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Vitamin D Binding Protein Sequesters Monomeric Actin
in the Circulation of the Rat
Kristine D. Harper, James F. McLeod, Mary A. Kowalski, and John G. Haddad
Endocrine Section, Department of Medicine, University of Pennsylvania School of Medicine, Philadelphia, Pennsylvania 19104

Abstract

Plasma vitamin D binding protein (DBP) may scavenge actin
released during cell lysis. Weexamined the plasma disappearance
and tissue appearance of '"I-DBP, '2I-G-actin, and the DBP-
G-actin complex after their intravenous administration to rats.
The plasma disappearance of DBPand DBP-actin were indis-
tinguishable, with rapid initial (tl/2 = 2.6 h) and slower second
(t/2 = 7 h) slopes. After 125I-G-actin (nanomole) injection, plasma
disappearance paralleled that of DBPand DBP-actin. All injected
actin was associated with DBP, without evidence of free actin,
actin-gelsolin complexes or actin oligomers. Tissue appearances
of 1251I-apolipoprotein (apo) or holo-DBP were similar, with
highest accumulations in perfused liver, kidney, and skeletal
muscle. Although more complex phenomena (plasma entry of
F-actin and intracellular actin binding proteins) would occur in
vivo after cell lysis, our results suggest a role for DBP in the
sequestration and disposition of actin monomers in the circu-
lation.

Introduction

The human plasma vitamin D-binding protein (DBP)' is a
58,000-D interalpha globulin possessing one sterol binding site
per molecule (1-3). 25-hydroxycholecalciferol (25-OHD3) is
bound with the highest affinity (10-8 M), but normally occupies
< 5% of available binding sites (4). DBP is synthesized in the
liver (5) and is increased during states of estrogen excess (preg-
nancy, oral contraceptives) and decreased in hypoproteinemic
states (6). However, changes in 25-OHD3 concentrations have
no effect on the DBPconcentration in serum. No human, avian,
or other mammalian plasma devoid of DBPhas been found (7).

Studies of the kinetic behavior of DBPin rabbit (8) and man
(9) revealed a plasma t1p that was brief compared with 25-OHD3.
In the rabbit the half-life of 1251I-DBP was 40 h, whereas that
of [3H]25-OHD was 11 d (8). DBPnormally circulates in high
concentrations in the plasma of rats and man (4, 10) with con-
centrations of 5-8 MM(11, 12). DBPs plasma concentration is
50-100-fold greater than its sterol ligands (8). The calculated
mean production rate of DBP in humans was - 0.42 mg/kg
body wt per h (9), indicating DBPto be a high capacity system
for the 25-OHD3 ligand.
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In addition to its sterol binding and transport role, plasma
DBPhas been found to bind monomeric actin (G-actin) in an
equimolar ratio (1 1) with high affinity (10-9 M) (13-15). Plasma
gelsolin, a 93,000-D calcium dependent actin binding protein,
binds G-actin in a 1:2 Mratio (16). Gelsolin severs F-actin fil-
aments in the presence of calcium, whereas DBP inhibits po-
lymerization of G-actin to F-actin (5, 16, 17).

It has been proposed that plasma gelsolin and DBPmight
act in concert to scavenge actin released into the circulation
after tissue injury, thereby accelerating its plasma clearance,
preventing polymerization to F-actin, or disassembling pre-
formed actin filaments (14, 16-18).

Accordingly, we examined the plasma disappearance and
tissue accumulation of radiolabeled DBP, DBP-actin complex,
and G-actin in rats. Our experiments revealed that apolipopro-
tein (apo) and holo (G-actin)-DBP, and G-actin were cleared
rapidly, and that their plasma clearances and tissue appearances
were indistinguishable.

Methods

Materials. All chemicals used were of reagent grade or the best grade
available. Bovine serum albumin (BSA), rat serum albumin (RSA), and
lactoperoxidase were purchased from Sigma Chemical Co. (St. Louis,
MO). Ultra-gel AcA 44 was obtained from LKB Instruments (Gaithers-
berg, MD). Sodium "5I and sodium '13I were purchased from Amersham
Corp. (Arlington Heights, IL). IgGsorb for immunoprecipitation was
obtained from The Enzyme Center, Inc., (Malden, MA). Male Sprague-
Dawley rats were obtained from Charles River Breeding Laboratories
(Wilmington, MA).

