Hoppe-Seyler’s Zeitschrift fiir
Physiologische Chemie

Band 360 — 2. Jahreshalfte

Fortgefithrt von A Kossel, F. Knoop und K. Thomas - Herausgegeben von
A.Butenandt, F. Lynen t, G. Weitzel
unter Mitwirkung von K. Bernhard, K. Decker, J. Engel, H. Fritz
E.Helmreich, H. Herken, B. Hess, N.Hilschmann, H. Hilz, P.W. Jungblut, P. Karlson,
H.L. Kornberg, K. Kithn, F. Leuthardt, D. Oesterhelt, K. Rajewski, J. Seelig, G. Siebert, H. Simon,
Hj. Staudinger, W. Stoffel, H. Tuppy, H. Wiegandt, H.G. Wittmann, H.G. Zachau, H. Zahn
Redaktion A. Dillmann, G. Peters

W

DE

G

1979
WALTER DE GRUYTER - BERLIN - NEW YORK




Universitats-
Biblisrthek
Minchen

-

Attention before copying!

Do you photocopy articles from this periodical? If so, have you made certain that you are not violating the legal
copyright regulations and making yourself liable to prosecution?

According to copyright law it is only permissible to make a few copies of individual articles for personal use. Repro-
duction of articles for commercial use by an industrial enterprise is subject to charge. Detailed information can be
obtained free of charge from the VG Wissenschaft GmbH, “Copyright”, Grofier Hirschgraben 17-21, D-6000 Frank-
furt/Main, this company being responsible for collection of copying fees.

Copying in the USA!

The appearance of the code at the bottom of the first page of an article in this journal indicates the copyright
owner’s consent that copies of the article may be made for personal or internal use, or for the personal or internal
use of specific clients. This consent is given on the condition, however, that the copier pay the stated per-copy fee
through the Copyright Clearance Center, Inc. for copying beyond that permitted by Sections 107 or 108 of the U.S.

" Copyright Law. This consent does not extend to other kinds of copying, such as copying for gencral distribution,
for advertising or promotional purposes, for creating new collective works, or for resale.

© Copyright 1979 by Walter de Gruyter & Co., Berlin.

All rights reserved, including those of translations into foreign languages. No part of this journal may be reproduced
in any form — by photoprint, microfilm or any other means — or transmitted or translated into a machine language
without written permission from the publisher.

The quotation of registered names, trade names, trade marks, ctc. in this journal does not imply, even in the absence
of a specific statement, that such names are exempt from laws and regulations protecting trade marks, etc. and
therefore free for general use.

Advertising: Merkur Werbung GmbH, Wolfgang Frieben, Postfach 1245, D-5210 Troisdorf 1, Tel. (02241) 42051
— Printed in Germany — Typesetting: R. & J. Blank, Miinchen; Printing: Grafik + Druck, Miinchen; Binding: F. Stein-
berger & Sohn, Miinchen.



Hoppe-Seyler’s Zeitschrift fiir Physiologische Chemie
Begriindet 1877 - Fortgefiihrt von A. Kossel, F. Knoop und K. Thomas

Bd. 360 Juli 1979

Heft 7

Inhaltsverzeichnis

Struktur und Funktion der L-Lactat-Dehydrogenasen
aus thermophilen und mesophilen Bakterien, I: Iso-
lierung und Charakterisierung der Lactat-Dehydro-
genasen aus thermophilen und mesophilen Bazillen
H.-P. Schir und H. Zuber

Die kovalente Struktur des Typ-I1I-Kollagens aus
Kalbshaut, I: Die Aminosiuresequenz des amino-
terminalen Bereiches der «1(111) Kette (Position
1-222)

P.P. Fietzek, H. Allmann, J. Rauterberg, W. Henkel,
E. Wachter und K. Kiihn

Die kovalente Struktur des Typ-lII-Kollagens, II: Die
Aminosiuresequenz des Bromcyanpeptides al (I11)-
CB1, 8,10, 2 (Position 223-402)

H. Dewes, P.P. Fietzek und K. Kiihn .

Die kovalente Struktur des Typ-11I-Kollagens aus
Kalbshaut, III: Die Aminosiuresequenz des Bromcyan-
peptides a1 (IINYCB4 (Position 403—-551)

H. Bentz, P.P. Fietzek und K. Kiihn .

Die kovalente Struktur des Typ-IlI-Kollagens aus
Kalbshaut, IV: Die Aminosiuresequenz des Bromcyan-
peptides al (IIT)CBS (Position 552—-788)

H. Lang, R. W. Glanville, P.P. Fietzek und K. Kiihn .

Dic kovalente Struktur des Typ-I11-Kollagens aus
Kalbshaut, V: Dic Aminosiuresequenz des Bromcyan-
peptieds a1l (IIN)CBYA (Position 789 bis 927)

H. Dewes, P.P. Fietzek und K. Kiihn .

Die kovalente Struktur des Typ-I1I-Kollagens aus
Kalbshaut, VI. Die Aminosiduresequenz des car-
boxylendstindigen BrCN-Peptides a1 (III)CB9B
(Position 928-1028)

H. Allmann, P.P. Fietzek, R. W. Glanville und

K. Kiihn .

Nachweis eines vom Proteinskelett unabhingigen
Turnover der Methylgruppen histongebundener
Methyllysine

K. Hempel, G. Thomas, G. Roos, W. Stécker und
H.-W. Lange .

Fortsetzung ndchste Seite

Contents

Structuie and function of L-lactate dehydrogenases
from thermophilic and mesophilic bacteria, I: iso-
lation and characterization of lactate dehydrogenases

- .from thermophilic and mesophilic bacilli

H.-P. Schdr and H. Zuber . 795

The covalent structure of calf skin type III collagen,
I: The amino acid sequence of the amino terminal
region of the a1(III) chain (position 1-222)

P.P. Fietzek, H. Allmann, J. Rauterberg, W. Henkel,
E. Wachter and K. Kiihn . 809
The covalent structure of calf skin type III collagen,

II: The amino acid sequence of the cyanogen bromide
peptide a1 (IIT)CB1, 8, 10, 2 (positions 223-402)

H. Dewes, P.P. Fietzek and K. Kiihn . . . . 821

The covalent structure of calf skin type III collagen,
III: The amino acid sequence of the cyanogen bromide
peptide a1 (IIICB4 (positions 403-551)
H. Bentz, P.P. Fietzek and K. Kiihn. 833
The covalent structure of calf skin type III collagen,

IV: The amino acid sequence of the cyanogen bromide
peptide o1 (1II)CBS (positions 552—788)

H. Lang, R. W. Glanville, P.P. Fietzek and K. Kiihn . 841

The covalent structure of calf skin type III collagen,

V: The amino acid sequence of the cyanogen bromide
peptide a1 (IINCBYA (position 789 to 927)

H. Dewes, P.P. Fietzek and K. Kithn . . . . 851

The covalent structure of calf skin type III collagen

VI. The amino acid sequence of the carboxyterminal
cyanogen bromide peptide a1(III)CB9B (position
928-1028)

H. Allmann, P. P. Fietzek, R. W. Glanville and

K. Kihmn . . . . . . . . . . . . 86l

N€-Methyl groups on the lysine residues in histones
turn over independently of the polypeptide backbone
K. Hempel, G. Thomas, G. Roos, W. Stocker and

H.-W. Lange 869

Continued



Juli 1979

Inhaltsverzeichnis -

Contents Bd. 360 (1979)

Der Einfluff von Natriumchlorid auf dic Struktur von
Ribonucleoprotein-Partikeln aus Rattenleberzell-
kerncn

W. Northemann, H. Seifert und P.C. Heinrich

Hidmocyanine aus Spinnen, VII. Immunologischer
Vergleich zwischen den Untereinheiten des
Himocyanins aus Eurypelma californicum

J. Lamy, J. Lamy, J. Weill, J. Markl, H.-J. Schneider
und B. Linzen

Eine verbesserte Mcthode zur Bestimmung von
cytoplasmatischer 3a- und 173- und microsomaler
3a-Hydroxysteroid-Dehydrogenasc-Aktivitit in
Rattenleber :

E.R. Lax, E. Kreuzfelder und H. Schriefers .

Vergleichende Stoffwechseluntersuchungen an
Sinusoidalzellen der Leber und verschiedenen
Makrophagen-Typen

F. Hofmann und K. Decker

Charakterisicrung cines intrazelluliren Inhibitors
der Carboxypeptidase R aus Rhodotorula glutinis
M. Hernandez-Jodra und C. Gancedo .

Intraperoxysomale und intramitochondriale Lokali-
sation der Pyruvat- (Glyoxylat-) Aminotransferase
der Rattenleber und getrennte Bestimmung dieser
Aktivititen

T. Noguchi, Y. Takada und Y. Oota

Untersuchung der molekularen Formen von gereinigter
Acctylcholinesterase aus der menschlichen Erythro-
zytenmembran mit Hilfe von bifunktionellen
Diimidaten

Ch. R. Romer-Liithi, J. Hajdu und U. Brodbeck .

‘Untersuchungen an pflanzlichen Gallenfarbstoffen,
VII: Darstellung und Charakterisicrung von Phy-
cobiliproteinen mit chemisch durch Reduktion
modifizierten Chromophoren

W. Kufer und H. Scheer

Abbau und Biosynthese von L-Phenylalanin in
chloridazonabbauenden Bakterien
R. Buck, J. Eberspdacher und F. Lingens .

Untersuchungen iiber die Hydrolyse von 1-Alk-1'-
enyl-sn-glycero-3-phosphocthanolamin durch
Mikrosomen des myelinisierenden Rattengehirns
J. Gunawan, M. Vierbuchen und H. Debuch .

The effect of sodium chloride on the structure of
ribonucleoprotein particles from rat liver

nuclei

W. Northemann, H. Seifert and P.C. Heinrich . . 877

Hemocyanins in spiders, VII. Immunological
comparison of the subunits of Eurypelma

californicum hemocyanin

J. Lamy, J. Lamy, J. Weill, J. Markl, H.-J. Schneider
and B. Linzen . . . . . . . . . . . 889

An improved method for the determination of
cytoplasmic 3a- and 178- and microsomal 3a-
hydroxystcroid dehydrogenase activitics in rat

liver

E.R. Lax, E. Kreuzfelder and H. Schriefers . . 897

Comparative metabolic studies on liver

sinusoidal cells and different types of

macrophages

F. Hofmann and K. Decker . . . . . . . 905

Characterization of an intracellular inhibitor

of the carboxypeptidase R tfrom Rhodotorula

glutinis

M. Hernandez-Jodra and C. Gancedo . . . . 913

Intraperoxisomal and intramitochondrial localization.
and assay of pyruvate (glyoxylate) aminotransferase
from rat liver

T. Noguchi, Y. Takadaand Y. Oota . . . . . 919

Molccular forms of puritied human erythrocyte
membrane acetylcholinesterase investigated by
crosslinking with diimidates

Ch.R. Romer-Liithi, J. Hajdu and U. Brodbeck . . 929

Studies on plant bile pigments, VII. Preparation and
characterization of phycobiliproteins with chromo-
phores chemically modified by reduction

W. Kufer and H. Scheer . . . . . . . . 93§

Degradation and biosynthesis of L-phenylalanine by
chloridazon-degrading bacteria
R. Buck, J. Eberspdcher and F. Lingens. . . . 957

Studics on the hydrolysis of 1-alk-1"-enyl-sn-
glycero-3-phosphocthanolamine by microsomes from
myelinating rat brain

J. Gunawan, M. Vierbuchen and H. Debuch . . 971



Bd. 360 (1979)

Inhaltsverzeichnis — Contents

Juli 1979

Das Komplexationsvermégen von Gangliosiden fiir
Ca2%, 1. Einflu® mono- und divalenter Kationen
sowie von Acctylcholin

W. Probst, H. Rosner, H. Wiegandt und H. Rahmann

Isolicrung eines kristallinen A14-N-Methylpyridinium-
Derivates von Rinderinsulin
S.E. Drewes, H M. Robinson und J. Gliemann

Kurzmitteilung

Eine einfache und billige Methode, um die notwendige
Reinheit der Reagenzien und Losungsmittel tir dic
automatische Aminosiurcsequenzanalyse mit dem
Sequenator hervorzubringen und zu bewahren

G. Frank .

Redaktionelle Hinweise siche gegeniiber Seite 1000

Autoren-Verzeichnis

Allmann, H. 809, 861

Bentz, H. 833
Brodbeck, U. 929
Buck, R. 957

Debuch, H. 971

Gliemann, J. 987
Gunawan, J. 971

Hajdu, J. 929
Heinrich, P.C. 877
Hempel. K. 869
Decker, K. 905 Henkel, W. 809
Dewes, H. 821, 851 Herndndez-Jodra, M.
Drewes, S.E. 987 913

Eberspiicher, J. 957 Hofmann, F. 905
Fietzck, P.P. 809, 821,

833, 841,851,861
Frank, G. 997

Gancedo, C. 913
Glanville, R.W. 841, Lamy,J. 889
861 Lang, H. 841

Kreuzfelder, . 897

841, 851, 861
Kufer, W. 935

Kiihn, K. 809.821,833,

The complexing ability of gangliosides for Ca?®,

1. Influence of mono- and divalent cations and of
acetylcholin

W. Probst, H. Rosner, H. Wiegandt and H. Rahmann 979

Isolation of a crystalline A14-(N-methylpyridinium)
derivative of bovine insulin
S.E. Drewes, H. M. Robinson and J. Gliemann . . 987

Short Communication

A cheap and simple method to achieve and maintain

the necessary purity of reagents and solvents for
automated amino acid sequence determination with

the sequcnator

G. Frank . . . . . . . . . . . . 997

Indexed in Current Contents

Lange, H.-W. 869
Lax,E:R. 897
Lingens, . 957
Linzen, B. 889

Rdsner, H. 979
Roos, G. 869

Schir, H.-P. 795
Scheer, H. 935
Schneider, H.-J. 889
Schriefers, H. 897
Seifert, H. 877
Stocker, W. 869

Takada, Y. 919
Thomas, G. 869

Vierbuchen, M. 971

Wachter, E. 809
Weill, J. 889
Wiegandt, H. 979

Zuber, H. 795

Markl, J. 889

Noguchi, T. 919
Northemann, W. 877

Oota, Y. 919

Probst, W. 979

Rahmann, H. 979
Rauterberg, J. 809
Robinson, H.M. 987
Romer-Liithi, Ch. 929

SERV.

FEINBIOCHEMICA
GMBH. & CO.

The EUROPEAN Biochemicals Supply House

D-6900 HEIDELBERG-1 - P.0.B. 105260 - Telefon 06221/12014 - Telex 0461709

Represented in:

Austria, Belgium, Danmark, France, Great Britain, Greece, Italy, Netherlands, Norway,

Spain, Switzerland, Sweden, Turkey



Hoppe-Seyler’s Z. Physiol. Chem.
Bd. 360, S.935-956, Juli 1979

Studies on Plant Bile Pigments, VI1*

Preparation and Characterization of Phycobiliproteins with Chromophores

Chemically Modified by Reduction

Werner KUFER and Hugo SCHEER

Botanisches Institut der Universitit Miinchen

(Received 22 December 1978/23 March 1979)

Dedicated to Professor Dr. H. Plieninger on the occasion of his 65th birthday

Summary: The reversible denaturation and re-
duction with dithionite has been studied for the
phycobiliproteins, C-phycocyanin (1) and allo-
phycocyanin (2) from Spirulina platensis, and
C-phycoerythrin (4) from Fremyella diplosiphon
(both cyanobacteria).

By treatment with sodium dithionite, the chromo-
phoresare selectively reduced at the central (C-10)
methine bridge, producing pigments with bili-
rubinoid (Apax = 418 nm from 1 and 2), and
vinylpyrrolic (Apax = 300 nm from 4) chromo-
phores. The extent of reduction is dependent on
the state of the protein. The chromophores of
denatured biliproteins are completely reduced at
0.5mwm dithionite. In the native pigments, dithi-
onite concentrations up to 0.5M lead only to
partial reduction thus forming products con-
taining both reduced and oxidized chromophores
(e.g. “phycocyanorubins” from 1 and 2). The
reduction is non-statistical with respect to the
different chromophores present in 1 and 4, the
chromophores absorbing at shorter wavelengths
being preferentially reduced.

Renaturation of the proteins containing reduced
chromophores is accompanied by their reoxida-
tion. This oxidation is complete in the absence
of dithionite or at concentrations up to 0.5mm.
At higher dithionite concentrations, the reoxida-
tion is incomplete, and the products are spectro-
scopically identical to those obtained by reduc-
tion of the native pigments at similar concentra-
tions of reductant.

The results are interpreted by a model in which
the protein is “transparent” to the reducing agent,
dithionite. The difference in the extent of reduc-
tion of the native and denatured pigments can
only be due to thermodynamic (viz. stability) dif-
ferences in the susceptibility of the chromophores
to reduction.

Specifically, the (extended) chromophore present
in the native pigment is much more difficult to
reduce than the chromophore (present in a cyclic
conformation) in the denatured pigment. The
energetics of the process of refolding both the
protein and the chromophores are discussed.

Abbreviations:

P, Pf,, = Phytochrome in the red and far-red absorbing forms, respectively;
1 Agp0 unit or 1 A543 unit is that amount of substance in 1 m/ which has an absorbance of 1.00 in a cuvette of

path-length = 1 cm at the indicated wavelength.

* The VIth Communication of this series: Krauss, C., Bubenzer, C. & Scheer, H. (1979) Photochem. Photobiol.,

in press.

0018-4888/79/0360-0935$02.00

© Copyright by Walter de Gruyter & Co - Berlin - New York
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Untersuchungen an pflanzlichen Gallenfarbstoffen, VII: Darstellung und Charakterisierung von
Phycobiliproteinen mit chemisch durch Reduktion modifizierten Chromophoren

Zusammenfassung: Die reversible Denaturierung
und Dithionit-Reduktion der Phycobiliproteine

C-Phycocyanin (1) und Allophycocyanin (2) aus
Spirulina platensis und C-Phycoerythrin (4) aus

Fremyella diplosiphon (beides Cyanobakterien)

wurde untersucht.

Die Chromophore werden beim Behandeln mit
Dithionit selektiv an der zentralen (C-10) Methin-
briicke reduziert. Dabei entstehen Pigmente mit
Chromophoren vom Typ des Bilirubins (A ax =
418 nm bei 1 und 2) bzw. des Vinylpyrrols
(Amax = 300 nm bei 4). Das Ausmafs der Reduk-
tion hingt vom Zustand des Proteins ab. In den
denaturierten Biliproteinen werden die Chromo-
phore bereits von 0.5mm Dithionit vollstandig
reduziert. In den nativen Pigmenten werden sie
selbst von 0.5m Dithionit nur unvollstindig re-
duziert. Dabei werden Produkte gebildet, welche
sowohl oxidierte alsauch reduzierte Chromophore
enthalten (z.B. ,,Phycocyanorubin‘ aus 1 und 2).
Die Reduktion ist nicht statistisch, bei 1 und 4
werden bevorzugt die kiirzerwellig absorbierenden
Chromophore reduziert.

Die Chromophore der im denaturierten Zustand re-
duzierten Biliproteine werden beim Renaturieren
gleichzeitig wieder oxidiert. In Abwesenheit von
Dithionit, oder in Anwesenheit von < 0.5mm
Dithonit werden die Chromophore von 1 vollstiin-
dig oxidiert, bei hoheren Konzentrationen ist die
Reoxidation unvollstindig. Dabei werden nach
spektroskopischer Analyse die gleichen Produkte
erhalten, wie bei der Reduktion der nativen Bili-
proteine mit der entsprechenden Konzentration
an Dithionit.

Die Ergebnisse werden durch ein Modell erklirt.
bei dem das Protein fiir das Reduktionsmittel
durchlissig ist. Die unterschiedliche Reduzierbar-
keit erfordert thermodynamische (d.h. Stabili-
tdts-) Unterschiede der Chromophore in den na-
tiven bzw. denaturierten Biliproteinen gegeniiber
Reduktion. Das bedeutet. die (ausgestreckten)
Chromophore der nativen Pigmente sind wesent-
lich schwieriger zu reduzieren als die im denatu-
rierten Zustand vorliegenden (zyklischen) For-
men der Chromophore. Die Energetik der Protein-
faltung und -entfaltung und der Konformations-
dnderungen des Chromophors werden diskutiert.

Key words: Biliproteins, reversible chemical modification, noncovalent protein-chromophore interactions.

structure reactivity, conformation-redox potential.

The phycobiliproteins, C-phycocyanin (1), allo-
phycocyanin (2), and C-phycoerythrin (4) are
photosynthetic antenna pigments of cyanobac-
teria, cryptophyceae and red algael! =71, Another

7//// Apopfote'" //////

coy

R =CyHs: 1 = C-Phycocyanin
R =CyHg: 2 = Allophycocyanin
R =C,H3: 3 =Phytochrome P,

1 and 2 differ
in the protein
moicty

pigment of this type is phytochrome, the photo-
morphogenetic reaction center pigment of some
algae and higher green plants!!»3:5.8.91 Al] of
these pigments are chromoproteins with 2,3-di-

1T

€00%C0

4 = C-Phycocrythrin
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S = 2,3-Dihydrooctacthyl- o
co Co0
1.19(21,24H)-bilindione COOCH, COOCH, |
6 = Phycocyanobilin / Koopronarn

Formula 9

7 = Isophorcabilin-dimethylester COOCH,

COOR' _ COOR' COOR' COOR'
10 11
10a = Biliverdin 112 = Bilirubin
10b = Mecsobiliverdin I1b = Mesobilirubin
10c = Mesobiliverdin 11c = Mesobilirubin
dimethyl ester dimethyl ester

a: R=C,H3,R'=H
b: R= C2H5, R'=H
c: R=C,Hs, R =CH;

/ Apoprotein

8 = ,,Phycorubin*

hydrobilin chromophores covalently bound to
the protein via a thioether bond (1-4)i10-171,

In the native phycobiliproteins, the chromo-
phores also interact strongly with the proteins by
non-covalent interactions. The changes brought
about by the latter (Table 1) include pronounced 12 = Octacthylbilindione
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Table 1. Properties of native biliproteins, as com
IFor a recent review of these differences, see Ref.

fmlred to the properties of denatured biliproteins and free bilins.
S

Denatured biliproteins and free bilins

Native biliproteins

Absorption spectra

Broad bands,

Near UV-band: € ~ 4 x 104

Visible band: e ~ 2 x 104

Amax determined by the chromophore only

Narrow bands,

Near UV-band: ¢ ~ 2 x 104
Visible band: e ~ 105

Amax influenced by the protein

Photochemistry Radiationless deactivation predominant, High quantum yield of fluorescence
small quantum yield of fluorescence and (phycobilins) or photochemical reactions
photochemical reactions (phytochrome), respectively

Reactions: Instantaneous complexation with Zn2? Inert with Zn2® at ambient

Complexation at ambient temperature temperature

Reduction Complete reduction with dithionite Partial reduction only with
(¢ 20.5mM) dithionite (¢ = SmM)

Oxidation Oxidative bleaching within days at 4 °C Stable for months at 4 °C

shifts and intensity variations of the absorption
bands, induction of intense fluorescence (in 1, 2
and 4) or changes in photochemical properties (in
P, and Py,). At the same time, these interactions
render the chromophores inert to externally ad-
ded chemical reagents!3:51. The nature of the
non-covalent interactions is at present only partly
understood. From UV-vis spectroscopy, an ex-
tended chromophore has been proposed, and
from fluorescence and low temperature absorp-
tion spectra, a rigid fixation of the chromophore
has been inferred!'8!. The non-covalent interac-
tions are uncoupled by denaturation of the pro-
tein with urea or heat in a stepwise process!18].
In the denatured phycobiliproteins, the chromo-
phore has spectral properties and reacts similarly
to free bilins (Tables 1, 3). Thus, unfolding with
urea or guanidinium chloride has been used to
relate the phycobilin chromophores to bile pig-
ments of known structure and to other phyco-
bilins, and to determine the number and kind of
chromophores!3:5:12,19=211 Ip the denatured
state, chemical reactions used for free bilins should
also be applicable for selective chemical modifi-
cations of the chromophore. Renaturation ex-
periments with phycobilins modified this way are
expected to give more specific information on
the nature of the non-covalent interactions, and
on their differences at different chromophore
sites. We wish to report the first experiments of
this type, in which the chromophore has been
modified by chemical reduction.

