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Physical Properties during Activation

Abstract. Highly purified preparations of Hageman factor, a potent clot-
promoting agent in normal mammalian plasma, had a sedimentation coefficient
of approximately 5S before activation. After activation, the Hageman factor
behaved as a much less soluble or larger molecule during ultracentrifugation and
gel filtration. No slgnificant change in sedimentation behavior was noted when
the Hageman factor in plasma deficient in plasma thromboplastin antecedent was
activated. The altered sedimentation behavior of purified activated Hageman
factor probably reflects its decreased solubility in aqueous media.

Blood readily clots in vitro upon
contact with certain adsorbent sur-
faces (/). Generation of clot-promot-
ing activity by surfaces depends part-
ly upon the activation of Hageman
factor, a plasma protein deficient in
persons with Hageman trait (2).
Once activated, Hageman factor be-
haves as an enzyme and initiates a
series of enzymatic reactions culminat-
ing in the generation of thrombin and
the formation of fibrin (3).

The experiments we report here
demonstrate that highly purified Hage-
man factor undergoes a change in its
physical properties during activation.
Hageman factor had a sedimentation
coefficient of approximately 55 before
activation. In contrast, activated Hage-
man factor was associated either with a
macromolecule or with an insoluble
substance.

Hageman factor was purified 3000-
to 5000-fold with respect to human
serum (4). Although this preparation
was originally thought to be activated
Hageman factor (4), it has been
shown to contain only 5 to 10 per-
cent of activated material (5). The term
“Hageman factor” refers to the pre-
cursor, or unactivated form, whereas
“activated Hageman factor” refers to
the form which has enzymatic activity
and accelerates clotting.

The preparation of purified Hage-
man factor was dissolved and applied
to linear sucrose density-gradient mix-
tures (5 to 20 percent) and ultra-
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centrifuged (6). The Hageman factor
and sucrose were each dissolved in
0.05M tris buffer, pH 7.4. After cen-
trifugation in a Spinco model L-2 ul-
tracentrifuge at 100,000 or 105,000g
for 24 hours at 0°C in an SW-39
head, the gradient mixtures were frac-
tionated. Usually, successive 0.2-ml
portions were removed from the up-
per surfaces of the gradient mixtures,
and added to 0.5 ml of buffered 1
percent bovine serum albumin. These
diluted fractions were then tested for
their Hageman factor content (4, 5).
Hageman factor isolated from gra-
dient fractions shortened the abnor-
mally long recalcified clotting time of
plasma from a person known to be de-
ficient in Hageman factor. This assay
was performed in the presence of
kaolin (a substance which activates

Table 1. Clot-promoting action of purified
Hageman factor upon Hageman plasma
deficient in Hageman factor. A mixture of
0.1 ml of test material, 0.1 ml of “cephalin”
(in barbital-saline buffer, 0.06 mg/ml, pH 7.4).
and 0.1 ml of plasma deficient in Hageman
factor was incubated in silicone-coated Pyrex
tubes (10 by 75 mm) for 8 minutes. Then 0.1
ml of 0.025M calcium chloride was added,
mixed, and the time required for visible
fibrin formation at 37°C was measured.

Clotting
Hageman factor time
(sec)
Untreated >400
Ellagic acid-activated 79
Barium carbonate-activated 70

Hageman factor) and a crude phos-
pholipid (“cephalin”) (7). Activated
Hageman factor in fractions shortened
the recalcification time of the same
plasma in the presence of “cephalin”
alone in silicone-coated test tubes.
Plasma was prepared in silicone-
coated apparatus.

After purified Hageman factor was
subjected to sucrose gradient ultra-
centrifugation, this activity was located
in fractions containing proteins with
sedimentation coefficients of 4.5 to
5.58 (Fig. 1).

The same preparation of Hageman
factor was activated by solutions of
ellagic acid or by barium carbonate
(Table 1), and subjected to ultracen-
trifugation in the same way as Hage-
man factor. Ellagic acid (4,4',5,5°6,6'-
hexahydroxydiphenic acid 2,6:2’,6’-di-
lactone), dissolved in concentrations
as low as 10—8M, activated Hageman
factor by an unknown mechanism
(5).

The ellagic acid was synthesized
(8) by the method of Perkin and
Nierenstein (9) by oxidative coupling
of gallic acid (/0). It was dissolved
at a concentration of 2 X 10—*M in tris
buffer and carefully centrifuged to re-
move any insoluble material before
mixing it with Hageman factor. After
exposure to Hageman-factor solutions,
barium carbonate was removed by
dialysis. after its conversion to soluble
acetate by the addition of equivalent
amounts of acetic acid.

