara-
tion of blood derivatives through the addition of easily
quantifiable viruses to an AHF concentrate. Virus
inactivation by TNBP "Tween was found to be supe-
rior to ether Tween when reacted at 4°C: however.
comparison of inactivation rates at ambient tempera-
ture showed little ditference. EMC virus. a non-lipid-
enveloped virus, was unaffected by either treatment.
The rate of virus inactivation was reduced when
organic solvent was used without detergent, although
the magnitude of rate reduction depended on the
virus being studied and the temperature of incuba-
tion. An initial lag in VSV inactivation was observed
when incubated with TNBP (0.3¢; vol- vol) at 24°C
without detergent. The lag period was shortened con-
siderably by raising the temperature 10 35°C and was
eliminated by detergent addition. Perhaps detergent,
or working at higher temperature. opens up the virus
structure making it more accessible to organic solvent
extraction.

Although the disruption of viruses with organic
solvents is restricted to lipid-enveloped viruses, hepa-
titis B, Hutchinsen strain non-A. nen-B hepatitis, and
HTLV-I11, implicated in AIDS transmission, are
lipid-enveloped. One non-A. non-B hepatitis virus
isolated from a chimpanzee has been reported to be
resistant to treatment with chloroform'” and would not
be expected to be lipid-enveloped: however, this report
has yet to be confirmed.

Treatment of AHF concentrate with TNBP; Tween
appears to have little or no effect on AHF activity.or
on the association between AHF and von Willebrands
factor. Other proteins present as contaminants, with
the exception of lipoproteins, appear to be unaffected.
Other results, not reported here, indicate that factor IX
coagulant activity and fibronectin opsonic activity,
measured by the uptake of gelatin-coated lipid
emulsion by human peripheral leukocvtes," are fully
retained. Use of sodium cholate in place of Tween 801s
favored both because it is a naturally occurring
detergent and because it can be removed by gel
exclusion chromatography on Sephadex G25; how-
ever, the recovery of AHF activity is reduced from
greater than orequal to 90 percent to approximately 80
percent.
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