
The Activation of Factor X by Extracts of Rabbit Brain

By YALE NEMERSON AND THEODORE H. SPAET

W HEN BLOOD is allowed to clot in vitro without the addition of other

reagents, a complex sequence of events occurs which involves the

participation of numerous coagulation factors, all of which are derived from

the blood itself. This process is now generally known as “intrinsic coagula-

tion.” Extracts of tissues markedly accelerate coagulation by bypassing

several steps of the “intrinsic” system. Such extracts have been collectively

called “tissue thromboplastin”; they are particularly active when derived from

lung, placenta, or brain. The clotting that occurs in the presence of tissue

thromboplastin is called “extrinsic coagulation,” and it is only in these reac-

tions that factor VII participates. It has been suggested that the final corn-

mon pathway of both the intrinsic and extrinsic systems is activation of fac-

tor X ( Stuart-Prower factor ) . � Activated factor X subsequently reacts with

phosphatides and factor V to produce an agent capable of converting pro-

thrornhin to thrombin.

Fractionation of brain thromboplastin was an early step in coagulation

research. Howell in 19122 prepared a chloroform-soluble reagent ( cephalin)

which accelerated clotting, and is now known to serve as an alternative to

platelets iii providmg phosphatides. In the present study an additional fraction
is (lescribeci which selectively activates factor X without providing cephalin. It

�PP#{128}’�I� to be 1)rotein in nature and, like its parent thromboplastin, requires
factor VII for optimal activity.

METHODS AND MATERIAL

1. (;eizeral

All biological reagents were from a(Inlt New Zealand rabbits unless otherwise stated.

Blood was obtained via cardiac puncture and collected into glass containers. It was in-

(tIh�ltC(l at 37 C. for 4 hours and the serum separated by centrifugation. Finally, it was

stOre(l at 4 C. overnight before use. Seriin� eltiate from BaSO4 was prepared as previously

(lescrihed.l Ce1h�iliii stock suspension4 gave maximum activity in the thromboplastin gen-

eration tt�st when diluted 1 ‘200. Purified factor X was that of Spaet and Cintron.3

Blood deficient in factor VII, IX or X was obtained from patients with the respective

congenital deficiencies.

Buffered saline refers to 0.9 per cent sodium chloride adjusted to pH 7.2 with 1/10

volume of imidazole buffer prepared according to Langdell et al.5 Incubation of reagents

with (li-isopropyl-flllorophosphate was (lone as previously described.3

2. Preparation of Brains

Brains were promptly removed from rabbits sacrificed by exsanguination via cardiac

1�rom f/ic i)epartmev.t of Hematology, Laboratonj Divi.rion, Monte/lore Hos-pital, N. Y.

This study was supported by Grant � HE-05415-03 of the National Heart 1n.rtitt�e, Na-

(100(11 I7l.S�titUt(’S (If Health, USPH.
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658 NEMERSON AND SPAET

puncture. The cortices were dissected free, minced, and then washed with copious quantities

of distilled water chilled to 4 C.

Crude brain thromboplastin was prepared as described by Quick,6 and the product was

stored in a vacuum dessicator at -15 C. Although stable for long periods of time, this

material was used for assay within 48 hours. When used to activate serum, it was stored

up to 2 weeks.

Brains for fractionation were immediately frozen in a dry ice and acetone bath, and

were freeze-dried for 2,4 hours on a Virtis Unitrap. The dried material was stored in a

vacuum dessicator at -15 C. and used within 1 week. When extracts were to be assayed

for relative potency, however, the processing was completed within 48 hours. It was

found that reagents stored for longer periods gave poorly reproducible assays.

Prior to extraction, the tissue was ground in a mortar, and was then homogenized with

the indicated solvent in a Potter-Elvehjem homogenizer for 3 minutes. Saline extraction

was performed at 4 C. When acetone, butanol or chloroform were used, all procedures

were performed at -15 C.

The extractions were performed as follows:

( a ) Acetone. After a portion of dried tissue was homogenized in a small amount of

acetone, additional acetone was added to a volume of 50 cc. per Cm. of tissue. The mix-

ture was then stirred for 1 hour by a motor-driven paddle, and centrifuged for an addi-

tional hour at 10,000 rpm in the High Capacity attachment of an International Refrigerated

PR-2 Centrifuge. The sediment was washed twice by resuspension in acetone and col-

lection by centrifugation. Finally, the material was dried under a stream of nitrogen and
stored in a vacuum dessicator at -15 C. until further processed as described below.

