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H o r s e  prothrombln is unique for its e a s e  of purification in high yield 

and for crystall~zation. Methods include two absorptions on barium eitrate, 

isoelectrie precipitation, and chromatography. Crystallization is readily 

achieved on stirring the lyophillzed, salt-free protein with cold chloroform~ 

methanol and from concentrated aqueous solution by conventional technlcs. 

MATEPJALS AND METHODS 

Purification -- Horse blood (17 parts) is added to 1 part of 0.165 M 

sodium citrate. Plasm is obtained after centr~Cugation or, for large 

volumes, by siphoning after $-24 hours' settling of the red cells at 3eC. 

The cltrated plasma is cooled to 2-5°C and cold I.0 M BaCI 2 ~s added 

dropwlse wlth stirring to 0,I0 M~ After I0 minutes' addlt~onal stlrrlng, 

the barium citrate precipitate containing the pz~thrombln is recovered by 

centrlfugation. The precipitate is gently stirred with cold water (2-5~C) 

in a Waring Blendor maintained at law speed by a Varlac. The suspension 

is then diluted to one-half the original plasma volume wlth cold water and 

stirred, while dry Amberl~te IRF-97 (Na +) (Robin and Haas, Philadelphia~ 

formerly called XE-64) is added in increments+ Usually 3-15 g of resin 
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of Health and contract K-34799 from the A~erlcan Natlonal Red Cross, 

*eAffillated wlth the Institute of Preventive Medicine. 

505 



Vol. 27, No. 4, 1967 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

per I00 ml of SUSpension (amount dependent on the Na + equivalent of the 

resin) are adequate and degradation is complete in 10 minutes, The end 

point for barium citrate dissolution is clearing of the suparnatant on 

standing 1-2 mlnutes~ The pH of the clear supernatant should be in the 

range 7~0-9,0, The resin Is remoTed by filtration on fluted Schlelcher 

and Schuell No, 520~]~-I/2 papers, or their edv/valent~ 

The filtrate~ which c~ntalns about 70 per cent of the orlglnal pro- 

thrombin~ Is again made 0.,I _M wlth respect to BaCI 2 by dropwise addition 

of a I*0 14 solution. After I0 minutes' stirring at 2-5°C the barium 

citrate Is recovered by centrlfugatlon~ blended gently wlth cold water s 

and again diluted wlth water to one-half the original plasma volume~ 

D~ssolutlon of the bar~um citrate is, carried out as described above, 

Ordlnarily half the a~mmt of IRF-97 (Na +) used to dlssolve the first 

harlum citrate absorbent is sufficient to solubilize this second suspenslon~ 

The resin is again removed by filtratlon through fluted Schlelcher and 

Schuell No. 520-B-I/2 papers~ or their equi~ralent, 

The second barium citrate eluate should contain 60-65 per cent of the 

orlglnal plasma prothromb~l~ ~t is adjusted to pH 4.7--~.9 by dro1~fse 

addition of 0.5 N. H~I with s t i r r i n g  at 3-5eC. After standing 30 rod T-Ires 

at 2-5~C the prothrm~bin precipitate is recovered by centrlfugatlon at 

1200 X E for 20 mlnutes~ The precipitate is suspended in cold water and 

stirred ~¢ith either 0~I N NaOH or dry IRI~-97 (Na~ sufficient to raise 

the pK to 6.0-6.5, Fifty to s~xty per cent of the oTiglnal horse plasma 

prothrombin should be recovered in this f~al product. The zymogen can be 

crystallized at this point, or chro~tographed and then crystalllzedo 

Crystalllzation_ -- The prothrombin is dialyzed against at least 8 

changes of distilled water, each water volume being at least 150 times 

that of the prothrombin solutlon. After lyophil~zatlon, the dry protein 

is suspended in cold (-10~e) chlor~formnnethanol (2Zl). A "sheen" appears 

in 5-10 minutes of stlrrlng~ the suspension composed predominantly of 
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microscopic needles, An equal volume of cold (-IO~C) ethanol is added and 

the crystals are harvested by centrifugation in glass tubes or on a sintered 

glass or paper filter. Residual chloroform is removed by 3 washes with 

c01d (-10=C) ethanol and the crystals are dried in vacuo~ Cold n-butanol 

can substitute for the chloroformtmethanol. 

Crystallization is also accomplished by reducing a 1-per-cent aqueous 

solut~on of the prothrombln (at pH 6.0-7.0) to 1/5 to ~I0 its original 

volu~a by partlal lyophilization~ The lyophilization flask and contents 

are then placed at 2-5~C before the remaining frozen material thaws 

completely~ and seed crystals are added. Further crystallization occurs 

overnight (Fig. I). 

Figure 1. 

