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VdZeni ctendri,

dubnovy iivodnik je jiny nez vydavatel Chemickych listii, Ceskd
spolecnost chemickd, zamyslela. Je nejen bilanci poslednich
let, kdy individudlni c¢lenové spolecnosti sdruzenych v Aso-
ciaci ceskych chemickych spolecnostt, dostdvali ¢tyri ,,bulle-
tinovd c¢isla* rocné v rdmci ¢lenského prispévku, ale i vyzvou
k Vdm, ctendriim a naSim priznivciim. Od druhé poloviny
devadesdtych let umoZiiovalo vyrazné rozSirovdni inzerce,
spolu s financni podporou Ministerstva Skolstvi, mlddeZe a té-
lovychovy Ceské republiky, Ceského literdrniho fondu, Vysoké
Skoly chemicko-technologicke a dalsich instituct, obsahové
a graficky casopis kvalitativné ménit. Chemické listy se staly
odbornym casopisem, jehoz ndklad rostl, a ktery se dostdval
do rukou vsech generaci nejen chemikii, ale také verejnosti,
stiednich a vysokych skol. V minulém roce doslo k legislativ-
nim zmeéndm, které svymi diisledky vyrazné ovlivnily letosSni
rozpocet casopisu. Prijmy z predplatného, prodeje, inzerce,
ale bez instituciondlni podpory MSMT, jiZ nedovoluji rozesilat
dalsi ,,bulletinovd ¢isla“ Sirokému okruhu individudlnich ¢le-
nii Asociace.

Vydavatel a redakce, na zdkladé Vasich ohlasii, chtéji
v tradici Chemickych listii jako odborného a soucasné take
clenského casopisu, pokracovat a okruh svych ¢tendrii si nejen
zachovat, ale i stdle rozSirovat. Pro letosni rok Vdm chceme
nabidnout bezplatnou dostupnost vSech dvandcti cisel Che-
mickych listii v elektronické formé na zndmé adrese http:
//chemicke-listy.vscht.cz/. Tato nabidka plati pouze do konce
roku. Vydavatel chce ziskat nové partnery a jako prvniho
oslovil Ceskou spolecnost priimyslové chemie, kterd je clenem
Svazu chemického priimysiu CR. Do piipravovanych Jjedndni
s vrcholnymi predstaviteli SCHP CR o spolecné iicasti na
vyddvdni naseho c¢asopisu vkldddme nadéji na zachovdni kon-
tinuity vyddvdni tohoto periodika, které nejenZe prispivd ke
tribeni ceské chemické nomenklatury, ale predstavuje vyznam-
ny chemicky informacni zdroj. Chemicke listy by se pocho-
pitelné pristoupenim dalsich clenii SCHP CR vice oteviely cte-
ndriim z oborii chemické vyroby, farmaceutické chemie a dal-
Sich disciplin, ve kterych je chemie kaZdodenni realitou ¢i
predmeétem odborné stredoskolske a univerzitni vychovy. Chceme
ddle vyddvat tématicky zamérend cisla nejen do oblasti zemé-
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délskeé chemie, vztahu chemie k Zivotnimu prostredi, ale také po-
kracovat v ¢islech vénovanych vyznamnym kongresiim. V roce
2003 bude cervnové cislo vénovdno 6. evropskému kongresu
o biokatalyze a biotransformacich a srpnové ¢islo 55. sjezdu
Asociaci ¢eskych a slovenskych chemickych spolecnosti. Svym
spektrem cldnkii a postavenim na trhu jsou v soucasné dobé
Chemické listy, po zdniku Chemického primyslu, jedinym
Casopisem, ktery je forem odbornikii ze vSech oblasti chemie,
Casopisem, ve kterém jsou vyddvdny prehledné odborné ¢ldn-
ky v ceském a slovenském jazyce. Casopis je excerptovdn ve
vSech svétovych databazich. Nasim cilem je, aby byl zajimavy
Chceme-li, aby vznikld ekonomickd situace neohrozila vy-
ddvdni casopisu, budeme postupovat takto:
toto dubnové cislo je poslednim bezplatnym ,, bulletinovym
cislem®,
omezi se moZnost sjedndni dotovaného studentského pred-
platného,
., bulletinovd ¢isla“ — ervencové a rijnové —v letosnim ro-
ce a v roce 2004 — lednové, dubnové, cervencové a rijnové
— Vdm nabizime jiZ za predplatné. Jeho vysi musime vy-
kalkulovat az na zdklade poctu prihldSenych predplatitelii
(viz odpovédni listek),
pro pristi rok, rovnéZ jako v roce letoSnim, budeme nabizet
clenské predplatné také na vsech 12 cisel.
V Ceské republice md nékolik odbornych spolecnosti své
clenské casopisy. VSechny jsou vyddvdny z prijmii za inzerci
a clenskych prispévkii. Nebylo by ke cti ceské chemické komu-
nité, kdyby jeden 7 nejstarsich, chemiky u nds a v fadé jinych
zemi, respektovany casopis v pristim roce nebo dalsich letech
zanikl. Pokud Vam osud Chemickych listit neni lhostejny, pak
Vs prosime o pomoc ve formé ndvrhii a podnéti, které pove-
dou ke zlepSeni ekonomické situace, jako jsou napr. novi
inzerenti, odbératelé na predplatné, zmény ve strukture ca-
sopisu a dalsi. Asociace ceskych chemickych spolecnosti, vy-
davatel a redakcni rada Chemickych listit Vdam predem dékuji
za Vasi podporu.

Vilim Simdnek, Jiri Hanika,
Pavel Drasar, Bohumil Kratochvil

ODESLAT DO 31.5.2003!

Vyplnény odpovédni listek miZete poslat: postou Ceska spolecnost chemickd, Novotného lavka 5, 116 68 Praha 1
faxem 222 220 184
e-mailem mblahova@csvts.cz

O Zadam o sjednéni predplatného na &isla 7/2003 a 10/2003 Chemickych listti (cena cca 160 K¢&)
O Uvazuji o sjednéni piedplatného na &isla 1/2004, 4/2003, 7/2004 a 10/204 Chemickych listi
O Uvazuji o sjednéni piedplatného na cely roénik 2004 Chemickych lista (12 ¢isel)

Jako fakturacni adresu pro predplatné uvedte:

181



Chem. Listy 97, 182 — 191 (2003)

Referaty

REMEMBERING THE OLD TIMES OF THEORETICAL CHEMISTRY

CAMILLE SANDORFY

Département de chimie, Université de Montréal, Montréal,
Québec, Canada, H3C 3J7

Received 1.1.03, accepted 20.02.03.

Keywords: history of quantum chemistry (approx. 1945-1960),
nt-electron theories, 6-electron theories, valence and Rydberg
excited states, weak intermolecular interactions, hydrogen bonds

Contents

1. Introduction

2. The n-Electron Era

3. The o-Electron Era

4. Valence and Rydberg Excited States
5. Weak Intermolecular Interactions

1. Introduction

Can you imagine theoretical chemistry without compu-
ters? Well, this was the case until about 1948 or a little after.
Yet, the origins of this discipline go back to earlier times. It is
an offspring of the glorious epoch of theoretical physics which
gave quantum mechanics to science and to the world. The bold
idea of Louis de Broglie about the dual, wave-corpuscular na-
ture of the electron and the subsequent epoch-making publi-
cations of Erwin von Schrodinger, Werner Heisenberg, and Paul
Dirac made us understand the atom, crowning the pioneering
works of Jean Perrin, Niels Bohr, and Ernest Rutherford.

But chemists are interested in molecules. The first quan-
tum mechanical calculation on the hydrogen molecule was
performed by Heitler and London in 1927 (Ref."), only one
year after Schrodinger’s famous paper. This is usually consi-
dered as the year of birth of theoretical or quantum chemistry.
It looked that quantum chemical calculations on larger mole-
cules must wait until the arrival of computers.

They did not. What can be done without superior means
of computation? A great deal can be done by the simple
knowledge of the properties of atomic wave functions, the
ways of putting them together to form molecular wave fun-
ctions; in doing this, symmetry properties play a determining
role. A master of this art was Robert Mulliken from the
University of Chicago whom Coulson once called the doyen
of theoretical chemists. Then came Linus Pauling’s book” on
resonance theory for which he received the Nobel Prize. More
recently came the very successful method of Roald Hoff-
mann>* (The Woodward-Hoffmann rules) who introduced the

*k
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idea of orbital symmetry conservation combined with correla-
tion diagrams. Yes, much can be done without detailed calcu-
lations.

Let us have a look at Herzberg’s monumental trilogy’ .
The interpretation of molecular spectra is one of the most
important aims of theoretical chemistry. Well, Herzberg was
able to interpret an immense number of spectra of diatomic as
well as small polyatomic molecules without hardly any re-
ference to actual calculations. The correlation diagrams are the
secret. The molecule is placed between the united atom and
the separated atoms limit (or sometimes a united molecule)
and then the interatomic distances are varied. Group theory is
an indispensable tool. Without Wigner and Witmer’s®® work
modern treatment of molecular structure and spectra would be
unthinkable.

As to my personal experience, in 1947 I became member
of a laboratory of quantum chemistry in Paris. In those years
the best known groups of theoretical chemists were in Britain:
the one of Coulson and the one of Lennard-Jones. Longuet-
-Higgins belonged to the former, Pople to the latter. Raymond
Daudel introduced theoretical chemistry into France (and be-
yond). I left Hungary by the end of 1946 with a postdoctoral
fellowship to work with Louis de Broglie; when he saw that I
was more of a chemist than a physicist he sent me to Daudel
who directed a group of about ten researchers under the
nominal authority of de Broglie. Daudel has just founded the
Centre de Chimie Théorique de France which later became the
Centre de Méchanique Ondulatoire Appliquée of the CNRS.
(Centre National de la Recherche Scientifique.)

2. The n-Electron Era

This was the m-electron era. In a first approximation -
-electrons which form double and triple bonds in unsaturated
organic molecules can be treated as a separate problem in the
field of the o-electrons considered as uniform. This focuses
quantum chemical work on aromatic and other molecules
containing conjugated double bonds (olefins, acetylenes).
Benzene, higher aromatics and their substituted derivatives
received much attention, not only from theoretical chemists
but also from molecular spectroscopists. They absorb and emit
light in the visible and near-ultraviolet region of the spectrum.
So they were arelatively easy target for both quantum chemists
and chemical spectroscopists. The methods of calculation
applied to such molecules were approximate wave mechanical
methods: the molecular orbital (MO), valence-bond (VB) and
free electron (FE) methods. They all had considerable success
with m-electron systems. The basic idea of the MO method
goes back to the works of Hund and Mulliken in 1928. An
early review was given by Mulliken'®. The MO method had
the brightest future, but in those times it was generally used in
the simple Hiickel approximation'!. Even that was difficult
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without computers. Just after the war, in 1947, we had only
desk-calculators. The first hints about computers came in
1948. We were contacted by Bull and by IBM France. That
was almost 50 years before Bill Gates.

In 1948 Daudel organized a memorable conference on
quantum chemistry in Paris which many great men attended:
Louis de Broglie, Max Born, Linus Pauling, C. Venkata Ra-
man, Francis Perrin, R. S. Mulliken, C. A. Coulson, and others.
This meeting contributed a great deal to establishig quantum
chemistry as a recognized new discipline.