Materials and Methods

Isolation and purification of biliproteins

1 and 2 were isolated from Spirulina platensis. 30 g deep-
frozen cells of Spirulina platensis were thawed, mixed
with glass beads (~ 150 g,0.17-0.18 mm @) and broken
in a beaker-typc cell mill (Model Vibrogen, Bachofer,
Reutlingen) under water cooling for S min. The broken
cells were suspended in 20 m/ Tris buffer (10mM Tris,
pH 8.0), and centrifuged for 30 min at 7000 x g. The
pellet was again extracted with 20 m/ Tris butfer. The
crude extract containing biliprotein was freed from
chlorophyll by ultracentrifugation (1 h, 78000 xg, A 20/
Aqg = 1.4). Half of this solution was separated on a

2.5 x 18 cm DEAE-cellulose column (DE 52, Whatman,
Muidstone, England) equilibrated with Tris buffer
(10mM, pH 8.0). The column was devcloped first with
200 m! starting buffer to remove some yellow pigment,
then with a linear gradient (0—300mM KCl) of 600 m/
Tris buffer (10mM, pH 8.0, elution rate 150 m//h). Bili-
proteins were pooled in 3 fractions according to their
spectral properties: 1) 2 [(70 m/,Ag5¢ =0.2); 2) 1
(125 m[‘Aézo = 6.6,A620/A280 =3.7)and 3) 1 and 2
i1 (220 m[,A620 = l.l.A620/A280 = 16)

Fraction 1 was further purified on a 1.7 x 15 cm brushite
columnl 22! equilibrated with phosphate buffer (SmM.
pH 7.5). A trace contamination of 1 was removed with
about 100 m/ starting buffer; 2 I was then cluted with a
linear gradient (5—50mM phosphate) of 200 m/ phos-
phate buffer (pH 7.5, elution rate SO m//h). Fractions
with Ags6/Ag20 = 1.6 were pooled. Yicld: 7S mi 21,
Agse =0.1,Ag56/A280 = 3.4. Fraction 2 was further
purified by gel filtration ona 2.5 x 50 cm Biogel P 150
column (Bio-Rad, Richmond, California) equilibrated
with Tris buffer (10mM Tris, 100mM KCl, pH 7.5, elu-
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tion rate 10 m//h). The main fraction of the resulting 1
absorbed with A620//l 280 = 4.2. Yield: 23 ml 1,
A620 =24.

All purification steps were carried out at 4 °C. All buf-
fers contained ImM NaN 3 and Nagq EDTA. For storage,
biliproteins were dialysed against twice distilled water,
lyophilized, and kept at — 20 °C.

4 was obtained from Fremyella diplosiphon. Cells were
broken with glass beads as described for 1. The crude
extract was purified by gel filtration on Sephadex G-100
and subsequent chromatography on DEAE-cellulose.
The procedure is described in detail elsewherel 231,

Modifications of biliproteins

The experiments were carried out at room temperature.
Stock solutions for experiments were kept at 0 °C. All
solutions were saturated with N, before use, unless
specified otherwise.

Denaturation: 200 u/ samples of stock solutions of the
biliproteins in phosphate bufter (50mM, pH 7.5) were
added to 2.0 m/ urea buffer (50mM phosphate, 8M urea
(p.a., Merck, Darmstadt), pH 7.5). In the case of 2.

100 u! stock solution was added to 1.0 m/ urea buffer.
Denaturation was complete within 10 min.

Chemical modification: Solid sodium dithonite (tech-
nical. Merck. Darmstadt) was added to the solution of
the denatured biliprotein to a final concentration of

S to SOmM. For lower concentrations of the reductant,
portions of a freshly prepared solution of dithionite
(50mM) in urea buffer were added instead. Solid sodium
sulfite (p.a., Merck, Darmstadt) and 2-mercaptoethanol
(p.s., Merck-Schuchard, Hohenbrunn, distilled prior to
Usc) were added to a final concentration of 30mM and
2M, respectively. A change of the colour from blue (1,
2)or red (4) to yellow (1, 2) or colourless (4) indicated
that the reduction had occurred. Native biliproteins in
phosphate buffer were titrated with a freshly prepared
50mM solution of dithionite in the same buffer. For
final concentrations > SmM, solid sodium dithionite
was added.

Renaturation: For removal of urca, 1.0 m/ of the solu-
tion of the denatured biliprotein was passed through a
1.7 x 12 cm Biogel P2 column (Bio-Rad, Richmond.
California) equilibrated with phosphate buffer. Denat-
tured, chemically modified biliproteins were either
treated in the same way (“‘aerobic renaturation’), or the
gel filtration was carried out in the presence of the re-
ductant at the appropriate concentration (“‘anaerobic
renaturation”).

Reoxidation of the reduced chromophores in the
denatured biliproteins: 1.0 m/ of the solution of the
reduced denatured biliproteins was passed through a

1.7 x 12 cm Biogel P 2 column equilibrated with urea
buffer (50mM phosphate, 8M urea, pH 7.5).
Preparation and reduction of model bilins

Bilirubin (11a) (biochemistry grade, Merck, Darmstadt)
was used without further purification. Mesobilirubin
(11b) was prepared by catalytic hydrogenation of bili-
rubinl 24,25 l: its dimethyl ester (11c), by reduction of
the dimethy! ester (10c) with Nz\BH4[25 I, Biliverdin
(10a) and mesobiliverdin (10b) were obtained from the
respective rubins by oxidation with 2,3-dichloro-5,6-di-
cyunobenzoquinonel2S I using partition between dich-
loromethane and water during the work-up procedure.
Mesobiliverdin dimethyl ester (10c) was prepared from
mesobiliverdin by esterification with BF3/metlmnoIl25].
Octaethyl-1,19 (21,24 H)-bilindione (12) and 2,3-dihy-
drooctaethyl-1,19 (21,24 H)-bilindione (5) were syn-
thesized from octaethylporphyrinl26’27|‘

The verdins (= 0.5mM) were reduced with sodium di-
thionite and sodium sulfite (10 mg/2 m/) in a mixture
of methanol/water = 1:1. For workup, the yellow solu-
tions were partitioned between CHCl3 and glycine/HCl
buffer, pH = 2.7, in the case of free acids, saturated with
(NH4)QSO4|28|. The organic phase was dried over NaCl
and evaporated to dryness. All reductions including the
work-ups were carried out under No.

Thin-layer chromatography of the products was carried
out on silica HPTLC plates (Merck, Darmstadt) with two
published solvent systems|29’30| and with a system con-
sisting of the upper phase of a mixture toluene/acetic
acid/water, 5:5: 1. In addition, polyamide 11 F 254
plates (Merck, Darmstadt) were used with the solvent
systems of Petryka and Watsonl 221, For the reduction
experiments with 2-mercaptoethanol (2.5M), methanol
was used as a solvent. Work-up by partition between
CCl4 and water resulted in (partial) reoxidation of the
yellow pigments to green verdins.

General methods

Gel electrophoresis was performed by the method of
\Vzlgcnnml\|1|3' lin 10-cm diameter 0.6 cm gels, (7.7%
polyacrylamide, 2.6 % crosslinker) with a Tris gel butfer
(pH 8.8) and a Tris/glycine clectrode butfer (pH 8.3),
for 3 h with 3 mA/gel tube at 4 °C.

UV-vis spectra were determined with a model DMR 22
spectrophotometer (Zeiss. Oberkochen). The extinction
coefficient determined by Glazer and Fangl 211 for urea-
denatured 1 in the cationic form (pH 3.0) was used asa
standard for all extinction coefficients of other 1 forms
and pigments derived thereof. 2 contains the same
chromophore as 1, so the extinction coetficient for 1
denatured with acidic urea was used for 2 denatured
with acidic urea and pigments derived thereof. The ex-
tinction coefficient determined by Muckle and Ridi-
gcrl23’ for 4 denatured with acidic urca was taken as

a standard for the 4 samples.
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Redox potentials were determined with a model EA259  for all denatured biliproteins were identical. ir-

Pt/AgCl electrode (Metrohm, Filderstadt), or by the use respective Of the denatura“on procedure. e‘g.

of the redox i?)(,ﬁcator dyels352'|memylphe"azi“i“m me- mixing of the native pigment with urea solutions

thylsulfate (E7 =+ 8 mVI==], Merc‘}g?i’rméladt)‘ of appropriate concentrations, or addition of

indigo bissulfonate (£ = = 125 mV_ """, Riedel de[32| solid urea. The products of denaturation by

: . : 0 - .

Haen, Seelze), and methylviologen (7 = — 440 mVZ-L, heat! 18! or guanidinium chloride!20! have the

Riedel de Haen, Seelze). ‘g : ) i
same UV-vis spectra, while denaturation with

sodium dodecylsulfate yields a spectroscopically

Results different product!23:391. The pigments can be
renatured either by dialysis!$:40! against buffer
Denaturation-renaturation (paths [a]and [b] in or by gel filtration over a desalting column. Since
reaction scheme, Fig. 1) the chromophores of the denatured pigments are
Denaturation of the biliproteins is complete at unstable, gel filtration, the more rapid procedure,

urea concentrations 2 7M. The spectra obtained ~ was used throughout.

i 5x1073 M dithionite " in"
Phycocyanin__ . . x10°" M dithionite (g) Phycocyanorubin” .
Biogel P2, “aerobic” (h})
A max = 620nm Amax = 620,418 nm
3 Type A chromophores Type A chromophores

TypeC ch?omophores

8M Biogel X 8M Biogel P2, ‘anaerobic”
urea| | P2 Biogel P2 urea,| |Sx
tal| | (b) “aerobic” 5x1073M| |10°3 M
“or 5x1074M dithionite di(hio(nit,e ditfh)ionite
e
. 5x1074M . .
Phycocyanin dithionite '© Phycorubin
denatured P e—— denatured
Oz,urea, (d)
Amax =602nm Biogel P2 Amax= 418 nm
3 Type Bchromophores 3Type C chromophores
[o]
~ 2 0
HN
NH
Type A Type B TypeC

Fig. 1. Rcaction scheme of the reversible denaturation-renaturation and reduction-oxidation rcactions carried out
with 1 from Spirulina platensis.

The chromophore structures arc schematic representations with the substitutents omitted (sce formulas). Structure A
is representative of an extended conformation without major steric hindrance of the g-pyrrolic substitutents. Struc-
ture B is the porphyrin-type conformation found for biliverdins both in the crystzl|[33| and in solution!3%:351. Struc-
turc C has been drawn with the two dipyrromethene units nearly perpendicular to cach other, similar to the X-ray
structures found for bilirubins! 36:371_Similar schemes can be drawn for the reactions of 2 and 4, with the follow-
ing exceptions: a) The renaturation of 2 does not yield native 2 dircctly, but rather an intermediate (sce text).

b) The structure of the reduced chromophore of 4 corresponds to that shown in formula 9. Duc to interference of
the 300 nm band of this chromophore with the absorption of the dithionite solution, the presence of a pigment with
“mixed’” chromophores can only be inferred from the decrease in the 560 nm band of native 4 in the presence of di-
thionite (Fig. 6). ¢) The conformation of native 4 may be extended, by analogy to that of native 1 (3], The data available
by molfgtsxl'ar calculations indicate, however, a less pronounced dependence of the oscillator strengths of the confor-
mation .
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Table 2. Yields of native 1 and 4 after the various treatments shown in Fig. 1.

The - yield was calculated from the volume x absorption of the given solution compared to that of the starting

solution (row 1).

Treatment Compound 1 Compound 4
A620 Ase
units? (%] units% (%]
1) Native orginal sample 0.835 100 0.850 100
2) Biogel P2 filtration 0.72 87 0.61 72
3) Denatured, renatured over Biogel P2 0.60 72 0.48 57
4) Denaturedc, reduced with 0.5mM dithionite, aerobically 0.40 48 0.39 45
renatured
5) Denaturedd, reduced with 0.5mM dithionite, anaerobically 0.41 50 0.20 2
renatured
6) Denatured, reduced with SmM dithionite, aerobically
o 0.41 49 - -
renatured
7) Denatured, reduced with 5mM dithionite, anaerobically 0.33 39
e . - -
renatured
8) Native. reduced with SmM dithionite§ 0.59 71 0.42 49

-0 Q0o

At the concentration used throughout this study
(3um), denatured 1 was recovered in 72% yield*
by gel filtration. (Table 2). Native 1 gave a recov-
ery of 87% when passed through a desalting
column under identical conditions, providing an
estimate of losses due to irreversible absorption
on the column and losses during the denatura-
tion/renaturation sequence. The corresponding
values for 4 (1.5um ) were 57% (denatured/rena-
tured) and 72% (native). Both for 1 and 4, the
renatured pigments were identical to the respect-

ive native pigments, if judged from UV-vis spectra.

The renaturation product of 2 (starting solutions =
1.5um) resembled spectroscopically native 1
rather than native 2, in having an absorption band
at 620 nm instead of 656 nm. Subsequent incu-
bation at 3540 °C led to a progressive rise of a
narrow absorption band at 656 nm within 3 h.
Even at this stage, however, the value of 4454/
Agao = 1.2 (as compared to 1.8 for native 2)still
indicated only partial renaturation (see discussion).

* All yields are calculated from the extinction of the
visible band at 620 nm for 1 and 563 nm for 4. For
details, sec experimental part.

1 A g20 unit corresponds to 3.4 nmol of native 1/m/, or 3.4uM.

1 A 543 unit correspounds to 1.8 nmol of native 4/m/, or 1.8uM.
Renaturation over Biogel P2 in the absence of dithionite.
Renaturation over Biogel P2 in the presence of 0.5mM dithionite.
Renaturation over Biogel P2 in the presence of 5SmM dithionite.
See Fig. 3 for the yield with other dithionite concentrations.

Due to these spectral changes after passage through
the gel-filtration column, quantification of the
results is less certain than for 1 and 4.

Reduction of native phycobilins (Path [g] in the
reaction scheme)

Titration of native 1 with sodium dithionite led
to a gradual decrease in the band at 620 nm, and
a simultaneous increase of a band at 418 nm
(Fig. 2) with an isosbestic point at 483 nm. Native
1 has an extinction coefficient of 98 700 for one
chromophore at 620 nm. Assuming a 1:1 con-
version, an extinction coefficient for the absorp-
tion of the reduced chromophores at 418 nm can
be calculated from the titration experiment. By
using the integrated intensity or the extinction of
the 620 nm band as a standard, values of 20500
or 23300, respectively, were obtained. The con-
version occured at dithionite concentrations be-
tween 0.5 and SmMm . From experiments with indi-
cator dyes, this brackets a range of redox poten-
tials >+ 8 mV (5-methylphenazinium methyl-
sulfate) and < — 440 mV (methyl viologen). The
spectrum remained essentially unchanged at con-
centrations up to S0mM.




Bd. 360 (1979)

942 W.Kufer and H. Scheer
300 g O
R
R -
¢ \l
4 200+ 501+ T T T 1
© 0 5:107 507 6:102 507
x o Cie, 1M1
™
lg # o Fig. 3. Decrease in the absorption (A4 g4¢) of the long
o4 AN ]{ wavelength band at 620 nm of native 1 in the presence
1 . \%T | of increasing concentrations of sodium dithionite (¢ 4j¢ ).
| 4 by 26%, and a new band appeared as a shoulder
0 at 420 nm, with an isosbestic point at 533 nm

600 500
<« A[am]

Fig. 2. UV-vis absorption spectra of the titration of

2.2 m/ 3uM native 1 in 50mM phosphate buffer, pH 7.5,

with SOmM sodium dithionite.

The traces correspond to the following dithionite con-

centrations (total volume after addition of dithionite in

parentheses):

1) 0M, 2) 0.45mM (2.22 m/), 3) 1.3mM (2.26 m/),

4) 2.2mM (2.3 ml), 5) 4.2mM (2.4 ml).

The spectra are not corrected for dilution. The increased

absorption at A < 400 nm is due to the absorption of

the dithionite solution.

At higher concentrations, there was even a slight
increase of the extinction at 620 nm (Fig. 3),
possibly due to a salt effect.* At a dithionite con-
centration of 5 x 10~2M, a maximum decrease
of the integrated intensity of this band of 45%
was observed. The decrease was larger, however,
at the short than on the long-wavelength side of
the band. This effect is more easily seen in the
difference spectrum (Fig. 4), which has a large
negative double peak in the red region (Apax =
616, 596 nm) and the corresponding positive
peak at 427 nm.

When native 2 was treated with Smm dithionite,
the integrated intensity of the red band decreased

* The extinction coefficient (4g¢) of 1 was unaltered
in 1M NaCl, although a distinct change in the shape of
the band indicated a change in the state of the protein,
which could alter the stability of the chromophores
towards reduction.

(Fig. 5). In this case, the peak shape in the dif-
ference spectrum is only slightly different from
that of the absorption band of the native pigment.

During the titration of native 4, the integrated
intensity of the 563 nm band decreased by 50%
(5mwm dithionite), with no corresponding rise in a
band in the visible spectral region (Fig. 6). Similar
to the findings for 1, the peak in the difference
spectrum does not coincide with the absorption
maximum of 4, but is blue-shifted to 556 nm

(Fig. 7).

3 ;"\\\
[N
DN
1 2 J
A !
1
14 /
K
R
1
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{
3_
700 600 500 400
<« A [nm]

Fig.4. UV-vis difference spectrum: absorbance of
native 1 in the presence of 5SmM sodium dithionite,
minus the absorbance of native 1 (concentration as in
Fig. 1) ( ).

For comparison, the spectrum of the reduced pigment
is shown in the upper trace (———).
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Fig.5. UV-vis absorption spectra of the titration of

1.2 m/ 3uM native 2 in 50mM phosphate buffer, pH 7.5,
with 50mM sodium dithionite.

The traces correspond to the following dithionite con-
centrations (total volume after addition of dithionite in
parentheses):

1) 0M, 2) 0.82mM (1.22 m/), 3) 1.2mM (1.23 m/),

4) 2mM (1.25 m/), 5) 2.8mM (1.27 m/). 6) 3.8mM
(1.30 mi).

The spectra are not corrected for dilution. The increased
absorption at A < 400 nm is due to the absorption of
the dithionite solution.

Reduction of denatured phycobilins (path |c] in
the reaction scheme)

Addition of dithionite to denatured 1 resulted in
a bleaching of the absorption band at 602 nm. A
new band appeared instead around 415 nm, and
isosbestic points were observed at 446 and 379 nm
(Fig. 8). At high concentrations of the reductant,
the spectrum of the reduced pigment was red-
shifted (dashed line). From the extinction coef-
ficient of denatured 1 (Table 3), the extinction
coefficient of the reduced pigment was calculated
to be 25500 at Apyax =418 nm.

The reaction was complete at dithionite concen-
trations 2 0.5mm within 20 min at ambient
temperature. The spectrum did not change at
higher dithionite concentrations, but the reaction
was accelerated. At a concentration of SmMm, it

7 . - i |
5004 ! in ‘ ( L [ i i
f . ’ t\ l H !
1] ty Fay \% a
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Fig. 6. UV-vis absorption spectra of the titration of

2.2 ml/ 1.5uM native 4 in phosphate buffer (50mM,

pH 7.5) with 50mM sodium dithionite,

The traces correspond to the following dithionite con-
centrations (total volume after addition of dithionite in
parentheses): 1) OM, 2) 0.45mM (2.22 m/), 3) 0.89mM
(2.24 ml), 4) 1.3mM (2.26 m/), 5) 1.8mM (2.28 m/),

6) 2.2mM (2.30m/), 7) 4.2mM (2.40 m/). The spectra
are not corrected for dilution. The increased absorption
at A < 400 nm is due to the absorption of the dithionite
solution.
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Fig. 7. UV-vis difference spectrum: absorbance of
native 4 in the presence of SmM sodium dithionite,
minus the absorbance of native 4 (concentration as in
Fig. 6) (—-).

For comparison, the spectrum of the reduced pigment
is shown in the upper trace (~ - ~).
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Fig. 8. UV-vis absorption spectra of the titration of
2.5 m/ 9uM denatured 1 in 50mM, phosphate buffer,
pH 7.5, containing 8M urea with 28mM sodium di-
thionite.

The traces correspond to the following dithionite con-
centrations (total volume after addition of dithionite
in parentheses):

1) OM, 2) 0.11mM (2.51 m/), 3 min after addition,

3) same, 10 min after addition, 4) 0.22mM (2.52 m/),
10-min after addition, 5) (-——). 0.44mM (2.54 ml),
10 min after addition, 6) baseline. The traces are not
corrected for dilution, the dilution factor for trace 5 is
1.016.

1004

Fig. 9. UV-vis absorption spectra of 1.1 m/ 1.5uM
denatured 2 in 50mM phosphate butfer, pH 7.5, con-
taining 8M urea (—- —) and of the same solution in the
presence of 0.5mM sodium dithionite (———).

Total volume after addition of dithionite 1.11 m/.

was complete within the time required for mixing
the solution. The slow reduction with only a
small excess of dithionite was paralleled by the
titration of mesobiliverdin IX o under anaerobic
conditions.® There was no simple stoichiometric
relation between the amount of added dithionite
and the amount of biliverdin reduced. The reduc-
tion was slow in the presence of about equimolar
amounts of dithionite, and accelerated with an
increasing excess. This effect, which may reflect

a kinetic barrier or side reactions of the dithionite
[41,42] has preciuded the measurement of a redox
potential between the verdinoid and rubinoid
pigments.

Treatment of denatured 1 with sodium sulfite or
2-mercaptoethanol led to spectroscopically similar
products (Apax = 418 nm). At a sodium sulfite
concentration of 0.5mMm or a 2-mercaptoethanol
concentration of 2M, the absorption at 602 nm
decreases by 90% within 15 min at ambient
temperature, with a simultaneous increase at

418 nm. In spite of their spectral similarities,
however, the products are different for the three
reducing agents (dithionite, sulfite and 2-mercap-
toethanol), as inferred from similar experiments
with free bilins (see below).

<~ A [nm]

Fig. 10. UV-vis absorption spectra of 1.5uM denatured
4 in SOmM phosphate buffer, pH 7.5, containing 8M
urea (——- ), and of the same solution in the presence
of 0.5mM sodium dithionite (——-).

The dashed trace was obtained by adding a stock solu-
tion of 4 to the urea dithionite buffer. It is corrected
for dilution and the absorption of dithionite at

A < 400 nm.

* We thank Dr. L. Fox. Austin (on leave at the Max-
Planck-Institut fir Biochemie, Martinsried) for perform-
ing this experiment.
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Table 3. Extinction coefficients of denatured 1 and 2, of the model bilin §, and of the ethylidenebilin 6, obtained
by cleavage in refluxing methanol and subsequent esterfication.

Red band Near UV band Q Solvent Ref.
Amax (1073 x €) Amax (1073 x€) | red/UV
Denatured 1
Free base 602 (15.4) 355 (37.0) 0.42 | SOmM phosphate,
8M urea, pH 7.0
Cation 661 (35.5)2 355 (34.9) 1.02 | 50mM phosphate,
8M urea, HCI, pH 3.0
Denatured 2
Free base 602 (15.4)b 354 (35.4) 0.43 | 50mM phosphate,
8M urea, pH 7.5
Cation 661 (30.2) 354 (35.4) 0.85 | 50mM phosphate,
1 8M urea, HCI, pH 3.0
Compound § i [19]
Free base 594 (17.6) 347 (394) 0.45  Methanol
Cation 665 (34.0) 351 (36.5) 0.93  Methanol/HCl1
Compound 6 |
Free base 600 (12.3) 362 (41.7) 0.29 ‘ Methanol [45]
Cation 690 (37.9) 374 (47.9) | 0.79 ] Methanol/HCI1 [46]

3 Value for denatured 1 in the cationic form, taken from Ref.[21]_ All other extinction coefficients of 1 from

Spirulina platensis were calculated relative to this standard.

b The value was taken identical to that of denatured 1 in the free base form.

The reduction product of denatured 2 was spec-
troscopically identical to that of denatured 1
(Fig.9). With 4, the reduction product had an
absorption band around 300 nm (Fig. 10). As
dithonite solutions absorb strongly at shorter
wavelengths (footnote p. 951), the determination
of the extinction coefficient was less accurate in
this case, and only arbitrary units are given on
the ordinate of Fig. 10.

