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COMMUNICATIONS TO T H E EDITOR 

POLYMORPHISM AND RADIATION 
DECOMPOSITION OF CHOLINE CHLORIDE1 

Sir: 
Solid choline chloride at room temperature is 

extremely sensitive to ionizing radiation and the 
choline ion breaks down into trimethylamine and 
acetaldehyde.2'3 Recently Serlin4 reported that 
for 7-radiation the decomposition per 100 e.v. 
absorbed was higher at 50° than at 20° but at 150° 
the solid choline chloride was much more stable 
than at room temperature. X-Ray diffraction 
experiments on both powders and single crystals of 
choline chloride have been carried out in this 
laboratory and a phase transition has been found 
in the range 73-78°. This transition has been 
verified also with simple cooling curves. 

At room temperature after only a half hour ex­
posure to a collimated beam from a molybdenum 
target X-ray tube the crystals become quite cloudy 
while exposures of 20 hours length at 80° cause 
only a very faint yellow color to develop in the 
crystal. This lends added support to Serlin's 
more convincing experiments. 

The crystal structure of the room temperature 
phase has been worked out by Senko6 and is based 
on an orthorhombic unit cell with axial lengths 
a = 11.21, b = 11.59, c = 5.87A., space group 
P2i2i2i, and containing four molecules. A single 
crystal slowly heated from room temperature 
transforms at about 73° into another single crystal 
with a few smaller satellites randomly oriented 
with respect to it. The high temperature phase is 
face-centered cubic with four molecules in a unit 
cell of axial length 9.5A. The [110] axis of the 
main crystal in the high temperature phase coin­
cides with the [001 ] direction of the room tempera­
ture crystal. If the cubic phase is now cooled back 
down to room temperature it fractures into a large 
number of small crystals when the transition to the 
orthorhombic phase occurs. 

The 4-fold positions in the face-centered cubic 
space groups have at least 23 or m3 point sym­
metry6 and since the choline ion can have at most 
a mirror plane (the room temperature molecular 
structure as described by Senko has no symmetry) 
the cubic phase must be disordered. There appears 
to be sufficient room in the unit cell for spherical 
rotation of the choline ion but symmetry and 
space requirements do not preclude a disordered 
structure involving motion of the ion about a 
number of different equilibrium positions or struc­
tures involving internal disorder of the choline ion. 

The exact mechanism for the room temperature 
decomposition of solid choline chloride upon irradi-
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ation is still not clear. However, the transition 
to the disordered phase and the subsequent in­
creased stability furnish further evidence that the 
decomposition is highly stereospecific. 

Studies are now under way to investigate further 
the nature of the disorder in the cubic phase, the 
structural details of the transition and the struc­
tural changes occurring in the orthorhombic room 
temperature phase when exposed to ionizing radia­
tion. 
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RECEIVED OCTOBER 11, 1957 

ACTION OF THROMBIN ON LYSINE 
SUBSTRATES1 

Sir: 
Sherry and Troll2 have shown that thrombin cat­

alyzes the hydrolysis of arginine esters. We wish 
to report that thrombin is also active in catalyz­
ing the hydrolysis of ester and peptide bonds in­
volving lysyl residues. 

Using the analytical procedure previously de­
scribed3 for following the thrombin-catalyzed hy­
drolysis of ^-toluenesulfonyl-L-arginine methyl es­
ter (TAMe), it was found that 0.02 M lysine ethyl 
ester (LEe) at pB. 6.5 in 0.15 M KCl at 25° was 
hydrolyzed to the extent of 10% in 30 min. by 100 
TAMe units/ml. of Parke, Davis thrombin (hav­
ing an activity of 10 TAMe units mg.) The defi­
nition of the TAMe unit has been given elsewhere.3 

From similar experiments, the reaction was found 
to be zero order in LEe and first order in thrombin 
in the limited range employed (0.02-0.04 M LEe, 
and 80-280 TAMe units/ml. thrombin). See-
gers' purified citrate thrombin (having an activity 
of approximately 1000 TAMe units./mg.) gave es­
sentially the same result under the same conditions. 

The addition of large amounts (about 1 mg./ml.) 
of soybean trypsin inhibitor (STI) failed to alter 
the rate of hydrolysis of LEe significantly. Since 
thrombin itself, unlike plasmin4 and trypsin, is not 
inhibited by STI,6'6.7 this result suggests that the 
hydrolysis of LEe is not catalyzed by plasmin or by 
trypsin impurities in the thrombin. When throm­
bin activity toward TAMe was eliminated by acid 
treatment of the enzyme,3 the activity toward LLe 
was also eliminated, suggesting that the origin of 
the LEe esterase activity may be the same as the 
TAMe esterase activity, which in turn has been 
shown to be the same as the fibrinogen-clotting 
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activity.2 However, it is worth noting that much 
higher concentrations of thrombin are required to 
hydrolyze LEe than are needed to hydrolyze 
TAMe3 or to activate fibrinogen3 at the same pK. 
It is interesting to speculate that, while the pri­
mary action of thrombin on fibrinogen may be 
toward arginyl bonds, a slower secondary action 
may take place at lysyl bonds. If so, the latter 
activity may possibly be the origin of the phenom­
enon reported by Guest and Ware5 wherein 
purified thrombin at very high concentration 
caused the lysis of fibrin clots, an action which was 
not prevented by STI. 