Procedures. DBPwas isolated from rat plasma as previously described
(19) and yielded a single band on 7% sodium dodecyl sulfate (SDS)-
polyacrylamide gel electrophoresis. DBPwas stored at -20'C until used
and its concentration determined by the method of Lowry (20) using
BSAas the reference standard. G-actin was obtained from rabbit skeletal
muscle acetone-dried powder, using the method of Spudich and Watt
(21). Before use, G-actin was dialyzed against buffer A (0.01 MTris, 0.2
mMCaCI2, 0.5 mMNa-ATP, pH 8.0) for 18 to 24 h and its concentration
was determined by its extinction at 290 nm. The actin was always used
within 4 d of its preparation.

Radiolabeling of purified DBP, RSA, and G-actin. 40 fig of purified
rat plasma DBPand 160 ,ug of G-actin were radiolabeled with 1251 using
the lactoperoxidase method (22). The '25I-DBP was purified by molecular
sieve chromatography on a calibrated Ultra-gel AcA 44 column (2.5
X 60 cm) under constant pump pressure at 4VC in PBS(150 mMNaCl,
10 mMNa phosphate, pH 7.4).

Monomeric, 125I-G-actin, was isolated by filtration on an AcA 44
column (1.1 X 60 cm) at 40C under constant pump pressure with buffer
A. This radiolabeled G-actin was assessed for its ability to polymerize
when 100 mMKCI and 2 mMMgCl2 were added to native G-actin.

Fractions of 1251I-DBP and 1251I-G-actin were collected and aliquots
were counted in a gammacounter to determine the elution of DBPand
G-actin. Specific activities for DBPof 0.5-4.0 MCi/Mg were achieved.
The specific activity of G-actin was 0.04 MCi/Mg.

50 g of RSAwere labeled with 13'I by the lactoperoxidase technique
and purified on a calibrated, 1 X 60 cm column of AcA-44 at 40C.
Specific activities of 5-30 MCi/,Mg were achieved.
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All radiolabeled proteins were used within 24 h of their preparation.
Preparation ofholo (G-actin)-DBP complex. '251-DBP-actin complex

was prepared by incubating purified, radiolabeled DBPwith unlabeled
G-actin in PBS in an equimolar ratio at 00C for a minimum of 30 mi.

Animal experiments. Male Sprague-Dawley rats weighing 196-500
g were used. At least 48 h before experimentation, 0.0 1%KI was added
to their drinking water. Animals were anesthetized in an ether chamber
and were injected intravenously (via a tail vein using a I cm3 insulin
syringe with a 27-gauge needle) with 5-10 Asg of either 125I-DBP or 1251.
DBP-actin complex (0.46-1.2 MCi).

To provide in vivo evidence of the purity of our DBP, 80 ,ug of DBP
were radiolabeled as above with 0.6 mCi of 1251. One rat received 152
MCi of this '25I-DBP. After 45 min, this screening rat was bled via cardiac
puncture and the plasma was separated. A second rat then received 1.5
MCi (370 ,l) of the screening rat's plasma. This rat was then studied for
the disposition of the screened '251-DBP.

In separate experiments, rats were injected with 40 Mg of labeled G-
actin (1.6 MCi) or with both 3'I-RSA and 1251-DBP. 10 rats each were
injected with 125I-DBP or '2I-DBP-actin complex. Five rats were injected
with labeled monomeric actin, and four rats received '31I-RSA and 1251.
DBPsimultaneously. One rat received the screening rat's 1251I-DBP plasma.
Hematocrits were determined in all animals pre- and postexperimen-
tation.

Blood radioactivity. 2 min after injection, 200 Ml of blood were ob-
tained by cardiac puncture using a syringe with a 27-gauge needle. Blood
was transferred to 1 cm3 Eppendorf centrifuge tubes containing 10 Al
(10 U) of heparin. The plasma was separated by centrifugation for 2.5
min at 12,000 g at 200C. Total plasma and cold, 20% TCA-precipitable
radioactivity were determined on 20-Ml aliquots of the plasma samples
in the gammacounter (Micromedic 4/600, Micromedic Systems, Hor-
sham, PA).