In subsequent years m-electron quantum chemistry flouri-
shed. Remarkable articles were 1]gublished by Lennard-J ones'”.
Coulson and Longuet-Higgins'*'%, and others. Bernard Pull-
man who fought in the Free-French Army came home after the
war and founded another theoretical chemistry laboratory in
Paris with Alberte Pullman, Gaston Berthier, and others. Their
book entitled Les théories électroniques de la chimie orga-
nique" published in 1952 is a sum of existing knowledge on
conjugated organic molecules at that time. At a later stage
Lionel Salem achieved an advanced wave mechanical, treatise
on conjugated systems which still makes authority'®. The book
by Daudel, Lefebvre and Moser'’ published in 1959 had
a different scope; it covered basic wave mechanical principles
as well as methods and applications of quantum chemistry. An
important contribution that originated in Daudel’s laboratory
was “la théorie des loges” (Odiot and Daudel'®* 2%, an inge-
nious way of describing electronic distribution and localizabi-
lity in molecules. It was followed by many attempts to inves-
tigate “atoms in molecules”. At a later stage Daudel*! gave
a thorough discussion of the results obtained in this respect.

In spite of its rather approximate character the Hiickel
method rendered great services and was at the origin of a long
and fruitful evolution. Per-Olov Lowdin reintroduced the long
neglected overlap integrals. His ideas contained in an extensi-
ve paper in 1957 foreshadowed the forthcoming periods of
quantum chemistry, in particular configuration®?.

The Hiickel method implies some drastic approximations.
The “linear combination of atomic orbitals” molecular orbitals
(LCAO MO) are one-electron functions. The electrons are
assigned to such molecular orbitals, two electrons at most
being allowed to have the same MO, but one with spin projec-
tion o, the other with B, and the total wave function is taken
as a simple product of the molecular orbitals of all the electrons
considered.

This way of constructing the total wave function implies
two fundamental weaknesses. (/) The Pauli exclusion princi-
ple is not adequately taken into account, since no spin wave
functions are introduced. Therefore, spin is not allowed to
exert any influence on the energy levels. An obvious conse-
quence is the fact that excited states, where two electrons are
in singly occupied orbitals, will have the same energy whether
they are singlet or triplet. (2) Since every electron has an MO
which is computed as if other electrons were not present, this
method actually neglects the mutual repulsion between elec-
trons.

Some of the shortcomings of the simple LCAO MO me-
thod can be compensated for by determining certain quantities
such as the Coulombic and resonance integrals (o and [ or ¥
with the notation of those times) empirically by comparison
with experimental data, rather than computing them theoreti-
cally. This renders the method semi-theoretical, not a glorious
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procedure. Yet under the given circumstances in the late
nineteen-forties and early nineteen-fifties this had to be done
and it helped molecular science progress. Even much later
theoretical methods applied to larger molecules contained
some occult empirical elements.

The important next step was to include spin explicitly
making the total spin-orbital wave function of any stationary
state antisymmetric with respect to the exchange of the coor-
dinates of any two electrons in order to satisfy the Pauli
principle. If we neglect magnetic interactions, energies of
members of the same multiplet will be the same since the total
wave function will be simply a product of an orbital function
and a spin function. At least spin is allowed in this way to
influence the electronic energy levels, and make the difference
between singlets and triplets, in particular. The wave functions
are introduced in the form of Slater determinants which give
automatically antisymmetrized wave functions in their study
of the electronic spectrum of benzene. Ethylene was first
treated by Hartmann? and an improved treatment was given
by Parr and Crawford®* in their seminal paper of 1948. This
treatment entails many integrals: molecular integrals which
are subsequently expressed in terms of atomic integrals. For
this the LCAO MO were used. Computing these integrals was
not an easy task. Parr and Crawford had the merit of correcting
some of the errors made by previous authors. So quantum
chemistry departed on a correct footing.

At my beginnings I had problems even with the simple
Hiickel method. I went through the literature hoping to find
a detailed example of such a calculation. At long last I found
a not-so-well known paper by Coulson which appeared in the
Transactions of the Faraday Society. There he gave some
details. Much later, in 1964, I published a book on “Electronic
Spectra and Quantum Chemistry”zs. Remembering the diffi-
culties of my young age I gave detailed examples of calcula-
tions using the simple Hiickel LCAO MO method, the anti-
symmetrized MO method, configuration interaction, self-con-
sistent field MO, ... Did this help anybody? I can only hope.

I am reproducing from that book a list of the early collec-
tions of atomic integrals. Lest we forget. Some people worked
hard fifty years ago. Even then some approximations had to
be made, especially for three- and four- centre integrals. Some
of us still remember Mulliken’s approximation. (Replacing
Yy, by 172 S,db[\ug +y i] where S is the overlap integral.)

Kotani, Amemiya, Ishiguro, Kimura: Table of Molecular In-
tegrals (Tokyo: Maruzen, 1955).

Preuss: Integraltafeln zur Quantenchemie, 4 vols. (Berlin:
Springer-Verlag, 1956, 1957, 1960, 1961).

Roothaan: Two-center Coulomb Integrals between 1s, 2s, and
2p Orbitals (Special Technical Report) (The University of
Chicago, 1955).

Miller, Gerhauser, Matsen: Quantum Chemistry Integrals and
Tables (Austin: University of Texas Press, 1958).

Sahni, Cooley: Derivation and Tabulation of Molecular Inte-
grals, (Technical Note D146-I) (Washington, D.C.: Na-
tional Aeronautics and Space Administration, 1959).

More data can be found in the following publications:

Kotani, Amemiya, Simose: Proc. Phys. Math. Soc. Japan 20,
extra number 1(1938); 22, extra number 1 (1940).

Kopineck: Z. Naturforsch. A 5, 420 (1950); A 6, 177 (1951);
A 7,785 (1952).
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Barnett, Coulson: Philos. Trans. R. Soc. London A 243, 221
(1951).

Roothaan: J. Chem. Phys. 79, 1445 (1951).

Ruedenberg: J. Chem. Phys. /9, 1459 (1951).

Ruedenberg, Roothaan, Jaunzemis: J. Chem. Phys. 24, 210
(1956).

Roothaan: J. Chem. Phys. 24, 947 (1956).

Preuss: Z. Naturforsch. A 8, 270 (1953); A 9, 375 (1954).

Boys, Cook, Reeves, Shavitt: Nature /78, 1207 (1956).

Mulliken, Rieke, Orloff, Orloff: J. Chem. Phys. 17, 1248
(1949) (overlap integrals).

Coulson: Proc. Cambridge Philos. Soc. 38, 210 (1941).

Parr, Crawford: J. Chem. Phys. 76, 1049 (1948).

Brennan, Mulligan: J. Chem. Phys. 20, 1635 (1952).

Scrocco, Salvetti: La Ricerca Scientifica 27, 1629 (1951); 22,
1766 (1952); 23, 98 (1953).

Murai, Araki: Prog. Theor. Phys. 8, 615 (1952) (heteronu-
clear).

This list is far from complete.

A decisive step forward was made by Boys who first used
Gaussians to compute atomic and molecular integrals%’zs.
This made calculations much easier.

The next step was to introduce configuration interaction.
In 1949 Coulson and Fischer” suggested that what we former-
ly called states should be called configurations and the word
“state” should be reserved for energy levels obtained as a result
of a configuration — interaction calculation. If we had the exact
wave function a configuration would be a good representation
for a given state. Since, however, our functions are approxi-
mate, obtained through a variational treatment the configura-
tions can actually mix under appropriate spin and symmetry
conditions, the state functions will be linear combinations of
wave functions of the configurations. In the case of ethylene
for example, limiting the problem to the two w-electrons, there
are three configurations:

The first and third can mix. If on the other hand we consider
C=N instead of C=C, all three configurations can mix. In one
of my early unknown papers I could show that they mix quite
appreciably™. For the polyelectronic case the number of mix-
ing configurations becomes tremendous, so configuration in-
teraction calculations are a major problem of quantum che-
mistry. Singly excited, doubly excited, how far to go with
energy differences, etc. takes a great deal of experience and
judgement. This is well beyond the scope of this paper which
intends merely to remember old times.

However, it would be hard not to mention the very success-
ful multi-reference-double-excitation-configuration method
(MRD-CI) due to Buenker and Peyerimhoff' 15 and the alter-
nant molecular orbital method of Pauncz''>

The other “great leap forward” was making the wave
functions self-consistent.

In most molecular problems in wave mechanics the approxi-
mation is made that each electron can be regarded as being in
a stationary state in the field of the nuclei and the other
electrons. As a consequence the molecular wave function is
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expressed as a product of one-electron wave functions or spin
orbitals.

We quote from D. R. Hartree®, Calculation of Atomic
Structures [p. 18]: “For such an approximate wave function y,
I(l)l(/')l2 gives the average charge density resulting from the
presence of electron j in wave function ¢,, and this suggests
that each one of these functions ¢,, ¢,, ... ¢, should be
determined as a solution of Schrddinger’s equation for one
electron in the field of the nucleus and of the total average
charge distribution of the electrons in the other wave functions.
In such a treatment, the field of the average electron distribu-
tion derived from the wave functions ¢, ¢,, ... ¢, must be the
same as the field used in evaluating these wave functions. This
aspect has led to the term ‘self-consistent field” for the atomic
field so determined”.

This idea implies the iterative nature of the method. For if
we want to determine the field acting on a given electron we
have to know the wave functions of all the others. However,
we do not know more about them than about the chosen one.
Now we quote from Coulson®'.

“Suppose that there are n electrons in our atom. Then let
us first guess plausible wave functions for each of these
electrons. ...Now choose one of the electrons and find the
average field provided by all the others. ... This process allows
us to write down, and then to solve, the wave equation for our
chosen electron. We obtain what may be called a first-impro-
ved wave function for this electron. This new function may
next be used to calculate the average field for a second elec-
tron, and enables us to get a first-improved wave function for
this electron also. The process is continued until we have
a complete bunch of first-improved orbitals. In the same way
starting with these we may improve them, one by one, and
calculate second-order a.0.’s. This technique is continued until
successive iteration makes no appreciable difference to the
orbitals. We may then say that the set of a.0.’s are self-consis-
tent.”

Fock™ adapted the method to the very important case
where the wave functions are given in the form of Slater
determinants. Roothaan®* has shown that the Hartree-Fock
method can be applied with a molecular orbital taken as linear
combinations of atomic orbitals. He first worked out the
LCAOSCEF theory for closed-shell ground states. The calcula-
tion of the energies of excited states is more complicated. In
most cases excited configurations contain simply filled orbi-
tals and their wave function contains more than one Slater
determinant. The conditions of self-consistency for such wave
functions were given in different manners by Lefebvre®,
McWeeny36, and Roothaan®’.

Configuration interaction and self-consistent field remain-
ed until this day the most advanced methods of quantum
chemistry and they are not mutually exclusive. A variety of
methods were proposed to make such calculations easier and,
of course, a great deal became possible by using advanced
computer techniques.