Chromatography -- Before crystallization, the horse prothrombln can be 

purified either by chromatography on I00- to 190-cm columns of Sephadex G-200 

(63-88 mesh) developed with 0.I0 14 borate buffer, pH 8.0, at 3°C or by 
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chromatography on 60-cm =olunms of Amberlite IR-50 (200-400 mesh) equilibrated 

and developed with 0.I M. phosphate buffer, pH 5.9-6.0, at 3~C. 

H,,ma~ plasma fractions i, If, Ill, I~-I, IV-4, and V were prepared by 

Method 6 of Cohn et el. (1946). 

KESULTS AND DISCUSSION 

A number of procedures for purifying various species of prothrombin 

are based on their relatively specif£c absorption on  insoluble barium 

compounds (Fantl and Nance, 19481 Surgenor e t el., 1951; Duckert at a~, 

1953; Goldstelu et al., 19597 Laachantln et el., 1963). The ingenious 

m=.thod of Lewis and Ware (1953) for absorption of prothrombin on barium 

citrate in excess barium chloride is funda~-ntal to the procedures described. 

The initial plasma citrate concentration, about 0.015 M_, gives maximum 

purification without sacrificing yield. The weak carboxyllc exchanger, 

IRF-97, in sodium cycle not only decomposes the barium citrate but also 

absorbs thrombln-like impurities from the prothrombln and serves as a filter 

aid. Table 7 contains yields and specific activities from representative 

preparations. An occasional preparation ~-~ill fall for unexplained reasons, 

usually at the pH 4.7 precipitation step. Also, yields from IRC-50 chrome- 

tography are variable and purification is sometimes poor. 

Horse prothrombin is remarkably susceptible to purification by these 

methods; other species require substantlal mod~flcatlons to produce the 

same high yields. Yields from horse plasma are routinely greater than 50 

per cent, while 40-per-cent yields of cow prothrombln are achieved only by 

ethanol addition at the pH 4.7-4.9 precipitation step. The species 

differences in solubillty characteristics are attributed to marked variations 

in m~lecular properties. 

Human pr0thrombin in lyophillzed Cohn fraction llI was stable to cold 

chloroformrmethanol (2~1) treatment s while impurities and elements of the 

plasmluogen system were denatured (Miller aud Copeland, 1965). During 

similar treat~,t of purlfqed~ lyophillzed horse prothrombln, the umus~al 
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Table I 

Horse Prothrombln Yields and Actlvltles 

No. Specific 
Pur~fleatlon Step ~r eparati~ns Yield Activity a 

Ist Ba c l t .  eluate I0 70-98~ 5 210-400 
b 

2nd Ba c l t .  eluate I0 60-85-- 430-630 
b 

After pH 4.7 pptn. 10 50-80- 560-900 

After ~[R-50 I0 45-809- 660-1275 
chromatography 

After G-200 3 90-100 ~ 1000-1200 
chromatography 

c 
After CHC13 ~qeOH 3 85-99- 800-1100 

crystallization 
c 

Recrystallizatlon 2 57~ 85- 1100, 1300 
from water 

Super. after partial 1 39 ~ 1300 
solution of crystals 

c 
Residue after part£al 1 61 1300 

solution of crystals 

--~Iowa units per rag. protein, 

~ercent of start~_ng plasma prothrombln. 

C-~ercent of aliquot chromatographed or crystalllzed. 

crystallization phenomenon was first noted. None of the various lyophillzed 

Cohn fractions formed crystals under similar conditions' The prothrombln 

crystals (Fig. I) probably form on concentration either during lyophillzation 

or ~n reSidual water on stlrrlng with the cold chloroformzm~thanol. The 

primary role of concentration Is supported by the recrystallizatlon from 

aqueous solutions above 5 per cent. 

Evidence that the crystals are prothrombln is provided by constant 

specific activity on recrystalllzatlon from aqueous medium and on partial 

and complete solution of the crystals (Table I). The active material from 

~NQ 



Vol. 27, No. 4, 1967 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

G-200 or  ion-exchange chromatography a lso procht~es the same c r y s t a l  form. 

Disc electrophoresls of the G-200-chromatographed~ crystalllze4 ~terlal 

by the procedure of HJert~n et .al. (1965) employlng 0.07 M Trls buffer~ 

pH 8.6, demonstrated a sharp major band but wlth a persiStent, slowly 

tolerating contsm~nant comprising less than I per cent of the total protein 

stainedo The nature of th~s contamz[nant and its remmval are being studied. 

A crystalline harlum complex of cow prothrombln was recently reported 

by Tishkoff et al. (1966). The horse zymogen crystals described herein 

differ in form from those ohtalned by controlled addition of barium ion~ 

These horse prothrombin preparations stored at p}{ 6.0-6~5 at -20°C 

are sL-able for at least 18 months, as are lyoph¢llzed preparations. I~o 

thromhln formed during 10-day storage at 5"C and pit 7.7. 
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