Serial blood samples were obtained, and their radioactivity was ex-
pressed as the percentage of that in the 2-min sample.

Immunoprecipitation. Antiserum to rat DBPwas raised in rabbits
and the antibody purified on a protein A-Sepharose 4B column. The
final dilution of the antibody after purification was 1:3, and this antibody
displayed recognition of DBPand the DBP-actin complex. The optimal
amount of antibody required to precipitate all the DBPwas determined
by mixing serial dilutions (200 MI) with IO-Ml samples of rat plasma after
the addition of 25-hydroxy-[3H]vitamin D3 (10,000 dpm). After an over-
night incubation at 4°C, 10 Ml of IgGsorb (IgG binding capacity, 1.18
mg IgG/ml) were added with gentle shaking for 20 min. These samples
were centrifuged at 1,000 rpm for 20 min. The radioactivities in the
supernatant and pellet were determined in the liquid scintillation counter
(Packard Tri-Carb, Packard Instruments Co., Inc., Downers Grove, IL).

Plasma samples (10 Ml) from two rats who received '25I-G-actin were
handled as above using 200 Ml of a 1:3 dilution of the antibody. Im-
munoprecipitable radioactivity, representing that bound to DBP, was
determined by gammaspectrophotometry.

Tissue appearance of radioactivity. 2 h after the administration of
25I-DBP or 125I-DBP-actin complex, the animals were anesthetized with
ether and a longitudinal middle abdominal and chest incision was made
to the viscera. A heparin containing catheter was placed within the left
ventricle, and the plasma was obtained and separated as previously de-
scribed. The right femoral vein was then severed and the animals were

perfused with ice-cold PBS via the cardiac catheter. The perfusion was

continued until the organs were blanched (20-30 min). Small organs
were harvested into plastic scintillation vials and their radioactivity de-
termined in a Packard 3001 gammaspectrophotometer. The entire liver
and a portion of the liver and skeletal muscle from the anterior thigh
opposite the severed femoral vein were weighed. Radioactivity was de-
termined on the weighed portions of the liver and skeletal muscle.

Dual tracer studies. In a separate set of experiments, rats were injected
with both '251-DBP and '31I-RSA. Without perfusion, rats were sacrificed
and the organs harvested at regular intervals after injection, and plasma
and tissue ratios of 1251/131I were determined by double channel gamma
spectrophotometry.

For urine and stool collections, each rat was housed in a metabolic

cage and all urine and stool was collected separately. The first 24-h urine
was collected on ice.

Plasma samples and samples from the first 24-h urine collections
were analyzed by gel electrophoresis using 10%polyacrylamide separating
gel as previously described (23). 3-mm gel segments were sliced and
assayed for radioactivity.

Sucrose gradient ultracentrifugation. Linear 4.8 ml, 5-20% (wt/vol)
sucrose density gradients were prepared in either PBSwith the addition
of 0.02% (wt/vol) NaN3 ('1I-DBP or 25l-DBP-actin complex) or in buffer
A ('25I-G-actin). Gradients were also prepared in buffer A with the ad-
dition of 1 mMCaCl2 or buffer A with the addition of 0.1 mMCa-
EDTA(1251I-G-actin). Injected materials and plasma samples were layered
onto the tops of these gradients and centrifuged at 42,000 rpm in an SW
50.1 rotor for 18 h at 4VC in an ultracentrifuge (Beckman L5-50B, Beck-
man Instruments, Inc., Fullerton, CA). Fractions were collected and their
radioactivity was determined. BSAwas used as a standard and was mea-
sured by its ultraviolet absorbance at 280 nm.

Single radial immunodiffusion. Slides were prepared for single radial
immunodiffusion assay of rat DBP, using 1% agarose in tris buffered
saline (0.01 Mtris, 0.15 MNaCl, pH 7.2) containing rabbit anti-rat DBP
antiserum as previously described (24-26). Standards on each slide were
rat serum DBPof known concentration. The concentration of DBPin
the plasma of the experimental animals was determined from the standard
curve.