In the meantime two approximate methods were proposed
by Pariser and Parr®® and by Pople®® which were widely used.
At that point the transition from empirical to nonempirical
methods was, to some extent, disappointing. In particular, the
electronic excitation energies obtained were rather far from
reality. One may say in a not very scientific manner, that in
removing about half of the approximations involved with the
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empirical methods we diminished the chance for the various
errors to cancel each other. Therefore Moffitt*’ and Pariser and
Parr®® proposed to compromise by reintroducing a reasonable
amount of empiricism into the nonempirical methods. This
was done by neglecting differential overlap and computin

certain integrals empirically. Using the Wannier-Lowdin®'
orthogonal atomic orbitals gave a certain amount of justifica-
tion to these approximations. This method was applied with
great success to aromatic and heteroaromatic molecules. Po-
ple® reviewed these ap@lications up to 1957. In a series
of works Dewar**, Pople™, Murrell*S, Longuet—Higgins47, and
McEwen*®*reexamined the spectra of aromatic hydrocarbons
and their derivatives, combining the LCAO SCF method with
perturbation calculations. They also studied some of the ions
and free radicals of these molecules. Brion, Lefebvre and Mo-
ser™ proposed other ways of obtaining SCF wave functions.

An interesting point is that the similarity of this method to
the simple Hiickel method makes it possible to justify the basic
approximations of the latter in the case of conjugated hydro-
carbons. This was surprising and encouraging at the same time.
The simple LCAO and valence-bond methods are sometimes
called “naive” methods. As Daudel put it “The naive methods
are less naive than they seem to be’™".

This is about where we stood at the end of the nineteen-
-fifties. Much of theoretical chemistry was still a m-electron
molecular orbital theoretical chemistry.

However, chemistry is not only ground-state chemistry.
The electronic spectra of aromatic and other conjugated orga-
nic molecules were, from the beginning, a prime target for
quantum chemical calculations. These semi-empirical calcu-
lations were quite successful and by the mid-nineteen-fifties
the spectroscopy of such molecules was well understood.

In addition to molecular orbital methods free electron
methods were also instrumental in this. One can think of the
works of Platt®>>, Kasha® or H. Kuhn® in this respect.

Before closing my reminiscences on the m-electron era I
have to say a word about the valence-bond method. There was
a time when it gave as much hope for the treatment of larger
molecules as did the molecular orbital method. It was actually
initiated by Heitler and London who were the first to treat the
problem of the hydrogen molecule by a quantum mechanical
method. Also, it is behind Pauling’s resonance theory” which
in those times was widely used by chemists. In the valence-
-bond method the molecular wave function is built from
atomic orbitals just as in the molecular orbital method, but with
the important difference that the total wave function belonging
to the various energy levels of the molecule is constructed
directly as a product of atomic orbitals without forming LCAO
molecular orbitals. Spin is included right from the beginning
and the spin functions are chosen so as to make the total wave
function anti-symmetric with respect the exchange of the
coordinates of two electrons. As a consequence of the Pauli
principle, if there is a bond between two atoms, the two atomic
orbitals forming the bond must overlap and therefore the two
electrons must have opposite spin projections. This allows
a variety of coupling schemes, called “structures”. They were
called effective if the “bond” is between two neighbours and
ineffective otherwise. In the case of benzene, for example,
these so-called canonical structures are the two Kekulé-type
and three Dewar-type structures. The total wave function is
then constructed as a linear combination of wave functions
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which the molecule would possess if it could be represented
by the respective structures alone. This procedure appears to
conform more to chemical intuition than the molecular orbital
method. I myself liked it very much in my youth and wrote a
substantial chapter on it in my book which appeared in 1964
(Ref.*). Hartmann®® and Seel”’ found ways of treating triplet
states by the valence-bond method. As to polar “structures”
Sklar® in his early paper (1937) on benzene made an attempt
to include them and in 1950 Craig®® published a series of
papers on butadiene and benzene showing how this can be
done.

In more recent times attempts were made to revive this
method. Unfortunately, its relative complexity seems to pre-
clude the possibility of competing successfully with the mo-
lecular orbital method. The book by Epiotis® is well worth
reading, however.

Free-electron methods were also historically important for
the treatment of the electronic spectra of m-electron systems.
In these methods the wave functions of the electrons in a con-
jugated system are those of particles moving freely along the
bonds. This idea was introduced by Pauling®!, Lonsdale®* and
Schmidt®; subsequently it was developed into a comprehen-
sive system for the treatment of conjugated molecules by
Platt®>* (rotator model) and H. Kuhn® (metallic or electron
gas model). The free electron methods contributed a great deal
to the general understanding of the electronic spectra of aro-
matic molecules, in particular that of Platt whose classification
of states and notations are still sometimes used. Many years
ago, [ reviewed free electron methods in my above mentioned
book?.

Substituted derivatives of aromatic molecules also re-
ceived a great deal of attention. The elegant experiments of
Forster® (1950) showed that in OH and NH, substituted
aromatic compounds the acidity and basicity of the molecule
changes with the state of electronic excitation. In two of my
unknown papers®”®® I could show that this parallels large
changes in electron density distribution. This is known to have
important photochemical consequences. All over these years
the Czech school pioneered the structure and reactions of he-
teroatomic systems. (See, for example, R. Zahradnik®, R. Za-
hradnik, J. Kouteck}?“.)

This section on m-electrons may seem to be too long. But
theoretical chemistry matured on them.

3. The o-Electron Era

Predictably, the m-electron era had to come to an end.
Attempts to include the 6-electrons and the single bonds were
made using bond or group orbitals. However, this is not really
satisfactory, especially not when electronic excited states are
involved. I felt very strongly about it. So one day in 1953
I called on Professor Daudel who was the chief of the labora-
tory to which I belonged at that time and asked him for
permission to do some work on saturated hydrocarbons. As
a result we published a preliminary note in 1954 (Ref. ®) and
later in 1955 already at Université de Montréal I published
a long paper in the Canadian Journal of Chemistry’’. These
were to the best of my knowledge the first applications of the
Hiickel molecular orbital method to ¢-electron problems and
saturated organic molecules. I proposed three different approxi-
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mations. The simplest of these was the “C” approximation.
I'am citing from the book on “Semiempirical wave mechanical
calculations on polyatomic molecules”, which we later pub-
lished with Professor Daudel®'.

“The idea underlying this method is that, as Hiickel was
able to extract the m-electrons from conjugated molecules and
treat them as a separate problem, it may be possible to separate
the C—C bonds from the C—H bonds in saturated molecules and
still be able to account for some characteristic properties of
these molecules. There is clearly much less hope for such an
approximation to be successful than there was for the Hiickel
method. While m-orbitals have a nodal plane where G-elec-
trons have their greatest density, no such difference exists
between orbitals in C—C and in C—H bonds. Yet, one may hope
that, in a rough approximation, the C—H bonds, in which the
electrons are more tightly bound than in the C—C bonds make
a constant contribution to the total energy in different paraffin
molecules and to the electronic charge distribution in the C—C
bonds.

Thus in the original “C” approximation, all H orbitals and
all carbon sp® hybrids linked to the H orbitals were disregar-
ded. For the remaining sp3 orbitals, all the Hiickel Coulomb
integrals o,. were made equal, as were all the resonance
integrals B_-between atoms which are “chemically” bonded
together. Non-neighbour interactions and all overlap integrals
were neglected.”

For the resonance integral between two sp’ hybrids on the
same carbon atom, a parameter (m) was needed. To obtain
information as to its value, this latter parameter was varied.
Subsequently Yoshizumi determined its value empirically”".

Fukui, Kato, and Yonezawa’>"> applied this simple appro-
ximation with surprising success to the calcutation of bond
dissociation energies, total energies, and ionization potentials
of normal and branched paraffins and many of their substituted
derivatives. Taking the energy of the highest occupied orbi-
tal for the ionization potential (Koopmans’ theorem’), they
found an almost perfect parallel with experimental values.
This led them to the well known frontier orbital considerations
which turned out to be imgortant for the following of chemical
reactions. Both Fukui’>” et al. and Klopman’ obtained en-
couraging results in their studies of saturated molecules using
this simple “C” approximation.

A step forward was the “H” approximation’®. In the “H”
approximation all sp3 hybrids and all hydrogen s orbitals were
included separately for the first time in a semiempirical treat-
ment. Overlap integrals were fully taken into account in this
approximation. They have, of course, high values for s-orbi-
tals. The parametrization of this method is somewhat delicate.
I proposed a set of parameters in my original paper; later
Fukui et al.”® used a somewhat different set. They obtained fair
agreement with observed ionization potentials and heats of
formation and used the electronic charge densities in the
highest occupied molecular orbital as a reactivity index and
found good correlations with the speed of metathetical reac-
tions.

Fukui has reviewed in two publications’®”” applications of
the “H” approximation to problems of chemical reactivity.
I 'should like to mention an earlier (1958) and often overlooked
work by Del Re’®”. He put the differences in o proportional
to differences in electronegativity, and in addition took into
account the effect of all adjacent atoms on a given o.. This leads
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to a set of interdependent auxiliary Coulomb parameters, and
the whole procedure approaches the electronegativity equali-
zation requirement which is at present often applied. He com-
puted electronic charge densities for many compounds and
obtained dipole moments and quadrupole coupling constants
in fair agreement with experimental values.

The next stage was the extended Hiickel method.

Many years earlier Mulliken®” and Wolfsberg and Helm-
holtz®! suggested a very simple type of parametrization for
Hiickel calculations which greatly facilitates their extension
to ¢-electron problems. The Coulomb integrals for an orbital
i (o, = Hy) are taken as the appropriate valence-state ionization
potentials and the resonance integrals (Bl.j = H,) are expressed as

H;=0.5K (H,+H)S,

All that is needed for this are overlap integrals, which can
always be calculated and valence-shell ionization potentials.

Hoffmann®>*3took up this parametrization and with a very
rapid computer program he was able to apply it to a wealth of
molecules with all valence electrons taken into account. In-
stead of using hybrid orbitals, as had previous authors, he used
pure atomic orbitals and included all interactions and all
overtop integrals. This is a crude method but it has extreme
versatility. It can be applied without difficulty to three-dimen-
sional molecules with the possibility of varying the assumed
geometry. It soon revealed itself as an effective method of
exploring equilibrium geometries, potential surfaces, energy
differences between conformers, and other properties of three-
-dimensional molecules.

Pople and Santry™ in 1963 presented a critical Hiickel
study related to saturated molecules. In particular, they studied
the causes of delocalization of c-electrons. They were able to
show that, although the delocalization correction to the energy
is appreciable, this is consistent with the approximate additi-
vity of bond energies. (In the ground state.)

The logical next step in the study of G-electron systems
was to adapt the Pariser-Parr-Pople method for the treatment
of such systems. A number of attempts have been made to
apply semiempirical methods to saturated molecules. I would
like to mention the one of Brown and Heffernan®. They
pointed out in 1958 that when the electronic charge density
changes on an atom the core Coulomb integral is not the only
one to charge. The change has an influence on the orbital
exponent itself and therefore all selected integrals must chan-
ge. This idea was the basis of their variable electronegativity
SCF (VESCF) method.

Then came the CNDO method due to Pople, Santry, and
Sega186’87. It became the most widely used of the semiempirical
methods applicable to all-electron problems and is amenable
to a variety of adaptations and improvements. Pople et al.
originally proposed two different approximations: “complete
neglect of differential overlap” (CNDO) and “neglect of dia-
tomic differential overlap” (NDDO).

In the CNDO method first the usual PPP approximations
are made; that is, both overlap integrals and differential over-
lap are neglected. It is most important to note that some of
these will concern differential overlap between atomic orbitals
on the same atom.

