
Proc. Natl. Acad. Sci. USA
Vol. 85, pp. 2523-2527, April 1988
Biochemistry

Purification and characterization of replication protein A, a cellular
protein required for in vitro replication of simian virus 40 DNA

(eukaryotic DNA replication/initiation of replication/single-stranded-DNA-binding proteins/origin-specific unwinding)

MARC S. WOLD AND THOMAS KELLY
Department of Molecular Biology and Genetics, The Johns Hopkins University School of Medicine, 725 North Wolfe Street, Baltimore, MD 21205

Communicated by M. Daniel Lane, December 23, 1987 (received for review November 25, 1987)

ABSTRACT The replication of simian virus 40 (SV40)
DNA is largely dependent upon cellular replication proteins. To
define these proteins we have made use of a cell-free system that
is capable of replicating plasmid DNA molecules containing the
SV40 origin of replication. Systematic fractionation-reconsti-
tution experiments indicate that there are a minimum of six
cellular proteins that are required for efficient viral DNA
replication in vitro. We report here the purification of one of
these proteins, replication protein A (RP-A), to homogeneity.
RP-A is a multisubunit protein that contains four tightly
associated polypeptides of 70, 53, 32, and 14 kDa. Partial
proteolysis experiments indicate that the 53-kDa polypeptide is
closely related to the 70-kDa polypeptide, suggesting that itmay
be a proteolytic fragment of the larger subunit. RP-A is
absolutely required for reconstitution ofSV40 DNA replication
in vitro. The purified protein binds to single-stranded DNA and
is required for the large tumor (T)-antigen-mediated unwind-
ing of DNA molecules containing the SV40 origin of DNA
replication. These properties are consistent with the possibility
that RP-A plays a central role in the generation of a single-
stranded region at the origin prior to initiation of DNA
synthesis. The protein may also function to facilitate unwinding
of the parental DNA strands during the elongation phase of
SV40 DNA replication.

The replication of chromosomal DNA in animal cells is not
well understood. One approach to this problem is to analyze
the replication of the relatively simple genomes of animal
viruses (1-3). Simian virus 40 (SV40), a papovavirus, has
been extensively studied because the replication of its ge-
nome is similar in many ways to the replication of chromo-
somal replicons (2-4). Only a single virus-encoded protein,
the large tumor (T) antigen, is required for SV40 DNA
replication. Thus, the replication process is largely depen-
dent upon proteins encoded by the host cell.
The SV40 T antigen is a multifunctional protein that plays

a central role in viralDNA replication (2, 3, 5). The initial step
in DNA replication is the binding of T antigen to a specific
nucleotide-sequence element within the viral origin of DNA
replication. Once bound to the DNA, T antigen catalyzes
local unwinding of the DNA in the origin region (6-8). This
unwinding reaction is a function of the intrinsic helicase
activity of T antigen (9) and requires ATP and at least one
cellular protein (6). Unwinding at the origin is presumably a
prerequisite for priming and subsequent chain elongation. In
addition to its role in initiation of replication, the helicase
activity ofT antigen may function during chain elongation to
unwind the parental strands in front of the advancing repli-
cation forks (10, 11).
As an approach to defining all of the cellular proteins

involved in SV40 DNA replication we have made use of the

in vitro SV40DNA replication system originally described by
Li and Kelly (12, 13). Analysis of the system indicates that
there are a minimum of six cellular proteins in addition to T
antigen that are required for the replication of SV40 DNA. In
this report we describe the purification and characterization
of a previously undescribed cellular replication protein,
RP-A. RP-A is a multisubunit protein that binds to single-
stranded DNA and is required for the T-antigen-mediated
unwinding of DNA templates containing the SV40 origin of
DNA replication. Thus, RP-A may act to facilitate the
generation of a single-stranded region at the origin prepara-
tory to initiation of DNA synthesis. It is also possible that
RP-A facilitates unwinding of the parental strands during the
elongation phase of the replication reaction.

MATERIALS AND METHODS
Reagents and Enzymes. The following were obtained from

commercial suppliers: Affi-Gel Blue, Bio-Rad; DEAE-
Sephacel, Pharmacia; potassium thiocyanate, Baker; myo-
inositol and n-octyl glucoside, Sigma. DNA topoisomerase I
was the generous gift of Leroy Liu (Department of Biological
Chemistry, Johns Hopkins University, Baltimore), and sin-
gle-stranded-DNA-binding proteins from Escherichia coli
(SSB) and adenovirus were generously supplied by Roger
McMacken (Department of Biochemistry, Johns Hopkins
University, Baltimore) and Edward O'Neill (Department of
Molecular Biology and Genetics, Johns Hopkins University,
Baltimore), respectively.