Reduction of model bilins

Reduction experiments were carried out with
biliverdin (10a), mesobiliverdin (10b) and its di-
methyl ester (10c), with (12) and with (§) asa
model for the chromophores of 1,2 and P,.
Treatment of the verdins with sodium dithionite,
sodium sulfite and 2-mercaptoethanol resulted in
yellow products spectroscopically similar to the
corresponding authentic rubins (11a—11c) (Ta-
ble 4). Comparison by thin-layer chromatography
in different solvent systems (Table 4) demon-
strated the identity of the dithionite reduction
products of biliverdin, mesobiliverdin and its di-
methyl ester with the authentic rubins. In con-
trast, the products obtained with sodium sulfite

were shown to be different from the rubins by
thin-layer chromatography. The products ob-
tained with either dithionite or sulfite remained
yellow upon acidification with HCI. If the yellow
products obtained after treatment with 2-mercap-
toethanol were acidified, the solutions turned
green. Their UV-vis spectra became identical to
those of the cationic forms of the respective
verdins, except for biliverdin, from which a prod-
uct with the long-wavelength absorption maximum
shifted by 21 nm to the blue (as compared to the
cation of biliverdin) was obtained (Table 4). At-
tempts to isolate the products obtained with
2-mercaptoethanol were unsuccessful, because

of their instability after removal of the thiol. For
this reason, no thin-layer chromatography data
are available for these products.

Aerobic renaturation of the reduced phycobilins
(path [i]in the reaction scheme)

Chromatography of reduced, denatured 1 on
Biogel P2 to remove the urea led to the reap-
pearance of the blue phycocyanin colour after
passage of the first quarter of the column. The
eluent contained native 1, as judged from its
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Table 4. UV-vis spectra (Apax [nm)) and thin-layer chromatography data (Rg x 100) determined for several
1.19 (21, 24 H)-bilindiones (“‘biliverdins’) and their reaction products with sodium dithionite, sodium sulfite and
2-mercaptoethanol.

Details will be published elsewhere after completion of this study.

Compound + treatment Amax nm]| Chromatography (R g values x 100)
solvent system
“Freebase | After addition| g h i i k
of HCI
Biliverdin (10a) 660%; 656° 6972 81 06 00 - 00
Bilirubin (11a) 454¢; 449/418 (sh)d 458/4849f | 67 |00 | 62! - 50!
10a. dithionite-treated 418%; 454, 405/4329-f| 402/4284f | P |00 e2lm | - sobn
10a, sulfite-treated 405¢; 403/4449-f 404/4319f | 88 |00 00 - 00
10a, 2-mercaptacthanol- 436/416 (sh)? 6763 unst. | unst. unst. | — unst.
treated ;
Mesobiliverdin (10b) 6442; 657-6704 6883; 6904 | 80 | - 01 03 | -
Mesobilirubin (11b) 424/3989:¢ 4204 65 - 66™ | 6™ | -
10b, dithionite-treated 414/3984.f 418/3929F | 65 - 166m | e9Mm |
10b, sulfite-treated 420/3939f 420/3969f | 90 | - o0amn| 2™ | _
10b, 2-mercaptoethanol- 4228 6882 unst. | — unst. | unst. -
treated
Mesobiliverdin-(OMe), (10c) 20 — 41 23 -
Mesobilirubin-(OMe), (11c) 10 - 29 59 -
10c, dithionite-treated 10 — — - ~
10c, sulfite-treated 67 - . 0sm o7m -
10c, 2-mercaptoethanol- i :
unst. - unst. unst. —
treated
Dihydrooctaethyl- a a
bilindione (5) 396 667
5. dithionite-treated 3989; 406° 3984
§, 2-mercaptoethanol- 410° 6672
treated B -
Octaethylbilindione (12) 6462 6902
12, 2-mercaptoethanol- 4262 6902
treated
in MeOH.
in 50mM phosphate buffer/8M urea, pH 7.5.
in CHC

I3.

in MeOl—?/HQO 1:1 (v/v).
in MeOH/50mM phosphate buffer, pH 7.5, 1:1 (v/v).
Two poorly resolved bands were observed with the following absorption ratios: bilirubin in HCI, 1.02;
dithonite-treated biliverdin as free base, 1.11, in HCI, 1.11; sulfite-treated biliverdin as free base, 1.40, in HCI, 1.04.
Mesobilirubin 1.18; dithonite-treated mesobiliverdin as free base, 0.97, in HCI, 0.84; sulfite-treated mesobiliverdin
as free base, 0.83, in HCI, 1.21.
€ Polyamide, MeOH/10% NH3/H50 9:1:2 (v/v)[29],
h Polyamide, MeOH/H,0 3:1 (v/v)[29].
! Silicagel, benzene/abs. ethanol 100:8 (v/v)[zgl‘
J Silicagel, toluene/acetic acid/water §:5:1 ugrer phase.

Silicagel, chloroform/acetic acid 1% (v/v)1307, i

Two further minor spots were detected on the plate: Ry 57, 67", R 41, 60K. From this pattern, they are sug-
gested to correspond to the bilirubin I1la and XllIla isomers. They were present only in very small quantities in the
commercial bilirubin, but could be well detected in the dithionite reduction product of biliverdin, probably due to
“scrambling” conditions| 431 during the preparation of the pigment.
m Besides the main product, some unidentified minor spots were detected.
N Some unidentified material remained at the start.
P R value undetermined due to extensive tailing.

-0 a6 o
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spectral and electrophoretic properties. The UV-
vis spectrum was identical to that of an authentic
sample, in particular the asymmetric red band
with a peak at 620 nm and a shoulder at shorter
wavelengths is restored, and there was no absorp-
tion band in the 400—500 nm region (Fig. 11).
Likewise, co-electrophoresis with native 1 gave
only one single band. The overall yield of the se-
quence denaturation — reduction — renaturation
was 50% (A g20)- If this “‘cycled” pigment was
again denatured with urea, it gave an absorption
band at 602 nm (661 nm after addition of HCI),
as did denatured 1. Renaturation of reduced,
denatured 4 was accompanied by a similarily
rapid reoxidation to yield native 4 in 45 % yield
(Asg3). The renatured pigment was identical to
native 4 with respect to UV-vis spectra (Fig. 12),
and electrophoretic properties. The denaturation
product of the *“‘cycled’ 4 was spectroscopically
identical to denatured authentic 4, both in the
cationic form (Apax = 559 nm) and as free base
(Amax = 525 nm).

Desalting of the reduced, denatured 2 again did
not lead to the original pigment, but rather to a

<« A |nm]

Fig.11. UV-vis absorption spectra of “cycled” samples
of 1.

Reduced, denatured 1 (= denatured phycorubin) was
renatured by filtration over Biogel P2 either “aerobical-
ly”’ (——) or “‘anaerobically” in the presence of

SmM sodium dithionite (- —-).

Fig. 12. UV-vis absorption spectra of “‘cycled” samples
of 4.

Reduced, denatured 4 was renatured by filtration over
Biogel P2 either “aerobically™ ( ) or “‘anaerobical-
ly”” in the presence of 0.5mM dithionite (—-—).

product spectroscopically similar to the one ob-
tained after renaturation of 2 (see above).

The spectral changes upon incubation at 35-40°C
gave a similar picture, with a new peak gradually
rising at 656 nm and practically no decrease in
the 620 nm absorption (Fig. 13). Electrophore-
tically, the incubation product was identical to
native 2. Thus, in the case of 2. too, renaturation

700 600 500 400
<« A [nm]

Fig. 13. UV-vis absorption spectra of “‘cycled” 2.
Reduced, denatured 2 (= denatured allophycorubin):
(——), sample renatured “‘aerobically” by filtration

over Biogel P2. (——-), the same sample after incubation
for 3 h at 30 °C.
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of the reduced, denatured 2 was accompanied by
a rapid reoxidation of the chromophores. The
yield of the 620 nm product was comparable in
both cases. Denaturation of the “cycled’ 2
yielded a pigment spectroscopically identical to
denatured 2 in the free base (A ax = 602 nm)
and its cationic form (Aax = 662 nm).

Anaerobic renaturation of the reduced phycobilins
(path [f]in the reaction scheme)

For renaturation under reducing conditions, re-
duced 1 was passed over a Biogel P2 column
previously equlibrated with dithionite, under
conditions maintaining the redox potential

< — 440 mV (5mm dithionite) aschecked in each
case for the eluent at the end of the column with
methylviologen. The resulting pigment was not
blue but bluish-green, with absorption bands at
620 and 418 nm in the spectrum (Fig. 11)*. The
product was stable at the low redox potential
over extended times. When stored in air, the
redox potential of the solution increased within
12 h due to the oxidation of dithionite. Under
these conditions, the band at 418 nm gradually
decreased, with a simultaneous increase in the
shoulder around 600 nm. If the bluish-green
pigment (Amax = 620 and 418 nm) obtained after
anaerobic renaturation was again denatured with
urea, but without further addition of dithionite,
(path [e] in the reaction scheme), the colour
turned immediately to yellow. The resulting pig-
ment had a single absorption band at 418 nm
identical to that of reduced, denatured 1 (trace 5
in Fig. 8).

The spectrum of the bluish-green product was
similar to that obtained after treatment of native
1 with dithionite. The concentrations of dithi-
onite necessary to obtain this species were in the
same range, too. Renaturation in the presence of
low dithionite concentrations (0.5mM ) yielded
native 1, as under aerobic conditions (path [i] in
the reaction scheme). Quantitatively, the inten-
sity of the blue band is 39% of that of the native
1 used for the reaction sequence (Table 2). As the
control experiment gave a recovery of 49%, the
former value corresponds to a corrected recovery

* Qualitatively similar results were obtained, if dena-
tured 1 treated with 2-mercaptoethanol or sodium sulfite
is renatured in the presence of the respective reagents.

of the blue absorption of 79%. The band around
418 nm would then correspond to the remaining
21%.

Renaturation of denatured 2 in the presence of
5mM dithionite led again to partial reoxidation.
The resulting pigment still contained chromo-
phores absorbing at 418 nm. and in addition the
chromophores of freshly renatured 2 absorbing
at 620 nm (see above). The maintenance of the
low redox potential during renaturation was as-
certained as in the 1 experiment described above.
The renaturation of reduced, denatured 4 in the
presence of 0.5mm dithionite gave only partial
recovery of the absorption at 563 nm (Fig. 12).
This demonstrated for 4, too, a reoxidation of
chromophores under reducing conditions. Due to
the interference from the dithionite solution at
A <400 nm, it could not be established whether
the low yield of the 563 nm absorption was due
to part of the chromophores being still in the
reduced state (A\;ax = 300 nm), or to irreversible
denaturation processes. The low redox potential
of the eluent was again ascertained as described
above.

Reoxidation of reduced denatured biliproteins
(path [d] in the reaction scheme)

Dithionite was removed from a solution of dena-
tured 1 reduced with dithionite (Aj,,x =418 nm)
by gel filtration on a Biogel P2 column equilibrat-
ed with 8m urea (or by dialysis against 8M urea).
Under these conditions. the pigment is reoxidized
to denatured 1 (Ajax =602 nm) in the last quar-
ter of the column (by dialysis for 1 h). Similar
results were cbtained with 2 and 4. If these ex-
periments were carried out in the presence of 8m
urea/0.5mm dithionite. the pigments remained
reduced.

Discussion

Denaturation-renaturation (paths [a] and [b] in
the reaction scheme).

The non-covalent interactions between the pro-
teins and the chromophores can be abolished by
denaturation of the protein. The spectral prop-
erties of 1 from Spirulina platensis denatured by
heat or by urea are nearly identicall!8l. They are
similar, too, to that of a model pigment, dihydro-
octaethylbilindione (5), which contains the same
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conjugation system as 11191, In particular, the
position and extinction coefficients of the free
base (pH = 7.5) and the cation (pH = 3) are
nearly identical to the respective values of the
model bilin (Table 3). A residual influence of the
protein in the denatured state had been inferred
earlier!2!] from a comparison with phycocyano-
bilin 6551441 (= phycobiliverdin!!! = ethylidene-
bilin 6). The latter has an increased intensity of
the near-UV band, but from the data in Table 3

it appears that this difference is due to the ad-
ditional A3,3a double bond present in phyco-
cyanobilinl45=471_ A similar intensity ratio Q for
denatured 1 and 2 indicates a complete uncoup-
ling for the latter, too. For urea-denatured 4,
complete uncoupling had been inferred by Muckle
and Riidiger!23! from proteolysis experiments and
comparison with mesobilirhodin.

Spectroscopically different denatured forms of
phycobilins have been found after (apparently
partial) denaturation with detergents like sodium
dodecylsulfatel23:391,

In the case of 1 and 4, removal of the denaturing
agent. urea, fully restores the original pigment
with respect to the following criteria. Absorption
spectroscopy, one of the most sensitive tests for
the state of the chromophore and its environ-
ment!5!, does not show any difference between
native and renatured 1. Furthermore, each pig-
ment was denatured again and found spectros-
copically identical to the respective denatured
phycobilin both at pH 7.5 (free base) and pH 3
(cation).

With 2, the renatured pigment has an absorption
maximum at 620 nm, which is close to that of
native 1, rather than to that of native 2. This
phenomenon was observed first by Erokhina and
Krasnovskiil48! and Brown et al.,[491 and has
recently been attributed to reaggregation to the
trimer of 2501 Incubation in phosphate buffer
only partly restored the spectrum of native 2, with
the shoulder at 610 nm of the long wavelength
band remaining too high in intensity. Apparently,
reaggregation of the subunitsts°l is a much slower
process in 2 than in 1 or 4, or the spectroscopic
changes due to aggregation are less pronounced

in the latter pigments(35!1.

The yields of renatured 1 and 4 are fairly low at
the low pigment concentrations used for the

spectroscopic studies. The yields are concentra-
tion-dependent, however, as the losses are negli-
gible at the much higher concentrations com-
monly used for desalting in preparative work. As
the size of the desalting column is determined by
the urea concentration, the low yields obtained
with the dilute solutions are probably due to
irreversible absorption. This is supported by the
blind values obtained after filtration of native
phycobilins at the respective coneentrations over
a desalting column (Table 2). To allow a quanti-
tative comparison (Table 2), all modification and
renaturation experiments for a particular pigment
have been carried out at the same concentrations.

Reductions

While the chromophores of urea-denatured phy-
cobilins are essentially identical to those of free
bilins with the same conjugation system (see
above), the properties of the chromophores of
native phycobilins are so different (Table 1) that
any structural similarity seems unlikely at first
sight. The reversible denaturation — renaturation
experiments discussed above provide a solid ba-
sis, however, for these differences being exclusively
due to non-covalent interactions between the pro-
tein and the chromophores. as they are completely
and reversibly abolished by urea denaturation.

Treatment with a reagent selectively attacking the
chromophore is a useful approach to define these
interactions more precisely. The reducing agents
used in this study are such selective reagents. The
only likely point of attack at the protein moiety
would be disulfide bonds. These are absent in the
thcobiliproteins of known primary structure
16,52] They also appear to be absent (at least
between the two subunits) in other phycobilipro-
teins, if judged from the identical electrophoretic

mobilities in the presence and absence of thiols
[22,53,54]

Reduction of denatured pigments and structure
of the products (path [c] in the reaction scheme)

Denatured 1 is reduced completely at a dithionite
concentration of 0.5mM (Fig. 8). The same reduc-
tion product is obtained from 2, as expected,
since the two pigments bear chromophores of the
same molecular structure. From their absorption
at 418 nm and their extinction coefficient and
from model studies, the dithionite reduction
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products of 1 and 2 are proposed to contain bili-
rubin type chromophores (formula 8) and have,
therefore, been termed “phycorubins”.

Bilirubin (11a) has been made on a preparative
scale from biliverdin (10a) by reduction with
alkaline dithionitel55!. More recently, the reduc-
tion of a biliverdin-iodine complex with sodium
dithionite or with sodium borohydride has been
reported to yield bilirubin, as identified by UV-
vis spectroscopy and thin-layer chromatography
(561 The identity of the dithionite reduction
product of biliverdin as bilirubin has been ques-
tioned by Foulkes et al.[57}, without analytical
data®. We have studied the reduction of biliverdin
(10a), mesobiliverdin (10b), its dimethyl ester
(10c), of 12 and of the A-dihydrobilin (5) with
three different reductants (Table 4). The verdins
yielded the respective rubins only upon reduc-
tion with dithionite, as identified by UV-vis spec-
troscopy, stability under acidic conditions and
thin-layer chromatography. By contrast, the re-
duction products with 2-mercaptoethanol or so-
dium sulfite had UV-vis spectra similar to those
of the authentic rubins, but they differed in
their stability under acidic conditions and their
behavior in thin-layer chromatography (Table 4).
It is concluded that dithonite reduction yields
true rubins hydrogenated at C-10 and N-22,
whereas the other reagents yield different prod-
ucts, possibly by addition rather than reduction™*.

A rubinoid structure 8 for the dithionite-reduced
chromophores of 1 is supported by the extinction
coefficients of the products. Mesobilirubin con-
tains two dipyrromethene chromophores, but
structure 8 has only one identical to the rings C

and D of the chromophore of mesobilirubin (10b).

In CHCl3, the extinction coefficient of the latter
pigment (57800 at Ap,ax = 434 nm) is similar to

* Biliverdin is susceptible to attack at its vinyl group(s)
(58,591, and we have observed unidentified products of
this spectral type after 2-mercaptoethanol reduction/
acid reoxidation of biliverdin, if judged from the blue-
shifted absorption spectrum. For the lack of experimen-
tal data, it is difficult to judge whether the different
results cited|57] are due to side reactions of this type.
The chromophores of 1 and 2 are devoid of vinyl groups.
** Rubinoid pigments are accessible from verdinoid
pigments not only by reduction, but also by nucleophilic
addition, as suggested recentlyl60.61] and by C-proto-
nationl62.63]. Sce also note added in proof, p. 954.

that of bilirubin (10a) (58800 at Ajax =

453 nm)I4]. The extinction coefficient of bili-
rubin depends on the solvent!®4] and pH!65.661
and is decreased in neutral aqueous solution
(46700 at pH = 7.41671_46800 at pH = 8.0551,
but 55800 in alkaline soiution!®3]. The extinction
coefficient of 25500 (Apmax = 418 nm) deter-
mined for the reduction product at pH 7.5 re-
flects the decrease in the number of chromo-
phores present in structure 8 by 50%.

The reduction of denatured 4 also is complete at
0.5mm dithionite. There are two possible struc-
tures for the reduction product of 4. from attack
at either the C-5 or the C-10 methine bridge. No
model studies have been done in this case, but

the latter product is likely on the basis of the ab-
sorption spectrum. Reduction at C-5 would yield
a dipyrromethene chromophore of the neo-
typel®8], an example of this class being urobilin
with an absorption of the free base around

450 nm!!]. Reduction at C-10 would yield a vinyl-
pyrrole chromophore, for which absorption
maxima between 274 and 386 nm!69] (depending
on the substituent at the vinyl group) have been
reported. Reduction of 4 with dithionite gives a
product absorbing at 300 nm (Fig. 10), suggesting
areduction at the C-10 methine bridge (formula 9).

Reduction of the native pigments

By contrast to denatured 1, the reduction of the
native pigments is incomplete. and requires much
higher concentrations of reductant. Assuming the
same oscillator strengths for the three chromo-
phores present in the «, f-monomer of 1, the
integrated intensity change of the red band of
40% indicates the reduction of approximately
one out of three chromophores. The question
then arises whether this reduction is statistical or
selective for one of the three chromophores. The
decreased shoulder of the red absorption band of
partially reduced native 1 and the correspond-
ingly blue-shifted difference spectrum against na-
tive 1 (Fig. 4) support a non-statistical reduction.
Distinctly different absorption spectra for the
three chromophores had been inferred earlier
from fluorescencel79.71], fluorescence polariza-
tion(72) and low temperature absorption spectra
(18,731 and from partial denaturation studies!!8].
Different primary structures at the chromophore
sites provide a common basis for the spectral dif-
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ferences!14-17.521 The double maximum in the
difference spectrum (Fig. 4) is. however, indica-
tive that the reduction is not an all-or-nothing
process for any of the three chromophores, but
that there is only a preference for the short
wavelength forms. The reduction of native 1, has
been studied at concentrations of dithionite up
to 0.5M. At concentrations less than 0.5mM it is
negligible. although this amowt of reductant is
already almost an order of magnitude in excess
of the chromophores present. An increase to
Smm dithionite is necessary to reach a saturating,
but still incomplete reduction. At higher concen-
trations, there is no significant further reduction.
By contrast, the extinction of the oxidized form
at 620 nm even increases again at a dithionite
concentration of 0.5M, but this may be an arte-
fact due to the high salt concentrations and has
not been analysed further.

The absorption maximum at 418 nm suggests
that some of the chromophores are reduced at
the C-10 methine bridge. Thus, the point of at-
tack is the same as in the denatured pigments,
but the reduction is more difficult. The state of
the reduced chromophores is less certain to assess.
The same extinction coefficient has been found
within the limits of error for the 418 nm band of
the reduced chromophores both in the denatured
and the native pigments. While this indicates a
similar conformation in both cases, it appears
from the work of Blauer and Wagniérel 74! that
the spectrum of bilirubin is not as strongly de-
pendent on its conformation as is that of bili-
verdin!75:761_ CD experiments are in progress to
further clarify this point.

The results obtained with 4 are similar and can be
rationalized in the same way. 4 from Fremyella
diplosiphon contains six chromophores! 23], As in
other C-phycoerythrins, they are more difficult
to separate spectroscopically!3! than in 1. Dif-
ferent environments for each chromophore pres-
ent have been established for two phycoerythrins
1141 Again assuming equal oscillator strengths for
the chromophores, the decrease in the integrated
intensity of the 560 nm band corresponds to the
reaction of 50% of the chromophores. The dif-
ference spectrum (Fig. 7) again supports a non-
statistical reduction of the chromophores, with
the ones absorbing at shorter wavelengths being
preferentially reduced. In the formalistic descrip-

tion derived from fluorescence polarization
datal70], these would again correspond to the
sensitizing chromophores. Due to the lack of
absorption of the reduction product (9) of 4 in
the visible spectral range, no positive band is seen
in the difference spectrum (Fig. 7). Measurements
below 400 nm are obscured by the high absorp-
tion,of the dithionite solution®.

In 2, the decrease in the integrated intensity of
the absorption band at 656 nm corresponds to the
reduction of 26% of the two chromophores pres-
ent. The simultaneous rise of an absorption band
around 418 nm again supports the reduction to a
product hydrogenated at the C-10 methine bridge,
asin 1. As discussed above, the absorption spec-
trum of 2 is more sensitive to the state of the
protein than those of 1 and 4. It is, therefore,
surprising that the difference spectrum upon
reduction indicates a more random reduction
than for 1 and 4. This indicates that the chromo-
phores present in native 2 are in similar environ-
ments, at least with respect to reduction. This
similarity is supported by recent fluorescence
polarization datal72] and the sequence determina-
tion!52! of an allophycocyanin.

Reoxidation and renaturation of the reduced
pigments (paths [d], [f] and [i] in the reaction
scheme)

The reactions of native and denatured phycobilins,
e.g. with reductants, may be explained by two
mechanisms: a kinetic mechanism in which the
protein increases the activation energy or acts

as a shield separating the interior from the aque-
ous environment, and a thermodynamic mecha-
nism in which the chromophore-protein interac-
tions (conformation. H-bonds and others) change
the stabilities of the chromophores in such a way
that they no longer react as free bilins. A distinc-
tion between the two mechanisms should be pos-
sible by treating the native biliprotein with the
chromophore-selective reagent, and comparing it
to the denatured pigment treated with the reagent
and subsequently renatured in the presence of the
same reagent at the same concentration. If the
protein acts as a shield, the two procedures should
yield different products. In this case, the modi-

* A SmM solution has the following absorbances:

A400 =0*’4380 =0'03‘A360 =0.55.
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fied chromophore would have to be accomodated
by the protein. If the protein interactions do not
prevent the approach of the reagent, but rather
change the stability of the chromophore, one
would expect identical products from the two
treatments.

If the criterion of renaturation is applied to the
dithionite reduction studied here (see the reac-
tion scheme for a survey) the results obtained
are strong arguments in favor of the thermody-
namic mechanism, in which the protein is trans-
parent to the reductant®. but the chromophore
stabilized towards reduction. Renaturation of
reduced, denatured 1 (= “phycorubin™) is always
accompanied by reoxidation of the type C to the
type A chromophores. The oxidation is complete
if the renaturation is carried out in the absence
of dithionite, or at a concentration of dithionite
< 0.5mM (path [i] and Fig. 11). Renaturation of
the protein in the presence of Smm dithionite
still leads to partial reoxidation. In the product.
about 79% of the chromophores are oxidized,
and 21 % stay reduced (Table 2). The onset of the
partial reduction of native 1 (path [g]) is brack-
eted by the same two concentrations, and a simi-
lar ratio between oxidized and reduced chromo-
phores is obtained after reducing native 1 at a
dithionite concentration of Smm. If judged from
the spectroscopic similarity, the same state is
reached, independently of the way it is reached
(paths [a,c,i] or [a,c,f] as compared to native 1
treated with the appropriate dithionite concen-
tration).