At this stage Pople et al. observed that the “theory is not
invariant under a rotation of local axes or under hybridization”.
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Furthermore, since sets of hybrid and the related “pure”
atomic wavefunctions are connected by an orthogonal trans-
formation, the results should be unchanged by such a transfor-
mation. However, the neglect of differential overlap in inte-
grals taken over pure orbitals would not, in general, make
vanish an integral taken over hybrid orbitals based on the
former.

Invariance is restored in both cases if the following new
approximation is adopted: “The electron interaction integrals
Y v » are assumed to depend only on the atoms to which the
atomic orbitals 7, and x, belong and not on the actual type
of orbital”. This is the most characteristic approximation of
the CNDO method.

I am not trying to go any further. We are well in the
nineteen-sixties and at the “end of the beginning” of theoreti-
cal chemistry. The ab initio era was on and highly performing
computers made quantum chemistry a computational science.
The very efficient programs of Pople’s group played a decisive
role in this.

The semiempirical epoch was reviewed by Pople and
Beveridge in their “Approximate Molecular Orbital Theo-
ry”87. It contains a thorough treatment of CNDO methods and
their applications. Daudel and Sandorfy®' attempted to cover
the field up to 1970.

Sinanoglu and Wiberg® organized a memorable conferen-
ce on “Sigma Molecular Orbital Theory” at Yale University.
This conference and the book which was subsequently pu-
blished in 1970 by Yale University Press marked, in my
opinion, the watershed between old and new times, between
semiempirical and ab initio quantum chemistry. In the words
of Sinanoglu and Wiberg “Quantum chemistry may be consi-
dered to be entering a new phase.” ...“Semiempirical methods
allow calculations on a large number of molecules at little cost.
They have been useful as guides in chemical applications, and
have gained more and more importance in both organic and
inorganic chemistry. However, these methods often involve
drastic and as-yet untested approximations. They need, there-
fore, to be used judiciously.” ... “Clearly, for predictions on
chemical reactions, G-electrons are essential”.

Then came ab initio, density functionals, high level confi-
guration interaction and computers and computers. I remem-
ber a conversation with Mulliken many years ago. He used the
expression “Computer Calculations” with a slight contempt.
The implication was that it is just technology, the principles
count. Yes, but there are technological advances that transform
life and science. One may think about printing, photography,
the steam engine, electricity, aeroplanes, semiconductors, nu-
clear energy, lasers, television, and computers. At present
quite advanced calculations can be made not only on electronic
energies and charge distribution, but also on even more deli-
cate problems involving molecular vibrations and rotation,
even quadrupoles and nuclear spin.

The widely used programs due to Pople’s group are play-
ing an essential role.

However, it would be unjust not to add the following.

Historical attempts were made to obtain truly accurate
results on small systems at an early stage. Hylleralasgg‘91 with
his correlated wave functions obtained a near-perfect solution
of the problem of the helium atom. Subsequently these were
taken up again by Roothaan and Weiss”. Another great suc-
cess of early quantum mechanics was the treatment of the
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hydrogen molecule by James and Coolidge®*”*, Like Hylleraas
they introduced the interelectronic separation into the varia-
tion function. They also carried out similarly successful calcu-
lations on some of the excited states of the H, molecule. Kotos
and Roothaan® in 1959 made a two-pronged attack on the
ground state and lower excited states of the hydrogen molecu-
le. They first used the best Hylleraas type correlated function,
then a James and Coolidge type function with up to 50 terms.
For the internuclear distance they obtained 0.74127 A, the ex-
perimental value being 0.74116 A. A great, hard won Victory.

4. Valence and Rydberg Excited States

I should be tempted to stop at this point. Two important
comments have to be made, however. Chemistry is not only
ground-state chemistry and chemical bonds are not the only
ones that keep molecules together. There are excited states at
the one end and weak interactions, van der Waals forces and
hydrogen bonds at the other.

Let us first remember the excited states as they were dealt
with in quantum chemistry. Molecular spectroscopy is an old
science, theoretical chemistry was no prerequisite for it. At
least not molecular quantum chemistry. With a basic know-
ledge of atomic structure and well founded procedures using
group theory, correlation diagrams, the Mulliken-Walsh® ru-
les, a glorious field has been developed. Think about the
lifetime work of Mulliken, the books of F. Hund®, Eyring,
Walter and Kimball”’, H. E. White’®, G. W. King®”, and above
all, the monumental volumes of Herzberg®"'® They contain
solid knowledge on small molecules and molecular species,
ions and free radicals including those is space. In a recent book
B. Stoicheff'”" presented the scientific and human biography
of Herzberg which reflects a whole epoch. Quantum chemistry
comes into the picture when larger molecules are examined.
I have mentioned the great success of quantum chemistry
relating to aromatic and other conjugated organic molecules.
This was achieved by semiempirical molecular orbital me-
thods with a non-negligible contribution by valence-bond and
free-electron considerations. Spectra are characterized by fre-
quencies, intensities and band width; theoretical chemistry can
assess all three.

Saturated paraffinic hydrocarbons absorb only in the far
ultraviolet where the bands to higher electronic levels of
m-electron systems are also found. The spectroscopy of larger
organic molecules is sometimes called chemical spectroscopy.
The word “chemical” indicates a practical aspect and there is
nothing vigorous about it. There are no physical or chemical
spectra, only spectra. Often the information obtainable from
rotational and even vibrational fine structure has to be sacri-
ficed, but on the other hand chemical knowledge and compari-
sons between parent molecules are of help with the interpre-
tation of the spectra.

Curiously, the electronic absorption spectra of saturated
hydrocarbons were not known until 1967, except the one of
methane. That year they were published by Lombos, Sauva-
geau, and S::indorfyw2 and by Raymonda and Simpson103 but
while Simpson’s group interpreted them in terms of a bond
orbital method, we assessed them in Rydberg terms. This goes
back to a suggestion made by Mulliken in 1935 (Ref.'*). That
in atomic spectra there are Rydberg series is known to any
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student. For a long time it was not widely known that molecu-
les also have Rydberg states. Niels Bohr seems to have been
the first to have drawn attention to this. The physicists con-
centrated on diatomic molecules. As to larger, basic organic
molecules, Price and his coworkers'®” g)ioneered the field from
the experimental side and Mulliken'*'"’ from the theoretical
side. Let us cite Herzberg’: “More and more highly excited
states are obtained by bringing an electron from one of the
orbitals filled in the ground state to higher and higher orbitals.
These higher orbitals are more and more like atomic orbitals
and therefore give rise to Rydberg series of electronic states
whose limit corresponds to the complete removal of the elec-
tron considered, i.e. to an ionization limit of the molecule”.
The lower Rydberg states can mix with valence states of the
same symmetry and this is photochemically very important.
The Rydberg excited states are today a prime tar%et for high
resolution molecular spectroscopy ("ZEKE!08-110 spectro-
scopy), photoelectron spectroscopy and photochemistry. As to
larger molecules Robin summed up the field in three volu-
mes''. Rydberg states add a new dimension to theoretical
chemistry. The bulk of the merit in this respect belongs to
Buenker and Peyerimhoff. Their most important papers started
appearing in 1970, but this field is somewhat beyond the scope
of these reminiscences. Yet, I would like to refer to an early
review by Peyerimhoff'' and to their chapters written for our
book on “The Role of Rydberg States in Spectroscopy and
Photochemistry”!'* Those of Grein and Hachey and Lefebvre-
-Brion should also be cited in this context. These advanced
treatments use ab initio methods with a very great number of
judiciously chosen configurations. The Rydberg orbitals are
strategically located on given bonds or groups.

The electronic transitions best known to chemists are
valence (or intravalency) transitions because the wave func-
tions of both the ground and excited states are built exclusively
from atomically unexcited atomic orbitals. The visible and
near-ultraviolet spectra of aromatic and conjugated olefinic
hydrocarbons and their heteroatomic derivatives have been
interpreted quite satisfactorily within this framework. The
following question, however, is quite legitimate: why do we
build our molecular orbitals only from atomically unexcited
atomic orbitals? This is only justified by the fact that they
suffice to give a fair description of ground states and the lower
valence excited states. When we go higher, Rydberg states
become a fact of life. Computational techniques for entering
Rydberg orbitals into the LCAO scheme consist in building
them from atomic orbitals corresponding to higher principal
quantum numbers. Such techniques were elaborated and per-
fected by Buenker and Peyerimhoff''>''% T am now citing
from Peric and Peyerimhoff! 14

“Atfirst sight any classification of molecular excited states
in terms of atomic states as defined by principal, angular and
magnetic quantum numbers is surprising. The lower symmetry
of the external potential in molecules compared to atoms
would speak against such characterization. However, from the
earliest quantitative theoretical investigations on low-lying
excited states in small molecules such states, which show close
resemblance to atomic (united atom or Rydberg) states, are
well known. Their occurrence can be explained by the fact that
an electron far away from the nuclei experiences a nearly
spherical (point charge) potential from the remaining cation.

This simple consideration, however, shows clearly that the

1
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distinction between valence (similar electronic spatial exten-
sion as the ground state) and Rydberg states (much larger
electronic spatial extension than the ground state) breaks down
if the molecules becomes larger. From several studies carried
out in the past it became obvious, that in systems with more
than 5-10 non-hydrogen atoms mixed valence-Rydberg states
are frequent”.

Then from Buenker, Hirsch, and Yan Li''*

“When configuration interaction (CI) calculations became
feasible at the ab initio level toward the end of the 1960s, there
was a widespread tendency to overlook the importance of
Rydberg electronic states in molecular spectra. The semiem-
pirical calculations which were available before this time
rarely if ever treated other than valence states, as, for example,
in the Hiickel and Pariser-Parr-Pople treatments of mt-electron
systems. Rydberg states were well-known from atomic spec-
troscopy, and as early as 1935 Price'% had been able to assign
them in molecular spectra. The attitude nevertheless persisted
among most theoreticians active in electronic structure calcu-
lations that states with such diffuse charge distributions were
of secondary interest at best because they were not expected
to interact strongly with conventional valence states and tran-
sitions to them were thought to be comparatively weak. To this
can be added the fact that it has always been relatively difficult
to achieve a satisfactory description of Rydberg states by semi-
empirical methods, so there was no effective way to test the
above hypotheses prior to the advent of ab initio treatments”.

Rydberg theoretical chemistry and spectroscopy of typical
organic molecules, ions, and radicals was the main subject of
some conferences. The first one, “Chemical Spectroscopy
and Photochemistry in the Vacuum Ultraviolet”. (Valmorin,
Québec 1973; organized by Sdndorfy, Ausloos, and Robin)
brought together spectroscopists, photochemists and theoreti-
cal chemists; A. E. Douglas, W. C. Price, Th. Forster, M. B.
Robin, S. P. McGlynn, P. Ausloos, D. W. Turner, H. Hart-
mann, S. D. Peyerimhoff, and others were there, a rare assem-
bly of experts in different but related fields''®,

Rydberg quantum chemistry is a relatively new sector of
quantum chemistry and the subject matter is far from being
exhausted.

