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Abstract. The giant leech, Haementeria ghilianii, originating from French Guyana, has 
two pairs of salivary glands. From the anterior and posterior glands, approximately 1.5 and 
0.3 mg of protein per leech, respectively, have been extracted. Electrophoretic analysis 
showed that the protein composition of the anterior and posterior gland extracts is com- 
pletely different. However, both gland extracts contain fibrinolytic activity associated with 
only one electrophoretic band. The fractionation of salivary gland homogenates by differen- 
tial ultracentrifugation showed that the fibrinolytic activity is found entirely in the cytosol 
fraction. 

Leeches have been used for bloodletting 
since antiquity. This form of therapy 
reached its greatest popularity in Europe in 
the 19th century. The trade with leeches 
Hirudo medicinalis was enormous (1) and 
led to the near extinction of the species 
through its original range from western and 
southern Europe to the Ural Mountains. 
The practice of leeching was generally 
abandoned by the end of the past century. 
Interest in the physiologically active sub- 
stances present in leech saliva has recently 
been renewed. An anticoagulant was dis- 
covered which allows the ingested blood to 
remain liquid in the leech gut (2, 3). The 
substance, hirudin, was isolated and char- 
acterized as an inhibitor of thrombin- 
catalyzed conversion of fibrinogen to fibrin 
(4). The recent interest in the mechanism of 
action of anticoagulants stems from their 
use as specific tools for the investigation of 
blood coagulation and potentially as ther- 
apeutic agents in thrombotic disorders. 

The world's largest known leech species, 
Haementeria ghilianii, which has been re- 
ported to reach a length of up to 50 cm, 
occurs in Brazil and French Guyana (5-7). 
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Live specimens collected in French Guyana 
have been established as a continuously 
breeding colony a t  the University of 
California, Berkeley (8). We have used 
animals from this colony to obtain and 
quantify soluble material from salivary 
glands of H. ghilianii, to characterize the 
electrophoretic composition of the gland 
extracts, and to demonstrate the presence 
of fibrinolytic activity in the extracts. 

Materials and Methods. Reagents. All 
reagents were of analytical purity grade. 
Human fibrinogen (grade L; A. B. Kabi, 
Stockholm) was used either without purifi- 
cation or after affinity chromatography on a 
1 y sine-Sep haro se column (Pharmacia, Pis- 
cataway, N.J.) in order to remove plas- 
minogen (9). Human a-thrombin was kindly 
provided by Dr. John W. Fenton, I1 (New 
York State, Department of Health, Albany, 
N.Y.). 

Salivary gland extracts. Specimens of H.  
ghilianii, collected in a French Guyana 
swamp, were bred at the University of 
California, Berkeley (8). The salivary 
glands of H .  ghilianii are located at the 
proboscis base and encapsulated by a thin 
membrane (Fig. 1). There are two bilateral 
pairs of glands: the anterior glands (AG), 
are large (20 mm long) and contain pre- 
dominantly large cells (about 0.7 mm in di- 
ameter); the posterior glands (PG) are small 
(5 mm long) and contain mostly very small 
cells (about 0.01 mm in diameter). The 
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FIG. 1 .  Dissected salivary glands of H .  ghilianii. AG, anterior glands; PG, posterior glands; P, 
proboscis; E, esophagus. (Photograph courtesy, David Weisblat.) 
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leeches had not been allowed to feed for 
several months prior to dissection, to in- 
crease the concentration of salivary en- 
zymes (10). For the dissection, ether- 
anesthetized leeches were opened by a lon- 
gitudinal incision on the dorsal midline, and 
the anterior and posterior salivary glands 
were removed separately without any sur- 
rounding tissue. The glands were freeze- 
dried and stored at -80". 

To prepare a salivary extract, the an- 
terior or posterior glands obtained from 
10 leeches were placed into 0.8 or 0.3 ml of 
0.15 M Tris-HCl buffer, pH 7.8, respec- 
tively. The tissue was homogenized manu- 
ally in a Potter- Elvehjem-type Pyrex tis- 
sue grinder and centrifuged at 8500g for 10 
min, and the supernate was collected. The 
pellets were extracted two more times with 
the same buffer. The combined supernates 
constituted the salivary gland extracts and 
were stored at -80" for up to 6 months 
without any sign of deterioration. 

Protein concentration was determined by 
three methods: (i) a micromethod utilizing a 
Biuret reagent (1 l), (ii) spectrophotometry 
at 630 nm of amido black-stained TCA2- 
precipitated material (12), and (iii) differ- 
ential spectrophotometry by measuring the 
absorbance shift at 595 nm in solution in the 
presence of Coomassie brilliant blue G-250 
(13). All three techniques were standarized 
with human albumin and fibrinogen. 