As dithionite solutions can be unstable in open
systems like the column chromatography used
[41.42] the actual concentration of dithionite may
be lower at the end of the column than originally
adjusted. While the final concentration has not
been determined quantitatively, the redox poten-
tial of the eluent has been checked routinely with
redox indicators.

In the experiments with Smm dithionite (original)
leading to the partially oxidized “phycocyanoru-
bins”, the redox potential of the eluent was in

* Frackowiak and Skowron! 77 have recently observed
the electrooxidation of phycobiliproteins. The clectron
transfer from the chromophores in the native pigments

also indicates the transparency of the proteins towards

redox reagents.

each case < — 440 mV, the standard potential of
methylviologen. Thus, the chromophores are
obviously reoxidized during the renaturation
process at a redox potential sufficiently negative
to reduce all chromophores of denatured 1. This
is illustrated best by a subsequent denaturation
of the samples. which produced, without further
addition of dithionite. fully reduced. denatured 1
(“phycorubin™. path [e] in the reaction scheme).
thus excluding any artefacts due to the possible
destruction of dithionite.

Free bilirubins are autooxidizable to biliverdins

The slow oxidation of bilirubin in CHCl; was an
early indication!?8] of the intramolecular H-bonds
present!36]. The dimethyl esters!’8], non-IX«
isomers!3él and octamethylbilirubin!?®! incapable
of forming such bonds are oxidized more rapidly,
and oxidation is promoted especially by Zn2*(65]
and other metals preferring square-planar ligands,
probably due to a template effect of the metall801,
The reoxidation of “phycorubin’ under denatur-
ing conditions to denatured 1 (path [d] in the
reaction scheme) has been studied by removal of
the dithionite either by dialysis against buffer
containing 8M urea, or by filtration over a desalt-
ing column in the presence of urea. In both cases,
the chromophores are reoxidized to form dena-
tured phycocyanin. This process is slow, however,
if compared to the rapid oxidation if both urea
and dithonite are removed simultaneously. The
latter transformation is already visible at the first
quarter of the column, if judged from the colour
change and the reappearance of the red fluores-
cence. While these processes may be under kinetic
control, the (partial) reoxidation which occurs in
the presence of dithionite cannot be explained by
a kinetic control mechanism. Under these condi-
tions, free biliverdins and denatured phycobilipro-
teins become completely reduced, and bilirubins
or denatured phycorubins remain so, e.g. the
reduced form is thermodynamically stable. If the
chromophores are nonetheless oxidized during
renaturation, this implies that the redox poten-
tial of the chromophores™® becomes more negative
during this process.

* We have been unable so far to define conditions under
which bilirubin and biliverdin are in rapid thermodynamic
equilibrium to permit the measurement of redox poten-
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It has been suggested recently that a major change
in the chromophores during renaturation is a con-
formational one. Based on spectroscopic argu-
ments a rigid, extended conformation has been
proposed for the chromophores of native 1 and
other biliproteins, vs. a cyclic structure in free
bilins and denatured biliproteins! '8, This propos-
al has gained strong support recently from spec-
tral studies!83:841 of isophorcabilin (7) and
sarpedobilins. These pigments are derivatives of
biliverdin IX y which are held in an extended
conformation by additional bridges between the
pyrrolic rings!®S]. Spectroscopically, they are very
similar to native 1. In particular, the high inten-
sity of the band around 600 nm and the low
intensity of the near UV band is similar in both
pigments, and they show a high fluorescence(84
as compared to biliverdins!69-841_If such a con-
formational change is indeed the major difference
between native and denatured biliproteins, the
results suggest a pronounced conformational
dependence of the stability of bilins to redox
reagents. Specifically, the extended conformation
present in native phycobiliproteins would have a
redox potential similar to or below that of the
dithionite solution (e.g. < — 440 mV), because
the chromophores are not reduced with a large
excess of the reductant present, and if previously
reduced, become even oxidized.

A mechanism to explain this change in the redox
potential could be the change of the ridge-tile
conformation typical for bilirubins(36:371 (C in
Fig. 1) into a coplanar, extended conforma-
tion!!81 (like A) during the refolding of the pro-
tein. While in the former, the two 7-systems
are efficiently uncoupled, the interactions be-
tween the two coplanar halves in the latter con-

tials (sec above). The observation of irreversible steps in
the electrochemical oxidation of bilirubin to biliverdin
[80,81] and vice versa point to the same difficulty. Thus
the aAG9 of the reaction between dithionite and bili-
verdin is not yet accessible experimentally from a redox
titration, but the above results demonstrate that a reduc-
tion - reoxidation equilibrium must exist, and that it

is different for the native and the denatured pigments.
The molecular orbital calculations of Pullmanl821 in-
dicate a high electron affinity of biliverdin in an un-
specified conformation. To our knowledge, a conforma-
tion dependence of the redox properties has not yet
been investigated.

formation would facilitate its oxidation. A simi-
lar template effect has been invoked to account
for the decreased oxidation potential of bilirubin
complexes with metals preferring a square-planar
configuration(801,

Assuming such a conformational change between
a noncoplanar ridge-tile structure (C in the reac-
tion scheme) and a coplanar extended structure
(like A in the reaction scheme) as the crucial step
during renaturation, it is possible to estimate the
upper limits for the energetics of this process.

The known activation energies for geometric
changes of bile pigments are AG* = 74.8 kJ/mol
for the inversion of a derivative of bilirubinl861
AG* =42 kJ/mol for the inversion of a bili-
verdin(871 and AG* = 105 kJ/mol for the Z, E
isomerization of a biliverdin!881. For the latter
process, a free energy difference of AG® =20kJ/
mol has been determined!88] which probably
reflects mainly the increased steric hindrance in
the E-isomer. Studies with space-filling models
for the stepwise unfolding of the bilin chromo-
phore (Fig. 14) indicate that the first step always
increases the steric hindrance and decreases the
possibility of forming H-bonds, but that these
factors balance for each subsequent step, as long
as the strongly hindered E, anti-conformations
are avoided.

Under these assumptions, the energetics of, for
example, the cited Z, E-isomerisation(88] as the
first step give a first order estimate for the entire
unfolding process in the range AG* < 100kJ/
mol and AG? < 20 kJ/mol.*

The free activation enthalpy is in a range thermal-
ly accessible at room temperature, and there are,
besides the cited quantitatively studied processes,
a variety of isomerizations of bile pigments known
to occur at room temperature. These include
(probably Z, E) isomerizations of bilirubins/®°l,
conformational changes of bilirubin and biliverdin
bound to serum albuminl74.751 induction of
optical activity in chiral solutions(34) and the
like.

* This reasoning has ignored any possible stabilizing
interactions between the bilin chromophore and the
protein. It is interesting in this respect. that nicotinamide
dinucleotides hind in a maximally extended conforma-
tion to flexible protein regions in certain reductases 89],
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The required free energy would have to be pro-
vided by the protein. The free stabilization energy
of macromolecules, e.g. the free energy differ-
ences AG?’IZO of native vs. forms denatured by
urea or quanidinium chloride, at or near neutral
pH, and at ambient temperature, have been deter-
mined carefully for several substances: ribonucle-
ase (40.51°!1 and 54.3 kJ/moll92]), lysozyme (59.3
kJ/moll93], a-chrymotrypsin (51.4 kJ/mol(94]),
several cytochromesc (53.1—64.4 kJ/moll94]) and
myoglobins (49.3—59.8 kJ/mol(921),

Although the values vary considerably, depend-
ing on the corrections used (see Lapanjel®5! and
‘Pacel%6] for a discussion), these values would suf-
fice to unfold at least two to three chromophores,
if the proteins of 1,2 and 4 had similar stabiliza-
tion energies. The molecular weights of the en-
zymes cited are similar to or less than that of one
subunit of a biliprotein bearing one to a maxi-
mum of four chromophores!!-2:4.7| Recently,
AG?{ZO has been determined for phycocyanins
from a variety of cyanobacteria of different bio-
topes!®7]. With the exception of a 1 from a halo-
philic cyanobacterium, values between 10.0 and
22.2 kJ/mol at pH = 6.0 have been found, using
corrections similar to those used in the enzyme
studies cited above. The highest value for the 1
from a mesophilic organism is as low as 17.6 kJ/
mol. One might speculate that the pronounced
decrease in AGYy_ o from the enzymes cited above
to 1 is due to the free energy required to bring
the chromophores from the cyclic into an ex-
tended conformation.

Fig. 14. The interconversion of
cyclic and extended conforma-
tions of bile pigments by rota-
tion around the 14,15-singlc and
A10.11-double bond.

Steric hindrance and H-bonding
between adjacent groups arc
indicated. The cyclic structure

is predominant in solution
[33=351 [ this contformation,
the steric hindrance is relieved
only by small deformations of
the methine bridges from planar-
ity, thus forming a helix.

Conclusions

One of the remarkable aspects of proteins is their
ability profoundly to alter the properties of small
molecules bound to them. In the case of bilipro-
teins, these alterations are entirely due to non-
covalent interactions between the linear tetrapyr-
rolic chromophores, and the proteins, even though
they are covalently linked. There are two principal
control mechanisms of the protein, a kinetic and
a thermodynamic one. The results of denatura-
tion — renaturation and reduction — oxidation
experiments summarized in the reaction scheme
can only be explained by a thermodynamic con-
trol mechanism. While the results do not allow
any conclusions about an additional kinetic con-
trol, a purely kinetic effect cannot explain the
cyclic scheme leading to the same pigments ir-
respective of the reaction pathway.

On a molecular level, the factors responsible for
the increased stability towards reduction are

still open to speculation. One such speculation,
derived from the known conformational change
of the flexible tetrapyrrole chromophore induced
by the protein, implies different chemical stabili-
ties for different conformations of the chromo-
phores. This working hypothesis, which has ob-
vious implications for chromoproteins with simi-
larly flexible chromophores (e.g. carotenopro-
teins, rhodopsins), has to be tested by other modi-
fication procedures and studies with suitable mod-
el compounds.

Note added in proof (18 Mai 1979): We are aware of the
work of G. Blankenhorn and E.G. Moorel281 on the
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stepwise reduction of NAD® analogs with sodium
dithionite via a reversibly formed sulfinate addition
product, which is stable only at high pH (> 8.5). All ex-
periments with biliproteins in the preceding study have
been performed at pH 7.5, and the model reactions with
free bile pigments included acidification to pH 2.7 dur-
ing workup. The latter gave no indications of inter-
mediates, but studies at higher pH and with other reduc-
tants shall clarify it sulfinate adducts are accessible, too,
from bilindiones and in case establish their properties.
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G.J. Steffens u. G. Buse, 1385

— tryptische Peptide der E.-coli-L-Asparaginase,
T. Maita, K. Morokuma u. G. Matsuda, 1483

- Vergleich verschiedener Proteinase-Inhibitoren,
D.Cechovd u. B.Meloun, 1497

— Erythrocruorin-Komponente VI, H. Aschauer,
Z.H. Zaidi u. G. Braunitzer, 1513

— Zicgen-p-Lactoglobulin, G. Préaux, G. Braunitzer,
B.Schrank u. A. Stangl, 1595

— Polypeptid VII von Cytochrome-c-Oxidase.
G.C.M. Steffens, G.J. Steffens u. G. Buse, 1641

— Himoglobin des Flufineunauges, M. Zelenik,
V. Rudloffu. G. Braunitzer, 1879

— Himoglobin von Meerschweinchen u. Dromedar,
G. Braunitzer, B. Schrank, A. Stangl u.
H. Wiesner, 1941

— Kallikrein-N-Terminus, F. Lottspeich, R. Geiger,
A.Henschen u. C. Kutzbach, 1947

— mittlerer Abschnitt der humanen Fibrin-a-Kette,
A.Henschen, F. Lottspeich u. B. Hessel,
1951

— L-Kette von Myelomprotein Tro, R. Scholz,
C.Yang u. N.Hilschmann, 1903

Aminosiurezusammensetzung, Apolipoprotein All,
W.Stoffel u. K. Preifiner, 685 u. 691

Amino-Schutzgruppe, Insulin, A. Schiittler u.
D. Brandenburg, 1721

Aminozucker, Himagglutinationshemmung, M. Vuento,
1327

Ammoniumacetat, Vergiftung, H.-J. Senn, K. P. Maier,
G.Hoppe-Seyler u. W. Gerok, 27

Analytische Ultrazentrifugation, Monomer-/Dimer-/
Tetramer-Assoziationsgleichgewicht, H.-J. Dorst u.
D. Schubert, 1605

Anser anser, (= Graugans), Himoglobin, G. Braunitzer
u. W. Oberthiir, 679

Antibiotika, Photoaffinititsmarkierung, J.B. Hansen,
P.E. Niclsen, V. Leick u. O. Buchardt, 721

— DNA-Mcthylierung, H. Hashimoto, D. Simon,
F.Grunert u. H. Kroger, 1509

Antigene Determinante, Choriogonadotropin,
W.E. Merz u. M. Dorner, 1783

Antikorper, Kallikrein-Charakterisiecrung, M. Amouric
u.C. Figarella, 457

— Aminosiiuresequenzen von k-Ketten, D.G. Braun,
H. Huser, R. Knecht, J.LK. Wright, 663

— zur Strukturregel, R. Scholz, C. Yang u. N. Hilsch-
mann, 1903

- —, C.Yang, H. Kratzin, H.Gdtz u. N. Hilsch-
mann, 1919

Antikorper-Bindung, Humaninsulin-Analoga, F. Mirki,
M. de Gasparo, K. Eisler, B. Kamber, B. Riniker,
W. Rittel u. P. Sieber, 1619

aq-Antitrypsin, Affinititenvergleiche, A. Eddeland, 145

— Trypsin-Bindung, G. Balldin u. K. Ohlsson, 651

Antitryptische Aktivitit, Modifikation des rcaktiven
Lysins, D. Cechova, 1745

Aortengewebe, GSSG-Bestimmung, H. Heinle, 1113

Apolipoproteine, s.a. High-Density-Apolipoproteine
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Apolipoprotein All, Lokalisation in Lipoprotein-Kom-
plex, W. Stoffel u. K. Preifiner, 685

— Konformationsanalyse, W. Stoffel u. K. Preifner,
691

Apolipoprotein E, Very-Low-Density-Lipoproteine,
E.Polz, G.M. Kostner u. A. Holasek, 1061

Arginase (EC 3.5.3.1), Induktion durch Insulin,
S.Bedino u. G. Testore, 1713

Arginin, Ammoniumacetat-Vergiftungsschutz, H.-J. Senn,
K.P. Maier, G. Hoppe-Seyler u. W. Gerok, 27

Arginin-Kinase (EC 2.7.3.3), Helix pomatia, W. Wieser
u. E. Wright, 533

Argininpeptide, Polypeptid IV der Cytochrom-c-Oxidasc,
R.Sacher,G.J. Steffens u. G. Buse, 1385

Aromatische Kohlenwasserstoffe, s. Kohlenwasserstoffe
(polycyclische, aromatische)

Aromatische Verbindungen, Abbau, E. Keller, J. Eber-
spicher u. F. Lingens, 19

— —,R.Buck, J. Eberspiacher u. F. Lingens, 957

L-Asparaginase (EC 3.5.1.1), tryptische Peptide,
T. Maita, K. Morokuma u. G. Matsuda, 1483

Assoziationsgleichgewicht, Bande-3-Protein, H.-J. Dorst
u.D. Schubert, 1605

Atmung, s. Respiration, Hohenatmung

Atmungsproteine, s. Himocyanin, Himoglobin, Erythro-
cruorine

ATP-Citrat(pro-3S)-Lyase (EC 4.1.3.8), Aktivitiit in Fett-
gewebe u. Leber, G.E. Hoffmann, C. Kreisel,
O.H. Wicland u. L. Weiss, 45

— Zwei-Schritt-Reinigung, G.E. Hoffmann,
J. Schiessl u. L. Weiss, 1445

Avertebraten, Erythrocruorin, G. Buse, G.J. Steffens,
G. Braunitzer u. W. Steer, 89 '

— —,R. Lalthantluanga u. G. Braunitzer, 99

— —.D.Sladié-Simié, T. Kleinschmidt u.
G. Braunitzer, 115

Azido-Derivate, Photoatfinititsmarkicrung, J.B. Hanscn,
P.E. Niclsen, V. Leick u. O. Buchardt, 721

Azidofettsiuren, Markierung von Lecithin, W. Stoffel
u. P. Metz, 197

Azurine, Cytochrom-c-Oxidase-Untereinheit II, G.J. Stef-
fens u. G. Buse, 613

Bacteriophagen, s. Phagen
Bakterien, Chloridazon-abbauende, R. Buck, J. Ebers-
picher u. F.Lingens, 957 :

Band-3-Protein, Cholesterinwechselwirkung, E. Klapp-
auf u. D.Schubert, 1225

— reversible Selbstassoziation, H.-J. Dorst u. D. Schu-
bert, 1605

Basen, s. Siure-Basen-Status

Basische Aminosiduren, Himagglutinationshemmung,
M. Vuento, 1327

Bence-Jones-Protein Kue, Aminosduresequenz, M. Eulitz,
H.-P.Kley u.H.-J. Zeitler, 725

Benzoxanthen-Derivate, Protein-Mikro-Bestimmungsme-
thode, V. Neuhoff, K. Philipp, H.-G. Zimmer u.
S.Mesecke, 1657

Benzylidenmalononitril, neue NAD(P)H-Dehydrogenasen,
K.-H. Ueberschir, S. Kille, G. Laule, P. Maurer
u. K. Wallenfels, 1409

Bifunktionelle Quervernetzung, Apolipoprotein-All-Kon-
formation, W.Stoffel u. K. Preifiner, 691

Bifunktionelles Reagens, Ethyl-bromacetimidat, J. Dio-
pohu. M. Olomucki, 1257

Biliproteine, chemisch modifizierte Chromophore,
W.Kuferu. H. Scheer, 935

Bindungsenthalpie, Lactat-Dehydrogenase/Adenosin-
Komplexbildung, H.-J. Hinz u. R. Schmidt, 217

Bindungsstellen, s.a. Ribonucleinsdure-Bindungsstellen,
RNA-Nucleotidyltransferase

— Lipopolysaccharid-Protein-Bindung, K. Yokoyama,
J.Mashimo, N. Kasai, T. Terao u. T. Osawa,

587

— an Membranen fiir Ribosomen, T.H. Aulinskas u.
T.Scott Burden, 709

— Lectine, L.G. Giirtler, B. Sramota u. H. Cleve,
1819

— —, L.G.Giirtler, S.M. Lefranc u. H. Cleve, 1829

Biologische Aktivitit, Humaninsulin-Analoga, F. Marki,
M. de Gasparo, K. Eisler, B. Kamber, B. Riniker,
W. Rittel u. P. Sieber, 1619

Biologische Halbwertszeit, Prostata-RNA, H.-G. Dahnke,
K. Koglin u. K.-O. Mosebach, 543

Bis(S-methoxycarbonylthio)-B-Kette des Rinderinsulins,
Darstellung, K. Nokihara u. H. Berndt, 773

N, N-Bis(methylsulfonylethoxycarbonyl)-insulin (des Rin-
des), Darstellung, A. Schiittler u. D. Brandenburg,
1721

Blastozystenproteinase, Charakterisierung, H.-W. Den-
ker u. H. Fritz, 107

Blut, verzweigtkettige Aminosiduren, H. Zimmermann-
Telschow u. H.Miller-Wecker, 429

Blutgruppen, Varianten bei ABO, D. Bladier, G. Perret,
J. Baudelot, P. Cornillot u.F. Gourbeault,

501

Bohr-Effekt, Himocyanine, H. Decker, J. Markl,
R.Loewe u.B. Linzen, 1505

Bromacetimidate, s. Ethyl-bromacetimidat

Bromcyanpeptide, Kollagen Typ IlI, H. Dewes, P.P.
Fietzek u. K. Kiihn, 821

— —, H.Bentz, P.P. Fietzek u. K. Kiihn, 833

- —, H.Lang, R.W.Glanville, P.P. Fietzek u.

K. Kiihn, 841

— —, H.Dewes, P.P. Fietzek u. K. Kiihn, 851

— —, H. Allmann, P.P. Fietzek, R.W. Glanville u.
K. Kiihn, 861

Brommethylliertes Polyethylenglycol, Peptidsynthese,
B.Hemmasi, W.Woiwode u. E.Bayer, 1775

tert-Butylierung, Tryptophan-Derivate, M. Low, L. Kis-
faludy u. M. Sarkbdzi, 1
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— —, M.Sajgdé,M.Low u. L. Kisfaludy, 9

- —, M.L6w u. L.Kisfaludy, 13

S-tert-Butylmercaptocystein, Partialsynthese von Schaf-
Insulin-A-Kette, H.-G. Gielen, G. Wolf, H. Berndt
u. H. Zahn, 1535

— Partialsynthese von Rinder-Insulin-A-Kette, G. Wolf,
H. Berndt u. D. Brandenburg, 1549

— Partialsynthese von Hiihnerinsulin-A-Kette, W. Wolff,
H.Berndt u. D. Brandenburg, 1559

— Synthese eines Rinder-Insulin-A-Ketten-Analogons,
G. Wolf, H. Berndt u. D. Brandenburg, 1569

~-Butyrobetain, Biosynthese, E. Strack u. H. Seim, 207

Calciumionen, Fibrin(ogen)-Abbau, I.A.M. van Ruij-
ven-Vermeer, W.Nicuwenhuizen, F. Haverkate
u.T.Timan, 633

— Gangliosid-Komplex, W.Probst, H. Rosner, H. Wie-
gandt u. H.Rahmann, 979

Calliphora erythrocephala (= Schmeif¥fliege), HnRNA-
Synthese, E. Shaaya, 445

Calliphora vicina (= Schmeif’fliege), Ecdyson-Metaboliten,
J.Koolman, L. Reum u. P. Karlson, 1351

cAMP, s. Adenosin-3',5"-monophosphat

Canavalia ensiformis, mit Lectinen assoziierte Proteine,
R. Gansera, H. Schurz u. H. Riidiger, 1579

Carboxypeptidase (EC 3.4.12.1), Rhodotorula glutinis,
M. Hernandez-Jodra u.C.Cancedo, 581

Carboxypeptidase R, s. Serin-Carboxypeptidase

Carboxypeptidase Y, s. Glycin-Carboxypeptidase

Carcinogene, Metabolitenprofile, J. Jacob, G. Grimmer
u. A. Schmoldt, 1525

L-Carnitin, Stoffwechsel, E. Strack u. H. Seim, 207

B-Casein, Opioid-Peptide, V. Brantl, H. Teschemacher,
A.Henschen u. F. Lottspeich, 1211

- —, A.Henschen,F. Lottspeich, V. Brant! u.