Another domain in which theoretical chemistry played
a prominent role is that of charge-transfer complexes. There
too, while the original impetus did not come from calculations,
computerized quantum chemistry is taking over as a means of
treating such systems. Charge-transfer spectra were known in
the nineteen-twenties''*~1?% In those times most cases of char-
ge transfer complexes were inorganic, but the field spread over
to organic chemistry soon after. According to Mulliken’s
theorym’m, the ground state wave function of donor-acceptor
complexes is essentially a no-bond wave function, while the
wave function of the excited state describes a polar bound
state. The transition is then from a no-bond ground state to
a charge transfer excited state. (This is the opposite of the case
of alkali halides.)

The field of charge-transfer spectra is a very well revie-
wed field. An excellent review relating mainly to inorganic
compounds was given in 1942 by Rabinowitch!?. Later An-
drews!'?, Orgel12 s McGlynnlzg, and Murrell'?° offered general
reviews which treat the problems relating to molecular com-
plexes from a variety of points of view. The “bible” of the field

is Mulliken and Person’s “Molecular Complexes”q
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The spectra of transition metal complexes distinguish them-
selves by rather conspicuous features. They have absorption
bands in the visible due to their low-lying excited states. The
central ions all possess incomplete 3d or 4f shells. These
spectra became understandable in 1951 when Ilse and Hart-
mann'*! had the idea of applying crystal field theory to these
complexes. The degeneracy of the five 3d subshells is lifted
under the octahedral, tetrahedral, etc. symmetry of the field of
the ligands, and transitions are possible between the resulting
states. It is sometimes said that this is obvious. It was certainly
not in those times. This is a tremendous field; many books and
reviews appeared on it. It is beyond the scope of these remi-
niscences, however.

5. Weak Intermolecular Interactions

Chemistry is not only the domain of chemical, covalent,
or electrovalent bonds. Weak ligands, due to van der Waals
interactions, and hydrogen bonds are also very important. It is
also a field where the junction with thermodynamics is the
most readily made.

The concept of hydrogen bonding was introduced around
1920 by Latimer and Rodebusch'*% Hydrogen bonds are just
as ubiquitous in our world as chemical bonds. This applies to
both the organic and mineral worlds. Life could not exist
without them. I think it is fair to say that hydrogen bond studies
became a field of science with the Symposium on Hydrogen
Bonding held at Ljubljana in 1957, organized by Professor
D. Hadzi'**. Among the theoretically inclined contributors
one can mention Linus Pauling, J. A. Pople, N. Sheppard,
G. C. Pimentel, S. Bratos, E. Lippert, R. Blinc, C. A. Coulson,
E. R. Lippincott, L. Hofacker, N. D. Sokolov, M. Davies,
M. Eigen, A. Terenin, and others.

Many of the “secrets” of hydrogen bonding are linked to
the great breadth of the infrared stretching bands of OH (or
NH, etc.) bonds. Bratos and Hadzi in 1957 (Ref.134) presented
a complete theory introducing vibrational anharmonicity as
the decisive factor. This was the subject of animated discus-
sions at the second hydrogen bond conference which took
place at Schloss Elmau in Germany, organized by E. Lippert.
A long series of meetings followed, until this day. The field of
hydrogen bonding is still very much alive. Advanced theore-
tical works are due to Witkowski and Maréchall35, Sokolov
and Savelev'*, Lippincott and Schroder'?” and many other
authors. I would like to mention our volumes on hydrogen
bonding published in 1976 (Ref.'*%).

It was logical that theoretical chemistry penetrates into the
bio-medical field. A. and B. Pullman were the major artisans
of this field. Their extensive Quantum Biochemistry, was
published in 1963 (Ref.'*%). This too became an immense field.

As to Weak Intermolecular Interactions in Chemistry and
Biology, the "Bible” is the book by Pavel Hobza and Rudolf
Zahradnik'*first published in 1980. It is not up to me to review
that very important field.

I have to emphasize that I did not attempt to write the
history of theoretical chemistry or of a part of it. These
reminiscences go to about 1960 only, although some refe-
rences to more recent works were inevitable. Some of the
famous theoretical chemists are mentioned in the text, others
whose impact was felt mainly after 1960 could not or hardly be
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mentioned: Buckingham, Cizek, Clementi, Csizmadia, Dal-
garno, Davidson, Jortner, Karplus, Koutecky, Kutzelnigg, Le-
febvre, McWeeny, Mezey, Michl, Morokuma, Paldus, Pauncz,
Pulay, Ruedenberg and many others, not to speak about the
younger generation.

Gerhard Herzberg, Robert Mulliken, Roald Hoffmann,
Kenichi Fukui, John Pople, Walter Kohn, were awarded the
Nobel Prize. The time will come when somebody will write
the history of quantum chemistry which has become a tremen-
dous field. Good luck!

In 1967 R. Daudel (France) with P.-O. Loéwdin (Sweden),
R. G. Parr (US.A)), J. A. Pople (UK. and U.S.A.), and
B. Pullman (France) founded the International Academy of
Quantum Molecular Science based at Menton (France). It
lends additional prestige to the community of theoretical chem-
ists.

These reminiscences are the result of a conversation I had
with Professor Zahradnik at the Czech Academy of Sciences
for which I am very indebted. Unfortunately, I could not
possibly make a good job. First of all, I am too old (82). Then
I was not active at every phase of the evolution of theoretical
chemistry. I left quantum chemistry for molecular spectrosco-
py at an early stage. So my report is biased and both too short
and too long.

At our epoch everything tends to be too long. Daily news-
papers behave like magazines, magazines like books and
books are 800 pages long. This is why we have to cut our
forests which make oxygen for us. Daily newspapers often
contain 60 to 100 pages of which perhaps 6 to 10 are readable.
The contents of 800 page books could often be compressed to
80, sometimes 8. Even my report is too long.

It is also too short, because I am not able to make all the
important points; nor can I render justice to all the protago-
nists. Many hundreds more references should be cited. My
ways of putting things reflect only my personal views.

I consider myself as a man of the street in theoretical
chemistry. But well, in a democracy men of the street are
entitled to their opinions. There is a kind of democracy under-
lying science. Normally, in a scientific publication the author
should not show his face. Well, I have shown a part of mine.
I probably forgot many things that should have been said.
When you are 82, dear Reader you will understand.
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C. Sandorfy (Département de chimie, Université de Mon-
tréal, Montréal, Québec, Canada): Remembering the Old
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After recalling the early stages of quantum chemistry,
a more detailed and systematic description of the post-war
period (approx. 1945-1960) follows. The essential features of
both m-electron and G-electron eras are described: the simplest
versions as well as procedures including electron repulsion are
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1. Fyziologicka tiloha kathepsinu D

1.1. Kathepsin D

Kathepsin D (CD, E.C. 3.4.23.5) je lysosomdlni aspartd-
tovd proteasa syntetizovand témér ve vSech savcich bunkach.
Jako kathepsiny poprvé oznacil R. Willstitter a E. Bamann
kyselé proteasy, které byly nalezeny ve vodnych extraktech
riznych tkani zvifat'. Prvni studie o proteasové aktivité v ex-
traktech se objevily v roce 1941 (cit.?). Na zdklad& jejich
specifity k riznym syntetickym substrdtiim jim byla pfidélena
jména kathepsin A, B, C, D a E. Dnes za kathepsiny povazu-
jeme intraceluldrni enzymy, které rozkladaji bilkoviny v pro-
stiedi o nizkém pH (optimalni pH ~ 3,5-5). Kathepsiny jsou
z velké Casti umistény v lysosomadlnich frakcich, ¢imz se 1is{
od jinych proteas v bunice (napf. trypsin, chymotrypsin). Podle
mechanismu dcinku patif vétsina kathepsind mezi cysteinové
(thiolové) peptidasy. Kathepsin D je vSak zdstupcem aspartd-
tovych peptidas. V lidském genomu je gen pro prokathepsin
D (proenzym kathepsinu D, pCD) lokalizovdn na patnictém
lokusu 11p chromosomu, obsahuje devét exonti a velikost jeho
priméarniho transkriptu je 2,2 kb (cit.*).

1.2. Transport prokathepsinu D
v nenddorovych bunkdch

V nenddorovych liniich je pCD syntetizovdn na endoplaz-
matickém retikulu (ER) jako prekurzor o molekulové hmot-
nosti 52 kDa, ktery jesté v endoplazmatickém retikulu podléha
N-glykosylaci nejcastéji dvéma oligosacharidovymi fetézci,
jez obsahuji mannosu, kterd je fosforylovdna na mannosa-6-
fosfat (M6P). Jedna molekula pCD tedy nese dva signdly pro
vazbu receptorti mannosa-6-fosfatu (M6Pr). Interakce s témito
receptory analogicky jako u ostatnich Lysosomélm’ch enzymu
zajistuje transport pCD do lysosomii>®. V&tsina M6Pr je pri-
marné lokalizovana v trans-Golgiho retikulu (obr. 1), kde také
dochdzi k jejich interakci s lysosomdlnimi enzymy nesoucimi
M6P. Komplex téchto M6Pr s pripojenymi lysosomalnimi
enzymy je soustiedovdn na malém tseku membrany frans-
-Golgiho retikula”®, kterd je na strané cytosolu pokryta struk-
turni bilkovinou klatrinem. Pisobenim klatrinu je tento usek
membrany oddélen a vytvareji se specidlni transportni vacky,
z nichz je klatrin postupné odbourdvan (obr. 1). Tyto holé
transportni vacky fuzuji s tfidicimi vacky, a tvofi tak organelu
zvanou pozdni endosom, uvniti které je pH okolo 5,5. Toto
snizeni pH zptsobi uvolnéni M6Pr z lysosomalnich enzymd,
protoZe vazba M6Pr s M6P je stabilni pii pH 6,5-7. Z pozdnich
endosom vznikaji dva typy vacki. Jeden typ vackil obsahuje
lysosomdlni enzymy (ve formé fosforylovanych glykoprotei-
ni). V téchto vaccich, které fizuji s lysosomy, je od C6
mannosy fosfatasou odstépen fosfat (obr. 1), coz zabranuje
zpétnému navdzdni transportovanych proteinti na M6Pr. Dru-
hy typ vacki obsahuje M6Pr, ktery se navraci zpét do trans-
-Golgiho retikula (obr. 1).
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Obr. 1. Transport prokathepsinu D v nenddorovych buiikiach. Lysosomdlni enzymy migruji z drsného endoplazmatického retikula (ER —
vlevo) do cis-Golgiho aparatu, kde dochazi k fosforylaci M6P zbytki. V trans-Golgiho retikulu se lysosomdlni enzymy navazi na vysoce
specificky membranovy receptor M6Pr, ktery zajisfuje transport téchto enzymt do vacki pokrytych strukturni bilkovinou klatrinem. Klatrin
depolymerizuje a vzniklé holé vacky fuzuji s pozdnimi endosomy, v nichz se oddéluje fosforylovany enzym od M6Pr, coz je zptisobeno nizkym
pH (5,5). M6Pr recykluje zpét do trans-Golgiho retikula a fosforylovany enzym je inkorporovan do odlisnych transportnich vacku, které puéi z
pozdnich endosomt. Zde probihd defosforylace a vacky fizuji s lysosomy. M6Pr se také vyskytuji na cytoplazmatické membrané (vpravo
nahote). Sekretované lysosomadlni enzymy tak mohou byt transportovany do lysosomu po endocytose zprostiedkované M6Pr