Reaction Conditions. The conditions for replication reac-
tions were as described previously (14), with some modifi-
cations. Standard 25-gl reaction mixtures contained 30 mM
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (Hepes,
pH 7.5); 7 mM MgCl2; 50 ,M dCTP with 2.5 ,uCi (92.5 kBq)
of [a-32P]dCTP, 100 ,M each dATP, dGTP, and dTTP; 200
AM each CTP, GTP, and UTP; 4 mM ATP; 40 mM creatine
phosphate; 15 mM potassium phosphate (250 mM stock, pH
7.5 at 24°C); 50 ng of supercoiled pUC.HSO DNA template
(6); 100 ,ug of creatine kinase; and protein fractions (shown in
Fig. 1) as indicated in figure legends. Complementation
assays for RP-A contained 5 ,g of fraction CF IB, 20 ,ug of
fraction CF II, 100 ng of topoisomerase I, and 0.8 ,ug of T
antigen. [Fraction CF IC was not required under these
conditions because fraction CF IB contains low levels of the
active component(s) present in CF IC.] Replication reaction
mixtures were incubated at 37°C for 2 hr. The reactions were
terminated by the addition of 25 ,ul of 2% NaDodSO4/50 mM
EDTA/0.2% proteinase K followed by incubation at 37°C for
30 min. The products were collected by precipitation in 2 M
ammonium acetate/50o isopropyl alcohol and analyzed by
electrophoresis in 1% agarose gels.

Abbreviations: SV40, simian virus 40; T antigen, large tumor antigen;
RP-A, replication protein A; PCNA, proliferating-cell nuclear anti-
gen; SSB, Escherichia coli single-stranded-DNA-binding protein.
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Fractionation of HeLa Cell Cytoplasmic Extract and Puri-
fication of RP-A. The preparation of HeLa cytoplasmic
extract and the generation of fractions CF I and CF II by
phosphocellulose chromatography have been described (6,
12). Cytoplasmic extract (2.9 g of protein) from 103 liters of
HeLa cells (logarithmically growing in suspension) was made
100 mM in KCl and passed over coupled phosphocellulose
(500 ml) and hydroxylapatite (500 ml) columns. The flow-
through was quantitatively depleted of protein. The columns
were uncoupled and CF II was eluted from the phosphocel-
lulose column (6). The hydroxylapatite column was washed
with 500 ml ofbuffer F (30 mM Hepes, pH 7.5/100mM KCl/1
mM dithiothreitol, 0.25% myo-inositol) and the active frac-
tion was eluted with buffer F containing 70 mM potassium
phosphate and 0.1% octylglucoside (11). The resulting frac-
tion (CF I'; 900 mg) was dialyzed into buffer H (30 mM
Hepes, pH 7.5/1 mM dithiothreitol/0.25 mM EDTA/0.25%
myo-inositol/0.01% Nonidet P-40) containing 15 mM KCl
and then loaded onto a 90-ml column of DEAE-Sephacel.
After the column was washed sequentially with buffer H
containing 15 mM (50 ml) and 100 mM (250 ml) KCl, bound
material was eluted with an 800-ml linear gradient of KCl
(100-300 mM in buffer H) followed by a 200 ml wash with
buffer H containing 2 M KCl. Three peaks of replication
activity (CF IA, CF IB, and CF IC) were identified by
appropriate complementation assays, concentrated on small
hydroxylapatite columns (as described above), and dialyzed
into buffer H containing 15 mM KCl and 0.5% myo-inositol.
The first peak (CF IA) contained 130 mg of protein and was
eluted at 150 mM KCL. RP-A was purified from CF IA by
chromatography over Affi-Gel Blue. CF IA (30 mg) was
bound to a 5-ml column ofAffi-Gel Blue equilibrated in buffer
H with 15 mM KCl. Bound material was then eluted sequen-
tially with buffer H containing either 1 M KCl, 0.5 M KSCN,
0.75 M KSCN, or 1.3 M KSCN (20 ml each). Highly purified
RP-A (=300 4g) was eluted in the 1.3 M KSCN wash. The
resulting peak of activity was dialyzed into buffer H contain-
ing 15 mM KCl and 0.5% myo-inositol and was stored in
aliquots at - 80TC. RP-A was purified >100-fold on Affi-Gel
Blue with a recovery of =80%o of the activity in CF IA. RP-A

is stable for at least 4 months at - 80'C and through multiple
freeze-thaw cycles. The purification of proliferating-cell
nuclear antigen (PCNA; ref. 15) from CF IB, the fractionation
of CF IC and CF II, and the purification ofDNA polymerase
a/primase complex will be described elsewhere.