(b) r&-Butyl Alcohol (Butariol). Extraction with this solvent was performed by a modifica-

tion of the method of Morton.7 The dried brain was homogenized with butanol and the

final volume brought to 50 cc. per Gm. with additional butanol when homogenization was

completed. The mixture was stirred and the precipitate collected as with the acetone ex-

traction. The butanol was removed by washing the precipitate 3 times in acetone. The
material was dried and stored, as was the acetone-extracted brain.

( c ) Chloroform . The method was identical to that used for acetone extraction.

( d) Saline extraction of the solvent-treated residues. Within 48 hours the dry residues

were ground to a fine powder in a mortar, and stirred to a thick paste with a small amount

of buffered saline. Additional buffered saline was slowly added with continuous stirring

to a final volume of 10 cc. per Cm. of starting material. The material was transferred to

a mechanical shaker in a 4 C. room and extraction continued for 10 hours, followed by
centrifugation for 90 minutes at 40,000 rpm in a SW-39 rotor of a Spinco Model L Prepa-

rative Ultracentrifuge. The supernatants were collected and stored at 4 C. for up to 3

hours prior to assay.

(e) Saline extract of fresh brain was made by homogenizing minced, washed brain with
5 cc. of buffered saline per Cm. of tissue. This process was continued for 3 minutes at

4 C. The homogenate was transferred to a mechanical shaker, and at 1, 3, and 10 hours,
aliquots were taken and centrifuged at 40,000 rpm for 90 minutes. The supernatants were

collected and assayed within 3 hours.

3. Partial Purification of the Extract of Butanol-treated Brain

Ten cc. of the saline extract were passed through a column of Sephadex G-25 medium

grade previously equilibrated with 0.01 M tris buffer at pH 8.4. This procedure desalted

the extract and transferred it to the tris buffer.8 The effluent was concentrated to its orig-

inal volume by stirring it to a thick suspension with dry Sephadex G-25 course grade and

incubation at room temperature for 30 minutes. The Sephadex was removed by centrifuga-

lion at 3000 rpm for 30 minutes. The extract was applied to a coh*mn of DEAE cellulose

(Whatman DE 50) prepared as follows: The cellulose was first washed with 2M NaC1 in

0.01 M tris buffer pH 6.0. A column measuring 20 by 1.9 cm. was packed by gravity; the
column was then washed with 0.01 M tris buffer at pH 8.4 and allowed to equilibrate over-
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ACTIVATION OF FACTOR X BY RABBIT BRAIN EXTRACTS 659

night. After the sample was applied, the column was washed with 200 cc. of the same buffer.

Elution was performed at 25 cc./hour with 0.01 NI tris buffer pH 7.0 until the pH of the

effluent reached that value. The buffer was then changed to 0.01 M tris pH 6.0 and elution

continued until no further protein could be detected in the effluent.9 The latter was con-

tinuously monitored by measuring the absorption at 280 m� as previously described.3 The

pH of the effluent was followed by measuring aliquots in a Coleman Companion pH meter.

The chromatography was performed at room temperature.

Precipitation was accomplished by adding solid ammonium sulfate to the crude extract

at room temperature while the material was vigorously stirred. The precipitates were col-

lected by centrifugation at 16,000 rpm for 1 hour. They were then dissolved in a minimum

quantity of distilled water and dialyzed against three changes of 0.9 per cent saline for 24

hours at 4 C.

4. Coagulation Studi�es

Total factor X was assayed by first activating it with Stypven and then testing its ability

to shorten the recalcified clotting time of cephalin-enriched substrate plasma. The assay

was performed by mixing 0.1 cc. of the factor X-containing reagent with 0.1 cc. of Stypven

(50 �tg./cc. in buffered saline) and 0.05 cc. of 0.025 M CaCI2. This mixture was incubated

for 15 minutes at 37 C., at which time an aliquot of 0.2 cc. was added to a tube contain-

ing 0.1 cc. of CaCI2. Fifteen seconds later, 0.1 cc. of factor VII-’and X-deficient substrate

plasmalO enriched with 1/100 volume stock cephalin was added and the clotting time

determined. A standard dilution curve was constructed from dilutions of the fully ac-
tivated incubation mixture.