Other methods. The half-times (tin2) of the DBPand DBP-actin dis-
appearance curves were calculated by determining the slopes of each
experiment at 50% and determining the average of all rats. The disap-
pearance data were analyzed statistically in a two-stage multiple regression
analysis (27). In the first regression the dosage was used as the dependent
variable and regressed with time and animal irrespective of treatment
(DBP-actin) or nontreatment (DBP). The residuals from this regression
were then regressed with treatment or nontreatment as the independent
variables. The significance of nontreatment versus treatment was analyzed
by the Student's t test.

In the tissue accumulation analysis, total plasma radioactivity was
determined for each rat by correcting the 30-i aliquot for the total plasma
volume (28). Total skeletal muscle weight was assumed to be 45.4% of
the mature rat's total body weight (29).

Results

Animalfeatures during experimentation. To ascertain that tracer
amounts of DBPwere used and to assess the effects of experi-
mentation on blood volume, pre and post hematocrits were done
and showed a modest lowering of hematocrit (3-10%). Plasma
DBPconcentration, by radial immunodiffusion assay, declined
< 13%, when pre- and postinjection samples were compared.

Properties of radiolabeled proteins. Labeled rat DBP, G-actin
and RSAeluted as single symmetrical peaks from the AcA-44
columns. Additional analyses by sucrose density gradient ultra-
centrifugation and PAGEconfirmed the homogeneity of these
proteins. The radiolabeled actin was shown to co-polymerize
with the native G-actin used at critical concentration.

Plasma clearance of 25I-DBP and '311-RSA. Fig. 1 shows
the plasma disappearance curves of TCA-precipitable radioac-
tivity after the simultaneous intravenous administration of 1251-
DBPand 13'1-RSA. In all instances, the TCA-precipitable ra-

dioactivity was > 88% of total plasma radioactivity. Two slopes
were seen for each protein. The initial slope of the DBPcurve

revealed a t/2 of 2.6 h, while that of RSAwas 3.0 h. The second,
slower, slopes corresponded to a t/2 of 7.0 h for the DBPand
21.0 h for the RSA.

Tissues ratios of'251-DBP and 'AZI RSA. After the simulta-
neous administration of125I-DBP and 131-RSA, most of thetis-
sues examined contained more 1251 than 1311 (Fig. 2), consistent
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with the more rapid plasma egress of '25I-DBP (Fig. 1). At early
time points, liver, proximal gut, kidney, and skeletal muscle
contained more 125I, with increasing amounts observed in kidney
and skeletal muscle over 4-8 h after injection. Relatively smaller
accumulations favoring 125I were seen in bone, brain, and lung.

Urine and stool radioactivity. Both isotopes (1251, 13'I) ap-
peared in the urine and stool (Table I). 125I was excreted more
rapidly into urine. At 24 h - 43% of the 125I and 21% of the
13'I doses appeared in the urine. By 48 h, over half of the 125I
dose, and 33% of the 131I dose were in the urine. In contrast,
relatively small amounts of either isotope were found in the 48-
h stool collections.

Plasma disappearance of '25I-DBP, DBP-actin complex and
'25I-G-actin. Fig. 3 A depicts the plasma disappearances of TCA-
precipitable radioactivity after the injection of '251-apo-DBP, the
'25I-DBP-actin complex, or the 1251-DBP previously screened in
another rat. Though not depicted in Fig. 3, the 24-h %of dose
as TCA-precipitable radioactivity was 6.2±3.4 for DBP, 4.65±3.4
for DBP-actin, and 5.0 for 125I-screened DBP. These values were
clearly different from the same time points for albumin (Fig. 1).
In all instances, the TCA-precipitable radioactivity was > 85%
of total radioactivity. The curves are nearly identical, with a t112
of 2.6 h. Fig. 3 B shows the plasma clearances of injected 125i-
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Table L Appearance of Radioactivity in Urine and Stool of Rats
after Intravenous Administration of 1251-DBP and 3'I-RSA

Source '251-DBP (% of dose)* '1'I-RSA (% of dose)*

Urine
24 h 42.7±8.7 21.4±5.9
48 h 13.8±8.6 11.9±3.7

Stool
48 h 5.7±0.8 3.7±1.3

* Expressed as the mean percentage of dose±SEM.
n = 3 or 4 rats in each group.