Protein Analysis. Analysis of polypeptides was performed
by electrophoresis in NaDodSO4/polyacrylamide (8-14%
linear gradient) gels according to the method ofLaemmli (16).
Polypeptides were visualized by silver staining (17). Protein
concentrations were determined by the method of Bradford
(18) with bovine serum albumin as a standard.

RESULTS
Identification and Purification of RP-A. Previous work

demonstrated that crude cytoplasmic extracts derived from
HeLa cells contain all of the cellular proteins required for the
in vitro replication of DNA templates containing the SV40
origin of DNA replication (12, 13). To identify and charac-
terize these cellular replication proteins, we fractionated the
crude extract by a variety of methods and determined which
fractions are required to reconstitute DNA replication in
vitro. This approach resulted in the identification of five
distinct protein fractions, each containing at least one com-
ponent that is absolutely required for replication (Fig. 1).
RP-A was purified from the fraction designated cellular
fraction IA (CF IA).
The crude cytoplasmic extract was initially separated into

two fractions, CF I and CF II, by chromatography on
phosphocellulose (19, 20). In previous studies we demon-
strated that CF I contains factors required during the early
steps of SV40 DNA replication, including the origin-
dependent unwinding of the template catalyzed by T antigen
(6, 19). For this reason we focused our attention on the
further resolution of this fraction. CF I was purified by
hydroxylapatite chromatography and then separated into
three subfractions, CF IA, CF IB, and CF IC, by chroma-
tography on DEAE-Sephacel. All three subfractions con-
tained factors required for reconstitution of SV40 DNA
replication in vitro, but only CF IA appeared to be required
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FIG. 1. Proteins required for SV40 DNA replication in vitro. T antigen was isolated from SV40-infected BSC40 cells (a monkey kidney
cell line). Cytoplasmic extract derived from HeLa cells was fractionated by the indicated chromatographic procedures (see Materials and
Methods). Efficient replication of SV40 DNA in vitro required RP-A, PCNA, DNA polymerase a/primase, topoisomerase I, fraction CF IC,
and fraction CF II. Relevant biochemical activities of the fractions (where known) are indicated in the lower portion of the figure. SS-DNA,
single-stranded DNA.
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for the origin-dependent unwinding reaction (6). Further
fractionation of CF IB yielded homogeneous PCNA/cyclin,
a protein that was recently shown to be required for efficient
DNA chain elongation but does not appear to be involved in
the initiation of replication (refs. 15 and 20; unpublished
data). The replication activity in CF IA was purified by
chromatography on a column of Affi-Gel Blue. After binding
CF IA, the column was washed with a buffer containing 1 M
KCI and bound proteins were eluted stepwise with the same
buffer containing increasing concentrations of potassium
thiocyanate. After dialysis to remove the thiocyanate, the
fractions were assayed for replication activity in reaction
mixtures containing the complementing fractions CF IB and
CF II, as well as T antigen, topoisomerase I, and a plasmid
template (pUC.HSO) containing the wild-type SV40 origin of
DNA replication. Replication activity was eluted at 1.3 M
KSCN in a fraction that contained <1% of the total protein.
The overall extent of purification on the Affi-Gel Blue column
was at least 100-fold and the overall purification from crude
extract was -1600-fold.