To determine the amount of factor X activated by a given procedure, first the curve
was obtained from dilutions of factor X fully activated by Stypven. The assay was then

repeated with a similar aliquot, substituting brain extract for Stypven, and reference was

made to the standard curve. The per cent activation could thus be calculated. A “blank”

was run containing buffered saline and sufficient untreated factor X reagent to give equal

activity in the total factor X assay as the preparation under study. Under these conditions,

“blank” values never exceeded 5 per cent, and were subtracted from the “per cent

activation” calculation.

The assay of tissue factor was based on its ability to activate factor X. When used in
assays, the factor X reagent was adjusted to give a substrate clotting time of 12-13 seconds

when fully activated by Stypven. Equal volumes of the tissue extract and factor X reagent

were incubated at 37 C. with a half volume of 0.025 M CaC12. At intervals, 0.2 cc. ali-

quots were blown into tubes containing 0.1 cc. CaCl0. Fifteen seconds later, 0.1 cc. of

substrate plasma was added and the clotting time determined. A substance which could ac-
tivate 50 per cent of the factor X in 1 minute was arbitrarily assigned the value of 100

units. Assays were performed during the initial period of incubation when the activation

of factor X was linear with respect to time.

The yield of a preparation was expressed in terms of the dry weight of brain from

which it had been obtained.
When the concentration of CaCl, in the reaction mixture or pH was varied, the final

assay mixture was adjusted to standard conditions.

To study the effects of certain clotting factors, normal and abnormal human sera were

diluted 1 : 10 in buffered saline, and were incubated with an equal volume of saline extract
of butanol-treated brain, and a half volume of 0.025 M CaCI2. Substrate clotting times

were determined as above.

The studies using crude thromboplastin were performed by incubating equal parts of

this material with factor X reagent and removing the thromboplastin by centrifugation.

Three hundred mg. of crude thromboplastin were suspended in 10 cc. of 0.025 M CaCL�

in buffered saline. This was incubated with the factor X reagent for 15 minutes at 37 C.,

#{176}Obtained from Diagnostic Reagents, Ltd., Thame, Oxon, England.
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660 NEMERSON AND SPAET

Table 1.-Total and Activated Factor X Content in Washings of Crude Brain

Thromboplastin Which Had Been incubated with Serum Eluate

- Substrate Clotting Times

Cephalin- Percent Percent
Platelet-poor enriched Factor X Factor X

Product Plasma Plasma recovered activated

-- Incubation mixture 13 12

Incubation mixture + 45

Stypven 9 9

1st supernatant 26 12

1st supernatant + 46 95

Stypven 24 1 1.8

2nd supernatant 40 24

2nd supernatant + 9.5 54

Stypven 38 20

3rd supernatant 44 26

3rd supernatant + 7.0 61

Stypven 40 22

EDTAeluate 34 18

EDTA eluate ± 19 68

Stypven 32 16

at which time the mixture was cooled in melting ice and centrifuged for 1 hour at 40,000

rpm in a #40 rotor of a Spinco Model L Ultracentrifuge. The supernatant was decanted

and kept in melting ice. The precipitate was suspended in buffered saline containing CaCl2

as above and the centrifugation repeated. This process was repeated for a total of 3 times.

The supernatants were saved for total and activated factor X assay, and the final pre-

cipitate was suspended in buffered saline containing 1/10 volume of 10 per cent ethyl-

enediaminetetraacetate ( EDTA ) , incubated at 37 C. for 30 minutes, and centrifuged as

above. Its supernatant was dialyzed against saline for 16 hours, and assayed for total and

activated factor X.

Crude thromboplastin, with its coagulant activity altered by boiling for 1 hour, was

suspended in saline and calcium as above. Equal parts of this reagent and serum eluate

were incubated at room temperature for 30 minutes. The throniboplastin was removed by

centrifugation at 40,000 rpm and the supematant assayed for total and active factor X.

A similar experiment was done using cephalin at a dilution of 1/50 in lieu of boiled

thromboplastin. By assaying the serum eluate before and after exposure to these reagents,

it was possible to determine the fraction of factor X remaining in solution.

RESULTS

The ability of crude thromboplastin to activate factor X was demon-

strated by incubation of this reagent with serum eluate, as shown in table 1.