G-actin and 125I-apo-DBP. The 24-h value for '251-G-actin was
4.0±4.0%. These plasma clearances were almost identical.

Table II shows the percentages of plasma radioactivity that
were precipitable with 20% TCAand by immunoprecipitation
with monospecific antibody to DBPin rats receiving '251I-G-actin.
Both analyses yielded very similar results.

Based on the stable hematocrits and serum DBPconcentra-
tion (414 ,g/ml by radial immunodiffusion) throughout the ex-
perimental periods, the production rate was able to be calculated
using the formula, C = Coe'k, where Cis the concentration of
radiolabeled protein at any time, Co is the concentration of ra-
diolabeled protein at time zero, t is time and k is the fractional
catabolic rate constant (30). Although the initial rapid curve
most likely represents mixing of the DBP with its intra- and
extravascular pool and the second, slower part of the curve rep-
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Figure 2. Tissue to plasma ratios of '25I-DBP and '31I-RSA radioactiv-
ity after their simultaneous intravenous administration to the rat. Rats
were simultaneously injected with '25I-DBP and 13I1-RSA. At regular
intervals after administration, the animals were killed and the organs
obtained. The ratios of 1251/1311 for the various organs were obtained
by double channel gammaspectrophotometry. *, kidney; o, skeletal
muscle; A, proximal gut; v, liver, o, bone; A, brain; ., lung; v, heart.
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Figure 3. Plasma disappearance of TCA-precipitable radioactivity after
intravenous administration of 1251I-DBP, 1251-screened DBP, 1251-DBP-
actin complex, or 1251I-G-actin to the rat. (A) 5-7 ,sg of '251-DBP

* -) or 1251I-DBP-actin complex (-- o --), or '251-screened DBP
A - - ) were administered intravenously to rats. Serial cardiac

blood samples were obtained and the TCA-precipitable radioactivity
of plasma was determined. Data are expressed as a percentage of the
2-min value. (B) '251I-G-actin (40 Mg) (-- o --) were injected intrave-
nously into rats and the plasma was separated from serial cardiac
blood samples. Plasma TCA-precipitable radioactivity was determined
and expressed as a percentage of the 2-min sample. This curve was in-
distinguishable from that seen after apo-DBP (- * -) injection.
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Table I. Percentages of TCA and
Immunoprecipitable Radioactivity after the Intravenous
Injection of '25I-G-Actin to Rats

Time (h) TCA IP*

0.00 (2 min) 97.0 95.0
0.25 98.3 95.7
1.00 92.0 91.7
2.00 92.1 95.1
4.00 95.3 90.7
6.00 92.8 87.8

24.00 88.1 80.0

* IP, immunoprecipitable.

resents the rate of degradation, production rates were calculated
based on both t/2 values. Using the faster slope with t/2 of 2.6
h, the production rate was 5.7 mg/kg per h. The rate using the
second, slower half time of 7 h was 2.1 mg/kg per h.

Tissue accumulation of'25I-DBP or '25I-DBP-actin complex
radioactivity in saline perfused organs. After the administration
of either '23I-DBP or 123I-DBP-actin complex the organ distri-
bution of radioactivity, after perfusion with saline, revealed the
greatest accumulations in skeletal muscle, liver, and kidney (Ta-
ble III). The radioactive accumulations in organs from rats re-
ceiving DBPwere not statistically different from the DBP-actin
organs (P = 0.4 for skeletal muscle; P = 0.3 for liver; P = 0.35
for kidney).

Properties of radiolabeled materials in plasma and urine.
Electrophoresis of rat plasma obtained at 6 h after the injection
of 1211-DBP by 10%PAGErevealed most of the radioactive ma-
terial to be intact DBP (Fig. 4 A). In contrast, urine from the
first 24 hour collection revealed small-sized material with a net
negative charge running at the dye front, suggesting the presence
of iodine and iodopeptides (Fig. 4 B).