Analysis of the active fractions from the Affi-Gel Blue
column by NaDodSO4/polyacrylamide gel electrophoresis
revealed the presence of four polypeptides of 70, 53, 32, and
14 kDa (Fig. 2). To determine whether these polypeptides
were associated, samples of the purified material were
analyzed by sedimentation in glycerol gradients under sev-
eral different conditions. Fig. 3 shows the results of such a
sedimentation analysis carried out at relatively low ionic
strength (50 mM KCI). It is evident that under these condi-
tions the four polypeptides cosedimented precisely. As
expected, the fraction containing the four polypeptides also
contained replication activity as determined by the comple-
mentation assay. Under these low-salt conditions this com-
plex has a sedimentation coefficient of 6.7 S. The four
polypeptides also cosedimented in glycerol gradients con-
taining 0.5 M KCI or 0.5 M KCI with 1.7M urea. We conclude
from these results that the four polypeptides are tightly
associated in a single protein, which we have designated
RP-A. Futhermore preliminary data indicated that RP-A also
behaved as a complex on a Superose-12 column and had a
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FIG. 2. NaDodSO4/polyacryl-
amide gel analysis of purified RP-A.
Positions of RP-A subunits are indi-
cated by arrows. Standards are (in
order of decreasing size, kDa) myosin
heavy chain, 8-galactosidase, phos-
phorylase b, bovine serum albumin,
ovalbumin, and carbonic anhydrase.
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FIG. 3. Glycerol gradient analysis of RP-A. Pure RP-A (8 ,ug)
was sedimented on a 4.8-ml 15-35% (vol/vol) glycerol gradient in
buffer H containing 50 mM KCl. After centrifugation at 48,000 rpm
for 20 hr at 40C in a Beckman SW50.1 rotor, the gradient was
fractionated and an aliquot of every other fraction was analyzed by
NaDodSO4/8-14% polyacrylamide gel electrophoresis. The sedi-
mentation position of protein standards (catalase, Ca; aldolase, A;
bovine serum albumin, B; ovalbumin, 0; chymotrypsinogen, Ch)
from a parallel gradient are shown on the bottom along with the
direction of sedimentation (long arrow). Positions of RP-A subunits
are indicated at right. The bands visible between the positions of
RP-A I and RP-A I' in every lane of the gel are an artifact of staining.
Aliquots of each fraction (10 ,ul dialyzed into buffer H with 15 mM
KCI) were also assayed for replication activity in reaction mixtures
containing 0.8 ,ug of T antigen, 5ug of CF IB, 20 ,tg of CF II, 100 ng
oftopoisomerase I, and 50 ng ofa plasmid (pUC.HSO) containing the
wild-type origin of SV40 DNA replication; results are shown as
total incorporation (pmol) of deoxynucleotides.

Stokes radius of -54 A (data not shown). Thus RP-A has a
molecular mass of =160 kDa; however, determination of the
precise molecular size and subunit stoichiometry of RP-A
must await more detailed hydrodynamic studies.
We have consistently observed that the 53-kDa polypep-

tide is present in significantly smaller amounts than the other
polypeptides. Moreover, partial proteolysis experiments
with Staphylococcus aureus V8 protease (21) indicated that
the 53-kDa polypeptide is closely related in structure to the
70-kDa polypeptide. All but one of the peptide fragments
released from the 53-kDa polypeptide by protease digestion
were identical to fragments of the 70-kDa polypeptide (data
not shown). Thus, the 53-kDa polypeptide may well be a
proteolytic breakdown product of the 70-kDa polypeptide.
The 32-kDa polypeptide appears to be unrelated to the
70-kDa or 53-kDa polypeptide, since no common peptide
fragments were observed. We cannot make a definitive
statement about the possible structural relationship of the

Biochemistry: Wold and Kelly
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smallest (14-kDa) polypeptide to the others, since no prote-
olytic fragments of this polypeptide were observed.

Properties ofRP-A. RP-A was identified and purified on the
basis of its ability to complement other cellular replication
proteins in the reconstitution of SV40 DNA replication in
vitro. Fig. 4 shows an analysis of the products of such a

reconstitution reaction by agarose gel electrophoresis. The
reaction mixture contained purified RP-A, CF IB, CF II,

topoisomerase I, and T antigen, as well as a template
containing the SV40 origin of DNA replication. (Similar
results were obtained when the purified polymerase a/pri-
mase complex and CF IIA were substituted for CFII.) The
distribution of reaction products was quite similar to that
observed previously with crude cytoplasmic extracts (12, 13,
19) or in reconstitutions with CF IA instead ofRP-A (Fig. 4).
Both monomeric circular products and higher molecular
weight forms were observed. The synthesis of both types of
products was completely dependent upon the presence of the
SV40 T antigen. In the absence of RP-A no DNA synthesis
above background was observed, indicating that SV40 DNA
replication in vitro is completely dependent upon this cellular
protein. However, the maximal extent of DNA synthesis in
the presence of saturating levels of RP-A was somewhat
lower than that observed with saturating quantities ofCF IA,
suggesting that CF IA may contain additional factors that
stimulate DNA synthesis.