It is evident that the supernatant solutions are able to accelerate the coagula-

lion of the factor X -deficient substrate plasma. It can be seen that addition

of Stypven to the supernatant enhanced this activity. The factor X recovered

was 54-95 per cent activated as determined by assay. Similar experiments

were performed using a partially purified preparation of factor X, and the

data ( see table 2 ) can be seen to be in good agreement with those ob-

tamed using serum eluate.

To determine if the factor X -activating properties of brain could he
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AcrrI�’AT1oN OF FACTOR X BY RABBIT BRAIN EXTRACTS 661

Table 2.-Total and Activated Factor X Content in Washings of Crude Brain
Thromboplastin Which Had Been Incubated with_Purified Factor X

Substrate Clotting Times

Cephalin- Percent Percent
Platelet-poor enriched Factor X Factor X

Product Plasma Plasma recovered activated

Incubation mixture 12 12

Incubation mixture +

Stypven 9 9

1st supernatant 32 12.4

1st supernatant + 44 91

Stypven 28 12.0

2nd supernatant 43 17

2nd supernatant + 22 68

Stypven 39 15

3rd supernatant 45 28

3rd supernatant + 7.0 50

Stypven 42 22

E1)TA eltiate 32 18

EI)TA eltiate + 19 68

Stypven 30 16

Saline control 120 42

Saline control +

Stypven 38 9

Table 3.-The Ability of Factor X Reagent Activated by Various Brain Fractions

to Coagulate Charcoal-adsorbed Substrate Plasma

Substrate Clotting Time

tin seconds)

Cephalin-
Platelet-poor enriched

Activator plasma plasma Units

----_--i .�Ri:�;:;ie thromboplastin 14 14 1920

2. Saline extract of fresh brain > 120 72 0

3. Saline extract of acetone-treated brain 15 15 1300

4. Saline extract of butanol-treated brain 46 16 400
5. DEAE fraction of #4 49 15.4 250

6. Saline extract of chloroform-treated

brain >120 68 0

7. Control (buffer + serum eluate ) > 120 65 -

8. Stypven-activated serum eluate 42 12.6 -

separated from its cephalin-like activity, various extracts were studied. As

shown in table 3, the saline extract obtained following butanol treatment

activated factor X without contributing cephalin-like activity. The saline

extracts of chloroform-treated brain and of fresh brain were totally inactive.

In order to characterize the reaction between the saline extract of the

butanol-treated brain ( crude soluble tissue factor ) and factor X, purifica-

tion of this material by DEAE cellulose column chromatography was at-

tempted. It was found that storage at 4 C. for 24 hours resulted in a 60-80
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‘IJ�

Fig. 1.-The effect of the concentration of soluble tissue factor on the rate of
activation of factor X.

per cent loss of activity. Consequently, methods were utilized which allowed

extraction, desalting, chromatography and assay within a 24-hour period.

When treated in this fashion, reproducibility was still a problem. In two of

five runs, however, active material was recovered in one peak which was

eluted at a pH of 6.4. In the other runs, minimal activity was found diffusely.

The protein content of this material was 70 mg./100 ml. This represented a

30-fold increase in specific activity with a 62 per cent recovery, as the starting

material contained 2100 mg./100 ml. This procedure did not increase

stability, however, and the material was stored by freeze-drying.

By ammonium sulfate precipitation of the crude soluble tissue factor, ac-

tivity was found in the 20-30 per cent saturated fraction. This resulted in a

four-fold purification with respect to protein content, but only a 20 per cent

recovery of active material.

The kinetics of the reaction between soluble tissue factor and factor X

were studied. For these experiments, chromatographed extract of butanol-

treated tissue factor and purified factor X were used. The concentration of

tissue factor was varied, and the velocity of activation of factor X determined

for each concentration. The velocity plotted against the concentration of

tissue factor gave a linear relationship ( fig. 1 ) . Similarly, the concentration

of factor X was varied and the velocity of its activation was determined ( fig. 2).

It is noted that the velocity increased with the concentration of factor X in

a hyperbolic manner toward a maximum.

The yield of active factor X was determined for various concentrations

of tissue factor, and the data are given in figure 3. Maximum activation of

factor X was achieved in 20 to 30 minutes and is seen to be relatively in-

dependent of the concentration of tissue factor over a wide range.