Fibrin strips were prepared for the deter- 
mination of fibrinolytic activity. Strips (63 
x 26 mm) of cellulose acetate (Gelman In- 
strument Co., Ann Arbor, Mich.) were im- 
mersed in a human fibrinogen solution (1 
mg/ml), blotted, immersed in a thrombin 
solution (0.25 unitdml). blotted, incubated 
in a humid chamber for 1 hr, and stored in 
0.15 M Tris-HCl buffer, pH 7.8, in a cold 
room. Just before the use, a strip was blot- 
ted. A 1-pl of the sample was applied and 
incubated in a humid chamber at 37" for 2 
hr. After incubation, the strip was soaked 
in buffer, rinsed with water, stained with 
Coomassie brilliant blue R-250 and de- 
stained with 10% acetic acid. Lysis of fibrin 
is shown on the strip by a colorless circle on 
a blue background. The logarithm of an 

Abbreviations used: SDS, sodium dodecyl sulfate; 
TCA, trichloroacetic acid. 

enzyme concentration in the sample is di- 
rectly proportional to the logarithm of the 
square of the circle diameter. 

Polyacrylamide gel electrophoresis was 
carried out in cylindrical tubes (0.5 x 9 cm) 
in 7% gels containing 0.1% SDS (14). Sam- 
ples (10 pg) were applied either untreated 
or after reduction with 3% p-mercap- 
toethanol at 90" for 5 min. The gels were 
stained with Coomassie brilliant blue R-250 
(15). Plasma fibronectin chains (MW 22O,W), 
fibrin y-chain dimer (MW 94,000), fi- 
brinogen chains (Aa MW 68,000 BP MW 
58,000, y MW 47,000), ovalbumin (MW 
43,000), a-chymotrypsinogen (MW 25,700), 
and lysozyme (MW 14,300) were used as 
standards of known molecular weight. 

Cellulose acetate electrophoresis was 
carried out  in a Microzone apparatus 
(Beckman, Palo Alto, Calif.). A 0.075 M 
sodium Verona1 buffer, pH 8.6, was used. 
Approximately 5 pg  of protein was applied 
per track and electrophoresed at 250 V and 
6 mA for 20 min. The membrane was 
stained with 0.2% solution of Ponceau S 
and destained in 5% acetic acid. Dry 
stained membrane was made transparent in 
a methanol: acetic acid (3:l) mixture and 
scanned in an automated densitometer 
(CDS 100F, Beckman). 

Preparative ultracentrifugation was done 
in a swinging-bucket rotor in a Model L3-50 
centrifuge (Beckman). 

Results and Discussion. Salivary gland 
extracts. The amount of protein extracted 
from the anterior and posterior glands ob- 
tained from 60 leeches was in good agree- 
ment as  determined by three different 
methods (Table I). Approximately 1.5 or 
0.3 mg of protein was extracted per leech 
from the pair of anterior or the pair of pos- 
terior glands, respectively. The absorption 
coefficients at 280 nm, pH 7.8, 1 mg/ml, 
were 1.27 and 1.43 for the anterior and 
posterior extracts, re spec tivel y . The differ- 
ent values of the coefficients were indica- 
tive of the dissimilarity of proteins from the 
two glands. The large size ofH.  ghilianii (8) 
assures enough material for purification of 
substantial amounts of salivary proteins as 
opposed to a minute quantity recovered 
from H .  medicinalis (16). 

Composition of the salivary gland ex- 
tracts. In order to examine whether the 
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TABLE I .  EXTRACTION OF PROTEINS FROM THE ANTERIOR A N D  POSTERIOR SALIVARY GLANDS OF H. ghifianii" 

Protein concentration* (mg/ml) Protein 
extracted 

Volume Amido Coomassie per leech 
Gland Extract (ml) A280 Biuret black blue Mean ( mg) 

Anterior 1 
2 
3 

Total 

Posterior 1 
2 
3 

Total 

2.0 
2.2 
2.3 
6.5 

1 .o 
0.8 
0.6 
2.4 

32.8 
16.3 
5 .3  

17.2 12.1 14.7 13.8 13.5 1.46 

24.7 
2.7 
0.2 

11.3 7.28 6.39 10.0 7.89 0.32 

' I  The data represent extraction of glands from 60 leeches. 
I, Protein concentration in gland extracts was determined by three different methods ( 1  1 - 13). 

anterior and posterior salivary glands are different both in nonreduced and reduced 
related in their composition, proteins pres- conditions. Most of the proteins contain 
ent in the gland extracts were characterized disulfide bonds as inferred from the change 
by polyacrylamide gel electrophoresis. The in electrophoretic mobility after reduction. 
patterns presented in Fig. 2 show that the The predominant protein in the anterior 
protein compositions of the anterior and gland extract has a MW 37,000 and it is af- 
posterior gland extracts are completely fected by reduction. In the posterior gland 

FIG. 2. Protein composition of the anterior and posterior gland extracts. Polyacrylamide gel elec- 
trophoretic patterns were obtained under nonreduced (two outer gels) and reduced (two middle gels) 
conditions. The molecular weights were derived from a calibration line of standard protein markers 
and are pertinent for the reduced patterns only. 
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extract, two major species are present with 
MW 13,500 and 83,000, respectively; both 
proteins appear to be disulfide bonded. 

