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and the deposited material was air-dried, after which its
weight could easily be determined. The filter disc with
the cells on it was subsequently submerged in the incuba-
tion medinm for measurement of enzymic activity. Di-
peptidase activity was determined by the method of
HowrtER and LINDERSTROM-LANG? as applied by SyLvEN
and MALMGREN Y,

Table I shows the dipeptidase activity of material aspi-
rated from 3 cases of mammary carcinoma and from 3
cases of mammary fibroadenoma. Measurable dipeptidase
activity in the washed cells was of the same order of
magnitude in carcinoma as in fibroadenoma. In both
groups the dipeptidase activity in the extracellular fluid
was much higher than that in the washed cells. Very re-
cently SyLvEN and Bois® reported high dipeptidase activ-
ity in cell-free interstitial fluid from unicentric tumor
transplants. On a per volume basis this flnid was up to
100 times more active than other body fluids (peritoneal,
etc.).

In Table I the dipeptidase activity in extracellular fluid
aspirated from 3 cases of mammary fibroadenoma, 3 of
mammary carcinoma and 3 of lymphatic metastases of

Tab. I. Dipeptidase activity in cells and in extracellular fluid
expressed on D.W, basis.

Cases:

No. 1 No. 2 No. 3

Mammary fibroadenoma:

Celis 5.0 11 2.2
Extracellular fluid 17.0 19.0 8.0
Mammary carcinoma:

Cells 2.6 0.4 4.9
Extracellular fluid 110 24.0 37.0

Dipeptidase activity is expressed in pl 0.1 M NaOH solution per
100 g air dried material. Substrate 0.1 M alanyglycioe. The incuba-
tion time 1 h at 87° {(pH 7.8).

Tab. I1. Dipeptidase activity in body fluids expressed on volume

basis

Cases:

No. 1 No. 2 No.3
Extracellular fluid from:
Mammary fibroadenoma 10.8 7.4 14.8
Mammary carcinoma 18.8 11.2 21.8
Carcinomatous lymph nodes 18.8 19.9 17.4
Serum 0.40 0.22 0.24
Mammary cyst fluid 0.28 0.42 0.36
Lymphedema fiuid < 0.05 <0.05 < 0.05

Dipeptidase activity is expressed in ul M NaOH per 1 h perul hody
fluid, Substrate 0.1 M alanylglycine. The incubation time 1 h at 37°
(pH 7.8).

Tryptophan im aktiven Zentrum von Trypsin
und Chymotrypsin

Eine Reihe von Hydrolasen wird durch Diisopropyl-
fluorphosphat (DFP) blockiert. Nach salzsaurer Hydro-
lyse ist der DIP-Rest an ein Seryl gebunden, das in einer
Aminosidurensequenz liegt, die fiir neun Esterasen in ver-
schiedener Ausdehnung identisch ist. QOSTERBAAN et al.1
ziehen eine enzymatische Spaltung der Sdurehydrolyse
vor, da sie weniger Gefahren von Transaminierungen
bzw. Transacylierungen bietet, fanden aber den Phosphor
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mammary carcinoma and expressed on volume basis may
be compared with the activity in serum, in cystic fluid
from 3 cases of mastopathia cystica, and in floid from
lymphoedema of the arm following radical mastectomy
(3 cases}. It is seen that extracellular fluid from’ benign
and malignant mammary tumors contained about 50
times more dipeptidase activity than did serum, cyst or
oedema fluid.

These observations do not indicate the origin of the
dipeptidase activity found in the extracellular fluid of
primary and metastatic mammary tumors (Table II).
Histochemical studies have shown high aminopeptidase
activity in the stromal elements®-® as a reaction to tumor
growth?. It is possible that the high dipeptidase activity
in extracellular fluid of mammary tumors is due to release
of the enzymes from the tumor cells as well as from the
cells of the stroma compartment to the surrounding me-
dium, after which the enzymes, together with the extra-
cellular fluid and with cancer cells, may be conveyed
through lymphatic channels into regional lymph glands.
There is some evidence that the successful growth of neo-
plastic cells can in part be explained by superior ability
of such cells to capture from the environment, and to
concentrate intracellularly, the free amino-acids necessary
for protein synthesis®. High concentration of proteoly-
tic enzymes, including dipeptidases, in the extracellular
fluid and possibly also in the lymphatic channels, presum-
ably constitutes a factor enhancing the neoplastic growth,

A more detailed account of the method we have used
will be published later, together with a discussion of the
results hitherto obtained.