H. Teschemacher, 1217

C3DP (= krebsspezifisches, DNA-bindendes Protein),
Reinigung, C. Schroder, D. Weinblum, R.K. Zahn
u. K. Dose, 473

Chalone, T-LympRhozyten-Proliferation, R. Maschler
u. H.R. Maurer, 735

Chaotrope Agentien, Protease-Inhibitor-Komplex,

M. Herndndez-Jodra u.C. Gancedo, 913

Chironomus thummi thummi, Himoglobin, H. Asch-
auer, Z.H. Zaidi u. G. Braunitzer, 1513

Chloramin T, Melanotropin-Aktivitit, C.B. Heward,
Y.C.S.Yang,J.F. Ormberg, M.E. Hadley u. V.J.
Hruby, 1851

Chloridazon-abbauende Bakterien, Phenylalanin-Stoff-
wechsel, R. Buck, J. Eberspidcher u. F. Lingens,
957

Cholecystokinin-Pankreozy min-Analogon-(25—33)-Nona-
peptid, neuer Syntheseweg, L. Moroder, L. Wil-
schowitz, E. Jaeger, S. Knof, P.Thamm u.
E.Wiinsch, 787

Cholesterin, Wechselwirkung mit Band-3-Protein, E.
E.Klappauf u. D. Schubert, 1225

Cholsdure, Konjugation, M.S. Anwer u. D. Hegner,
515

Chondroitin-Lyasen (EC 4.2.2.4 und 5), Hyaluronat-
Oligosaccharid-Abbau, H.-P. Ulrich, U.Klein u.
K.v.Figura, 1457

Choriogonadotropin, Lymphozytentransformation,
W.E.Merz, W.Schmidt u.V. Lenhard, 1433

— Glycin-Carboxypeptidase-Verdauung, W.E. Merz
u.M.Dorner, 1783

Chromatin, ADP-Ribose, K. Wielckens, W. Sachsen-
maier u. H. Hilz, 39

— ADP-Ribose, R. Bredehorst, M. Goebel, F. Renzi,
M. Kittler, K. Klapproth u. H. Hilz, 1737

Chromatographie, s. Affinitatschromatographie, Diinn-
schichtchromatographie, Hochdruckfliissigkeitschro-
matographie

Chromogene Substrate, Kallikrein-Inhibitoren, T. Dietl,
C.Huber, R. Geiger, S. Iwanaga u. H. Fritz, 67

Chymotrypsin (EC 3.4.21.1), Abbau eines Insulin-Deri-
vates, B.R.D. Easter u. S.E. Drewes, 1335

— Fibrin-Spaltung, A. Henschen, F. Lottspeich u.
B. Hessel, 1951

Chymotrypsin-Inhibitor, Schweineserum, B.R. Westrom,
1869

Circulardichroismus, Ribonucleoproteinpartikel,
W.Northemann, H. Seifert u. P.C. Heinrich, 877

Citraconylinsulin (des Rindes), Darstellung, A. Schiitt-
ler u. D. Brandenburg, 1721

Clostridium barkeri, 2 ,3-Dimethylmalat-Lyase, P. Pir-
zer,U. Lill u. H. Eggerer, 1693

CMP-N-Acetylneuraminat-Galactosyl-Glycoprotein-
Sialyltransferase (EC 2.4.99.1), s. Sialyltransferasen

CMP-N-Acetylneuraminsiure, Synthese mit Hilfe v. En-
zymen, J. Haverkamp, J.-M. Beau u. R. Schauer,
159

CMP-4-O-Methyl-N-acetylneuraminsaure, Synthese mit
Hilfe v. Enzymen, J. Haverkamp, J.-M. Beau u.
R. Schauer, 159

CMP-Sialat-Synthase, s. Acylneuraminat-Cytidylyltrans-

~ ferase

Colchicein, NMR-Spektren, T. Wilczok, E. Buszman,
A.Sulkowska u. B. Lubas, 59

Colchicin, Konformation u. Struktur, T. Wilczok, E.
E. Buszman, A. Sulkowska u. B. Lubas, 59

Concanavalin A, fluoreszenzmarkiertes zur Glycopro-
teinbestimmung, J.D. Lane, H.-G. Zimmer u.
V. Neuhoff, 1405

Corticosteron, Teilhepatektomie, N. Katz, A. Brink-
mann u. K.Jungermann, §1

Corticotropin, Analoga, M. Low, L. Kisfaludy u.
M. Sdrkozi, 1

- —, M.Sajgé,M.L6w u.K.Kisfaludy, 9

Cortison-oa-Reduktase (EC 1.3.1.4), Testektomie, R.E.
Lax, E. Kreuzfelder u. H. Schriefers, 1799



Bd. 360 (1979)

Stichwortregister

1965

— Ostradiol-178-Verabreichung, E.R. Lax, E. Kreuz-
felder u. H. Schriefers, 1807

Crustaceen, rotes Pigment konzentrierendes Hormon,
M. Christensen,J. Carlsen u. L. Josefsson, 1051

Cucumis sativus (= Gurke), Plasmamembran, U.F.
Klaus u. H.Kindl, 1517

Cyanogenbromidfragmente, Cytochrom-c-Oxidase-Poly-
peptid IV, R. Sacher, G. Buse u. G.J. Steffens,
1377

Cyanogenbromid-Heptafluorobuttersaure, Fibrin-Spal-
tung, A. Henschen, F. Lottspeich u. B. Hessel,
1951

cyclo-AMP, s. Adenosin-3",5"-monophosphat

Cyclostomata, Himoglobin, G. Liljeqvist, G. Braunit-
zer u. S. Palléus, 125

— —, M. Zelenik, V. Rudloff u. G. Braunitzer,
1879

Cyprinus carpio (= Karpten), Himoglobin, B. Grujié-
Injac.G. Braunitzer u. A. Stangl, 609

Cystein, s. S-tert-Butylmercaptocystein

Cytidylyl-..., s. CMP-...

Cytochrom-c-Oxidase (EC 1.9.3.1), Untereinheit II,
G.J. Steffens u. G. Buse, 613

— Polypeptid IV, R. Sacher, G. Buse u. G.J. Stef-
fens, 1377

— —, R.Sacher,G.J. Steffens u. G. Buse, 1385

- Polypeptid VII, G.C.M. Steffens, G.J. Stetfens,
G. Buse, L. Witte u. H. Nau, 1633

- —, G.C.M. Steffens, G.J. Steftens u. G. Buse,
1641

Darm, s. Dickdarm, Diinndarm

Dehydrogenasen, Dihydrodiol-Dchydrogenasen,
E. Keller,J. Eberspicher u. F. Lingens, 19

Dendroaspis angusticeps (eine Giftnatter), Gift-Proteine
CgSound C9S3.F.J. Joubert u. C.C. Viljoen, 1075

Dendroaspis jamesoni (cine Schlagen), Gift-Protein
S2Cq, F.J. Joubert u. N. Taljaard, 571

Desoxyribonucleinsiure, DNA-bindendes Protein,
C.Schroder, D. Weinblum, R.K. Zahn u.
K. Dose, 473

- PM2-Phagen-Kartierung, R.E. Streeck u. C. Geb-

hardt, 529

— Methylierung, R. Baur, H. Wohlert u. H. Kroger,
1263

— Methylierung, H. Hashimoto, D. Simon, F. Gru-
nert u. H. Kroger, 1509

Desoxyribonucleinsiure-Synthese, Choriogonadotropin,
W.E. Merz, W. Schmidt u. V. Lenhard, 1433

Diazoacetyl-DL-norleucin-methylester, Saure-Proteinase-
Hemmung, K. Kaechn, M. Morr u. M.-R. Kula, 791

Diazo-Derivate, s.a. 4-[4-(Dimethylamino)phenylazo}-
phenylthiohydantoin-Derivate

— Photoaffinititsmarkicrung, J.B. Hansen, P.E. Niel-
sen, V. Leick u. O. Buchardt, 721

Dickdarm (des Menschen), Kalkrein, A. Zimmer-

mann, R. Geiger u. H. Kortmann, 1767
Differenzierung, DNA-Methylierung, R. Baur, H. Woh-

lert u. H. Kroger, 1263
Dihydrodiol-Dehydrogenasen, Darstellung eines Chlorida-

zon-Metaboliten, E. Keller, J. Eberspidcher u.

F. Lingens, 19
Sa-Dihydrotestosteron, 2a-Hydroxylierung, U. Lemm

u. M. Wenzel, 35
Diimidate, kovalente Quervernetzung, C.R. Romer-

Lithi,J.Hajdu u. U.Brodbeck, 929
2,3-Dimethylapfelsiure, enzymatischer Abbau, P. Pir-

zer, U. Lill u. H. Eggerer, 1693
4-4-(Dimethylamino)phenylazo Jphenylthiohydantoin-

Derivate, Leucin-Isoleucin-Trennung, C.-Y. Yang,

1673
2,3-Dimethylmalat-Lyase aus Clostridium barkeri,

P.Pirzer, U. Lill u. H. Eggerer, 1693
Dipeptidyl-Peptidase IV, Diinndarm u. Niere, O. Norén,

H. Sjostrom, E.M. Danielsen, M. Staun, L. Jeppe-

sen u.B.Svensson, 151
Diphosphoglycerat, Hohenatmung, G. Braunitzer,

B. Schrank, A. Stangl u. H. Wiesner, 1941
Diskelektrophorese, s. Mikro-Diskelektrophorese
Disulfidbriicken, Myclomprotein Tro. C. Yang.

H.Kratzin. H.Go6tz u. N.Hilschmann, 1919
Disulfide, Proinsulin-Partialsynthese, H. Berndt, 747
— Rinderinsulin-B-Kette. K. Nokihara u. H. Berndt,

773
Dopamin-g-Monooxygenase (EC 1.14.17.1), Glomus

caroticum der Katze, H. Starlinger, 103
Diinndarm, Peptidasen, O. Norén, H. Sjostrom,

E.M. Danielsen, M. Staun, L. Jeppesen u.

B. Svensson, 151
Diinnschichtchromatographie, Leucin-Isoleucin-Tren-

nung, C.-Y. Yang, 1673

Ecdyson, HnRNA-Synthese, E. Shaaya, 445

- Metaboliten,J. Koolman, L. Reum u. P. Karlson,
1351

Ecdysteroide, SchmeifStliege, J. Koolman, L. Reum u.
P. Karlson, 1351

Edman-Abbau, s. I'estphasen-Edman-Abbau

Ehrlich-Ascites-Tumorzellen, endogene ADP-Ribose-
Transferase, R. Bredehorst, M. Goebel, F. Renzi,
M. Kittler, K. Klapproth u. H. Hilz, 1737

Elastase (EC 4.21.11), (aus Granulozyten), partieller
Abbau des Inter-a-Trypsin-Inhibitors, T. Dietl,
W. Dobrinski u. K. HochstrafSer, 1313

Elastase-Inhibitor, Schweineserum, B.R. Westrom,
1869

Elektrophorese, s. Gel-Elektrophorese (zweidimensionale),
Immunelektrophorese, Mikro-Diskelektrophorese,
Mikroelektrophorese

Embryo, s. Foetus
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Endodesoxyribonucleasen, Phage PM2-DNA,
R.E.Streeck u.C. Gebhardt, 529

Endoglucuronidase, menschliche Placenta, U. Klein u.
K.v. Figura, 1465

Endometrium, Lysosomenpopulationen, A.H.Enten-
mann, F.F.Parl u. P.W. Jungblut, 1651

Endoplasmatisches Retikulum, Ribosomen-Bindungs-
stellen, T.H. Aulinskasu. T. Scott-Burden, 709

§0-Endorphin. Opiataktivitit, B. Leipold u. D. Rich-
ter, 1453

Endorphine, neue Opioid-Peptide, V. Brantl, H. Tesche-
macher, A. Henschen u. F. Lottspeich, 1211

— —, A.Henschen, F. Lottspeich, V. Brantl u.
H.Teschemacher, 1217

Enkephalin, s. Methionin-Enkephalin

Enthalpie, s. Bindungsenthalpie, Reaktionsenthalpie

Entwicklung, s. Differenzierung

Enzyme, s. Abbauende Enzyme, Blastozystenproteinase,
Endoglucuronidase, Enzyminduktion, glyoxysomale
Enzyme, Harnstoffzyklus-Enzyme, 2a-Hydroxylic-
rung, immobilisierte Enzyme, Isoenzyme, katalytische
Untereinheiten, lipogenetische Enzyme, Lysoplas-
malogenase, Lysozym-Derivate, MannosyItransferase,
Methylierung, Monooxygenasen, Peptidasen, Phos-
phorylierung(oxidative), Plasmamembran-Enzyme,
Pronase-Resistenz, Proteinase, Proteinase (saure),
Proteolyse, Serin-Hydrolase (= mit Serin im aktiven
Zentrum), Staphylococcus-aureus-Protease, Steroid-
Oxidoreduktasen, Trophoblastenproteinase, trypsin-
dhnliche Proteinase sowie die systematischen Be-
zeichnungen von einzelnen (registrierten) Enzymen

Enzyminduktion, Monooxygenasen, J. Jacob, G. Grim-
mer u. A. Schmoldt, 1525

— Arginase, S. Bedino u. G. Testore, 1713

Enzym-Varianten, Glucose-6-phosphat-Dehydrogenase,
H.-H. Gustke u. V. Neuhoff, 605

Epidermiszellen, HnRNA, E. Shaaya, 445

1,2-Epoxy-3-(4-nitrophenoxy)propane, Saurc-Proteinase-
Hemmung, K. Kaehn, M. Morr u. M.-R. Kula, 791

Erbse, s. Pisum sativum

Erndhrung, s. Nihrstoffkombination

Erythrocruorin, Chironomus thummi thummi, G. Busc,
G.J.Steffens, G. Braunitzer u. W.Steer, 89

— —, R.Lalthantluanga u. G. Braunitzer, 99

— —, D.Sladi¢-Simi¢, T. Kleinschmidt u.
G. Braunitzer, 115

-~ Aminosiuresequenz einer Komponente,
H. Aschauer, Z.H. Zaidi u. G. Braunitzer, 1513

Erythrozyten, ncuc NAD(P)H-Dehydrogenasen,
K.-H. Ueberschir, S. Kille, G. Laule, P. Maurer u.
K. Wallenfels, 1409

Erythrozytenmembranen, Lectin-Rezeptoren, L.G. Giirt-
ler,D. Agyare Yeboa u. H. Cleve, 421

— Kohlenhydratgehalt, D. Bladier, G. Perret,
J. Baudelot, P. Cornillot u. F. Gourbeault,
501

— Acetylcholinesterase, C.R. Rémer-Liithi, J. Hajdu u.
U. Brodbeck, 929

— Band-3-Protein, E. Klappauf u. D. Schubert, 1225

— —, H-J.Dorst u. D.Schubert, 1605

Esterase, Rhodotorula glutinis, M. Hernandez-Jodra u.
C.Cancedo, 581

Ethyl-bromacetimidat, Protein-Quervernetzung,
J. Diopoh u. M. Olomucki, 1257

Eukaryoten, DNA-Methylierung, H. Hashimoto,
D.Simon, F. Grunert u. H. Kroger, 1509

Eurypelma californicum (= Vogelspinne), Himocyanine,
J.Markl, W. Strych, W. Schartau, H.-J. Schneider,
P.Schoberl u. B. Linzen, 639

— —,J.Lamy,J. Lamy, J. Weill, J. Markl,
H.-J. Schneider u. B. Linzen, 889

— (= Vogelspinne), Himocyanine, H. Decker, J. Mark],
R. Loewe u. B.Linzen, 1505

Evolution, Proteinase-Inhibitoren, D. Cechovi u.
B. Mcloun, 1497

Evolutionsgeschwindigkeit, - und g-Kette des Himo-
globins, G. Braunitzer u. W. Oberthiir, 679

Feminisierung, Steroidstottwechsel, E.R. Lax, E. Krcuz-
felder u. H.Schricters, 1807

Festphasen-Edman-Abbau, Inter-a-Trypsin-Inhibitor,
K. Hochstrafler u. E. Wachter, 1285

- —, E. Wachter, K. Hochstrafier.G. Bretzel u.
S. Heindl, 1297

— —, W.Wachter. K. Hochstrafier, 1305

Fettgewebe, Aktivititen lipogenetischer Enzyme, G.E.
Hoftfmann, C. Kreisel, O.H. Wieland u. L. Weiss,
45

Fettleibigkeit, Aktivititen lipogenetischer Enzyme, G.E.
Hoffmann, C. Kreisel, O.H. Wieland u. L. Weiss,
45

Fettsduren, s. Azidofettsiuren

Fettzelltest, Insulindcrivat, M. Lesniak, J. Gliemann,
J. Roth, B.R.D. Easter, D.A. Sutton u. S.E.
Drewes, 467

Fetuin, (desialyliertes), als Substrat fir Sialyltransterasen,
R. Schauer, E. Moczar u. M. Wember, 1587

Fibrin, Abbauprodukt-Reinigung, I.A.M. van Ruijven-
Vermeer, W.Nicuwenhuizen, F.Haverkate u.
T.Timan, 633

— Partialsequenz, A.Henschen, F. Lottspeich u.
B. Hessel, 1947

Fibrinogen, Abbauprodukt-Rcinigung, 1. A.M. van Ruij-
ven-Vermeer, W. Niecuwenhuizen, F. Haverkate
u. T. Timan, 633

Fibronektin, Kollagenbindung, F. Jilck u. H. Hor-
mann, 597

— Himagglutination, M. Vuento, 1327

Fische, Scquenz der Himoglobin-g4- und gg-Ketten,
B. Grujié-Injac, G. Braunitzer u. A. Stangl, 609

Flagellaten, s. Trichomonas fetus
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Fleck-Fluorometer, Protcinbestimmung, H.-G. Zimmer,
F. Kiehl u. V. Neuhotf, 1671

Fluoreszenmarkierung. Concanavalin A, J.D. Lane,
H.-G. Zimmer u. V. Neuhoff, 1405

1-Fluor-2-nitro-4-trimethylammoniobenzol-iodid,
TyrAM-Dcrivat des Insulins, B.R.D. Easter u.
S.E.Drewes, 1335

Fluorometrie, s. Fleck-Fluorometer

Fluor-Verbindungen, s. Cyanogenbromid-Heptafluorobut-
tersdure

FluBneunauge, s. Lampetra fluviatilis

Foetus, Sauerstoff-Affinitat des Blutes, G. Braunitzer,
1237

Formamidase (EC 3.5.1.9), Mikroheterogenitit,
U. Menge. 185

NinFormylrest, Tryptophan-Schutzgruppe, M. Low u.
L. Kisfaludy, 13

Fortpflanzung, (tierische), Samenproteine, D. Cechova,
V. Jonakova. E. Sedldkova u. O. Mach, 1753

Fructosebisphosphat, Lactat-Dehydrogenase-Aktivie-
rung, H.-P. Schir u. H. Zuber, 795

Galactosamin-Hepatitis, Ammoniak-Vergiftung, H.-J.
Senn, K.P. Maier, G. Hoppe-Seyler u. W. Gerok,
27

— Entstehungsmechanismus, W. Bachmann u.
W. Reutter, 81

Galactoseverwertung, verschiedene Zellarten, F. Hof-
mann u. K. Decker, 905

Gallenfarbstoffe, chemisch modifizierte Chromophore,
W. Kufer u. H. Scheer, 935

Gallensiuren, Transportrcgulation, M.S. Anwer u.
D. Hegner, §15

— Aufnahme in Hepatozyten, L.R. Schwarz u. C.A.
Barth, 1117

Ganglion cervicale superius. (der Katzc), Dopamin-g-
Monooxygenase-Aktivitidt, H. Starlinger, 103

Ganglion nodosum, (der Katze), Dopamin-g-Monooxy-
genase-Aktivitit, H. Starlinger, 103

Ganglioside, Tubocurarin-Bindung, H. Résner, G. Merz
u. H. Rahmann, 413

— Ca?®Komplex, W.Probst, H.Résner, H. Wie-
gandt u. H.Rahmann, 979

— Abbau, E.Conzelmann u. K. Sandhoff, 1837

Gehirn, (der Ratte), Lysoplasmalogenstoffwechsel,
J.Gunawan, M. Vierbuchen u. H. Debuch, 971

— (der Ratte), Aktivitiiten von Enzymen des Fettstoff-
wechsels, M. Vierbuchen, J. Gunawan u. H. De-
buch, 1091

Gel-Elektrophorese, zweidimensionale, tryptische Protein-
tragmente, K. Zechel, 777

Gemischte Anhydritmethode, Hy bridpriproinsulin-
Semisynthese, V.K. Naithani, E.E. Biillesbach u.
H.Zahn, 1363

Genetik, AntikOrpervariabilitit, D.G. Braun, H. Huser,
R. Knecht u. J.K. Wright, 663

Gen-Expression, foetales Himoglobin, G. Braunitzer,
1237

Gift, s. Schlangengift

Globin, Biosynthese-Initiation, B. Emmerich, V. Er-
ben, C. Weller, H. Schuster, R. Preis u. J. Ra-
stetter, 1099

Globulin, s.a. Immunglobulin, g-Lactoglobulin

— Gurkensamen, W. Koller, J. Frevert u. H. Kindl,
167

— kilteunldsliches, F. Jilek u. H. Hérmann, 597

Glomus caroticum, (der Katze), Dopamin-3-Monooxy-
genase-Aktivitdt, H. Starlinger, 103

Glucagon, Einflufl auf Kompartimentierung, E. A. Siess
u. O.H. Wieland, 1677

Glucan-Synthase II, Korrelation mit Mannosyltransferase,
U.F. Klaus u. H.Kindl, 1517

Gluconeogenese, Teilhepatektomie, N. Katz, A. Brink-
mann u. K. Jungermann, 51

Glucosamin, s. N-Acetyl-D-glucosamin-Reste

Glucose-6-phosphat-Dehydrogenase-Varianten
(EC 1.1.1.49), mikroelektrophoretische Trennung,
H.-H. Gustke u. V. Neuhoff, 605

D-Glucuronsiure, myo-Inosit-Oxygenase, F. Koller u.
O. Hoffmann-Ostenhof, 507

Glucuronsiure-Reste, Chondroitin-Lyasen-Spalt-
spezifitit, H.-P. Ulrich, U. Klein u. K.v.Figura,
1457

v-Glutamyltransferase (EC 2.3.2.2), Diinndarm u. Niere,
O.Norén,H.Sjdstrom, E.M. Danielsen,
M. Staun, L. Jeppesen u. B. Svensson, 151

Glutathion, Oxidationsgrad-Bestimmung, H. Heinle,
1113

Glycerat, s. Diphosphoglycerat

Glycin, Cholsiure-Konjugation, M.S. Anwer u.
D. Hegner, 515

Glycin-Carboxypeptidase (EC 3.4.17.4), Verdauung von
Opioid-Peptiden, A. Henschen, F. Lottspeich,
V. Brantl u. H. Teschemacher, 1217

— Choriogonadotropin-Verdauung, W.E. Merz u.
M. Ddrner, 1783

Glycogen-Stoffwechsel, verschicdene Zellarten, F. Hof-
mann u. K. Decker, 905

Glycolipid-Abbau, Aktivatorproteine, E. Conzelmann
u. K. Sandhoff, 1837

Glycolipide, Erythrozytcnmembran, D. Bladier,
G. Perret, ). Baudelot, P. Cornillot u. F. Gour-
beault, 501

Glycopeptide, Erythrozytenmembran, D. Bladier,
G. Perret, J. Baudelot, P. Cornillot u. F. Gour-
beault, 501

B2-Glycoprotein I, Very-Low-Density-Lipoproteine,
E. Polz, G.M. Kostner u. A. Holasek, 1061

Glycoproteine, Lectinrezeptoren, L.G. Giirtler,
D. Agyare Yeba u. H. Cleve, 421



1968

Stichwortregister

Bd. 360 (1979)

— Mikrobestimmungsmethode, J.D. Lane, H.-G. Zim-
mer u. V. Neuhoff, 1405

— Lectinbindung, R.Gansera, H.Schurz u. H.Ridi-
ger, 1579

Glyoxysomale Enzyme, Gurkensamen, W. Koller,
J. Frevert u. H. Kindl, 167

Gonadektomie, Steroidstoffwechsel, E.R. Lax,
E. Kreuzfelder u. H. Schriefers, 1799

Guanin-Nucleotide, Kompartimentierung, E. A. Siess
u. O.H. Wieland, 1677

Gurke, s. Cucumis sativus

Gurkensamen, Analyse verschiedener Proteine, W. Kd1-
ler,J. Frevert u. H. Kindl, 167

Himagglutination, Fibronectin, M. Vuento, 1327

Himagglutinin, Vicia sativa, G. Gebauer, E. Schiltz,
A.Schimpl u. H. Ridiger, 1727

Hémocyanin, (der Spinne), Untereinheiten-Vergleich,
J. Markl, W. Strych, W. Schartau, H.-J. Schnei-
der, P. Schéberl u. B. Linzen, 639

- —, J.Lamy,J. Lamy, J. Weill, J. Markl, H.-J.
Schneider u. B. Linzen, 889

— Sauerstoffaffinitiat, H. Decker, J. Markl, R. Loewe
u. B. Linzen, 1505

Hiamoglobin, (der Graugans), Aminosiuresequenz,
G. Braunitzer u. W. Oberthiir, 679

— Sauerstoff-Affinitit, G. Braunitzer, 1237

— (dimeres), Aminosiuresequenz, H. Aschauer, Z. H.
Zaidi u. G. Braunitzer, 1513

— Lampetra fluviatilis, M. Zelenik, V. Rudloff u.
G. Braunitzer, 1879

— Hohenatmung, G. Braunitzer, B. Schrank,
A. Stangl u. H. Wiesner, 1941

Himoglobin III, Myxine glutinosa, G. Liljeqvist,
G. Braunitzer u. S. Paléus, 125

Himoglobin CTT IHI, Aminosiuresequenz, G. Buse,
G.J.Steffens, G. Braunitzer u. W. Steer, 89

Hiamoglobin CTT VII B, Aminosiuresequenz, D. Sladié-
Simié, T. Klecinschmidt u. G. Braunitzer, 115

Himoglobin CTT-X, Aminosiuresequenz, R. Lalthant-
luanga u. G. Braunitzer, 99

Himoglobin-g4- u. gg-Kette, (von Fischen), Amino-
sduresequenz, B. Grujié¢-Injac, G. Braunitzer u.
A. Stangl, 609

Hiamolyse, globulire Region der Subkomponente q der
Cl-Komponente von Komplement, E.P. Pidques,
R.Huber, H.Priess u. J.K. Wright, 177