Previous kinetic analysis of the replication reaction indi-
cated that CF I, the parent fraction of RP-A, contains
activities that are required for the early events in SV40 DNA
replication (6). For example, the 20- to 30-min lag that
normally occurs prior to the onset of rapid DNA synthesis
can be eliminated by preincubation ofT antigen, CF I, ATP,
and the DNA template. If topoisomerase I is present during
this presynthetic reaction, it is possible to detect extensive
unwinding of the template, dependent upon the presence of
the SV40 origin of replication (6). The unwinding reaction is
catalyzed by the helicase activity of T antigen but requires
CFI and ATP as cofactors. To examine the ability ofRP-A to
facilitate the origin-dependent unwinding reaction, the 30-
min preincubation was carried out in the presence of topo-
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FIG. 4. RP-A is required for SV40 DNA replication. Reaction
mixtures contained 5 ,ug of CF IB. 21 ,ug of CF II, 100 ng of
topoisomerase I, 50 ng of plasmid pUC.HSO, and, where indicated,
90 ng of RP-A, 0.8 ,ug of T antigen (Tag); and 15 ,ug of CF IA. The
reaction products were analyzed by agarose gel electrophoresis and
visualized by autoradiography. Note: the lack of requirement for CF
IC in the reaction is due to the fact that low levels of the replication
factor in CF IC are present in fraction CF IB. The dependence of
replication ofCF IC becomes apparent when PCNA is substituted for
CF IC. Positions ofpUC.HSO forms I and II are indicated by arrows.
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FIG. 5. RP-A is required for T-
antigen-dependent unwinding of the
template. Unwinding was assayed as
described (6). Reaction mixtures con-
tained 2.2 pig ofT antigen (Tag), 4mM
ATP, 250 ng of RP-A (where indicat-
ed), and 100 ng of plasmid pUC.HSO.
The products of the unwinding reac-
tion were analyzed by agarose gel
electrophoresis and visualized by the
Southern blot hybridization procedure
(6).

isomerase I, and the template DNA was immediately ana-
lyzed by agarose gel electrophoresis (Fig. 5). A rapidly
migrating, underwound form (arrow) was observed when the
preincubation reaction mixture contained both RP-A and T
antigen, but no such product was observed if either protein
was absent. The underwound nature of the product was

verified by demonstrating that it could be relaxed by E. coli
w protein, a type I topoisomerase that acts specifically on
negatively supercoiled DNA (data not shown). The efficiency
of the unwinding reaction mediated by T antigen and RP-A
was somewhat lower than that observed with T antigen and
CF I, suggesting the existence ofa stimulatory factor(s) in the
less purified fraction. We recently observed that fraction CF
IC stimulates unwinding significantly (data not shown).
However, unwinding in the presence of CF IC is still
completely dependent upon RP-A.

It has been shown (6, 7) that the origin-dependent unwind-
ing reaction catalyzed by T antigen can be facilitated by E.
coli single-stranded-DNA-binding protein (SSB). For this
reason, we examined the ability of the purified RP-A to bind
to single-stranded DNA. Using a nitrocellulose filter binding
assay, it was found that RP-A could bind single-stranded
DNA (comparable in this qualitative assay to E. coli SSB and
adenovirus DNA-binding protein) and may also have some
affinity for duplex DNA (Table 1). It should be noted that
although E. coli SSB will function in the unwinding assay, it
cannot replace RP-A in the replication reaction (data not
shown). This suggests that the role ofRP-A in the early steps
of SV40 DNA replication may be more complex than simply
binding to single-stranded DNA.

Table 1. RP-A binds to single-stranded DNA
DNA bound, %

Protein ss DNA ds DNA

None 1 1
RP-A 79 11
E. coli SSB 30 3
Adeno DBP 91 ND
BSA 1 0.5

Nitrocellulose filter binding assays were carried out as described
(21). The substance for binding was a 32P-labeled 120-base-pair
oligonucleotide that was used in its native, double-stranded form (ds
DNA) or after thermal denaturation (single-stranded (ss) DNA]. Data
are presented as percent of DNA retained on the filter. Binding
reaction mixtures contained 80 pg ofDNA and either 100 ng ofRP-A,
600 ng of E. coli SSB, 400 ng of adenovirus DNA-binding protein
(Adeno DBP), or 2 ,ug of bovine serum albumin (BSA). ND, not
determined.
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VASODILATATION IN CONGESTIVE HEART FAILURE

area was always based on edema-free weight. When
measured right atrial pressure was not available, its value
was taken to be the corresponding right ventricular end
diastolic pressure minus the difference observed between
right ventricular end diastolic pressure and right atrial
pressure measured when the catheter was removed at the
end of the observations. In occasional instances an avail-
able right atrial pressure was substituted for an unavail-
able right ventricular diastolic pressure. In calculations
requiring pulmonary "wedge" pressure (pulmonary vascu-
lar resistance and left ventricular minute and stroke work)
the following substitutions were made in those periods
where this measurement was not available: The single
value obtained during vasodilatation was used in calcula-
tions for both the maximum vasodilatation period and the
average of the vasodilatation periods; values obtained dur-
ing the control period or the postvasodilatation period
were substituted for each other when one of the measure-
ments was not available.
The formulae used were: systemic vascular resistance