In support of this additional specificity for throm­
bin we may cite some preliminary experiments in­
volving Seegers' citrate thrombin and the oxidized 
B chain of insulin, prepared as described else­
where.9 Thrombin (50-100 TAMe units ml.) 
was incubated with oxidized B-chain (4-8 tng./ 
ml.) at pB. 8 in 0.1 M ammonium acetate for 18-24 
hr. at 25°. In some experiments STI was added 
(0.8 mg./ml.) Parallel experiments were carried 
out using trypsin (0.1-0.2 mg./ml) in place of 
thrombin. The hydrolysis of the lysyl-alanine 
bond of the B-chain was assessed by detection of 
the alanine fragment by paper chromatography of 
the free amino acid and also of its DNP-derivative. 
With either method the intensity of the spot was 
undiminished by the presence of STI when throm­
bin was used rather than trypsin. No quantita­
tive data are yet available for the degree of hydrol­
ysis of the lysyl-alanine bond. Qualitatively, it 
appeared that thrombin was 10-20% as effective 
as trypsin under the conditions stated. 

The activity of thrombin toward the arginyl-
glycine bond of the B-chain is still under investiga­
tion. Further studies are also being carried out on 
the activity of thrombin toward synthetic lysyl 
substrates. We are indebted to Dr. W. H. See­
gers for his generous gifts of purified thrombin. 

(8) E. Mihalyi, quoted by T1 A. Gladner and K. Laki, Arch. Biochem. 
and Biophys., 62, 501 (1956). 

(9) S. J. Leach and H. A. Scheraga, Compt. rind. Lab. Carlsberg, in 
press. 

DEPARTMENT OP CHEMISTRY S. EHRENPREIS 
CORNELL UNIVERSITY S. J. LEACH 
ITHACA, N E W YORK H. A. SCHERAGA 

RECEIVED OCTOBER 14, 1957 

THE AZEOTROPE OF 
MONOCHLORODIFLUOROMETHANE AND 

DICHLORODIFLUOROMETHANE 

Sir: 
There is an azeotrope of monochlorodifluoro-

methane and dichlorodifluoromethane. That these 
two common refrigerants form an azeotrope has 
not been generally recognized, since the feasibility 
of their separation by simple distillation has been 
tacitly assumed in both the technical and patent 
literature in various instances. Furthermore, the 
azeotrope may occur in practical refrigeration sys­
tems, since dichlorodifluoromethane is sometimes 
added to monochlorodifluoromethane, when the 
latter is used as a refrigerant, in order to improve 
the low-temperature solubility of lubricating oil. 

The existence of the azeotrope was demonstrated 
in two ways. 

Reflux boiling points were measured, Table I, 
showing a minimum at about —41.4°, only 0.6° 
below the boiling point of monochlorodifluoro­
methane, at a composition of about 25% dichloro­
difluoromethane by weight. There is little change 
in boiling point between 10 and 50% dichlorodi­
fluoromethane by weight, the values lying between 
about -41 .0 and -41.4° . 

The existence of the azeotrope was confirmed 
by fractionating a mixture of 58.2% dichlorodi­
fluoromethane and 41.8% monochlorodifluorometh­
ane at high reflux in a low-temperature Podbiel-
niak still (Cat. No. 407). Portions of the constant-
boiling distillate analyzed 24.5 to 26.7% dichloro­
difluoromethane by weight on the basis of the den­
sity of the gas and 25 to 29% dichlorodifluoro­
methane by weight based on infrared absorption. 
These results are in accord with expectation from 
the boiling-point data. 

TABLE I 

NORMAL BOILING POINTS OP M I X T U R E S OF 

MONOCHLORODIFLUOROMETHANE AND 

DICHLORODIFLUOROMETHANE 
Weight % 

dichlorodinuoro-
methane in 

mixture 

0.0 

1.4 

2 .9 

5.2 

6.9 

9.0 

15.0 

21.9 

27.8 

32.5 

38.8 

44.4 

Boiling 
point 

0C. 

- 4 0 . 8 0 

- 4 0 . 7 6 

- 4 0 . 8 0 

- 4 0 . 9 4 

- 4 0 . 8 9 

- 4 0 . 9 9 

- 4 1 . 3 1 

- 4 1 . 4 1 

- 4 1 . 4 1 

- 4 1 . 3 9 

- 4 1 . 3 9 

- 4 0 . 9 3 

Weight % 
dichlorodifluoro­

methane in 
mixture 

51.6 

53.9 

57.5 

58.4 

64.2 

69.9 

73.1 

78.4 

83.9 

89.4 

100.0 

Boiling 
Point 

0C. 

- 4 0 . 7 3 

- 4 0 . 6 3 

- 4 0 . 5 4 

- 4 0 . 5 4 

- 3 9 . 8 4 

- 3 8 . 9 3 

- 3 8 . 3 3 

- 3 7 . 1 4 

- 3 5 . 8 7 

- 3 4 . 2 6 

- 2 9 . 8 0 
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STTJDIES ON POLYPEPTIDES. XI. PREPARATION 
OF AN OCTAPEPTIDE POSSESSING MELANOCYTE-

STIMULATING ACTIVITY1 

Sir: 
Structural studies of the corticotropins2-5 and of 

the melanocyte-stimulating hormones (a- and 0-
M.S.H.)6-8 have shown that the molecules of these 
substances contain a common amino acid sequence 
("core") possessing the structure met-glu-his-phe-
arg-try-gly. Since all these hormones stimulate 
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