Halbwertszeit, s. biologische Halbwertszeit

Harn, L-Carnitin-Metaboliten, E. Strack u. H. Seim,
207

— Neopterin-Ausscheidung, H. Wachter, A. Hausen
u. K. Grassmayr, 1957

Harnstoffzyklus-Enzyme, Ammoniak-Vergiftung,
H.-J. Senn, K.P. Maier, G. Hoppe-Seyler u.
W. Gerok, 27

Haut, (des Kalbes), Kollagen Typ III, P.P. Fictzek,
H. Allmann, J. Rauterberg, W. Henkel, E. Wach-
ter u. K. Kiihn, 809

— —, H.Dewes, P.P. Fietzek u. K. Kiihn, 821

— -, H.Bentz, P.P. Fietzek u. K. Kiihn, 833

- —, H. Lang, R.W. Glanville, P.P. Fietzek u.
K. Kiihn, 841

— —, H. Dewes, P.P. Fietzek u. K. Kithn, 851

— —, H. Allmann, P.P. Fietzek, R.W. Glanville u.
K. Kiihn, 861

Hefe, s. Rhodotorula glutinis

Helix pomatia, (= Weinbergschnecke), Enzy maktiviti-
ten, W. Wieser u. E. Wright, 533

Heparansulfat, Endoglucuronidase, U. Klcin u. K. v.
Figura, 1465

Heparin, Fibronectin-Kollagenbindung. F. Jilek u.
H.H6rmann, 597

Hepatektomie, s. Leber (Regeneration), Teilhepatekto-
mie

Hepatitis, s. Galactosamin-Hepatitis

Hepatozyten, Cholsdurekonjugation, M.S. Anwer u.
D. Hegner, 515

— Galactose-Verwertung, F. Hofmann u. K. Decker,
905

— Gallensiduren-Transport, L.R. Schwarz u. C.A.
Barth, 1117

Heptafluorobuttersiure, s. Cyanogenbromid-Heptafluo-
robuttersiure

Heterogenitit, s.a. Mikroheterogenitit

— Spinnen-Himocyanine, J. Markl, W. Strych,
W.Schartau, H.-J. Schneider, P. Schéberl u.
B. Linzen, 639

Hexosaminidase A, Aktivatorprotein, E. Conzelmann
u. K. Sandhoff, 1837

High-Density-Apolipoproteine, Rekombination, W. Stof-
fel u. P. Metz, 197

— Komplexe mit photoaktivierten Lysolecithin-Deriva-
ten, W. Stoffel, P. Mctz u. R. Heller, 1319

High-Density -Lipoprotein, Anreicherung, W. Stoffel,
K. Salm u. B. Tunggal, 523

— Lokalisation des Apolipoproteins im Komplex,
W. Stoffel u.K.Preifiner, 685

Histidinrest-Alkylierung, Bromacetimidat, J. Diopoh u.
M. Olomucki, 1257

Histokompatibilitits-2-Komplex, Lipopolysaccharid-Bin-
dung, K. Yokoyama, J. Mashimo, N. Kasai,
T. Terao u. T. Osawa, 587

Histon, Lysin-Methylicrung, H. Hempel, G. Thomas,
G.Roos, W.Stocker u. H-W. Lange, 869

Hochdruckflissigkeitschromatographie, Isolicrung von
p-Casomorphinen, V. Brantl, H. Teschemacher,
A.Henschen u. F. Lottspeich, 1211

— DNA-Methylierunig, R. Baur, H. Wohlert u. H. Kr6-
ger, 1263

Hoéhenatmung, Ginse-Himoglobin, G. Braunitzer u.
W. Oberthiir, 679
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— Phosphat-Protecin-Wechselwirkung, G. Braunitzer,
B.Schrank, A. Stangl u. H. Wiesner, 1941

Homologie, s.a. Sequenzhomolpgie

— Proteinase-Inhibitoren, D. Cechovd u. B. Meloun,
1497

Hormone, s. Choriogonadotropin 5e-Dihydrotestosteron,
Ecdyson, neurosekretorische Hormone, Ostradiol-178,
Ostrogene, Pheromone, Rotes Pigment konzentrieren-
des Hormon, Steroidstoffwechsel, Wachstumshormon

Hormon-Stoffwechsel, Ecdyson, J. Koolman,L. Reum
u. P. Karlson, 1351

HTO, s. tritiiertes Wasser

Hyaluronat-Oligosaccharide, Chondroitin-Lyasen, H.P.
Ulrich, U. Klein u. K. v. Figura, 1457

Hyaluronsiure, Fibrenectin-Kollagen-Bindung, F. Jilek
u. H. Hormann, 597

Hybridpraproinsulin, Scmisynthese, V.K. Naithani,
E.E. Billesbach u. H. Zahn, 1363

3-Hydroxykynureninase, Reinigung, Charakterisierung,
H.-H. Schott u. U. Krause, 481

2-Hydroxydstradiol-17-hemisuccinat, immundeterminan-
te Gruppe, D. Berg u. E. Kuss, 1683

3a-Hydroxysteroid-Dehydrogenase (EC 1.1.1.62), Akti-
vititsbestimmung, E.R. Lax, E. Kreuzfelder u.
H.Schriefers, 897

B-Hydroxysteroid-Dehydrogenase (EC 1.1.1.51), Aktivi-
titsbestimmung, E.R. Lax, E.Kreuzfelder u.
H.Schriefers, 897

178-Hydroxysteroid-Dehydrogenase (EC 1.1.1.50 und
63), Testektomie, E.R. Lax, E.Kreuzfelder u.
H.Schriefers, 1799

— Ostradiol-178-Verabreichung, E.R. Lax, E. Kreuz-
telder u. H. Schricfers, 1807

Hypophyse, 60-Endorphin, B. Leipold u. D. Richter,
1453

Imidoester-Gruppen, aktiviertes Harz, W. Stoftel u.
K. Preifdner, 685

Immobilisierte Enzyme, zur Darstellung von Metaboliten,
E.Keller,J. Eberspdcher u. F. Lingens, 19

Immunelektrophorese, Himocyanin-Untereinheiten,
J. Lamy,J. Lamy, J. Weill, J. Markl, H.-J. Schnei-
der u. B. Linzen, 889

Immunfluoreszenz, Ursprung des Kallikrein-Trypsin-
Inhibitors, H. Fritz, J. Kruck, I. Riisse u. H.G.
Liebich, 437

Immunglobulin, Biosynthese-Initiation, B. Emmerich,
V.Erben, C. Weller, H. Schuster, R. Preis u.
J. Rastetter, 1099

— Myelomprotein Tro, R.Scholz,C. Yang u.
N.Hilschmann, 1903

— -, C.Yang,H.Kratzin, H.G6tz u. N. Hilsch-
mann, 1919

Immunogene Gruppen, Katecholdstrogene, D. Berg u.
E. Kuss, 1683

Immunologische Reaktionen, Himocyanin-Untercinhei-
ten-Vergleich, J. Lamy, J. Lamy, J. Weill, J. Markl,
H.-J. Schneider u. B. Linzen, 889

— By-Glycoprotein, E. Polz, G.M. Kostner u. A. Ho-
lasek, 1061

Induktion, s. Enzyminduktion

Informosomen, NaCl-Behandlung, W. Northemann,
H. Seifert u. P.C. Heinrich, 877

Inhibierung, s. Produkthemmung

Inhibitoren, s.a. ay-Antitrypsin, Chymotry psin-Inhibi-
tor, Elastase-Inhibitor, Inter-a-Trypsin-Inhibitor,
Isoinhibitoren, Kallikrein-Inhibitor, Kallikrein-Tryp-
sin-Inaktivator, Proteinase, Inhibitoren, Trasylol,
Trypsin-Inhibitoren

—~ Formamidase, U. Menge, 185

— Initiation der Proteinbiosynthese, B. Emmerich,
V.Erben, C. Weller, H. Schuster, R. Preis u.

J. Rastetter, 1099

Inhibitor-Protein, Pyruvat-Kinase, E. Eigenbrodt u.
W.Schoner, 1243

Initiation der Proteinbiosynthese, Zcllspezifitit, B. Em-
merich, V. Erben, C. Weller, H. Schuster,

R. Preis u.J. Rastetter, 1099

Inokosteron, Ecdyson-Metaboliten, J. Koolman,
L. Reum u. P. Karlson, 1351

myo-Inosit, Affinititschromatographic. F. Koller u.
O.Hoffmann-Ostenhof, 507

myo-Inosit-Oxygenase (EC 1.13.99.1), Reinigung,
F. Koller u. O. Hoffmann-Ostenhof, 507

Insekten, Erythrocruorine, G. Buse, G.J. Steffens,

G. Braunitzer u. W. Steer, 89

- —, R. Lalthantluanga u. G. Braunitzer, 99

— —, D.Sladié¢-Simié, T Kleinschmidt u. G. Brau-
nitzer, 115 '

— Pheromon-Freisetzung, P.C.J. Brunet u.

J. Karlsson, 451

Insulin, s.a. Hybridpriproinsulin, Proinsulin

Insulin-A-Kette, (dcs Menschen), Partialsynthese,
H. Berndt, 747

- —, N.A. Sasaki, 761

- —, H. Berndt, 765

— (des Rindes), Struktur-Wirkunds-Bezichung, M. Les-
niak, J. Gliemann, J. Roth, B.R.D. Easter, D.A.
Sutton u. S.E. Drewes, 467

— (des Schafes), Rontgenbeugungsmuster, S.M. Cut-
field, G.G. Dodson, E. Schwertner u. H. Zahn,
783

— (des Rindes), TyrAM-Dcrivat. B.R.D. Easter u.
S.E. Drewes, 1335

— Arginase-Induktion, S. Bedimo u. G. Testore,
1713

— (des Schafes), Synthese von Fragmenten,

H.-G. Gielen, G. Wolf, H. Berndt u. H. Zahn,
1535

— (des Rindes), Partialsynthese, G. Wolf, H. Berndt u.

D. Brandenburg, 1549
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— (des Huhnes), Partialsynthese, W. Wolff, H. Berndt
u. D. Brandenburg, 1559

Insulin-A-Ketten-Analoga, (des Rindes), Partialsynthese,
G.Wolf,H. Berndt u. D. Brandenburg, 1549

— (des Rindes), Synthese, G. Wolf, H. Berndt u.
D. Brandenburg, 1549

Insulin-Analoga, (des Menschen), Struktur-Aktivitits-
Beziehung

Insulin-B-Kette, (des Rindes), Partialsynthese, B. Hem-
masi, W. Woiwode u. E. Bayer, 1775

Insulin-B-Ketten-Derivat, (des Rindes), Darstellung,
K. Nokihara u. H. Berndt, 773

Insulin-Derivate, s.a. A1-(2-Nitro4-trimethylammonio-
phenyl)insulin, A14-(2-Nitro-4-trimethylammonio-
phenyl)insulin, N, N-Bis(methylsulfonylethoxycarbo-
nyl)-insulin, Citraconylinsulin

— (des Rindes), Darstetlung, S.E. Drewes, H.M. Ro-
binson u.J. Gliemann, 987

Inter-a-Trypsin-Inhibitor, Aminosiuresequenz der anti-
tryptischen Domiine, K. Hochstrafler u. E. Wach-
ter, 1285

— inhibitorisch inaktive Domiine, E. Wachter, K. Hoch-
strafier, G. Bretzel u. S. Heindl, 1297

— Aminosiuresequenz der beiden Kunitz-Typ-Domiinen,
E. Wachter u. K. Hochstraer, 1305

— Hemmeigenschaften von Spaltprodukten, T. Dietl,
W. Dobrinski u. K. Hochstrafder, 1313

Invertebraten, Himoglobin, H. Aschaucer, Z.H. Zaidi
u. G. Braunitzer, 1513

12510d, Ostrogen-Markierung, D. Berg, W. Huber u.
E. Kuss, 1685

Iodierung, Mclanotropin-Aktivitit, C.B. Heward,
Y.C.S. Yang,J.F. Ormberg, M.E. Hadley u.
V.J.Hruby, 1851

2-lod-N-methylpyridinium, Reaktion mit Insulin,
S. Drewes, H.M. Robinson u. J. Gliemann, 987,

Isocitrat-Lyase (EC 4.1.3.1), Gurkensamen, W. Koller,
J. Frevert u. H. Kindl, 167

Isoelektrische Fokussierung, Fibrin(ogen)-Abbauproduk-
te, LA.M.van Ruijven-Vermcer, W. Nicuwen-
huizen u.T. Timan, 633

— B5-Glycoprotein'I, E: Polz, G.M. Kostner u.
A. Holasek, 1061

Isoenzyme, Pyruvat-Kinase, E. Eigenbrodt u.
W. Schoner, 1243

— Pyruvat-Kinase, D. Kiibler, M. Gagelmann,
W.Pyerin u. V.Kinzcl, 1421

Isoinhibitoren, Akrosin, D. Cechovd, V. Jondkova,
M. Havranova, L. Sedlakova u. O. Mach, 1759

Isoleucin, Trennung von Leucin, C.-Y. Yang, 1673

Jahreszeit, Schnecken-Enzym, W. Wieser u. E. Wright,
533

Jahreszeit-Abhingigkeit, Lysosomenpopulationen, A. H.
Entenmann, F.F. Parl u. PW.Jungblut, 1651

Kaliumtetraperoxochromat, Thrombozyten, P. Wor-
ner, H. Patscheke u. W. Paschen, 559

Kallikrein (EC 3.4.21.8), strukturhomologe Inhibi-
toren, T. Dietl, C. Huber, R. Geiger, S. [wana-
ga u. H. Fritz, 67

— Pankreassaft, M. Amouric u. C. Figarella, 457

— (des menschl. Dickdarmes), Vergleich mit Kallikrein
aus menschl. Harn, A. Zimmermann, R. Geiger
u. H. Kortmann, 1767

— (aus menschl. Harn), N-terminale Sequenz, F. Lott-
speich, R. Geiger, A. Henschen u. C. Kutzbach,
1947

Kallikrein-Inhibitor, Struktur-Aktivitits-Beziehung,
T. Dietl, C. Huber, R. Geiger, S. Iwanaga u.
H. Fritz, 67

— Mastzellen, H. Fritz, J. Kruck, I. Riisse u. H.G.
Liebich, 437

Kallikrein-Trypsin-Inaktivator, Bindung an Trypsin,
G. Baldin u. K. Ohlsson, 651

Kaninchenzucht, multiple Gene fir Antikorper, D.G.
Braun, H. Huser, R. Knecht u. J.K. Wright,

663
Kartierung, PM2-Phagen-DNA, R.E. Streeck u.

C. Gebhardt, 529

Kastration, Prostata-RNA, H.-G. Dahnke, K. Koglin
u. K.-O. Mosebach, 543

Katalytische Untereinheiten, Pyruvat-Kinase, D. Kiib-
ler, M. Gagelmann, W. Pyerin u. V. Kinzel,
1421

Katechol6strogene, immunodeterminante Gruppe,
D. Berg u. E. Kuss, 1683

— radioimmunologische Bestimmung, D. Berg, W. Hu-
ber u. E. Kuss, 1685

Kationen (divalente), Ganglioxid-Caw—Komplcx,
W. Probst, H. Rosner, H. Wiegandt u. H. Rah-
mann, 979

Kaumagen, Aktin-Vergleich mit Skelettmuskel, K. Ze-
chel, 777

Kernmagnetische Resonanzmessungen, High-Density-
Lipoproteine, W. Stoffel, K. Salm u. W, Tunggal,
523

Kernmagnetische Resonanzspektren, Colchicin,
T. Wilczok, E. Buszman, A, Sulkowska u.
B. Lubas, 59

Kernmembranen, Lectin-Bindungsstellen, L. G. Giirtler,
S.M. Lefranc u. H. Cleve, 1829

Kininfreisetzung, Kallikrein aus Dickdarm, A. Zimmer-
mann, R, Geiger u. H. Kortmann, 1767

Kininogenase, s. Kallikrein

Kininogenin, s. Kallikrein

Konig-Knorr-Synthese, Ethylketoside der 5-N-Acetyl-
neuraminsidure, V. Eschenfelder u. R. Brossmer,
1253

Kohlenhydrat-Gehalt, Erythrozytenmembran, D. Bla-
dier, C. Perret, J. Baudelot, P. Cornillot u.
F. Gourbeault, 501
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Kohlenwasserstoffe (polycyclische, aromatische), Meta-
bolitenprofile, J. Jacob, G. Grimmer u. A,
Schmoldt, 1525

Kollagen, Fibronectinbindung, F. Jilek u. H. Hor-
mann, 597

Kollagen Typ III, Sequenz Pos. 1-222, P.P. Fietzek,
H. Allmann, J. Rauterberg, W. Henkel, E. Wach-
ter u. K. Kithn, 809

— Sequenz Pos. 223-402, H. Dewes, P.P. Fietzek u.
K. Kiithn, 821

— Sequenz Pos. 403-551, H. Bentz, P.P. Fietzek u.
K. Kiithn, 833

— Sequenz Pos. 552-788, H. Lang, R.W.Glanville,
P.P. Fietzek u. K. Kiihn, 841

— Sequenz Pos. 789-927, H. Dewes, P.P. Fietzek u.
K. Kithn, 851

— Sequenz Pos. 928—-1028, H. Allmann, P.P. Fiet-
zek, R.W, Glanville u. K. Kiihn, 861

Kollagenase (EC 3.4.24.3), Subkomponente q der C1-
Komponente von Komplement, E.P. Pdques,

R. Huber, H. Priess u. J.K. Wright, 177

Kolostrum (der Kuh), Proteinase-Inhibitoren, D. Ce-
chova u. M. Havranova, 1745

— (der Frau), freie Sckret-Komponente, D. Kling-
miller u. N. Hilschmann, 1895

Kompartimentierung, s.a. Zellkompartimente

~ Glucagonstimulierung, E.A. Siess u. O.H. Wie-
land, 1677

Komplement Clg, globulire Region, E.P. Piques,

R. Huber, H. Priess u. J.K. Wright, 177

Komplementfaktoren, C3, C. Schroder, D. Wein-
blum, R.K. Zahn u. K. Dose, 473

Komplexbildung, thermodynamische Parameter, H.-J.
Hinz u. R. Schmidt, 217

Konformation, Colchicin, T. Wilczok, E. Buszman,
A. Sulkowska u. B, Lubas, 59

— Choriogonadotropin, W.E. Mcrz u. M. Dérner,1783

Konformationsanalyse, Scrum-Apolipoprotein All,
W. Stoffel u. K. Precifiner, 691

Konformations-Redoxpotential-Wechselwirkung, Phy-
cobiliproteine, W. Kufer u. H. Scheer, 935

Konformations-Regulierung, Oligopeptid-Oligonucleo-
tid-Wechselwirkungen, H. Schott u. H. Eckstein,
1689

Kooperativitit, Tiamulin-Lipid-Bindung, I. Schuster,
C. Fleschurz u. H. Edlauer, 1393

Krebsspezifisches Protein, Komplement-Komponente
C3,C. Schroder, D. Weinblum, R.K. Zahn u.
K. Dose, 473

Kreuzreaktion (immunologische), Katecholostrogene,
D. Berg u. E. Kuss, 1683

- immunologische, Proteinase-Inhibitoren, B.R.
Westrom, 1861

Kristalle, halbsynthetisches Schafinsulin, S.M. Cut-
field, G.G. Dodson, E. Schwertner u. H. Zahn,
783

— [A14-(2-Nitro-4-trimethylammoniophenyl]Insulin,
B.R.D. Easter u. S.E. Drewes, 1335

Kupferproteine, Cytochrom-c-Oxidase-Untereinheit II,
G.J. Steffens u. G. Buse, 613

Kynureninase (EC 3.7.1.3), Vergleich mit 3-Hydroxy-
kynureninase, H.-H. Schottu. U. Krause, 481

Lactat-Dehydrogenase (EC 1.1.1.27), Komplexbildung
mit Adenosin, H.-J. Hinz u. R, Schmidt, 217

— thermophile u. mesophile Bacillen, H.-H. Schér u.
H. Zuber, 795

— Reaktionsenthalpie, F.X. Schmid u. H.-J. Hinz,
1501

D-Lactat-Dehydrogenase (EC 1.1.1.28), Helix pomatia,
W. Wicser u. E. Wright, 533

p-Lactoglobulin (der Ziege), Aminosiuresequenz,
G. Préaux, G. Braunitzer, B. Scrhank u.
A. Stangl, 1595

Lampetra fluviatilis (= Flufineunauge), Himoglobin-
Hauptkomponente, M. Zelenik, V. Rudloff u.
G. Braunitzer, 1879

Leber, s.a. Hepatozyten, Teilhepatektomie

— (der Ratte), Ammoniak-Vergiftung, H.-J. Senn,
K.P. Maier,G. Hoppe-Seyler u. W. Gerok, 27

— (der Ratte), Aktivititen lipogenetischer Enzyme,
G.E. Hoffmann, C. Kreisel, O.H. Wieland u.
L. Weiss, 45

— (der Ratte), Regeneration, N. Katz, A. Brinkmann
u. K. Jungermann, 51

— (der Ratte), Steroidstoffwechsel, E.R. Lax,
R. Ghraf, H. Schriefers u. K.-H. Voigt, 137

— (des Frosches), Acylneuraminat-Cytidylyltrans-
ferase, J. Haverkamp, J.-M. Beau u. R. Schauer,
159

- (des Hithnchens), Pyruvat-Kinase, E. Eigenbrodt
u. W. Schoner, 1243

— (von Frosch u. Rind), Sialyltransferasen, R. Schau-
er, E. Moczar u. M. Wember, 1587

— (der Ratte), Steroidenzym-Aktivitidten, E.R. Lax,
E. Kreuzfelder u. H. Schriefers, 1799; 1807

Lecithin, Markierung mit Azidofcttsauren, W. Stoffel
u, P. Metz, 197

Lectinbindendes Protein, s. Proteine

Lectin-Bindungsstellen, lymphoblastoide Zell-Linien,
L.G. Giirtler, B. Sramota u. H. Cleve, 1819

Lectine, Rezeptoren, L.G. Giirtler, D. Agyare Yeboa
u. H. Cleve, 421

— fluoreszenzmarkiertes zur Glycoproteinbestimmung,
J.D. Lane, H.-G. Zimmer u. V. Neuhoff, 1405

— Bindung an Proteine, R. Gansera, H. Schurz u.
H. Riidiger, 1579

— (mitogenes), aus Vicia sativa, G. Gebauer,
E.Schiltz, A. Schimpl u. H.Riidiger, 1727

Leguminosen-Samen, mit Lectinen assoziierte Proteine,
R. Gansera, H. Schurz u. H. Riidiger, 1579
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Leucin, Trennung von Isoleucin, C.-Y. Yang, 1673

Licht, s. Photoaktivierung

Lipid- Austausch, High-Density-Lipoproteine, W.Stof-
fel, K. Salm u. B. Tunggal, 523

Lipide, s.a. Glycolipid-Abbau, Membranphospholipide,
Phospholipide, Sphingolipide

— Wechselwirkung mit Pharmaka, L. Schuster, C. Fle-
schurz u. H. Edlauer, 1393

Lipid-Monoschichten, Pro‘tein-Wechsel\virkung, E. Klapp-
auf u. D. Schubert, 1225

Lipid-Protein-Wechselwirkung, High-Density-Lipopro-
tein-Partikel, W. Stoffel u. P. Metz, 197

Lipogenetische Enzyme, Aktivititen in Fettgewebe u.
Leber, G.E. Hoffmann, C. Kreisel, O.H. Wieland
u, L. Weiss, 45

Lipopolypeptide, Isolierung, W. Stoffel u. P. Metz,
197

— Trennung, W.Stoffel, P.Metz u. R.Heller. 1319

Lipopolysaccharid (bakterielles), Histokompatibilitats-
2-Komplex, K. Yokoyama, J. Mashimo, N. Kasai,
T. Terao u. T. Osawa, 587

Lipoproteine, s. High-Density-Apolipoproteine, High-
Density-Lipoproteine, Very-Low-Density-Lipopro-
teine

Lipoprotein-Partikel, Partikeloberfliche, W. Stoffel u.
K. Preifiner, 68S

Lymphoblastoide Zellen (des Menschen), Lectin-Bin-
dungsstellen, L. G. Giirtler, B. Sramota u. H. Cleve,
1819

Lymphozyten, s.a. T-Lymphozyten

— (des Menschen), Lectin-Bindungsstellen, L. G. Giirt-
ler, B. Sramota u. H. Cleve, 1819

- —,L.G Girtler, S.M. Lefranc u. H. Cleve, 1829

Lymphozytenmembranen, Lipopolysaccharid-Bindungs-
stellen, K. Yokoyama, J. Mashimo, N. Kasai,
T. Terao u. T. Osawa, 587