The same reagents were used to determine the effect of temperature, cal-
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Fig. 2.-The effect of the concentration of factor X reagent on its rate of activa-

tion.

cium and pH. It can be seen from table 4 that no reaction took place at 4 C.

and that considerable enhancement of the reaction occurred when the tem-

perature was raised from 17 C. through 57 C. Heating the tissue factor to

56 C. for 10 minutes resulted in a complete loss of activity. In the absence

of calcium, no reaction took place ( table 5 ) . The concentration of calcium,

however, is noted not to be critical. Activation of factor X occurred over a

wide range of pH ( table 6) , but proceeded most rapidly at 7.2. Incubation

of soluble tissue factor with DFP resulted in no loss of activity. Addition of

more DFP after maximum factor X activation had occurred was also without

effect.

The participation of clotting factors other than factor X was investigated

by studying the activation of whole serum of patients deficient in factor VII

or X. The results given in figure 4 are in essential agreement with the data of

1 who used acetone-dehydrated brain. The absence of factor VII

affected the rate of formation of active factor X but not the yield. In the

absence of factor X, however, only minimal activity was generated.

The ability of soluble tissue factor to shorten the cephalin enriched re-

calcified clotting time of plasma deficient in factors VIII or IX was studied

to determine whether these factors were required for the action of tissue fac-

tor. The results in table 7 indicate that tissue factor accelerated the coagula-

tion of the specimens studied, thus suggesting that factors VIII and IX are

not necessary for this reaction.

The fate of factor X when activated by crude thromboplastin was investi-

gated by repeatedly washing the thromboplastin and finally eluting it with
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.,

Fig. 3.-The effect of the concentration of soluble tissue factor on the yield of

activated factor X.

EDTA. It was possible to recover 80 per cent of the factor X in the super-

natants ( tables 1 and 2 ) . By altering the coagulant activity of the thrombo-

Plastin by boiling, it was possible to study the adsorption of inactive factor
x. The results in table 8 indicate that inactive factor X is readily adsorbed.

Cephalin at a final concentration of 1/50 was also able to adsorb significant

amounts of factor X.

DIScuSSION

When brain extracts are incubated with serum and calcium, an activity is

generated which accelerates blood coagulation.1215 When factor V is in-

cluded in the incubation mixture, a product is formed which converts pro-

thrombin to thrombin.’4 17 The work of several investigators has established

that brain reacts with factors VII, X and V to form a sedimentable complex

which acts as a thromboplastin)�1T This series of reactions has been termed

“extrinsic” in contrast to “intrinsic” or spontaneous blood coagulation.’5

Macfarlane has suggested that the activation of factor X is a step shared by

Table 4.-The Effect of Temperature on the Activation of
Factor X by Soluble Tissue Factor

Per Cent Factor X

Temperature Activated per Minute

4C. 0

17C. 5

27C. S

37C. 17

47C. 21

57 C.
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Table 5.-Effect of Calcium on the Activation of Factor X
by Soluble Tissue Factor

Per Cent Factor X

Molarity of CaCl� Activated per Mnute

0 0

0.0125 11

0.025 15

0.050 12

0.100 4

Table 6.-Effect of pH on the Activation of Factor X
by Soluble Tissue Factor

pH of Per-Cent Factor X

Incubation Mixture Activated per Minute

� 6 7

6.5 9

7 13

7.2 14
7.5 10

8.0 �___��8________________

the intrinsic aIld extrinsic coagulation systems.’ The finding that active

factor X can he recovered from a mixture of crude thromboplastin and

serum eluate or 1)urified factor X confirms this hypothesis. The results oh-

Iamed using reagents deficient in factors VII, VIII, IX or X indicate that only

factor X is necessary for the generation of activity from serum. Factor VII

appears to function as an accelerator, as it affects the rate of formation of

active factor X. The observation that soluble tissue factor is less effective in

piasmas deficient in factors VIII or IX than in normal plasma is associated

with the slower generation of intrinsic thromboplastin which also con-

tributes to the clotting time. This effect has been noted with other “weak”

16

It has been suggested for some time that brain supplies two activities:

one, probably a protein, “activates” coagulation; the other, a lipid, supplies

a cephalin-like activity.”2’52#{176} Fractionation procedures of the present study

indicate that the two activities can be separated. It was found that treating

brain with hutanol, a substance known to disrupt lipid-protein bonds,7 re-

suited in solubilization of a fraction capable of activating factor X. This

material appeared to he a protein, since it was heat labile and non-dialyzable.