Once activated by either technique,
coagulant properties attributable to ac-
tivated Hageman factor resided in den-
sity-gradient fractions containing the
heaviest or least soluble materials
(Fig. 1). In other experiments, Hage-
man factor activated by ellagic acid
was centrifuged at 100,000g for
only 100 minutes, or 31,000g for
120 minutes. Here too, the activated
Hageman factor was located prin-
cipally in fractions at the bottom of
the gradient mixture. Activated Hage-
man factor was also separated from
Hageman factor during column chro-
matography by Sephadex G-200 gel
filtration. During elution with buffer
composed of 0.025M barbital in
0.0125M saline at pH 7.4, activated
Hageman factor was found in frac-
tions known to contain the heaviest
materials. In contrast, Hageman fac-
tor was in effluent fractions known to
contain 4.5S materials.

The preparations of purified Hage-
man factor tested invariably contained
a small proportion of activated en-
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zyme (4, 5). Without further treatment
before ultracentrifugation, the activat-
ed Hageman factor in these prepara-
tions was also located in the heaviest
gradient fractions (Fig. 1). Con-
versely, activation with ellagic acid
was usually incomplete, and residual
Hageman factor - was located in gra-
dient fractions containing material
with sedimentation coefficients of 4.5
to 5.5S5. Similar results were obtained
when sucrose gradients were frac-
tionated from the bottom, as suggested
by Martin and Ames (6).

These experiments appeared to dem-
onstrate that the activation of puri-
fied Hageman factor altered it from
a substance with a sedimentation co-
efficient of about 5S to one with the
properties of a heavy macromolecule
or of a substance poorly soluble in
water. Although this question was un-
resolved, the following observations
seem more consistent with the possi-
bility that the activated Hageman fac-
tor is relatively insoluble in aqueous
media.

Human plasma, deficient in plasma
thromboplastin antecedent (PTA) and
prepared in silicone-coated apparatus
and subjected to ultracentrifugation by
the technique described. This plasma
contained native Hageman factor. It
was activated with 10—°M ellagic acid
and then ultracentrifuged. Both un-
activated and activated Hageman fac-
tors were found principally in frac-
tions containing material with sedi-
mentation constants between 5.0 and
7.08. Presumably, then, the rapid sedi-
mentation of activated Hageman fac-
tor did not occur in plasma, as a
macromolecule would.

A purified Hageman factor prep-
aration was mixed with plasma de-
ficient in this activity, and then acti-
vated with ellagic acid. After ultra-
centrifugation, most of this activated
material was in fractions containing
5.58 substances. When the same prep-
aration was activated before being
mixed with plasma deficient in Hage-
man factor, most of the activated
Hageman factor sedimented to the
bottom of the gradient mixture during
ultracentrifugation. When ellagic acid-
activated Hageman factor was ultra-
centrifuged in 5 to 20 percent sucrose
density gradients containing either 5
percent bovine serum albumin (Crys-
talline, Pentex, Kankakee, Ill.) or
0.5M NaCl, it again sedimented to the
bottom of these gradients. Once sedi-
mented, activated Hageman factor
could not be dissolved in 5 percent
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bovine serum albumin, 0.5M NaCl, or
5M urea. The Hageman factor remain-
ing unactivated by ellagic acid sedi-
mented with 4.5§ materials in gra-
dients with added albumin or 0.5M
NaCl. In addition, during ultracentrif-
ugation at 100,000g in 10 to 40
percent sucrose density gradients for
only 100 minutes, activated Hageman
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factor again sedimented to the bottom
of the gradient.

Since, during clotting, Hageman fac-
tor reacts enzymatically with PTA to
form activated PTA (I1, 12), it was
of interest to test the sedimentabil-
ity of both forms of PTA. Crude
PTA was prepared from plasma defi-
cient in Hageman factor (/2) and
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Fig. 1. Clot-promoting activity in density-gr

adient fractions after ultracentrifugation at

105,000¢ (36,000 rev/min) for 24 hours: (Top) Hageman factor dissolved in tris
buffer before ultracentrifugation. (Center) Hageman factor dissolved in 10~*M ellagic
acid in tris buffer before ultracentrifugation. The quantity of activated Hageman
factor or that which was not activated before assay is expressed as a percentage of
the maximum activity in fraction number 22 of the material treated with ellagic .acid
(center panel). Corresponding clotting times (logarithmic) are indicated on the
right ordinates. The activity attributable to unactivated Hageman factor in the bottom
fraction of the center panel is less than that due to already activated material. This
loss of activity occurred during the delay in performing the assays for activated
material. Relative concentrations of proteins measured at 210 my in a Beckman DU
spectrophotometer are shown in the bottom panel. A mixture of equal volumes of 1
percent bovine serum albumin (4.55) and 1 percent bovine v-globulin (78) in tris
buffer was applied to the same sucrose gradient used to fractionate test solutions.
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then activated by ellagic acid—activat-
ed Hageman factor. After ultracentrif-
ugation, the bulk of both PTA and
activated PTA (/3) was located in
gradient fractions containing sub-
stances with sedimentation coefficients
between 5 and 6S. Thus, the physi-
cal properties of the crude PTA had
not changed appreciably during its ac-
tivation.