Lymphozytentransformation, Choriogonadotropin,
W.E. Merz, W. Schmidt u. U. Lenhard, 1433

Lysin, s.a. Methyllysine, Pentalysin-Gel

Lysinreste, Apolipoprotein-All-Oberfliche, W. Stoffel
u. K. Preifiner, 691

-~ (reaktive), Modifikation, D. Cechova u. M. Hav-
ranovd, 1745

Lysolecithin, Komplex mit High-Density-Apolipopro-
tein, W. Stoffel, P. Metz u. R. Heller, 1319

Lysophospholipase (EC 3.1.1.5), Gehirn-Mikrosomen,
J. Gunawan, M. Vierbuchen u. H. Debuch, 971

Lysophospholipase D, s. Alkylglycerophosphoethanol-
amdn-Phosphodiesterase (EC 3.1.4.39)

Lysoplasmalogen, Gehirn-Mikrosomen, J. Gunawan,
M. Vierbuchen u. H. Debuch, 971

Lysoplasmalogenase, Gehirn-Mikrosomen, J. Gunawan,
M Vierbuchen u. H. Debuch, 971

Lysosomen, Zusammenhang mit Ostrogenwirkung?,
A H.Entenmann, F.F. Parl u. P.W. Jungblut,
1651

— Glycosidasen, E. Conzelmann u. K. Sandhofft,
1837

Lysozym-Derivate, als Substrate fur Sialyltransferasen,
R. Schauer, E. Moczar u. M. Wember, 1587

Magen, s. Kaumagen, Muskelmagen

ay-Makroglobulin, Affinitit zu Trypsin, A. Eddeland,
145

— Trasylol-Bindung des Trypsin-ay-Makroglobulin-
Komplexces, G. Balldin u. K. Ohlsson, 651

Makrophagen, Stoffwechselvergleich mit Makrophagen,
F.Hofmann u. K. Decker, 905

Malat, s. 2,3-Dimethylipfelsiure

Malat-Synthase (EC 4.1.3.2), Gurkensamen, W. Koller,
J. Frevert u. H. Kindl, 167

Mannosyltransferase, Pflanzen-Plasmamembran, U.F.
Klaus u. H. Kindl, 1517

Massenspektrometrische Sequenzanalyse, Polypeptid VII
von Cytochrom-c-Oxidase, G.C.M. Steffems, G.J.
Steffens, G. Buse, L. Witte u. H. Nau, 1633

Mastzellen, Ursprung des Kallikrein-Trypsin-Inhibitors,
H. Fritz, J. Kruck, I. Riisse u. H.G. Liebich, 437

Melanotropin, Modifikationen, C.B. Heward, Y.C.S.
Yang,J.F. Ormberg, M.E. Hadley u. V.J. Hruby,
1851

Membranen, s. Erythrozytenmembranen, Kernmem-
branen, Lymphozytenmembranen, Mitochondrien-
Membranen, Modellmembranen, Plasmamembranen,
Plasmamembran-Enzyme

Membranfusion, Lysophosphatidylcholin, W. Bach-
mann u. W. Reutter, 81

Membranphospholipide, Sphingomyelin, W. Bachmann
u. W. Reutter, 81

Membranproteine, Ribosomenbindung, T.H. Aulinskas
u. T. Scott Burden, 709

- Kontaktregion zu Lipiden, R. Sacher, G.J. Steffens
u. G. Buse, 1385

Membranvesikeln, Isolicrung, H.-C. Bauer, E. Ferber,
J.R. Golecki u. G. Brunner, 1343

Mesophile Bacillen, Lactat-Dehydrogenase, H.-P. Schiir
u. H. Zuber, 795

Methionin-Enkephalin, Aktivititsvergleich mit 8 %-Endor-
phin, B. Leipold u. D. Richter, 1453

Methioninpeptide, Polypeptid IV der Cytochrom-c-Oxi-
dase, R. Sacher, G.J. Steffens u. G. Buse, 1385

Methoxycarbonylthio-Gruppe, s. Bis(S-methoxycarbo-
nylthio)-B-Kette des Rinderinsulins

Methylgruppen, Histon-Turnover, K. Hempel, G. Tho-
mas, G. Roos, W, Stocker u. H-W. Lange, 869

Methylierung, Histon-Turnover, H. Hempel, G. Tho-
mas, G. Roos, W. Stocker u. H.-W. Lange, 869

— DNA, R. Baur, H. Wohlert u. H. Kréger, 1263

— Eukaryoten-DNA, H. Hashimoto, D. Simon,
F. Grunert u. H. Kroger, 1509



Bd. 360 (1979)

Stichwortregister

1973

Methyllysine, Histon-Turnover, K. Hempel, G. Tho-
mas, G. Roos, W. Stocker u. H.-W. Lange, 869

Mikrobieller Abbau, Papaverin, K. Haase-Aschoff u.
F. Lingens, 621

Mikro-Diskelektrophorese, Glucose-6-phosphat-Dehydro-
genase-Varianten, H.-H. Gustke u. V. Neuhoff,
605

Mikroelektrophorese, Glycoproteinbestimmung, J. D.
Lane, H.-G. Zimmer u. V. Neuhoff, 1405

Mikroheterogenitit, s.a. Heterogenitit

— Formamidase, U. Menge, 185

Mikrosomen, myelinisierendes Gehirn, J. Gunawan,
M. Vierbuchen u. H. Debuch, 971

— Lipidenzyme, M. Vierbuchen, J. Gunawan u.
H. Debuch, 1091

— Lipid-Pharmaka-Wechselwirkung, 1. Schuster, C.
C. Fleschurz u. H. Edlauer, 1393

— Metaboliten carcinogener Kohlenwasserstoffe,
J. Jacob, G. Grimmer u. A. Schmoldt, 1525

Milch (der Ziege), g-Lactoglobulin, G. Préaux, G.Brau-
nitzer, B. Schrank u. A. Stangl, 1595

Minigastrin, Berichtigung von Struktur u. Synthese,
R.A. Gregory, H.J. Tracy, L. Harris, M. J.
Runswick, S. Moore, C.W. Kenner u. R. Ra-
mage, 73

Mitochondrien, Pyruvat(Glyoxylat)-Aminotransferase,
T. Noguchi, Y. Takada u. Y. Oota, 919

Mitochondrien-Membranen, Lectin-Bindungsstellen,
L.G. Giirtler, S.M. Lefranc u. H. Cleve, 1829

Mitogenicitdt, Vicia-sativa-Lectin, G. Gebauer,
E. Schiltz, A. Schimpl u. H. Ridiger, 1727

Modellmembranen, Lipid-Pharmaka-Wechselwirkung,
I. Schuster, C. Fleschurz u. H. Edlauer, 1393

Modifizierung, Gallenfarbstoff-Chromophore, W. Ku-
fer u. H. Scheer, 935

Monooxygenasen, carcinogene Kohlenwasserstofte,
J. Jacob, G. Grimmer u. A. Schmoldt, 1525

Morphin, Aktivitdtsvergleich mit 60-Endorphin. B.Lei-
pold u. D. Richter, 1453

Muskelmagen (des Huhnes), neues Phospholipid, M. Di-
mitrijevié¢, B. Grujié-Injac u. S. Laj¥ié, 477

Muskeln, s. Muskelmagen, Skelettmuskel

Myelinisierung, Lysoplasmalogen-Stoffwechsel, J. Gu-
nawan, M. Vierbuchen u. H. Debuch, 971

Myelomproteine, Antikorperstrukturregel, R. Scholz,
C. Yang u. N.Hilschmann, 1903

~ —,C.Yang, H.Kratzin, H.G6tz u. N.Hilsch-
mann, 1919

Mpyxine glutinosa (Inger), Himoglobin, G. Liljeqvist,
G. Braunitzer u. S. Paléus, 125

NAD(P)H-Dehydrogenase, Benzylidenmalononitril
reduzierend, K.-H. Ueberschir, S. Kille, G. Laule,
P. Maurer u. K. Wallenfels, 1409

Nihrstoffkombination, verzweigtkettige Aminosiuren,
H.Zimmermann-Telschow u. H. Miiller-
Wecker, 429

Natriumchlorid, Ribonuclcoprotein-Partikel, W. Northe-
mann, H. Seifert u. P.C. Heinrich, 877

Nebenniere, Regulation von Steroid-Oxodoreduktasen,
E.R. Lax,R. Ghraf, H. Schriefers u. K.-H. Voigt,
137

Neopterin, maligne Tumoren, H. Wachter, A. Hausen
u. K. Grassmayr, 1957

Neuraminidase (EC 3.2.1.18). Ethylketoside der 5-V-
Acetyl-D-ncuraminsiure, V. Eschenfelder u.

R. Brossmer, 1253

— aus Trichomonas fetus, M. Crampen, H.v. Nicolai
u. F. Zilliken, 1703

Neuraminsiuren, s. N-Acetyl-D-neuraminsiure

Neurosekretorische Hormone, Crustaceen, M. Christen-
sen,J. Carlsen u. L. Josefsson, 1051

Neurospora crassa, saure Proteinase, K. Kachn, M. Morr
u. M.-R. Kula, 791

Nicotinamid-adenin-dinucleotid, Adenosindiphosphat-
ribose-Spicgel, K. Wielckens, W. Sachsenmaier u.
H. Hilz, 39

Nicotinsiure-Stoffwechsel, 2,3-Dimethylmalat-Lyase,

P. Pirzer, U. Lill u. H. Eggerer, 1693

Niere (der Ratte), Gluconeogenese, N. Katz, A. Brink-
mann u. K. Jungermann, S1

— (der Ratte), Steroid-Oxidoreduktasen, E.R. Lax,

R. Ghraf, H. Schriefers u. K.-H. Voigt, 137

— (des Schweines), Peptidasen, O. Norén, H. Sj6-
strom, E.M. Danielsen, M. Staun, L. Jeppesen
u. B. Svensson, 151

— (der Ratte), myo-Inosit-Oxygenase, F. Koller u.

O. Hoffmann-Ostenhof, 507

— (der Katze). Lysin-Mcthylierung, H. Hempel,

G. Thomas, G. Roos, W. Stocker u. H-W. Lange.
869

A1-(2-Nitro-4-trimethylammoniophenyl)insulin, Rezep-
torbindung, M. Lesniak, J. Glicmann, J. Roth,
B.R.D. Easter, D.A. Sutton u. S.E. Drewes, 467

A14-(2-Nitro-4-trimethylammoniophenyl)insulin, Dar-
stellung, Kristallisation, B.R.D. Easter u. S.E. Dre-
wes, 1335

NMR, s. Kernmagnetische Resonanz

Norleucin, s. Diazoacetyl-DL-norleucin-methylester,

Nucleare Proteine, Adenosindiphosphat-ribose, K. Wiel-
ckens, W. Sachsenmaier u. H. Hilz, 39

Nucleolen, Rinder-Schilddriise, R. Voets, A. Lagrou,
H. Hilderson, G. Van Dessel u. W. Dierick, 1271

5'-Nucleotidase (EC 3.1.3.5), rcgenerierende Leber,
W. Bachmann u. W. Reutter, 81

— ADP-Ribose-Protein-Konjugate, R. Bredehorst,

M. Goebel, F. Renzi, M. Kittler, K. Klapproth
u. H. Hilz, 1737

Nucleotide, s. Guanin-Nucleotide, Oligonucleotide,

Uracil-Nucleotide
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Nucleotidgehalt, verschiedenc Zellarten, F. Hofmann
u. K. Decker, 905

Ostradiol-178. s.a. 2-Hydroxy®dstradiol-17-hemisuccinat

— Feminisierung ménnlicher Tiere, E.R. Lax, E. Kreuz-

felder u. H. Schriefers, 1807

Ostrogene, s.a. Katecholdstrogene
125I-markiertc, D.Berg, W. Huber u. E. Kuss,
1685

Ostrogenwirkung, Lysosomenpopulation, A.H. Enten-
mann, F.F. Parl u. P.W. Jungblut, 1651

Oligonucleotide, Wechselwirkung mit Oligopeptiden,
H.Schott u. H. Eckstein, 1689

Oligopeptide, Wechselwirkung mit Oligonucleotiden,
H.Schott u. H. Eckstein, 1689

Opiataktivitit, § %-Endorphin, B. Leipold u. D. Rich-
ter, 1453

Opiate, Rezeptor-Liganden, V. Brantl, H. Teschema-
cher, A. Henschen u. F. Lottspeich, 1211

Opioid-Peptide, Pronase-resistente, V. Brantl, H. Te-

schemacher, A. Henschen u. F. Lottspeich, 1211

— —, A.Henschen, F. Lottspeich, V. Brantl u.
H. Teschemacher, 1217

Organspezifitit, Sa-Dihydrotestosteron-Hydroxylierung,
U.Lemm u. M. Wenzel, 35

Organverteilung, ATP-Citrat-(pro-35)-Lyase, G.E. Hoff-
mann, J. Schiessl u. L. Weiss, 1445

Ornithin, Arginasc-Aktivitit, S. Bedino u. G. Testore,
1713

Orotsiure-Aufnahme, Teilhcpatektomic, T. Yngner,
E.Carlberg, L. Lewan u. C. Engelbrecht, 1069

Oxidationsgrad, Glutathion, H. Heinle, 1113

Oxidoreduktasen, s. Stcroid-Oxidoreduktasen

Pankreas, Proteinase-Inhibitoren, D. éechov:i u.
B. Mcloun, 1497

Pankreassaft, Kallikrein-Isolierung, M. Amouric u.
C.Figarella, 457

Papaverin, mikrobicller Abbau, K. Haase-Aschoff u.
F.Lingens, 621 )

Pentalysin-Gel, Oligopeptid-Oligonucleotid-Wechselwir-
kungen, H. Schott u. H. Eckstein, 1689

Pepstatin, Hemmung der sauren Proteinase, K. Kaehn,
M. Morr u. M.-R. Kula, 791

Peptidasen, s.a. Dipeptidyl-Peptidase IV

— Diinndarm u. Niere, O. Norén, H. Sjostrom,
E.M. Daniclsen, M. Staun, L. Jeppesen u.
B. Svensson, 151

Peptide, s.a. Argininpeptide, Bromcyanpeptide, Cortico-
tropin-Analoga, Lipopolypeptide, Mcthioninpeptide,
Oligopeptide, Phosphopeptide, Priipeptide, Rotes
Pigment konzentricrendes Hormon, Tryptische Pep-
tide, Tryptophanpeptide, Tyrosin-O-sulfat-haltige
Peptide, Wachstumshormon

— Himoglobin CTT-X, R. Lalthantluanga u. G. Brau-
nitzer, 99

— Schlangengift-Protein SpCq, F.J. Joubert u. N. Tal-
jaard, 571

— Schlangengift-Protein-Untereinheiten von CgS, und
CgS3, F.J. Joubert u. C.C. Viljoen, 1075

— Polypeptidketten eines Spinnen-Hamocyanins,
J.Markl, W. Strych, W. Schartau, H.-J. Schnei-
der,P.Schoberl u.B. Linzen, 639

— Serin-Carboxypeptidase-Inhibitor, M. Herndndez-
Jodra u. C. Gancedo, 913

— opiatartige Wirkung, V. Brantl, H. Teschemacher,
A.Henschen u.F. Lottspeich, 1211

— —, A.Henschen, F. Lottspeich, V. Brantl u.
H. Teschemacher, 1217

Peptidreinigung, Proinsulin-Partialsynthese, H. Berndt,
765

Peptid-Rezeptor, Melanotropin, C.B. Heward, Y.C.C.
Yang,J.F.Ormberg, M.E. Hadley u. V.J. Hruby,
1851

Peptidsynthese, Corticotropin-Analoga, M. Low, L. Kis-
faludy u.M. Sarkozi, 1

— Minigastrin, R.A. Gregory, H.J. Tracy, [. Harris,
M.J. Runswick, S. Moore, C.W. Kenner u. R, Ra-
mage, 73

— Proinsulin, H. Berndt, 747

— —, N.A.Sasaki, 761

— —, H. Berndt, 765

- Tyrosin-O-sulfat-haltige Peptide, L. Moroder, L. Wil-
schowitz, E. Jaeger, S. Knof, P. Thamm u.
E. Wiinsch, 787

— Insulin-A-Kette des Schafes, H.-G. Gielen, G. Wolf,
H. Berndt u. H. Zahn, 1535

— Insulin-A-Kette des Rindes, G. Wolf, H. Berndt u.
D. Brandenburg, 1549

- C-terminales Dekapeptid von Rinder-Insulin-B-Kette,
B. Hemmasi, W. Woiwode u. E. Bayer, 1775

Periplaneta americana, (= Schabe), Pheromon-Ausschei-
dung, P.C.J. Brunet u.J. Karlsson, 451

Peroxide, s. KaliumtetraperoxocKromat, Wasserstoff-
peroxid

Peroxysomen, Pyruvat (Glyoxylat)-Aminotransferase,
T.Noguchi, Y. Takada u. Y. Oota, 919

Phage PM2, physikalische DNA-Karte, R.E. Streeck u.
C.Gebhardt, 529

Pharmaka, Wechselwirkung mit mikrosomalen Lipiden,
1. Schuster, C. Fleschurz u. H. Edlauer, 1393

Pharmakologische Wirkung, Phospholipid, M. Dimitri-
jevié, B. Gruji¢-Injac u.S. Lajsi¢, 477

Phenylalanin-Stoffwechsel, Chloridazon-abbauende Bak-
terien, R. Buck, J. Eberspidcher u. F. Lingens,
957

Phenylthiohydantoin-Derivate, s. 4-[4-(Dimethylamino)-
phenylazo Jphenylthiohydantoin-Derivate

Pheromone, Sulfatase-Aktivitiit, P.C.J. Brunet u.
J. Karlsson, 451
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Phosphatakzeptorgruppe, Pyruvat-Kinase-Isoenzym Typ
M,,.H. Brunn,E. Eigenbrodt u. W. Schoner,
1357

Phosphatidylcholin-Komplex, High-Density-Lipoprotein,
W. Stoffel u. K. Preifiner, 685 u. 691

Phosphat-Protein-Wechselwirkung, Hohenatmung,

G. Braunitzer, B. Schrank, A. Stangl u. H. Wies-

ner, 1941
Phosphoenolpyruvat-Carboxykinase (GTP) (EC 4.1.1.32),

Teilhepatektomie, N. Katz, A. Brinkmann u.

K. Jungermann, Sl
Phospholipase C (EC 3.1.4.3), Gehirnmikrosomen,

M. Vierbuchen, J. Gunawan u. H. Debuch, 1091
Phospholipide, s.a. Membranphospholipide
— Quervernetzung, W. Stoffel u. P. Metz, 197
—~ Synthese, M. Dimitrijevi¢, B.Gruji¢-Injac u.

S. Lajsié, 477
— Wechselwirkung mit Pharmaka, I. Schuster, C. Fle-

schurz u. H. Edlauer, 1393
(13CjPhospholipide, High-Density-Lipoprotein-Anreiche-

rung, W. Stoffel, K. Salm u. B. Tunggal, 523
Phosphopeptide, aus Pyruvat-Kinase-Isoenzym Typ M,

H. Brunn, E. Eigenbrodt u. W. Schoner, 1357
Phosphorylierung, (oxidative), Trinengas-Reduktion,

K.-H. Ueberschir, S. Kille, G. Laule, P. Maurer

u. K. Wallenfels, 1409
Photoaffinititsmarkierung, [3H JChloramphenicol-Analo-

ga.J.B. Hansen, P.E. Nielsen, V. Leick u.

O. Buchardt, 721
Photoaktivierung, Quervernetzungsreaktion, W. Stoffel

u. P.Metz, 197
- Azidolysolecithin-High-Density-Apolipoprotein-

Komplexe, W. Stoffel, P. Metz u. R. Heller, 1319
pH-Werte, Colchicin-Struktur, T. Wilczok, E. Buszman,

A.Sulkowska u. B. Lubas, 59
Phycobiliproteine, chemisch modifizierte Chromophore,

W. Kufer u. H. Scheer, 935
Phylogenie, s.a. Evolution
— Himoglobine, G. Buse, G.J. Steffens, G. Brau-

nitzer u. W. Steer, 89
Physarum polycephalum, (= Schleimpilz), Protein-gebun-

dene Mono(adenosindiphosphat-ribose)-Spiegel,

K. Wielckens, W. Sachsenmaier u. H. Hilz, 39
Pigment, s. Rotes Pigment konzentrierendes Hormon
Pisum sativum, (= Erbse). mit Lectinen assoziierte Pro-

teine, R. Gansera, H. Schurz u. H. Riidiger, 1579
Placenta, (des Menschen), Endoglucuronidase, U. Klein

u. K. v. Figura, 1465
Plasma, s. Samenplasma
Plasmamembranen, Anreicherung, H.-C. Bauer, E. Fer-

ber,J.R. Golecki u.G. Brunner, 1343
— Pflanzen, U.F. Klaus u. H. Kindl, 1517
— Lectin-Bindungsstellen, L.G. Giirtler, B. Sramota

u. H.Cleve, 1819
Plasmamembran-Enzyme, 5'-Nucleotidase, W. Bach-

mann u. W. Reutter, 81

Plasmazelltumoren, Proteinbiosynthese-Initiation, B. Em-
merich, V. Erben, C. Weller, H. Schuster,
R.Preis u.J. Rastetter, 1099

Plasmin (EC 3.4.21.7), partieller Abbau des Inter-a-Tryp-
sin-Inhibitors, T. Dietl, W. Dobrinski u. K. Hoch-
strafer, 1313

Plastocyanine, Cytochrom-c-Oxidase-Untereinheit II,
G.J.Steffens u. G. Buse, 613

Polyamine, Himagglutinationshemmung, M. Vuento,
1327

— Arginase-Aktivitit, S. Bedino u. G. Testore,

1713

Polycyclische Kohlenwasserstoffe, s. Kohlenwasserstoffe
(polycyclische, aromatische)

Polyethylenglycol, Peptidsynthese, B. Hemmasi,
W.Woiwode u. E. Bayer, 1775

Polymorphismus, Invertebraten-Himoglobin,

H. Aschauer, Z.H. Zaidi u. E. Braunitzer, 1513

Polypeptid IV, Cytochrom-~-Oxidase, R.Sacher,G. Bu-
se u.G.J. Steffens, 1377

— Aminosduresequenz, R. Sacher, G.J. Steffens u.
G. Buse, 1385

Polypeptide, s. Peptide

Posttranslationale Modifikation, endogene ADP-Ribose-
Transferase, R. Bredehorst, M. Goebel, F. Renzi,
M.Kittler K Klapproth u. H. Hilz, 1737

Primirstruktur, s.a. Aminosduresequenz, Disulfidbriicken

— Polypeptid VII von Cytochrom--Oxidase, G.C.M.
Steffens. G.J.Steffens, G. Buse, L. Witte u.
H.Nau 1633

Produkthemmung, Arginase, S. Bedino u. G. Testore,
1713

Proinsulin, (des Menschen), Partialsynthese, H. Berndt,
7417

- —, N.A. Sasaki, 761

— —, H.Berndt, 765

— (des Rindes), Semisynthese eines Des-(1-21)-Prapro-
insulin-Derivates, V.K. Naithani, E.E. Biillesbach
u. H. Zahn, 1363

Proliferation, T-Lymphozyten-Chalon, R. Maschler u.
H.R. Maurer, 735

Pronase-Resistenz, Opioid-Peptide, V. Brantl, H. Te-
schemacher, A. Henschen u. F. Lottspeich,

1211
— —, A.Henschen,F. Lottspeich, V. Brantl u.