1.3. Dva typy receptord linovych zbytkd, u krys je to 407 a u kufat 398 se jednd
mannosa-6-fosfdtu o zbytkd. Prekurzor vzdy obsahuje N-vedouci sekvenci (VS,

obr. 1), kterd u 1lidi obsahuje 20 aminokyselinovych zbytki

Jak bylo zminéno vyse, slouzi interakce proteinti s M6Pr a je odStépena béhem translokace pfes membranu endoplaz-

k transportu hydrolas z trans-Golgiho apardtu do lysosomi. matického retikula. Vznika tak inaktivni prokathepsin D (392
Dosud jsou zndmy pouze dva druhy M6P receptort interagu- aminokyselinovych zbytkl u lidi, coz odpovidd molekulové
jicich s pCD. Prvni z nich, M6P/IGF-II receptor, je transmem- hmotnosti 52 kDa). Jak vyplyvd z podobnosti aminokyselino-
branovy glykoprotein o molekulové hmotnosti 275 kDa, ktery vé sekvence prokathepsinu D a pepsinogenu, prokathepsin D
specificky vaze také IGF-II (insulin-like growth factor II) miiZe podléhat autokatalytickému §tépeni za vzniku aktivniho
a zprostiedkovava endocytosu sekretovanych lysosomalnich kathepsinu D (CD) o molekulové hmotnosti 48 kDa (cit.?).

enzymu a IGF-II. Druhy typ receptoru o molekulové hmotnos- Aktivace CD muze byt katalyzovdna také dal$imi proteasami,
ti 46 kDa se neucastni endocytosy, je zdvisly na pfitomnosti které jsou piftomné v lysosomech'’. Peptid o molekulové
kationtti. Experimenty s butikami postrddajicimi jeden ¢i dru- hmotnosti 4 kDa odstépeny béhem aktivace CD se nazyva
hy typ téchto receptorii ukdzaly, ze pCD je pfednostné sekre- aktivacni peptid (AP, obr. 1). CD je ddle Stépen na N-koncovy
tovén fibroblasty, kterym chybi M6P/IGF-II receptor’. lehky fetézec (15 kDa) a C-koncovy tézky fetézec (30 kDa),
které jsou spojeny nekovalentnimi interakcemi, a tvoii tak

1.4. Primdrn{ struktura, aktivace dvouretézcovou formu CD. Vétsina lidského a prase¢tho CD
a specifita prokathepsinu D existuje vyhradné ve dvouretézcové formé, zatimco vyskyt

CD skotu je téméf rovnomérné rozdélen mezi jedno- a dvou-

Primdrni strukturu prekurzoru pro lidsky kathepsin D tvoii fetézcové formy. Mysi a krysi CD existuje prakticky pouze
fetézec 412 aminokyselinovych zbytki a nazyva se preproka- v jednotetézcové formé. Aktivni misto CD je tvoieno dvéma
thepsin D. Preprokathepsin D my$i obsahuje 410 aminokyse- aspartdty, md tvar $térbiny podobné jako u ostatnich aspartd-
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aktivni kathepsin D - jednofetézcova forma (48 kDa)
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Cysteinové proteasy
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Obr. 2. Maturace prokathepsinu D; vedouci sekvence (VS) pro
interakci se signdlni rozpozndvaci Castici, kterd se vaze na membra-
novy receptor endoplazmatického retikula, VS je ndsledné odstépena
signdlni peptidasou

tovych proteas a je podobné aktivnimu mistu pepsinu. St&pe-
nim B fetézce inzulinu jako substrdtu bylo potvrzeno, Ze také
specifita CD je pepsinu podobnd a pfi §t€peni jsou preferovany
peptidové vazby za hydrofobnimi aminokyselinami3 . Proteo-
lytickou aktivitu 1ze podobné jako u ostatnich aspartatovych
proteas inhibovat pepstatinem.

1.5. Fyziologické funkce kathepsinu D

CD je pfitomen v lysosomech vSech savcich bunék, kde
prispivd hlavnim podilem k degradaci proteinti ve spolupréci
s ostatnimi proteasami“. Jeho zastoupeni se lis{ u rtznych
tkdni a je rovnéz pritomen v endosomech urcitych typt bun¢k
jako napf. makrofdgd a hepatocyti. Nejcastéji se vyskytuje
jako rozpustny protein, ale v endosomech miize byt az z 20 %
vdzdn na membrany.

CD hraje dilezitou roli také pfi proteolytické uipravé pre-
kurzor hormonti nebo antigentt pro jejich prezentaci'>'. Gly-
koproteiny II. tfidy MHC II (major histocompatibility com-
plex) jsou za fyziologickych podminek pfitomny jen na buri-
kach prezentujicich antigen. V endoplazmatickém retikulu
je vazebné misto na MHC II blokovdno kritkym peptidem
(tzv. invariantnim fetézcem), takze se do néj nemohou nava-
zat peptidové fragmenty vzniklé St€penim vlastnich bilko-
vin. Komplex glykoproteind MHC II s invariantnim fetézcem
je z endoplazmatického retikula transportovan ptes Golgiho
aparat do sekrecnich vackd, které po oddéleni od Golgiho
apardtu fizuji s endosomy. Po fizi endosomu se sekre¢nim
vackem degraduji kathepsiny v endosomech invariantni fetéz-
ce a do uvolnéného vazebného mista glykoproteini MHC II
se pak mohou navizat peptidové fragmenty endocytovanych
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proteinti. Degradace pohlcenych cizorodych proteinti v endo-
somech patii mezi dalsi funkce kathepsinti. Byla publikovdna
také data naznacujici roli CD pii obnové tkani'“,

CD se tcastni pravdépodobné také nékterych patologic-
kych procest, jako jsou proliferace rakovinnych bunék, uvol-
fiovani B-amyloidu z prekurzoru pii Alzheimerové chorobé.

2. Role prokathepsinu D v onkogenesi

2.1. Objev zvySené koncentrace pCD
a CD v nddorovych bunkdch prsu

Zvysena exprese prokathepsinu D (pCD) v nddorovych
burikdch prsu (ddle NBP) byla zjisténa ndhodou Henrim Ro-
chefortem' ™7 na pocatku 80. let. H. Rochefort v té dob&
zkoumal vliv estrogenti na NBP a snazil se izolovat proteiny,
jejichz exprese byla estrogeny vyvolana. Domnival se, Ze by
tyto proteiny mohly hrat dtlezitou roli pfi fizeni rGstu nddoru
a jeho invaze a pisobit jako autokrinni ¢i parakrinni faktory.
Velkou pozornost vzbudil protein 52K, ktery byl ve vel-
kém mnozstvi sekretovan MCF7 butikami (estrogen pozitivni
NBP) a vykazoval mitogenni aktivitu'®. Navic byl indukovan
antiestrogenem tamoxifenem v nékolika antiestrogen-rezis-
tentnich bunécnych liniich, zatimco tamoxifen inhiboval jeho
produkci v divokém typu bunék MCF7 (cit.'®). Kritickymi
kroky pro identifikaci 52K proteinu jako pCD bylo izolovat
specifické monoklonalni protilatky®’, vy&istit tento sekretova-
ny protein21 a studovat jeho ko- a posttranslacni modifikace.
Interakce nezndmého proteinu s receptory mannosa-6-fosfatu
vedly k hypotéze, Ze se jednd o lysosomdlni hydrolasu®. Cisty
52K byl pozdéji identifikovdn jako prokathepsin D (pCD) na
zdklade jeho proteolytické aktivity v kyselé oblasti pH, inhi-
bice pepstatinem, jeho interakce s protilatkami proti pCD
a sekvence prvnich patnacti aminokyselinzz. Poradf ostatnich
aminokyselin pCD bylo urceno sekvenovdnim cDNA ziska-
nych z lidskych jater a sleziny. Srovndnim aminokyselinové
sekvence pCD z MCF7 a ze zdravych ledvinovych bunék bylo
zjisténo pét zameén, z nichZ jedna byla v AP ¢asti (Ala—Val).
V bunécnych liniich ZR-75-1 (estrogen negativni NBP) a dal-
$ich liniich byly sice prokdzany dalsi zamény aminokyselin,
celkové je vsak sekvence pCD v NBP konzervativni.

2.2.pCD jako prognosticky marker
rakoviny prsu

pCD je v NBP exprimovdn dva- aZ pétkrat vice ve srovndni
s jinymi buiikami, jako jsou naptiklad fibroblasty nebo zdravé
buiiky prsnich 714z%3. Metodami imunohistochemie, imuno-
analyzou cytosolické frakce, Northern a Western blot analy-
zami C¢i in situ hybridizaci bylo zjiSténo, ze se v NBP zvysuje
mnozstvi jak mRNA kdédujici pCD, tak koncentrace piepiso-
vaného proteinu®. Ukazuje se, Ze nadprodukce pCD neni
zpusobena amplifikaci genu ani chromosomalnim preskupe-
nim**, Proto se pCD dnes jiZ isp&iné vyuziva jako nezavisly
prognosticky marker pfi diagnostice klinické metastdzy rako-
viny prsu. pCD neni jakoZto marker rakoviny prsu zdvisly na
jinych parametrech, jako je napriklad inhibitor urokinasy.
Otdzkou ztistavd, zdali mize byt pCD pouzit jako marker pro
jiné typy rakoviny napf. v hepatomech, melanomech a rako-
vinnych burikdch prostaty. V klinickych laboratofich jsou ke
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stanovovdni koncentraci pCD a CD pouzivdny standardni
imunochemické metody zalozené na pouziti dvou monoklo-
nalnich protilitek®. Podobné vysledky lze ziskat také stano-
venim proteolytické aktivity CD v cytosolu po jeho aktivaci
snizenim pH. Odlisné vysledky jsou Casto ziskdvany rtiznymi
imunochemickymi metodami, coZz miZe byt zptisobeno pouZi-
tim rtznych protildtek, riznych metod fixace tkanf ¢i ztrdtou
sekretované formy pCD béhem fixace.

2.3. Role estrogent pfi expresi
a sekreci pCD v nddorovych
bunkdch prsu

Ve zdravé savci bunice, napiiklad v lidském fibroblastu, je
vétSina syntetizovaného pCD cilena do lysosomt, kde rychle
probiha jeho Stépeni na aktivni formu kathepsinu, a jen malé
mnozstvi prokathepsinu ge akumulovédno v jinych ¢&éstech
buiiky nebo sekretovano®®. V nékolika liniich hormonalng
zavislych (MCF7, ZR-Z5-1) a nezdvislych (MDA-MB-231,
BT20) NBP byla zjisténa znac¢né zvySend sekrece pCD (nad
50 %) a akumulace 52 kDa a 48 kDa forem v bunkdch. Zména
transportu a sekre¢niho mechanismu pCD je pravdépodobné
zptsobena nadprodukci pCD, ktery vysyti vazebnd mista M6P
receptord. Nadprodukce pCD a dalsich lysosomédlnich proteas
je v hormondlné zdvislych NBP indukovana estrogeny. Estro-
geny v téchto buitkdch navic snizuji expresi M6Pr. Bylo
prokdzdno, Ze snizeni exprese miZze byt regulovdno na drov-
ni transkripce i translace’’. Sekreci lysosomdlnich enzymii
z NBP tedy usnadfiuji estrogeny dvéma zptisoby, nebot velké
mnozstvi exprimovaného pCD md k dispozici sniZeny pocet
MG6Pr. Princip indukce exprese pCD v hormondlné neza-
vislych NBP nebyl dosud pozorovan.