Table III. Tissue Distribution of 125I Radioactivity
2 h after the Intravenous Injection of
'25I-DBP or '251-DBP-Actin Complex to the Rat

Organ DBP DBP-Actin

%dose/organ* %dose/organs

Plasmat 27.36±8.38 28.78± 14.80
Skeletal musclef 3.87±1.67 4.48±2.20
Liver 1.64±0.13 2.40±1.10
Kidney 1.39±0.76 0.87±0.39
Small intestine 0.50±0.34 0.73±0.36
Testes 0.34±0.34 0.39±0.27
Lung 0.19±0.19 0.40±0.01
Spleen 0.13±0.07 0.13±0.07
Heart 0.10±0.07 0.14±0.10
Tibia 0.04±0.02 0.02±0.01
Brain 0.02±0.006 0.04±0.04

* %±SEM.
tAssumes plasma volume = 40.4 ml/kg.
5Assumes skeletal muscle constitutes 45.4% total body weight.
n = 3-5 rats in each group.
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Figure 4. 10% PAGEof plasma and urine radioactivity after the intra-
venous administration of 1231-DBP and '3I1-RSA to the rat. (A) 6 h
plasma samples after intravenous administration of 123I-DBP to the rat
were analyzed by 10% PAGE. BPB, Bromophenol Blue tracking dye
front; ALB, albumin; (+), anode. Samples were electrophoresed on
10% polyacrylamide separating gel, 7.5 cm length. The gel was sliced
into 3-mm segments and analyzed by gammacounting for 1211 con-
tent. (B) Represents a sample of urine from the first 24-h urine collec-
tion. It was handled as in (A). (C) Represents the 6-h plasma sample
after intravenous administration of "1I-RSA and analyzed as in (A)
for "3'I content. (D) Representative sample from the first 24-h urine
collection of rats injected with 131I-RSA.

PAGEanalysis of plasma from '31I-albumin injected rats
showed the larger molecular weight material to be intact albumin
(Fig. 4 C). Urine analysis revealed small sized, negatively charged
particles near the gel front, as in the case of '25I-DBP. Of the
'3'I and "23I in the urine, no intact proteins were detected.

Sucrose density ultracentrifugation. The sedimentation pro-
files of injected materials and plasma samples are shown in Fig.
5. The plasma samples of '23I-DBP and DBP-actin complex
treated rats (Fig. 5 C) had sedimentation profiles similar to the
injected materials (Fig. 5 A) with apo-DBP sedimenting more
slowly than the actin-DBP complex. The monomeric actin in-
jected (Fig. 5 B) revealed a sedimentation slower than BSA.
However, representative plasma samples, (Fig. 5 D), from rats
receiving '25I-G-actin sedimented at 5-6S, as did the actin-DBP
complex. No aggregation, degradation nor free monomeric actin
was detected. In addition, no faster sedimenting compounds
suggesting the binding of actin to gelsolin were seen when the
'25I-G-actin plasma samples were run on gradients made in 1
mMCaCl2.

Discussion

The present data indicate that DBP is cleared from the rat cir-
culation faster than rat serum albumin. In addition, the accu-

mulation of DBPradioactivity in rat tissues was faster than al-
bumin accumulations (Figs. 1 and 2). As observed in rabbits
(8), no intermediate sized or DBPfragment was observed in rat
blood, suggesting the action of multiple proteases in the degra-
dation of DBP. In support of these findings in blood were the
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Figure 5. Sucrose gradient ultracentrifugation of injected samples and
plasma samples following intravenous administration of '25I-DBP or
'25I-DBP-actin complex or '25I-G-actin to the rat. (A) 5-20% linear su-
crose gradients were prepared in PBS 8 h before layering and stored at
4°C. 50 ,ul of the injected '25I-DBP (- * -) or '251-DBP-actin
(- o -) were layered, and the gradients were centrifuged 18 h at
42,000 rpm. Fractions, via bottom punctures, were collected and ana-
lyzed for their '25I content. (B) Gradients were prepared as in (A) ex-
cept that buffer A was used. The G-actin injectate was layered onto
the tops and otherwise handled as in (A). (C) Representative plasma
samples from rats 2 h after receiving '25I-DBP (- * -) or '25I-DBP-
actin (- o -) were handled as in (A). (D) Representative plasma
sample from a rat 2 h after receiving 125I-G-actin was handled as
in (B).

observations that urine DBPradioactivity was exclusively small
sized, negatively charged material (Fig. 4).