H. Teschemacher, 1217

Prostaglandin-Synthese, Thrombozyten, P. Worner,
H. Patscheke u. W. Paschen, 559

Prostata, RNA-Turnover, H.-G. Dahnke, K. Koglin u.
K.-O. Mosebach, 543

Proteasen, s. Proteinasen

Proteinase, s.a. Staphylococcus-aureus-Protease

— Kaninchen-Blastozysten, H.-W. Denker u. H. Fritz,
107

— (saure), verschiedene Inhibitoren, K. Kaehn,
M. Morr u. M.-R. Kula, 791
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Proteinase-Inhibitoren, s.a. aj-Antitrypsin, Chymotryp-
sin-Inhibitor, Elastase-Inhibitor, Inter-a-Trypsin-In-
hibitor, Isoinhibitoren, Kallikrein-Inhibitor, Kallikrein-
Trypsin-Inaktivator, Trasylol, Trypsin-Inhibitoren

— Struktur-Aktivitits-Beziehungen, T. Dietl, C. Hu-
ber, R. Geiger,S. Iwanaga u. H. Fritz, 67

— Serin-Carboxypeptidase-Hemmung, M. Herndndez-
Jodra u.C.Gancedo, 913

— Unterschiedlich starke Verinderungen wihrend der
Evolution, D. Cechova u. B. Meloun, 1497

— Komplex mit Proteinase, D. Cechova u. M. Havra-
novd, 1745

— Spezifitit, D. Cechovd, V. Jondkov4, E. Sedlé-
kovd u. O. Mach, 1753

— —,D.Cechova, V.Jondkova, M. Havranova,

E. Sedlakova u. O.Mach, 1759

— Serum von Mensch u. Schwein, B.R. Westrom, 1861

— Serum vom Schwein, B.R. Westrom, 1869

Proteinbestimmung, neue Mikromethode, V. Neuhoff,
K. Philipp, H-G. Zimmer u. S. Mesecke, 1657

— Fleck-Fluorometer, H.-G. Zimmer, F. Kiehl u.
V.Neuhoff, 1671

Proteinbiosynthese, Lysin-Methylierung, K. Hempel,
G.Thomas, G. Roos, W. Stocker u. H.-W. Lange,
869

— Initiations-Inhibitoren, B. Emmerich, V. Erben,

C. Weller, H. Schuster, R. Prei u.J. Rastetter,
1099

Protein CgS;. Aminosiuresequenz der Untereinheiten,
F.J.Joubert u. C.C. Viljoen, 1075

Protein CgS 3, Aminosiuresequenz der Untereinheiten,
F.J.Joubert u. C.C. Viljoen, 1075

Proteine, s.a. (ADP-Ribose)-Proteinkonjugate, Aktivator-
protein, Band-3-Protein, Bence-Jones-Proteine, Bili-
proteine, krebsspezifisches Protein, Kupferproteine,
Lipid-Protein-Wechselwirkung, Membranproteine,
Myelomproteine, nucleare Proteine, Phosphat-Protein-
Wechselwirkung, Samenproteine, Serumproteine

— H2-Locus des Histokompatibilitits-2-Komplexes,
K.Yokoyama,J. Mashimo, N. Kasai, T. Terao
u. T. Osawa, 587

~ Protein-Chromophor-Wechselwirkung, W. Kufer u.
H.Scheer, 935

— Cholesterin-Wechselwirkung, E. Klappauf u.
D.Schubert, 1225

— Lectinbindung, R. Gansera, H. Schurz u. H. Ri-
diger, 1579

— —, G.Gebauer, E. Schiltz, A. Schimpl u. H. Rii
diger, 1727

Protein-Kinase (EC 2.7.1.37), katalytische Untereinhei-
ten, D. Kiibler, M. Gagelmann, W. Pyerin u.
V.Kinzel, 1421

Protein-Modifikation, Carbamoylierung, D. Cechovi u.
M.Havranova, 1745

Proteinreagenz, Bromacetimidate, J. Diopoh u. M. Olo-
mucki, 1257

Protein S,C4, Aminosiuresequenz, F.J. Joubert u.
N. Taljaard, 571

Proteinsynthese, Proinsulin-Partialsynthese, H. Berndt,
747

- —, N.A. Sasaki, 761

Protein-Untereinheiten, Himocyanine, H. Decker,
J. Markl, R. Loewe u. B. Linzen, 1505

Proteinzusammensetzung, Very-Low-Density-Lipopro-
teinc, E. Polz, G.M. Kostner u. A. Holasek, 1061

Proteolyse. Resistenz gegen Proteolyse, M. Sajgo,
M.Low u. L. Kisfaludy, 9

— begrenzte des Inter-o-Trypsin-Inhibitors, T. Dietl,
W. Dobrinski u. K. Hochstrafler, 1313

Psammechinus miliaris, (= Seeigel), DNA-Methylierung,
R. Baur, H. Wohlert u. H. Kroger, 1263

Pyruvat-Dehydrogenase (Lipoat) (EC 1.2.4.1), Aktivitit
in Fettgewebe und Leber, G.E. Hoffmann, C. Krei-
sel, O.H. Wieland u. L. Weiss, 45

Pyruvat (Glyoxylat)-Aminotransferase, Lokalisation,
T.Noguchi, Y. Takada u. Y. Oota, 919

Pyruvat-Kinase (EC 2.7.1.40), Helix pomatia, W. Wie-
ser u. E. Wright, 533

— Isoenzym Typ M,,E. Eigenbrodt u. W. Schoner,
1243

— Phosphopeptide aus Isoenzym Typ M5, H. Brunn,
E.Eigenbrodt u. W. Schoner, 1357

Quervernetzung, s.a. bifunktionelle Quervernetzung

— Phospholipide, W. Stoffel u. P. Metz, 197

— Acetylcholinesterase-Untereinheiten, C.R. ROmer-
Lithi, J.Hajdu u. U. Brodbeck, 929

— Ethyl-bromacetimidat, J. Diopoh u. M. Olomucki,
1257

— Lysolecithin u. Apolipoproteine, W. Stoffel,
P.Metz u. R. Heller, 1319

— Rinder-Insulin-A-Ketten-Analogon, G. Wolf,
H. Berndt u. D. Brandenburg, 1549

- —,G.Wolf,H. Berndt u. D. Brandenburg, 1569

Radioimmuntest, Katecholostrogene, D. Berg u.
E. Kuss, 1683
— —, D.Berg, W.Huber u. E. Kuss, 1685
Reaktionsenthalpie, Lactat-Dehydrogenase, F.X.
Schmid u. H.-J. Hinz, 1501
Redoxpotential-Konformations-Wechselbeziehung, Phy-
cobiliproteine, W. Kufer u. H. Scheer, 935
Relaxationszeiten, s. Spin-Gitter-Relaxationszeitmessun-
gen, W. Stoffel, K. Salm u. W. Tunggal, 523
Respiration, s.a. Hohenatmung
- Sauerstoff-Affinitit des Blutes, G. Braunitzer, 1237
— Himocyanine, H. Decker, J. Markl, R. Loewe u.
B.Linzen, 1505
Restriktionsendonucleasen, s. Endodesoxyribonucleasen
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Reticulozyten, Proteinbiosynthesc-Initiation, B.Emme-
rich, V. Erben,C. Weller, H. Schuster, R. Preis
u.J. Rastetter, 1099

Rezeptoren, s.a. Peptid-Rezeptor

- Lectine, L.G. Giirtler, D. Agyare Yeboa u. H. Cle-
ve. 421
Insulinderivat, M. Lesniak, J. Gliemann, J. Roth,
B.R.D. Easter, D.A. Sutton u.S.E. Drewes, 467
~ Opiate, V. Brantl, H. Teschemacher, A. Hen-
schen u. F. Lottspeich, 1211

— -, B.Leipold u. D.Richter, 1453

— Lectine, L.G. Girtler, B. Sramota u. H. Cleve,
1819

- . L.G.Giirtler,S.M. Lefranc u. H.Cleve, 1829

Rhodotorula glutinis, (eine Hefe). Carboxypeptidase,
M.Herndndez-Jodra u. Cancedo. 581

~ Serin-Carboxypeptidase, M. Hernindez-Jodra u.
C.Gancedo, 913

Ribonuclease (EC 3.1.27.5), heterobifunktionelles Quer-
vernetzungs-Reagenz, J. Diopoh u. M. Olomucki,
1257

Ribonucleinsdure, Heterodisperse nucleare Ribonuclein-
siure (= hnRNA), Calliphora-Epidermiszellen,

E. Shaaya, 445

(hnRNA), Prostata, H.-G. Dahnke, K. Koglin u.
K.-O. Mosebach, 543

(hnRNA), Ribonucleoprotein-Partikel, W. Northe-
mann, H. Seifert u. P.C. Heinrich, 877

— niedermolekulare nucleare RNA (= snRNA), Ribo-
nucleoprotein-Partikel, W. Northemann, H. Sei-
fert u.P.C. Heinrich, 877

Ribonucleinsdure-Bindungsstellen, PM2-Phagen-DNA,
R.E.Streek u.C.Gebhardt, 529

Ribonucleinsiure-Biosynthese, Teilhepatektomie,

T. Yngner, E. Carlberg, L. Lewan u. C. Engel-
brecht, 1069

Regulierung in der Schilddriise, R. Voets, A. Lagrou,
H.Hilderson, G. VanDessel, u. W. Dierick, 1271

Ribonucleoprotein-Partikel, NaCl-Behandlung,

W. Northemann, H. Seifert u. P.C. Heinrich, 877

Ribosomen, Membran-Wechselwirkung, T.H. Auliuskas
u. T.Scott Burden, 709
Chloramphenicol-Bindung, J.B. Hansen, P.E. Niel-
sen, V. Leick u. O. Buchardt, 721

Ringdriise, Calliphora erythrocephala, E. Shaaya, 445

RNA-Nucleotidyltransferase (EC 2.7.7.6), Bindungsstel-
len, R.E. Streeck u.C. Gebhardt, 529

- Rinderschilddriise, R. Voets, A. Lagrou, H. Hilder-
son,G. Van Dessel u. W. Dierick, 1271

RNA-Polymerase. s. RNA-Nucleotidyltransferase

Rontgenbeugung, Kristalle des halbsynthetischen Schaf-
insulins, S.M. Cutfield, G.G. Dodson, E. Schwert-
ner u. H. Zahn, 783

Rotes Pigment konzentrierendes Hormon, Struktur-Funk-
tions-Untersuchungen, M. Christensen, J. Carlsen
u. L. Josefsson, 1051

Saccharomyces cerevisiae, 3-Hydroxykynureninase,
H.-H. Schott u. U. Krause, 481

Saure-Basen-Status, Teilhepatektomie, N. Katz,
A. Brinkmann u. K. Jungermann, §1

Samenplasma, Proteinase-Inhibitoren, D. Cechovi u.
B. Meloun, 1497

- (des Bullen). Akrosin-Isoinhibitoren, D. Cechova,
V.Jonakova, M. Havranova, E. Sedlakova u.
0. Mach, 1759

Samenproteine, [solierung, D. Cechovd, V. Jondkova,
I. Sedldkovd u. O. Mach, 1753

Sauerstoff, hochreaktive Formen, P. Wérner, H. Pat-
scheke u. W. Paschen, 559

Sauerstoff Affinitit. foetales Himoglobin, G. Braunit-
zer, 1237

Sauerstoffbindung, Himocyanine, H. Decker, J. Markl,
R.Loewe u.B. Linzen, 1505

Schilddriise, Regulation von Steroid-Oxidoreduktasen,
E.R.Lax, R. Ghrat, H. Schriefers u. K.-H. Voigt,
137

Schlangengift, Protein S7C4. F.J. Joubert u. N. Tal-
jaard, 571

— Proteine CgS, und CgS3, F.J. Joubert u. C.C.
Viljoen, 1075

Schmeiffliege. s. Calliphora erythrocephala, Calliphora
vicina

Seeigel, s. Psammechinus miliaris

Sekret-Komponente, (freie), Reinigung u. Charakterisie-
rung, D. Klingmiller u. N. Hilschmann, 1895

Selbstassoziation, Bande-3-Protein, H.-J. Dorst u.
D.Schubert, 1605

Sequenator, neue Chemikalien. G. Frank. 997

Sequenzanalyse, s. Aminosiuresequenz

Sequenzhomologie, Kallikrein, Trypsin. F. Lottspeich,
R. Geiger, A. Henschen u. C. Kutzbach, 1947

Sequenzstrategie, Cytochrom--Oxidase-Polypeptid 1V,
R.Sacher, G. Buse u. G.J. Steffens, 1377

Serin-Carboxypeptidase (EC 3.4.16.1), Rhodotorula
glutinis, M. Hernandez-Jodra u. C. Gancedo, 913

Serin-Hydrolase, (= mit Ser im akt. Zentr.), Formyl-
amidase. U. Menge 185

Serin-Protease. (= mit Ser im akt. Zentr.), menschliches
Harn-Kallikrein, FF. Lottspeich. R. Geiger, A. Hen-
schen u. C. Kutzbach, 1947

Serinrest, Phosphatbindung, H. Brunn, E. Ligenbrodt
u. W. Schoner, 1357

Serum, (von Mensch u. Schwein), Proteinase-Inhibitoren,
B.R. Westrom, 1861

— (vom Schwein), Proteinase-Inhibitoren, B.R. West-
rom. 1869

Serumproteine, krebsspezifische, C. Schroder, D. Wein-
blum, R.K. Zahn u. K. Dose, 473

Sexualspezifitit, Sa-Dihydrotestosteron-Hydroxylierung,
U.Lemm u. M. Wenzel, 35

- Steroidstoffwechsel, E.R. Lax, E. Kreuztelder u.

H. Schriefers, 1799; 1807
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Sialyltransferasen. Spezifitit. R. Schauer. . Moczar u.
M. Wember, 1587

Sinusoidalzellen, Stoffwechselvergleich mit Makropha-
gen, FoHofmann u. K. Decker. 905

Skelettmuskel. Aktin-Vergleich mit Kaumagen.
K.Zechel 777

Sphingolipide, Abbau, . Conzelmann u. K. Sand-
hoft, 1837

Spin-Gitter-Relaxationszeitmessungen, High-Density-
Lipoproteine, W. Stoffel. K. Salm u. B. Tunggal.
523

Spinnen, s. Eurypelna californicum

Staphylococcus-aureus-Protease. Kollugen-Typ-111-Partial-
sequenz, P.P. Fietzek. H. Allmann,J. Rauterberg,
W. Henkel, . Wachter u. K. Kiithn, 809

~ . H.Dewes. P.P. Fictzcek u. K. Kiithn, 821
. H.Bentz, P.P.Fietzek u. K. Kiithn. 833

- ~, H.Lang, R.W.Glanville, P.P. Fictzek u.
K. Kiihn, 841

-~ -, H.Dewes,P.P. Fietzek u. K. Kithn, 851
-+ H. Allmann, P.P. Fictzck. R.W. Glanville u.
K. Kiihn, 861

Steroide, s. 3a-Hydroxysteroid-Dehydrogenase, g-Hy-
droxysteroid-Dehydrogenase
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Stichworter und Nebenstichworter fiir das Jahresregister.

Eventuelle Danksagungen sind an den Schlufs des Manuskriptes

zu stellen.

Literaturzitate im Text sind fortlaufend zu numerieren (nicht

alphabetisch) und am Schluf des Manuskripts zu bringen. Die

in Chemical/Biological Abstracts iiblichen Zeitschriftenab-

kiirzungen sind zu verwenden. Zur Anordnung s. IUB Com-

mission of Editors of Biochemical Journals (1973) Eur. J.

Biochem. 37, 201-202;(1974) diese Z. 355, 1-3.

Beispiel: Spackman, D.H., Stein, W.H. & Moore. S. (1958)

Anal. Chem. 30, 1190—1206.

Zeichnungen sollen einmal in reproduzierbarer Form mit

schwarzer Tusche gezeichnet eingereicht werden; Zahlen,

gemessene Grofien, Einheiten und sonstige Beschriftungen

sind jedoch nur leicht mit weichem Bleistift einzutragen.

Die Abbildungen sollen so grof3 sein, daf sie auf 1/2 oder 1/3
verkleinert werden konnen. Deutlich beschriftete Kopien fir

die Referenten sind beizufiigen.

Alle Tabellen und Abbildungen sind mit Legenden zu verse-
hen, so daf die Ergebnisse auch ohne Zuhilfenahme des Tex-
tes ersichtlich werden. Es wird gebeten, die Legenden nicht zu
unterstreichen und die Abbildungslegenden nicht auf die Ab-
bildungen selbst, sondern auf ein eigenes Blatt zu schreiben.
Symbole fiir die am hiufigsten vorkommenden Grofen und
ihre Einheiten sind in Tab. 1 zusammengestellt. Wir bitten
streng zu unterscheiden, ob bei Ansitzen molare Konzentra-
tionen (mol// = M;z.B. 0.25M) oder zugesetzte Mengen

(z. B. in mol, mmol, umol oder nmol) gemeint sind.
Hinsichtlich der Nomenklatur richte man sich nach der
IUPAC-Nomenklatur sowie nach den Empfehlungen der
“IUPAC-IUB Commission on Biochemical Nomenclature”:
Kohlenhydrate, Eur. J. Biochem. 21,455-477 (1971); 25,

4 (1972); a-Aminosiuren, Eur. J. Biochem. 53, 114 (1975);

Tab. 1. Symbole tir Grofen und ihre Einheiten

Grofe Einheit?

1 Linge m, mm, gm, nm, ctc.

vV Volumen m3, 1 (dm3), m/, etc.

A Wellenlinge nm (nicht mu oder A)

t Zeit h, min, s, ms, us, ctc.

v Frequenz Hz

m Masse kg, g, mg, ug, ctc.

» Dichte glem

s Sedimentations- S=10-135
koeffizient

n Substanzmenge mol, mmol, etc.

M molare Masse (m/n) g/mol

- Masse eines Molckiils Daltonb

M Molekulargewicht (dimensionslos)

cp. IB] molare Konzentration M. mM, uM, etc.
ciner Substanz B (besser als 10—3 M, etc.)
Temperatur (absolut) K (nicht °K)

rno Temperatur °C

q. Q Wirmemenge J (besser als cal)¢

! Tonenstirke M (mol/l), mM, etc.

K Gleichgewichtskonstante

K Michacliskonstante

K; Inhibitorkonstante

k Geschwindigkeits-
konstante

v Reaktionsgeschwindig- mol/s (oder mmol,
keit wumol oder nmol/s,

etc.). besser als
umol/min

4 Geschwindigkeit der enzym-

(nicht Vax)  katalysierten Reaktion bei
unendlich grofier Substrat-
konzentration

! Lichtintensitiit cd

T Durchlissigkeit (7/7g) (dimensionslos)

A Absorptiond (- Ig ) (dimensionslos)

¢ molarer Extinktions- M—1 xcm=!
koeffizient

2 Priifixc fiir Einhciten: T, Tera (1012); G, Giga (109): M, Mcga (106),
k, Kilo (103); m, Milli (10—3); u, Mikro (10—6); n, Nano (10~9); p,
Piko (10— 12); £, Femto (10~ 15); a, Atto (10—18),

b Das Dalton st 1/12 der Masse cines Atoms des Nuklids 12C.

¢ Das Joule ist die SI-Einhcit der Energic. Die Kalorie (1 cal = 4.184 J;
1 J =0.239 cal) ist fir eine Ubergangszeit noch zugelassen; in jedem
Fall sollten aber dic Angaben auch in Joule ausgedriickt werden.

d Die Ausdriicke optische Dichte, Extinktion oder Absorbancy

sollen nicht mehr verwendcet werden.



Cyclite, diese Z. 350, 523-535 (1969), Eur. J. Biochem. 57,
1-7 (1975); Lipide, diese Z. 358, 617-631 (1977); Phos-
phorhaltige Verbindungen, diese Z. 358, 599-616 (1977);
Steroide, diese Z. 351,663—689 (1970); Chinone mit iso-
prenoiden Seitenketten, Eur. J. Biochem. 53, 15-18 (1975);
Folsiure u. verschiedene andere Verbindungen, diese Z. 348,
266--276 (1967); Corrinoide, Eur. J. Biochem. 45, 7—12
(1974); Vitamine Bg, Eur. J. Biochem. 40, 325-327 (1973);
Carotinoide, Eur. J. Biochem. 25, 397-408 (1972), 57,
317-318 (1975); synthetische Analoga natiirlicher Peptide,
diese Z. 348, 262265 (1967); Enzyme Nomenclature, Re-
commendations (1972), Elsevier Publ. Comp., Amsterdam;
multiple Enzymformen, diese Z. 353, 852854 (1972);
Eisen-Schwefel-Proteine, Eur. J. Biochem. 35, 1--2 (1973);
Human-Immunglobuline, Eur. J. Biochem. 45, 5-6 (1974);

Tab. 2 Empfohlene Abkiirzungen.

Atome, isotope 2.B.116-14C|Ostron

Atome, numeriert = z.B.CS§

Curie = Gi

Impulse pro Minute = lpm (engl. cpm)
Prozent der Theorie = %d.Th

prozentig = proz. (nicht %-ig)
Relative

Wanderungsgeschwindigkeit Ry

Schmelzpunkt Schmp. (engl. m.p.)
Sicdepunkt Sdp. (engl. b.p.)

Umdrchungen pro Minute
Zertiille pro Minute
Zersetzung

U./min (engl. rpm)
Zpm (engl. dpm)
Zers. (engl. decomp.)

mew oo

Peptidhormone, Eur. J. Biochem. 55.485-486 (1975). Fiir die
Rechtschreibung ist , Jansen/Mackensen, Rechtschreibung der
technischen und chemischen Fremdworter* maigebend.
Beziiglich der Abkiirzungen und Symbole fiir chemische Na-
men, die in der biologischen Chemie von besonderem Interes-
se sind, wird auf die Empfehlungen der ,,JUPAC-IUB Com-
mission on Biochemical Nomenclature* verwiesen (siehe z.B.:
Allgemeines, Aminosiiuren, Zucker, Phosphate, Coenzyme,
diese Z. 348, 245-265 (1967); Aminosiurederivate und
Peptide, Lur. J. Biochem. 27, 201207 {1972),synthet.
Polypeptide, diese Z. 349, 1013—-1016 (1968); Nucleinsiu-
ren, Polynucleotide und deren Bestandteile, diese Z. 351,
1055—1063 (1970). Andere als die dort empfohlenen Ab-
kiirzungen werden nur in seltenen Ausnahmefillen zugelassen.
Sie miissen am Beginn jeder Arbeit in einer Fuinote erklirt
werden.

Sonderdrucke: Von jeder Arbeit werden dem Verfasser

75 Sonderdrucke kostenlos geliefert. Die Bestellung weiterer
Sonderdrucke gegen Berechnung ist moglich, muf} jedoch
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Der Verlag erwirbt mit der Annahme des Manuskriptes das
Verlagsrecht und das ausschlieBliche Recht der Vervielfalti-
gung, Verbreitung und Ubersetzung. Der Verlag behilt sich
vor, den Inhalt dieser Zeitschrift fiir fremdsprachige Ausga-
ben zu verwenden.
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Fiir die niachsten Hefte sind folgende Beitriige vorgesehen:

The capillary-isotachophoretic analysis of reactans and products of
glucuronidation: a new method for the assay of UDP-glucuronyltrans-
ferase. G. Brunner and Ch. J. Holloway

Resolution, purification and some propertics of three glutathione-S-
transferases from rat liver mitochondria. P. Kraus

Syntheses and hypoglycemic activities of ethyl esters and various
amides of w-guanidino fatty acids with medium chain length.
G. Weitzel, A.-M. Fretzdorff and W. Stock

Insulin-like partial effects of agmatine derivatives in adipocy tes,
G. Weitzel, B. Pfeiffer and W. Stock

Galactosamine is an inducer of Gal genes in Saccharomyces cerevisiae,
P. V. Venkov and H. Chelibonova-Lorer

Carbohydrate-protein binding region of bovine cornea keratan sul-
fate. 1. Its isolation and partial characterization, A. Brekle and
G. Mersmann

A kinctic analysis of the hydrolysis of synthetic arginine substrates
by argininc esterases from the venom of the gaboon adder. Bitis
gabonica, C. C. Viljoen and D. P. Botes

D-Glucose transport into suspended human tibroblasts: rapid
mecasurement of uptake by silicone oil filtration centrifugation and

comparison of different cell detachment procedures, K. Werdan.

K. Lehner. T.Cremer, A I°. ;. Stevenson and O. Messerschmidt
Syntlietic inhibitors of serine proteinases. 22) Inhibition of acrostn
by benzamidine derivatives. J. Stirzebecher and F. Markwardt
Synthesis and biological activities of arginine vasopressin analogues
with reactive groups. F. Fahrenholz, K.-H. Thierauch and P. Crouse
The primary structure of L-asparaginase from Escherichia coli.

T. Maita and G. Matsuda

Mild purification procedure und subunit structure of phosphoglu cose
isomerase trom Baker’s ycast, N. Tamaki, B. Hess, T. Ikeda,
K. Kimura and T. Hama

Influence of L-ascorbate deficiency on the metabolism of hepatic
microsomat cytochrome P-450 in guinea pigs, S. Walsch and

E. Degkwitz

The amino acid sequence of the L-2 light chain of chicken skeleal
muscle myosin, Y. Suzuyama, T. Umegane, T. Maita and G. Matsuda
Structure of the Ss blood group antigens. L. Isolation of Ss-uctive
glycopeptides and differentiation of the antigens by modification
of methionine, W. Dahr. W. Gielen, K. Beyreuther and J. Kriiger
Dansylated proteins as marker proteins during isoclectric focusing.
V. Neuhoff and H.-M. Poehling
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