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Summary: A simple and efficient method of obtaining D and E fragments from the plasmin 
degradation products of human, canine and bovine fibrinagens and human fibrin is described. 

The method utilizes QAE-Sephadex for ion-exchange chromatography. 

INTRODUCTION: The D and E fragments with molecular weights of 83,000 and 50,000 

represent the major products after prolonged digestion of fibrinogen by plasmin. A 

method of obtaining D and E in high yields would be of importance in studies of the struc- 

ture of fibrinogen and the role D and E play in the biologic function of the whole molecule 

which is the focal point of the coagulation system. In recent years, it hos become 

increasingly apparent that fragmenk D and E constitute regional biological units in the 

structure and conformation of fibrinogen (1,2). 

Marder et al. (3)have reported the use of Pevikon block electrophoresis (4) to purify 

D and E fragmenk based on the marked difference in their electrophoretic mobilities. We 

have found Pevikon block electrophoresis to be useful in fractionating relatively large 

amounts (ca. 54) mg) of fibrinogen/fibrin degradation produck (FOP)*. However, using 

this method large portions of FDP overlap in the protein elution profile necessitating 

repeated electrophoretic runs for complete separation of D and E. Marder et al. (3) have 

also found DEAE-cellulose chromatography, the method originally used by Nussenzweig 

et al. (5),to be time-consuming and inefficient for this purpose. We here report a simple 

and efficient method of clearly separating D and E in o single step from comparatively 

small amounts (3-15 mg) of FDP. This method utilizes QAE-Sephadex (6) for ion- 

* FDP: The plasmin degradation produck of fibrinogen and fibrin. 
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exchange chromatography of FDP and has been applied successfully to the fractionation 

of FDP from three mammalian species, viz., human, canine and bovine. 

MATERIALS AND METHODS: Human fibrinogen which was prepared from normal plasma 

by ethanol precipitation (7) and fractional precipitation with 25% saturated ammonium 

sulfate (8) was kindly supplied by Dr. D. J. Baughman of Ortho Research Foundation. 

Canine fibrinogen, isolated from plasma by the freeze-thaw method of Ware et al. (9, 

was purified further by fractional precipitation with 25% saturated ammonium sulfate (St. 

Bovine fibrinagen was prepared from bovine plasma by successive precipitation with 23% 

and 20% saturated ammonium sulfate. Prior to isolation, each plasma was treated with 

30% barium sulfate suspension to remove prothrombin (IO). The techniques used to 

proteolyze fibrinogen and fibrin, to prepare rabbit anti-fibrinogen antisera, and the 

immunochemical methods have been previously described in detail (2, 11, 12). The 

proteolysis was terminated after 24 hr at 37oC with soybean trypsin inhibitor at a final 

concentmtion of 1 mg/ml. 

The FDP were fractionated by selective elution from QAE-Sephadex A-SO, using a 

chromatogmphic method adapted from the. procedure described by Joustm and Lundgren (6) 

for the preparation of immunochemically pure human IgG.* The 30-ml capacity column 

was fashioned from the barrel of a disposable syrirge fitted at the bottom with a disc of 

stainless steel wire mesh (United Surgical, Largo, FL). Over this a piece of nylon filter 

cloth was held securely inplace by a gasket cut from the plunger-tip of the same syringe. 

The swollen gel of QAE-Sephadex A-50 (Pharmacia Fine Chemicals, Piscataway, NJ) 

was packed into this column and equilibrated with ethylene diamine-acetic acid buffer 

(ionic strength 0.1, pH 8.0). This starting buffer was prepared by mixing 4.4 ml of 

ethylene diamine, 146 ml of 1 M acetic acid, 2.6 g of sodium azide and adjusting to 

* A technical data sheet from Pharmacia Fine Chemicals, Inc. entitled “New 
Rapid Procedure for Preparation of Human IgG” gives a summary of their method with 
additional comments on practical aspects of the procedure. 
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pH 8.0 with dropwise addition of ethylene diamine before diluting to 2 liters with 

water. 

A 15 mg sample of FDP was applied to the QAE-Sephadex column and eluted 

with starting buffer. The ethylene diamine buffer at pH 5.0 yielded a second peak. 

The third peak was eluted with sodium acetate buffer (ionic strength 0.2, PH 4.4) 

prepared by mixing 300 ml of 1M acetic acid and 200 ml of 1M sodium acetate and made 

up to 1 liter. After each elution, the column was washed thoroughly until eluate 

OD2,cl reading was less than 0.03. Regeneration of the QAE-Sephadex required wash- 

ing with 2 to 3 bed volumes of the pH 8.0 starting buffer. All tubes containing D or 

E fragments were pooled, concentrated by negative pressure dialysis, and dialyzed 

against normal saline. 

RESULTS AND DISCUSSION: QAE-Sephadex chromatography was performed using a 

stepwise gradient of three buffers, (a) ionic strength 0.1, pH 8.0, (b) ionic strength 

0.1, pH 5.0, and (c) ionic strength 0.2, pH 4.4. In each of the fibrinogen or fibrin 

digestion mixtures studied, D fragment was eluted info two fractions with the pH 8.0 

and PH 5.0 buffers at ionic strength 0.1. E fragment was eluted solely with the ionic 

strength 0.2, pH 4.4 buffer (Figure 1). The purity of isolated D and E fragments was 

examined by immunoelectrophoresis against monospecific rabbit anti-fibrinogen antisera 

(Figure 2). The FDP of human and canine fibrinogens clearly separated into fmgments 

D and E according to the criteria of immunoelectrophoresis. However, the electrophoretic 

mobility of bovine FDP appeared somewhat different and D fragments in the second 

fraction of QAE-Sephadex chromatography were occasionally slightly contaminated 

with E fragments. 

It is interesting to note that the D fragments of all three species were eluted in 

the stepwise gradient by two different pH levels (8.0 and 5.0). This is probably due 

to the heterogeneity of D resulting from slightly different points of profeolysis. These 

varying points of plasmin digestion for D fragment are antigenically indistinguishable 
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Figure 1. Elution profile of the QAE-Sephadex A-50 chromatography of the plasmin 
degradation products of human fibrinogen (A), human fibrin (B), canine fibrinogen 
(C) and bovine fibrinogen (D). Fractions of 3 ml per tube were collected. Arrows 
indicate elution buffer changes in the stepwise gradient. 

when tested with anti-fibrinogen antiserum in Ouchterlony analysis. Therefore, neither 

the first nor the second peak appears to represent higher molecular weight Y fragments. 

Arnesen (13) has, by isoelectric focusing, estimated the isoelectric point of fragment 

E to be about pH 4.9. He reported also that fragments D derived from the 18-hr digest 

of human fibrinogen appeared in 6 distinct bands in the pH range of about 6.6 to 7.2. 

Thus, the starting pH was chosen to approximate one pH unit above the isoelectric 

points of D fragments. The second elution pH was about 1.5 pH units below the iso- 

electric points of D. Since proteins generally dissociate from ion exchangers at &out 

0.4-0.6 pH units from their isoelectric points at ionic strength 0.1 (14), the third elution 

pH for E fragments was set at pH 4.4. However, some E fragments remained bound to the 

anion exchanger (at ionic strength 0.1) necessitating an increase to 0.2 ionic strength of 

the last eluting buffer. 
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tmmunoelectrophoretic patterns show the isolated fractions of D and E Figure 2. 

fragments from human fibrinogen (A), human fibrin (B), canine fibrinogen (C) and 

bovine fibrinogen (0). The antigens were tested with rabbit antisera directed against 
the fibrinogen of each corresponding species. 
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