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Structural changes in the activation of chymotrypsinogen

xperimental evidence has heen recently provided! 2 to support the view that the conversion
of chymotrypsinogen to g-chyniotrypsin is accompanied by the hvdrolvsis of the arginyl-isoleucyl
bond in the sequence leucyl-servl-arginvi-rsoleucyl-valine. The possibility exists that other more
or less profound intramolecular changes likewise occeur, creating a configuration endowed with
enzymic functions?.
Since the optical rotation of proteins has been shown to be very sensitive to structural
changest5.8.7 this method was applied in the work described in this communication.
Optical rotations were measured in a Rudolph Precision polarimeter equipped with a sodium
vapor lamp. A 20 cm tube, 2 mi capacity.,

100 o was maintained at o 0.5, using a
901 (a1%-603 water jacket, .\\'ti\';11i<l)|1 mixtures were

a 80 ° D prepared under conditions leading, pre-
s 70 dominantly, to the formation of -
% 601 : chymotrypsin. The composition of the
504 g solutions was as follows: chymotrypsi-

; 404 o nogen 5 - or g - crystallized, o mg
a 304 ¢ per ml: trypsin o4 mg per mi: sodium
&l 20 phosphate butfer o.05 1/, }.)Il 7.8, con-
Q 104/ (1% 798 taining o.1 M g-phenvipropionate. Acti-
0 - vation was carried cat at o . Optical

l 2'0 j 4‘0 j 6|0 8I0 1(‘)0 léO 260 r¢>t;1§i<m was measured continuously for

TIME OF ACTIVATION, MINUTES the first 50 minutes and then at appro-

priate time intervals. Knzymic activity

IFig. 1. Curve, optical rotation change during activa-  (acetyl-L-tyrosine ethyvl ester as sub-
tion; O, esterase activity determinations. strate®) was measured in o.1 ml aliquots

which were removed at predetermined
time intervals and diluted to 10 ml with o.005 3/ HCL to stop the activation. Measurements were
extended up to 1000 minutes but no further changes in rotation beyond goo minutes were found.
The ordinate values are the per cent change of specific rotation or enzymic activity (the latter
expressed as percentage of maximum activity attained after 200 minutes). The results are the
average of duplicate experiments which were indistinguishable from one another over the initial
9o minute time interval.

It can be seen that the changes in optical rotation correspond exactly to the appearance
of enzvmic activity. A d-activation mixture (without p-phenyipropionate) vielded a similar
relationship, the final values of [«j}, for - and d-chymotrypsins being identical within the limits
of the error. Hence no changes in either specific rotation or enzymic activity occur during the
- to d-conversion.

Since the two enzymes, in contrast to chymotrypsinogen, dimerize? reversibly at pH 7.3,
it was important to determine whether the

changes in optical rotation are to be at- 85
tributed to dimerization. To this end the
rotation of chymotrypsinogen and d-chymo- 80

trypsin was measured at various pH values
in water and in the presence of 0.2 M NaCl.
As can be seen from Fig. 2, the difference
of specific rotations between chymotrypsi-
nogen and d-chymotrypsin  varies little % _ 70
within the limits of pH 5-8. Since at pH 5, 8

75

0

unlike pH 7.5, d-chymotrypsin remains as 65 °
a monomer even at high concentrations,
the variation of rotation of d-chymotrypsin
with pld is thus attributable to structural 601 ?
changes other than dimerization.
It is worthy of note that the change 55 ™ v
in optical rotation attending activation is o2 3 4 5 6 H7 g8 9 10 u w2
in opposite direction to that previously P
noted for the denaturation of proteins by Ilig. 2. @, chymotrypsinogen in 0.2 M NaCl; 2\
ureat and heat? and for the denaturing chymotrypsinogen in water: O, chymotrypsin in
effect ascribed to the action of trypsin 0.2 M NaCl; M, chymotrypsin in water.

on f-lactoglobulin®. In the light of recent
interpretations?: 1 the decrease in levorotation observed herein might be attributed to a change
toward a more constrained orientation of the peptide chains. In view of the virtual identity of the
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extrapolated sedimentation constants of chymotrypsinogen, zz- and d-chymotrypsins?, the three
proteins must possess nearly equally compact structures. However, the greater sensitivity of the
optical rotation of §-chymotrypsin, as compared with chymotrypsinogen, to changes in pH might
imply a greater flexibility of structure in the active enzyme. While no explanation can be offered
for the discrepancy between the values for the specific optical rotation of chymotrypsinogen
reported herein and some of those found in the literature!!.12.13 for the zymogen and a-chymo-
trypsin, it should be stated that the present data were obtained with two different preparations
of chymotrypsinogen both of which were homogeneous by electrophoretic and end group analyses,
and essentially free of active enzyme. Details of this work and analogous studies of the activation
of trypsinogen will be published alsewhere.
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Uber die Messung des Energieumsatzes bei der Photosynthese
mit dem Grossflichen-Bolometer

Das Grossflachen-Bolometer, von LuMMER UND KURLBAUM! in der Physikalisch-Technischen
Reichsanstalt um 1900 entwickelt, ist bei den grundlegenden Arbeiten der Photochemie von
EmiL WaArRBURG? als Strahlungsmesser benutzt worden. Das gleiche Instrument wurde bei den
Messungen des Energieumsatzes der Photosynthese angewendet, 1920 in der Physikalisch-
Technischen Reichsanstalt?® und in den folgenden Jahren im Kaiserwilhelm-Institut fiir Biologie
in Dahlem?.

Da es keinen, fiir photosynthetische Experimente geeigneteren absoluten Strahlungsmesser
gibt als das LumMER-KURLBAUM-Bolometer, veranlasste ich 1945 in Berlin die Wiederherstellung
dieser Instrumente mit dem Erfolg, dass die Firma Lassen*-Berlin vor kurzem 2 Grossfliichen-
Bolometer nach den U.S.A. liefern konnte, das eine nach Madison (Wisconsin) in das Laboratorium
von FARRINGTON DANIELS, das andere nach Berkeley (Calif.) in das Laboratorium von MELVIN
CALVIN.

Der Energieumsatz bei der Photosynthese ist dadurch in den U.S.A. in bemerkenswerter
Weise angestiegen. Wiahrend RaBinowITscH® aus dem Laboratorium von EMERSON, noch im
Jahre 1952 einen mittleren Quantenbedarf von 12 pro Molekiil Sauerstoff meldete, nennt 1955
Daniers? als Mittelwert des von ihm gefundenen Quantenbedarfs die Zah! 8.9 und CALVIN? sogar
die Zahl 4.9, wenn bei niedrigen Intensititen — unter den Bedingungen unserer Versuche?® von
1920 — die Dunkelatmung zu dem im Licht entwickelten Sauerstoff addiert wurde.

Trotz dieser Besserung schienen mir die Differenzen zwischen DaNIELs und CALVIN noch
so erheblich zu sein, dass man Fehler in ihren Arbeiten vermuten musste. Tatsichlich sind in
beiden Arbeiten, wie im folgenden gezeigt wird, wesentliche Fehler bei der Messung der Licht-
absorption gemacht worden.

* Jetzt Firma Rohrig, Berlin S.0., Erkelenzdamm 59.