=(SAm- RAm) . C.O.; pulmonary vascular resistance
= (PAm- PCm) * C.O.; renal vascular resistance = (SAm
- RAm)+ RBF. Vascular resistances are expressed as
mm. Hg per L. per minute, since nothing is gained by
the more elaborate calculation into fundamental units.

Left ventricular minute work index = (SAm- PCm) X
C.I. X 14.4 . 1,000; right ventricular minute work index
= (PAm- RVd) X C.I. X 14.4 *. 1,000; stroke work in-
dex = minute work index of corresponding ventricle
X 1,000 V.R. Minute work index is expressed as Kg.
M. per M.' per minute and stroke work index as Gm. M.
per M.' per beat.
The symbols are defined as follows: SAm = mean sys-

temic arterial pressure, mm. Hg; RAm = mean right
atrial pressure, mm. Hg; PAm = mean pulmonary arterial
pressure, mm. Hg; PCm = mean pulmonary "wedge"
pressure, mm. Hg; RVd = right ventricular end diastolic
pressure, mm. Hg.

C.O. = cardiac output, L. per minute; C.I. = cardiac
index, L. per M.' per minute; RBF =renal blood flow
in L. per minute = renal plasma flow + (1-Hct), where
Hct = hematocrit, expressed as a decimal; V. R. = ven-
tricular rate, per minute.

RESULTS

Subjects. Table I presents clinical information
regarding the 17 patients on whom 21 experi-
ments were performed. The subjects have been
divided into four groups: Group I, congestive
heart failure-five normotensive and five hyper-
tensive cardiac patients with typical clincial con-
gestive heart failure indicated by low cardiac
indices and high A-V oxygen differences; Group
II, partial cardiac compensation-two normoten-
sive and two hypertensive cardiac patients clini-
cally recovered from congestive heart failure by

appropriate therapy and without signs or symp-
toms of heart failure but with below normal
cardiac indices and A-V oxygen differences above
6 volumes per cent; Group III, noncardiac and
cardiac compensation-two noncardiac subjects
convalescing from pneumonia and alcoholism,
respectively, and three cardiac patients, one
normotensive and two hypertensive, fully com-
pensated from congestive heart failure, receiv-
ing maintenance doses of digitalis, without signs
and symptoms of heart failure and with nor-
mal cardiac indices and A-V oxygen differ-
ences; Group IV, "normal output" congestive
failure- two subjects, one normotensive and one
hypertensive, with signs and symptoms of con-
gestive heart failure but with normal cardiac
indices and normal arterial-mixed venous oxygen
differences. The four subjects, B.K., L.R., S.T.
and E. S., who were studied twice, once during
congestive heart failure and again after recovery
of compensation, appear in two groups accord-
ing to their cardiovascular status on each occasion.

General response. There were no apparent
differences between the subjects with congestive
heart failure and the compensated cardiac and
control subjects with respect to the amount of
Arfonad® required to maintain vasodilatation, the
speed with which vasodilatation occurred and the
rapidity of return to the control state after stop-
ping the drug (Table I). The dosage range was
0.35 mg. to 1.25 mg. per minute with the usual
dose between 0.5 mg. to 1.0 mg. per minute.
Two subjects (J.H. and J.M.), both of Group
III, required much larger amounts, 3.0 and 2.0
mg. per minute, respectively. The rate of infu-
sion of the drug was often increased by 0.25 mg.
to 0.5 mg. per minute during the last half hour of
vasodilatation in order to prevent the blood pres-
sure from rising above the desired level. The
time required to reach the desired level of vasodila-
tation varied considerably but averaged 25 to 30
minutes. The control state was reached on an
average of 30 minutes after stopping the infusion.

During the vasodilatation the subjects with con-
gestive heart failure seemed somewhat improved.
They were quieter, less restless and less complain-
ing. Cerebration seemed less active and they even
dozed. Respirations were often more shallow
and irregular. Yawning occurred infrequently.
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