It is possible that this activity is similar to that shown by Bonnin.2’ Unless

phosphatide was added to the substrate plasma, clotting times were not

optimal. This is similar to the findings obtained when factor X is activated by

spontaneous blood coagulation, Stypven or sodium citrate.’

Although firm conclusions cannot he drawn from studies of impure sub-

stances, the kinetics of the reaction with factor X suggest that tissue factor

may act as an enzyme. Straub and Duckert,’T using crude thromboplastin,

performed similar studies and felt that tissue factor serves as a substrate. It

is possible that this discrepancy is related to the use of a soluble product in
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Table 7.-The Ability of Soluble Tissue Factor to Accelerate
Recalcified Clotting Times of Normal and Deficient

0.2 cc. of Plasma was Added 0.2 cc. of the

Reagent and 0.2 cc. of 0.025 M CaCl2

the Cephalin-enriched
Human Plasma. To

indicated

Substrate Plasma Reagent Added Clotting Time

buffer

Normal

Factor VIII deficient

soluble tissue factor

buffer
soluble tissue factor

buffer

98

72

580

118

630

666 NEMERSON AND SPAET

Factor IX deficient soluble tissue factor 144

0-- --QPAC7VR A’ DEFiCIENT

o-� �-o FAC7OR VII DEFiCIENT

.- - 4 NORMAL

#{163}-� �-* FACTOR X sHd FACTOR WI DEFICIENT I:!

I,’

‘I)

� I I I I
0 2 4 6 8

INCUBATION TIME (MINUTES)

Fig. 4.-Generation of active factor X when soluble tissue factor was incubated

with serum.

the present studies or to purification of tissue factor which was attained.

Final clarification of this point must await development of purer reagents or,

possibly, the use of synthetic substrates which can be measured more accu-

rately over a wide range of concentrations.

It is evident that fractionation of brain has led to a different interpretation

of its role in blood coagulation. We are currently studying methods to char-

acterize soluble tissue factor in order to determine its distribution in tissues

and cells, and its possible function in hemostasis.

SUMMARY

Thromboplastic preparations were obtained from rabbit brain. The data

indcate that standard acetone-dried reagent functions by activating factor

x, with factor VII as an accelerator. When crude tissue reagent was frac-
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ACTIVATION OF FACTOR X BY RABBIT BRAIN EXTRACTS 667

Table 8.-Removal of Factor X from Serum Eluate by Boiled
Thromboplastin and Cephalin

Reagent Added

��--

Total Factor X
Remaining in Supernate Per Cent Activated

Saline � 100% 0
Crude thromboplastin 12’�% 14

Cephalin - 34� 4

tionated by butanol treatment and saline extraction, a water-soluble material

was obtained which similarly activated factor X. In each case, a source of

phosphatide was necessary for activated factor X to yield full clotting activity;

this phosphatide was provided in the crude tissue reagent hut it was lack-

ing in the water-soluble extract.

The extract was further purified and characterized. It appears to be a

protein and it evidently activates factor X enzymatically. The data thus

indicate that brain thrombloplastin contains two separable clotting activities:

one of these activates factor X, the other supplies phosphatide.

SUMMARIO IN INTERLINGUA

Preparatos thromboplastic esseva obtenite ab cerebro de conilio. Le datos

indica que standard reagente dissiccate per acetona functiona per activar

factor X, con factor VII in le rob de accelerator. Quando crude reagente de

tissu esseva fractionate per tractamento a butanol e extraction salin, un

hydrosolubile materia esseva obtenite que similemente activava factor X. In

omne caso, un fonte de phosphatida esseva necessari pro que le activate

factor X poteva exercer su plen activitate coagulatori. Iste phosphatida esseva

providite in le crude reagente de tissu, sed illo esseva absente in le hydro-

solubile extracto.

Le extracto esseva purificate additionalmente e characterisate. Illo pare

esser un proteina, e su activation de factor X es evidentemente un processo

enzymatic. Le datos indica assi que thromboplastina de cerebro contine duo

separabile activitates coagulatori : tin de illos activa factor X, le altere provide

1hosphatida.
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