As with all purification and protein-modification schemes,
one must be concerned that the products studied behaved as
would the native proteins. In addition to their identical physi-
ochemical features to the reference proteins, functional similar-
ities were sought. Labeled G-actin was shown to polymerize along
with carrier G-actin to F-actin. '251-DBP was shown to bind
mole per mole with G-actin. Finally, no differences were found
in the plasma disappearance kinetics when using either '251I-DBP
previously screened in one rat or '25I-DBP purified on the AcA
44 column (Fig. 3). Unlike earlier observations (2), rat DBP
exhibited no tendency to aggregate during our experimental
procedures.

Since the ratio of plasma DBPto its sterol ligands is so high,
several observers have suspected functions for this protein be-
yond the storage, solubility and transport of vitamin D sterols
(13, 14, 31). Studies have revealed a high affinity, specific binding
of DBP to G-actin (15, 23). How might a function be carried
out between an extracellular protein and a major cytoskeletal
constituent? Recent studies have suggested an intimate associ-
ation of DBPwith the plasma membranes of immunocytes and
cytotrophoblasts (32-34). Whether derived from the plasma DBP
pool or synthesized by nonhepatic cells, cell-associated DBP
might serve as a linkage from the cell membrane to the cyto-

skeleton, but further studies are needed to support such a hy-
pothesis (35). Alternatively, cellular actin liberated during cell
lysis may require a scavenger system for its clearance from ex-
tracellular fluid.

Lind et al. recently found that actin accelerated the clearance
of plasma gelsolin and DBP in rabbits (36). These authors in-
jected F-actin, but did not study the kinetics of G-actin directly
to determine what role, if any, gelsolin played in the disposition
of monomeric actin. Only TCA-precipitable radioactivity was
determined in their analyses, and the integrity of the labeled
proteins was not verified. It is possible, however, that there are
species differences in the disposition of the DBP-actin complex.

Our results clearly show DBPto be the major plasma com-
ponent in vivo for the disposition of G-actin (Figs. 3, 5, and
Table II). Virtually all of the injected G-actin in plasma was
associated with DBPas evidenced by our immunoprecipitation
data with monospecific anti-rat DBP, and no aggregates or actin
fragments were detected. The sucrose gradient analysis in 1 mM
CaCI2, which should favor the continued binding of gelsolin to
actin if it had occurred in vivo, failed to show complexes that
sedimented faster than the DBP-actin complex. The clearances
of DBP, G-actin, and the DBP-actin complex from plasma were
nearly identical. These findings suggest a constitutive role for
DBPin the disposition and survivorship of plasma G-actin. Our
studies examined the fate of a relatively small amount of actin,
since the plasma DBPcapacity to bind actin (as estimated from
plasma DBPconcentration and binding studies) is in the order
of 500-600 ,g/ml plasma.

One can presume that the introduction of critical concen-
trations of actin ( 15) into the isotonic milieu of plasma would
result in its polymerization and disastrous hemodynamic con-
sequences were it not for a mechanism to prevent F-actin for-
mation. Our present results clearly indicate DBPto be a major
component in the extracellular handling of G-actin. Others have
identified a possible role for gelsolin in the plasma binding and
disposition of F-actin (31, 36). Since this protein severs F-actin,
its action along with the monomer sequestration provided by
DBPmay provide a dual mechanism to protect the organism
from cell-liberated actin moieties. The precise nature of actin
liberated during cytolysis is not known, however, and a plethora
of intracellular actin binding proteins are likely to be released
during this process (37). Somein vivo evidence for the presence
of plasma DBP-actin complexes is provided by observations in
plasma from pregnant women (38) and patients with hepatic
necrosis (39).

Additional work, at various actin concentrations or condi-
tions leading to in vivo tissue injury and cell lysis, are necessary
to further characterize the in vivo mechanism for extracellular
actin disposal. Our results, however, appear to indicate a major
involvement of DBPin such a mechanism.
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