2.4. Interakce pCD s receptorem
mannosa-6-fosfdtu a transport CD
nezdvisly na tomto receptoru

S cilem vysvétlit sekreci a transport pCD v nddorovych
buiikdch byly studovédny jeho interakce s M6Pr. Ukdzalo se,
ze in vitro interaguje pCD s MOP/IGFIIr a jejich vzdjemnd
afinita je srovnatelnd s afinitou pCD a M6Pr v normdlnich
buitkach??. Pii pokusech v NBP a sledovani transportu pCD
do lysosomi vsak bylo zjisténo, ze MO6P/IGFIIr vykazuje
snizenou aktivitu. Gen pro M6P/IGFIIr je kédovan na 6q
chromosomu a patii mezi nddorové supresorové geny™, které
kéduji proteiny, udrzujici normdlni somatické buniky v GO fazi
a potlacujici proliferaci. K neregulované proliferaci bunék
a vzniku nddoru dochdzi az v piipad€, ze jsou tyto alely
homozygotné mutovany. Takovédto ztrdta heterogenity na use-
ku 6q chromosomu kédujicim M6P/IGFIIr lokus byla popsdna
v hepatokarcinomech30 arovnéz v NBP (cit.3').

SniZend afinita M6Pr k pCD (zptsobend mutaci genu pro
M6Pr) ¢i sniZeni koncentrace téchto receptordl plisobenim
estrogend (viz predchozi kapitola) umoziuje vazbu pCD na
jiné receptory nez M6Pr. V NBP miZe byt tedy pCD transpor-
tovdn nezdvisle na M6Pr. Alternativni transport pCD se pro-
jevuje nizkou akumulaci zralého enzymu v lysosomech a zvy-
Senou sekreci proenzymu®®. V nékterych antiestrogen-resis-
tentnich liniich NBP byl nové syntetizovany pCD sekretovan
az z 90 % (cit."”*%. Transportu pCD pomoci M6Pr lze v riiz-
nych burikdch zabranit jejich kultivaci v pfitomnosti NH,ClI,
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nebof tato slabd baze zvysenim pH v ,tfidicich* endosomech
zabranuje rozpadu pCD-M6P/IGFIIr a ndsledné recyklaci re-
ceptoru do Golgiho aparétu®®. Po piidani NH,CI do riistovych
médii fibroblastd a zdravych bunék prsu se nové syntetizovany
pCD sekretuje ven z bunék namisto jeho transportu do lyso-
somu. Naopak v mnoha liniich NBP a nddorovych bunék
vajecnikl dochdzi ke zvySeni intraceluldrni hladiny proenzy-
mu po kultivaci s NH,Cl. Zd4 se, Ze tato rezistence k NH,CI
je specifickd pro pCD, protoze komplexy M6Pr s jinymi
enzymy jako je B-hexosaminidasa, a-glukosidasa a arylsulfa-
tasa se v prostiedi NH,Cl rozpadaji>”.

2.4.1. Transport pCD v B lymfoblastech
vykazujicich ,,I-cell“ onemocnéni

Transport lysosomdlnich enzymd nezdvisly na M6P byl
podrobné studovan v B lymfoblastech vykazujicich dédi¢né
lidské onemocnéni, pfi kterém nezndmd mutace sniZuje nebo
eliminuje aktivitu N-acetylglukosamin-fosfotransferasy, tzv.
I-cell onemocnéni®® (ICD). N-acetylglukosamin-fosfotransfe-
rasa katalyzuje prvni krok fosforylace mannosovych zbytki ob-
sazenych v glykoproteinech lysosomdlnich enzymd (obr. 1),
¢imz napomdhd k interakci lysosomdlnich enzyma s M6Pr.
V poskozenych B-lymfoblastech tedy nedochdzi k tvorbé kom-
plexu pCD-M6Pr. Normdlni hladina lysosomdlnich enzymu
v B-lymfocytech téchto pacientl je pak dikazem, Ze jsou
sledované enzymy transportovainﬁy jinym zpsobem, nezZ s vy-
uzitim receptoru pro M6P (cit.*®). Dal$i pokusy s B-lymfo-
blasty s neaktivni N-acetylglukosamin-fosfotransferasou po-
mohly identifikovat aminokyselinovou doménu pCD, kterd je
zodpovédnd za M6P-nezdvisly transport do lysosomu. Zjisté-
ni, Ze neglykosylovany pCD je dopravovan do lysosomi
stejné ucinné jako glykosylovany, je diikazem toho, Ze ami-
nokyselinova sekvence pCD musi obsahovat specificky tfidic{
signa’ll3 3, Analyzou nékolika chimernich proteinti pCD/glyko-
pepsinogen bylo zjisténo, Ze za transport pCD do lysosomt je
zodpovédny tsek pCD od 188 do 265 aminokyseliny.

Cesta nezdvisld na M6Pr je méné ucinnd nez transport
lysosomdlnich enzymut v normdlnich lymfoblastech, ktery je
na M6Pr zdvisly. V posledni dobé se objevily tdaje o tom, Ze
tento M6P nezdvisly transport je tkdfiové specificky, nebot
prestoze byl zjistén napf. v hepatocytech a thymocytech, ne-
dochdzi k nému ve fibroblastech™. Tyto alternativni receptory
by se mohly uplatiiovat nejen v transportu, ale i pfi indukci
mitogenni aktivity prokathepsinu D.

2.4.2. Asociace pCD s prosaposinem

Saposiny A, B, C a D jsou malé termostabilni glykoprotei-
ny, vznikajici ze spolecného prekurzoru prosaposinu v lyso-
somech. Tyto proteiny aktivuji rdzné lysosomalni hydrolasy,
které se tcastni metabolismu sfingolipidi. Kromé své lysoso-
malni funkce je prosaposin také pritomen jako integralni mem-
branovy protein a jako nestépeny hraje rGzné role v rtiznych
télnich tekutindch, napt. v semindlni plazmé, lidském mléce
a cerebrospindlnim moku. Bylo navrzeno, Ze pravé molekula
prosaposinu by mohla byt odpovédnd za tento alternativni
transport pCD (cit.”). Komplex pCD s prosaposinem se vy-
tvaff hned po syntéze pCD na endoplazmatickém retikulu.
Vznikly komplex asociuje s membranou az v Golgiho apardtu.

Metodami bunécné frakcionace bylo prokdzano, ze komplex
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pCD s prosaposinem disociuje od membrany a rozpadd se az
v kyselém prostiedi lysosomi.

2.5. Hypotézy o funkci pCD
pfi metastdze

Vysledky nékolika nezdvislych pokust ukazuji, Ze pCD je
nejen dobrym markerem metastizy NBP, ale pravdépodobné
se na proliferaci NBP také podili. Na poc¢atku 90. let byl ziskdn
piimy dikaz toho, Ze nadmérnd exprese pCD muiZe podporo-
vat n&které kroky metastizy>®. Do krysich nadorovych bungk
linie 3Y1-Ad12 byl vnesen vektor pro expresi lidského pCD.
Stabilni buné¢né linie produkujici a sekretujici vysoké hladiny
lidského pCD rostly mnohem rychleji v médiu s nizkym
obsahem séra nezZ kmeny s kontrolnimi vektory. Také jejich
schopnost zplisobovat metastdzy po intravendzni injekci do
athymickych mysi byla mnohem vyznamnéjsi ve srovndni
s kontrolou.

Mechanismy ptsobeni pCD na proliferaci rakovinnych
bunék jsou nyni intenzivné zkoumany. Z dosavadnich vysled-
ki vyplyvd, ze pCD miiZe pfi stimulaci ristu NBP uplatiiovat
dva na sobé€ nezdvislé zpisoby. Jak naznaCuje uvedené schéma
(obr. 3), pCD mize na NBP ptisobit pfimo, to znamend, zZe
uplatiiuje néjaky vlastni strukturni motiv a interaguje napii-
klad jako rdstovy faktor s povrchovym receptorem buriky ¢i
pusobi jako inhibitor kontrolnich mechanismi pii déleni buri-
ky (obr. 3a). Pfi nepfimém mitogennim ptsobeni mize pCD
uplatnit svoji proteolytickou aktivitu. Z extraceluldrni matrix
mize napiiklad uvolfiovat molekuly, které mohou podporovat
rust nddorovych bunék (obr. 3b). Struktura extraceluldrni mat-
rix je timto zptsobem narusena, ¢imZ je usnadnéna invaze
nadorovych bunék. Jinym dasledkem proteolytické aktivity
CD je specifickd proteolytickd inaktivace komplexu sekreto-
vaného ristového inhibitoru IGF-1 s vazebnym proteinem 3
(IGF-I-VP 3) (obr. 4) (cit.*). Uvolnény IGF-I tak miiZe stimu-
lovat svij receptor (IGF-Ir), a tim i rist rakovinnych bunék.
Zrani pCD a ndsledné inaktivaci IGF-1 — vazebného proteinu
3 kathepsinem lze zabrdnit neutralizaci kyselych vackt chlo-
ridem amonnym. Aktivni CD mtiZze napomdhat také degradaci
bazdlni membrany, coZ je jeden z krokl vedoucich k metastize
rakovinnych bunék.

2.5.1. Neprimé piisobeni pCD na nddorové buriky —
proteolytickd aktivita

Jak jiz bylo feceno, proteolytickd aktivita CD se uplatiiuje
pfi degradaci extraceluldrni matrix a bazdlni membrany obklo-
pujici primdrni nddor. Na otdzku, jakym zptisobem mohou byt
kyselé proteasy v extracelularnim prosttedi aktivovany, odpo-
vida skutecnost, Zze nddorové buiniky si v organismu casto
vytvareji mikroprostiedi o nizSim pH, nez je pH fyziologické.
Na rozdil od zdravych tkdni mohou NBP sniZzovat pH extra-
celuldrniho prostiedi produkei kyseliny mlé¢né a pomoci HY/
ATPasové pumpy, kterd zevnitf burniky transportuje protony
pres cytoplazmatickou membranu. pH miZze byt takto sniZeno
az na hodnotu 5,5, coz je postacujici pro aktivaci pCD. Jakym
zpusobem mohou byt kathepsiny nddorovymi buiikami sekre-
tovany, neni zatim zcela objasnéno.

Fakt, ze pCD miZe byt zodpovédny za degradaci extrace-
luldrni matrix, potvrdily pokusy, pfi kterych se pCD obsaZeny
v mediu po kultivaci MCF7 bunék s estrogeny ponechal in
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nadorova ECM

bunka

pCD
N ../K.'. .
b .: .

aktivni mitogeny ~ poSkozend ECM zvysuje
z ECM invazibilitu bun¢k

Obr. 3. Mechanismy pisobeni pCD na nadorové buiiky; a: mito-
genem je pfimo molekula pCD, b: — nepfimo — prostfednictvim
proteolytickych produktt

IGF-1
QOQ IGF-Ir
IGF-1-VP 3
zdrava nddorova
bunika bunika
regulované
uvolnéni IGF-1 CD inaktivuje IGF-I-VP 3,
z IGF-1-VP 3 IGF-I interaguje s IGF-Ir

Obr. 4. Role CD pri inaktivaci ristového inhibitoru — IGF-I -
vazebného proteinu 3; IGF-I — inzulinu podobny ristovy faktor I
(insuline-like growth factor I), IGF-I-VP 3 — vazebny protein pro
IGF-1, IGF-Ir — receptor pro IGF-I na povrchu bunky

vitro pasobit na extraceluldrni matrix pfipravenou z hovézich
rohovkovych endothelidlnich bunék. Rozklad extraceluldrn{
matrix proteasami, které byly pfitomny v médiu NBP, byl
zpusoben piedevsim CD, coz dokazuje kompletni inhibice
tohoto procesu inhibitorem aspartdtovych proteas pepstati-
nem, ne vSak inhibitory dalSich proteas. Nejvyssi stupenl de-
gradace extraceluldrni matrix byl v obou piipadech naméfen
pii pH v kyselé oblasti (4—5) (cit.*").