The formation of a dimer as a re-
quirement for enzymatic activity has
been reported in the case of phos-
phorylase B (/4). If the change in
the physical properties of Hageman
factor after activation also represented
polymerization of the inactive protein,
an active polymer must contain many
monomeric units. Activated Hageman
factor behaved as if it were larger
than a 19§ porcine thyroglobulin dur-
ing gel filtration. Appreciable amounts
of activated Hageman factor were
readily sedimented during centrifuga-
tion at only 31,000g. The additional
fact that 2M urea and 0.5M NaCl
failed to impair activation of Hage-
man factor with ellagic acid militates
against the hypothesis that polymeriza-
tion is important in activation.

Vroman (/5) has postulated that
during the generation of clot-promot-
ing activity coagulant proteins may be
altered so that hydrophobic sites are
exposed. He suggested that Hageman
factor becomes hydrophobic during ac-
tivation and that the exposed hydro-
phobic areas are attracted to similar
portions of the PTA molecule. The
complex formed might then enhance
the development of clot-promoting ac-
tivity in blood. Our experiments sup-
port this possibility but do not define
the mechanism of altered physical be-
havior of activated Hageman factor.
Even though Hageman factor in plas-
ma did not demonstrate this change
after activation, the data regarding
purified material are relevant to the
phenomenon of activation once Hage-
man factor has been extracted from
its normal colloidal environment.

Botti (/0) has defined an experi-
mental “hypercoagulable” state effect-
ed by intravenous injection of ellagic
acid. Intravascular fibrin formation oc-
curred only where stasis was induced
by ligation of a vessel. Presumably,
Hageman factor activation is crucial
to the induction of this experimental
thrombus. These experiments support
the possibility that clearance of clot-
promoting activity by the reticuloen-
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dothelial system may be important in
protection against thrombosis, as sug-
gested by Spaet and his associates
(16). Perhaps activated Hageman fac-
tor in vivo can adhere to endothelial
surfaces and then be cleared from
the vascular compartment by the re-
ticuloendothelial system. Such a clear-
ance mechanism might protect an or-
ganism against the clot-promoting ac-
tion of activated Hageman factor.
VIRGINIA H. DONALDSON*
OsCAR D. RATNOFF{
St. Vincent Charity Hospital,
University Hospitals of Cleveland, and
Department of Medicine, Western
Reserve University, Cleveland, Ohio
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Selective Mitochondrial Damage by a Ruby Laser

Microbeam: An Electron Microscopic Study

Abstract. A pulsed ruby laser microbeam produces changes in single living
cells stained with a low concentration of Janus green B. Electron micrographs
show that such alterations are the result of morphological damage sustained by
and restricted to the mitochondria in the irradiated area.

Mitochondria have been selectively
damaged in single KB cells by a fo-
cused ruby laser microbeam. The cells
had been vitally stained prior to irra-
diation with Janus green B, well known
for its mitochondrial specificity. Pre-
sumably the stain enhanced the or-
ganelle’s ability to absorb laser light
since unstained cells show no detectable
reaction to such radiation. Morpholog-
ical evidence for the fact that the in-
duced damage is restricted to the mito-
chondria is based on electron micro-
graphs of irradiated cells. Other cellu-
lar constituents in the exposed area
show no significant ultrastructural al-
teration.

A ruby laser integrally mounted on a
phase-contrast microscope was used for
irradiations (/). Its air-cooled, ruby-
rod source had an optical pumping sys-
tem input of 2.6 kv and a rated maxi-
mum output of 0.5 joule delivered in
500 psec. The energy of the beam was
controlled by a neutral density filter

of graded transmittance interposed be-
tween the laser head and the micro-
scope ocular. An observation eyepiece
and both television and photographic
cameras were incorporated into the sys-
tem so that viewing and photographing
were possible at any time during an
experiment. The target area of the cell
was accurately located before each ir-
radiation by focusing a beam of ordi-
nary visible light, which passed through
the same optical path as the laser light,
onto the selected region. Under these
conditions, when the laser was ener-
gized, a focused beam of coherent light
(wavelength A = 6943 A) approxi-
mately 6 yx in diameter was produced
at the predetermined spot.

We used KB tissue-culture cells (2)
that were growing in a monolayer on
formvar-coated glass slips. In order to
facilitate the subsequent location and
identification of irradiated cells, we cut,
with a diamond scribe, a number of
circles, 200 y in diameter, on the up-
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