Zusammenfassung: Es wird eine Punktionsmethode zur
quantitativen Bestimmung der Enzymaktivitit in Zellen
und interstizieller Fliissigkeit menschlicher Tumoren be-
schrieben. Die in den Zellen und der interstiziellen Fliis-
sigkeit von Mammacarcinomen und -fibroadenomen ge-
messene Dipeptidaseaktivitdt wurde mit derjenigen ver-
schiedener Korperfliissigkeiten verglichen.
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am gleichen Serin. Allen auf diesem Gebiete bisher ein-
gesetzten Analysenmethoden ist jedoch gemeinsam, dass
sie zum Verlust des Tryptophans filhren. HARTLEY gab
nun in Moskau? einen grossen Teil der Aminosduren-
sequenz des Chymotrypsins bekannt, der zwar kein Hi-
stidin, wohl aber zwei der sieben Tryptophane enthilt,

1 R. A. O0sTERBAAN et al., Biochim. biophys. Acta 27, 549 (1958),
und V. Int. Congr. Biochem. Moskau 4, 130 (1961).

2 B. S. HarTiLEYy, V. Internationaler Kongress fiir Biochemie in
Moskau, August (1961).



15, I11. 1962

wovon eines durch nur 21 Peptidbindungen vom «aktiven»
Serin getrennt ist. ScHAFFER?® fand wihrend der Einwir-
kung von DFP auf Chymotrypsin eine Sofortreaktion mit
Tryptophan, der eine schr langsame mit Tyrosin folgte,
die auch bei nicht-enzymatischen Proteinen auftritt. Da-
durch wurde Histidin als erste Hilfte des aktiven Zen-
trums sehr unwahrscheinlich, zumal dessen Stellung be-
reits durch die Befunde von STEIN et al.4, Bruice und
ScHMIR®, ERLANGER® und ANFINSEN? stark erschiittert
war.
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Fig. 1. Differenzspektrum des DIP-Derivates von Chymotrypsin,
gegen unbehandeltes Chymotrypsin (33 x 1078 molar in 8-molarer
Harnstoffldsung, pH 3,5).
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Fig. 2. Elektrochromatogramm von Trypsin: I mit, Ia ohne DIP-

Vorbehandlung, I und IT ergeben beim DIP-Derivat ausserdem Re-

aktion auf Phosphor. Ia, 111 und IV fehlen nach partieller Oxydation

des Trypsins mit NBS (Anfirbung mit p-Dimethylaminozimtalde-
hyd).

Anomalous Uptake of Bromsulphthalein by In-
cubated Liver Slices

Although the hepatic removal of bromsulphthalein
(BSP) from the plasma is used clinically as a measure of

liver function, the physiological mechanisms involved in-

this transfer are little understood. Investigation of the
isolated uptake phase has been made using incubated
liver slices and the results obtained lead Braurr and
PrssoTTI! to suggest that in this type of preparation the
uptake mechanism was related to binding by intracellular
protein. However the measured uptake of about 709,
from dilute BSP solutions found with all tissue/solution
ratios greater than 5%, did not seem in agreement with
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Wir? fanden unter Benutzung des Difference-Spectro-
photometers nach Cary an Trypsin und Chymotrypsin
nach DFP-Hemmung lediglich eine Verstirkung des fiir
Tryptophan typischen 2. Absorptionsmaximums bei
2910 A (Figur 1), das nach Inkubation in 8 M Harnstoff
oder 4 M Guanidin noch deutlicher hervortrat und auch
nach peptischer Hydrolyse nicht verschwand. Die Oxy-
dation von zwei Tryptophanresten mit N-Bromosuccin-
imid (NBS) nach ParcHORNIKS® ergab, dass (1) die spek-
trale Abweichung erhalten bleibt und (2) nach peptischem
Abbau aus dem «Fingerprint» (Elektro-Chromatogramm)
hervorgeht, dass NBS beim DIP-Enzym das gleiche Try-
ptophanylpeptid verschont, das sich um einen kleinen
Betrag im Rf-Wert vom korrespondierenden Peptid des
nativen Peptides unterscheidet (Figur 2). Die Trypto-
phanylpeptide wurden auf dem Papier durch Bespriihen
mit p-Dimethylaminozimtaldehyd spezifisch nachgewie-
sen, mit verdiinnter Essigsdure eluiert und auf Phosphor
nach Fiske und SuwaROFF gepriift. Ausser in dem durch
den Rf-Wert charakterisierten Peptid fand sich eine Spur
Phosphat auch bei einem zweiten Tryptophanylpeptid.
Phosphatnachweis auf dem ganzen Papier verlief fiir alle
iibrigen Peptide negativ. Nach salzsaurer Hydrolyse und
unter Beriicksichtigung des positiven Try-Nachweises er-
gab sich folgende Aminosiurenzusammensetzung in sté-
chiometrischem Verhiltnis: Try, Leu, Val, Ser.

Summary. Acid hydrolysis of trypsin and chymotrypsin
inhibited by DIP yields seryl-phosphate within a sequence
representing one part of the ‘active center’. Now it is
demonstrated by UV-spectrophotometry that DIP is
bound primarily to tryptophane and remains there after
peptic degradation. A tetrapeptide containing both trypto-
phane and phosphate was isolated and analyzed.
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this conclusion, since it might be expected that tissue/
solution ratio would cease to play a significant part only
when uptake was close to either 0 or 100%. The ex-
periments described here were carried out to investigate
this apparent anomaly, using cat liver slices.

Provided uptake follows a simple adsorption isotherm,
it can be shown? that at low BSP concentrations the ratio
Bound BSP/Total BSP {designated ) isonly dependenton
the dissociation constant and the concentration of receptor
sites, since

1 R. W. Brauer and R, L. PessortTi, J. Pharmacol. 97, 858 (1949).
2 A. GoLpstEIN, Pharmacol, Rev. 1, 102 (1949).