The extracts were analyzed by electro- 
phoresis on cellulose acetate at pH 8.6 
under nondissociating conditions that pre- 
serve protein quaternary structure and cat- 
alytic activity of enzymes. By this method 
the protein composition of the anterior and 
posterior gland extracts was also found to 

be completely different (Fig. 3A). The 
anterior gland extract contained a predomi- 
nant protein with cathodic mobility. The 
posterior gland extract contained two major 
bands, one with cathodic and the other with 
anodic mobility. 

It was found that the extracts induced 
lysis in fibrin strips. The identification of 
the fibrinolytic activity was done by in- 
cubating an unstained cellulose acetate 

ELECTROPHORETIC PATTERNS ON PAPER 

C POSTERIOR 

ORIGIN 

F I BR I N 0 LY T I C 
ACTIVITY 

FIG. 3. Paper electrophoresis of the anterior and posterior gland extracts. Cellulose acetate electro- 
phoresis of the extracts was carried out in duplicate in 0.075 M sodium Veronal buffer, pH 8.6. After 
electrophoresis, (A) one specimen was stained, and scanned and the two patterns are shown over- 
lapped with respective origins of sample application. (B) The other, unstained electrophoretic speci- 
men was overlayed with a fibrin strip and incubated at 37" for 2 hr. The fibrin strip was then detached 
and stained. The positions of the lysis zones indicate the electrophoretic mobility of species with 
fibrinolytic activity. 
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TABLE 11. ULTRACENTRIFUGAL FRACTIONATION OF HOMOGENATES OF ANTERIOR 
A N D  POSTERIOR SALIVARY GLANDS 

Protein 

Percentage of 
initial Fibrinolytic 

Sample A =Jleec h homogenate activity“ 

Homogenate 
Anterior 
Posterior 

lOOOg pellet 
Anterior 
Posterior 

12.000g pellet 
Anterior 
Posterior 

Anterior 
Posterior 

Anterior 
Posterior 

100,OOOg pellet 

C ytosol 

9.29 
0.98 

7.53 
0.2 I 

0.27 
0.23 

0.24 
0. I 1 

1.33 
0.56 

100 
100 

81 
21 

3 
23 

3 
1 1  

14 
57 

“ Determined on fibrin strips. 

electrophorogram overlaid with a fibrin 
strip (Fig. 3B). Significantly, only one area 
of lysis was observed having the same 
electrophoretic mobility in both gland ex- 
tracts . 

To our knowledge, this is the first report 
demonstrating striking differences in the 
composition of proteins from the anterior 
and posterior glands of a leech. It was ex- 
pected that the two glands with their differ- 
ent biologic functions would contain some 
different stored enzymes. However, the 
presence of a similar fibrinolytic activity in 
both glands was unexpected. The data 
suggest that the same enzyme may be re- 
sponsible for this activity. 

Ultracentrifugal fractionation of salivary 
gland extracts. To attempt a first-stage 
purification of the fibrinolytic activity, ho- 
mogenates of the anterior and posterior 
salivary glands were fractionated by differ- 
ential ultracentrifugation. Four fractions 
were obtained: a 10008 pellet containing 
particulate matter, a 12,000g pellet con- 
taining nuclei, granules, mitochondria, and 
lysozomes, a 100,OOOg pellet containing 
membrane fragments and ribosomes, and 
the 100,OOOg supernate containing cytosol. 
The three pellets were suspended in 0.075 
A4 sodium Verona1 buffer, pH 8.6. The re- 
suspended pellets, the final supernate, as 

well as the initial homogenate were tested 
for protein concentration by the measure- 
ment of absorbance at 280 nm. The fi- 
brinolytic activity tested on fibrin strips 
(Table 11) was found exclusively in the 
cytosol of homogenates of both glands. The 
fraction of the total protein of the initial 
homogenate recovered in the cytosol was 
higher in the posterior gland preparation 
(57%) than in the anterior gland preparation 
(14%). That yield was paralleled by the re- 
moval of more material in the lOOOg pellet 
from the anterior (81%) than from the pos- 
terior (21%) gland. Thus, by a one-step 
differential centrifugation at lOO,OOOg, the 
entire fibrinolytic activity from H .  ghilianii 
anterior or posterior salivary glands can be 
recovered in the soluble fraction. 

The authors thank Dr. Gunther S. Stent for stimulat- 
ing discussions and help in providing leech salivary 
glands. 
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