Teoreticky mtize CD §tépit extraceluldrni matrix vné bu-
nék, tedy po jeho sekreci a aktivaci. Nddorové burky jsou
schopné také endocytdzy ¢i fagocytdzy extracelularni matrix.
V NBP byly objeveny intraceluldrni objemné kyselé vacky
(LAVs, large intracellular acidic vesicles) odlisné od lysoso-
md, o priméru vétsim nez 5 um. LAVs se vyskytuji mnohem
Castéji u NBP nez u zdravych bunék a obsahuji jak fagocyto-
vanou extracelularni matrix, tak velké mnozstvi CD, ale niko-
liv pCD. K rychlému $tépenf extraceluldrni matrix v LAVs je
potieba velké koncentrace kathepsint, coz by mohlo byt jed-
nim z vysvétlent, pro¢ jsou rakovinné buiiky produkujici velkd

Proteolytickd aktivita CD mtiZe mit roli také pfi degradaci
nebo aktivaci fady molekul, které mohou hrat dalezitou roli
pri metastdze. Na extracelularni matrix je v inaktivni formé
véazdno nékolik rastovych faktort a cytokint. Piikladem jsou
prekurzory TGFp (tumor growth factor) nebo FGF (fibroblast
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growth factor), které mohou po uvolnéni z ECM spustit invazi
tumoru. MCF7 buiiky péstované na extracelularni matrix ob-
sahujici prekurzor '*I-bFGF (bovine fetal growth factor) §tépi
extraceluldrni matrix a uvolniuji z néj biologicky aktivni 12};—
-bFGF, ktery ndsledné stimuluje rozvoj MCF7 bunék. Uvol-
néni aktivniho bFGF lze inhibovat pepstatinem A, coZ je opét
dikazem, ze aspartitové proteasy degraduji extraceluldrn{
matrix.

2.5.2. Autokrinni mitogenni aktivita pCD

Jak jiz bylo uvedeno, existuje jesté dalsi vysvétleni, proc¢
po transientni expresi pCD v krysich nddorovych burnikdch
dochdzi k pomnoZzeni téchto bunék. pCD by pii proliferaci
nddorovych bun€k mohl uplatnit néjaky motiv své struktury
a pusobit piimo jako rtstovy faktor ¢i inhibitor kontrolnich
mechanismu pro délen{ buriky. Tato aktivita pCD se nazyvd
autokrinni mitogenni a byla testovdna inkubaci bunék s pCD
a s IGF-II faktorem jako pozitivni kontrolou*'. Proliferacni
aktivita pCD i IGF-II je zdvisld na jejich vysledné koncentraci
v mediu, pficemz nejlepsich vysledkl bylo dosazeno pri kon-
centracich 20 ng.ml’1 pro pCD i IGF-II (cit.?). pCD byl pro
tyto pokusy izolovdn z medii po inkubaci bunék linie ZR-75-1
s estrogeny a preci§tén pomoci imunoafinitni chromatogra-
fie*!. Nadorové buiiky rostly v piitomnosti pCD stejné dobie
jako pfti inkubaci v pfitomnosti IGF-1I. Bunky, které nebyly
od nddorovych bunék odvozeny, rostly mnohem pomaleji
v pfitomnosti pCD nez IGF-II. Tyto vysledky potvrdily jiz
znamy fakt, ze pCD podporuje rdst nddorovych bunék jako
autokrinni mitogen.

S cilem blize objasnit mechanismus mitogenni aktivity
pCD byly stejné pokusy provedeny v pfitomnosti pepstatinu,
mannosa-6-fosfitu a riznych protilatek. Vysledky jsou shrnu-
ty v tabulce (tab. I). Pfidani pepstatinu A jakoZzto uicinného
inhibitoru proteolytické aktivity CD nemélo vliv na rist nado-

Tabulka I

Vliv pCD, CD, aktiva¢niho peptidu a IGF-II na riist bunék*":
— béhem 7 denni kultivace nebyl zaznamendm vyznamny
ndrGst bunék, + béhem 7 denni kultivace byl zaznamendm
vyznamny ndrdst bunék, PL protildtka, IGF-II inzulinu podob-
ny ristovy faktor I (insuline-like growth factor II), AP akti-
vacéni peptid

Testovana
latka

Bunky

nenadorové

nadorové

pCD

IGF-II

pCD + pepstatin A
pCD + M6P
Deglykosylovany pCD
pCD + PL proti CD
pCD + PL proti pCD
IGF-II + PL proti pCD
CD

AP

AP + PL proti CD

AP + PL proti pCD

+ + 4+ + + +

+ |

I+ + |
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rovych bunék, cozZ naznacuje, Ze kromé proteolytické aktivity
zpusobuje proliferaci NBP i mitogenni funkce pCD.
2.5.2.1. Vylouceni teorie o vlivu mannosa-6-fosfatu
Moznost ucasti M6Pr na mitogenni aktivit¢ pCD byla
zkoumdna testovanim vlivu piidavku M6P, ktery ve vyssich
koncentracich (10 mM) inhibuje interakci pCD s M6Pr na
povrchu bunék a blokuje internalizaci pCD (cit.*). Kdyby byla
mitogenni aktivita pCD zprostfedkovdna pomoci interakce
pCD s M6Pr, inhiboval by ji nadbytek volnych M6P, nebot by
MG6Pr na povrchu byly vysyceny mannosa-6-fosfaty. Priddn{
MG6P vSak nemélo Zddny vliv na mitogenni aktivitu pCD.
Odstépenim cukerné slozky od pCD N-glykanasou se mito-
genn{ aktivita pCD jen mirné sniZila, coz mize byt zpisobeno
tim, ze pfi deglykosylaci enzym@ dochdzi Casto k naruSeni
pavodni struktury. Souhrnné vysledky vsak svéd¢i o tom, ze
samotny M6P neni pro mitogenni aktivitu pCD rozhodujici.

3. Role aktiva¢niho peptidu pCD v onkogenezi

3.1. Vliv aktivaé¢niho peptidu
na proliferaci nddorovych
bunék prsu

Zajimavé vysledky byly ziskdny pfi kultivaci bunék s rtiz-
nymi protilitkami*. Protilatky, které rozpozndvaji epitop
uvniti aktiva¢niho peptidu (ddle AP) prokathepsinu D, silné
inhibovaly mitogenni funkci pCD, zatimco protildtky proti
kathepsinu, které neinteraguji se samotnym AP, nemély na
rist bunék zadny vliv. AP by proto mohl hrat dilezitou roli
v mitogenni aktivit€ pCD.

Pro dal$i vyzkum ucasti AP v mitogenni funkci pCD byl
AP pripraven synteticky. Pii kultivaci rGznych typt bunék
s takto pfipravenym AP byly naméfeny podobné proliferacni
aktivity jako v piipadé¢ pCD (viz tabulka I). Buné¢né linie
odvozené z rakovinnych bunék odpovidaly na pfitomnost AP
v mediu jen o mdlo intenzivnéji neZ na pridavek pCD a naopak
u linii, které na pCD nereagovaly, nebyla naméfena zadnd
odpovéd ani pro AP. Nepatrné sniZeni mitogenni aktivity AP
oproti pCD lze vysvétlit vétsi konformacni flexibilitou volné-
ho AP. AP jako soucdst molekuly méni htife konformaci, kterad
je vhodnd pro mitogenni receptor. Pro srovndni byly méfeny
také interakce s pepsinogenem. Zraly pepsin md s CD podob-
nou prostorovou strukturu, av§ak primdrni struktury aktivac-
nich peptidi se 1isi**. Rovnéz pfitomnost protildtek proti AP
¢i proti samotnému CD méla srovnatelny vliv na rist bunék.

3.2. Interakce konjugdtu pCD-FITC
s nddorovymi bunkami prsu

Zaucelem potvrdit dalsi hypotézu, Ze na povrchu nadoro-
vych bunék existuje receptor, na ktery se vaze AP, byl pfipra-
ven konjugdt pCD-FITC (FITC — fluoresceinisothiokyandt)
(cit.*h). Po interakci konjugédtu pCD-FITC s bun&&nym povr-
chem NBP byla prtitokovou cytometrii méfena intenzita fluo-
rescence jednotlivych bunék. Pokles fluorescence v disledku
preinkubace NBP s aktivacnim peptidem naznacuje, Ze na
povrchu bunék jsou receptory spolecné jak pro aktivacni pep-
tid, tak pro pCD. Obdobné bylo blokovédni povrchovych re-
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ceptorti pozorovdno také u bunék, inkubovanych nejprve s ne-
znac¢enym pCD. Interakcim konjugatu pCD-FITC s povrchem
nddorovych bunék 1ze zamezit pfiddnim protildtek proti pCD.

3.3. Lokalizace vazebného mista
aktivacniho peptidu
pro povrchovy receptor

Zatim zUstdvd nejasné, kterd ¢dst AP je za interakci s re-
ceptorem zodpoveédnd. Na zdkladé znalosti prostorové struk-
tury aktivniho CD (cit.?) a modelu struktury pCD (cit.**9 byly
pripraveny dva syntetické peptidy, které obsahovaly prvnich
26 (1-26) a dalsich 18 (27-44) aminokyselin aktivacniho
peptidu pCD. Srovndnim jejich mitogennich aktivit bylo zjis-
téno, Ze vazebné misto pro povrchovy receptor na NBP je
lokalizovéano nékde mezi aminokyselinami 27—44 (cit.*’).

4. Zavér

Je ziejmé, Ze CD nebo jeho AP hraji roli v onkogenezi,
ato zejména pii vzniku rakoviny prsu. Podili se jak na zvyseni
bunécného rastu, tak na snizenf{ inhibice ristu mezibunéénym
kontaktem. Mechanismus ptisobeni CD v onkogennim proce-
sunenf zatim dostate¢né objasnén. Je v§ak zndmo, Ze v prsnich
nddorovych bunikach dochazi k jeho nadmérné sekreci a stava
se hlavnim sekretovanym proteinem. Z publikovanych dat
vyplyvd, Ze divodem jeho onkogenniho plisobeni miize byt
jak jeho proteolytickd aktivita spojend s degradaci urcitého
tumorového supresoru, tak aktivace receptord, at jiZ pfimou
interakci s nebo proteolytickym rozrusenim komplexu IGF-I
— vazebny protein. Uvolnény IGF-I se pak mize vdzat na
vlastni receptor a aktivovat bunéc¢nou proliferaci. Nékterd
experimentdlni data ukazuji, Ze za mitogenni aktivitu je zod-
povédny AP, ktery je z prokathepsinu odstépen pfi jeho akti-
vaci.

Existuji vSak také vysledky naznacujici, Ze CD sekretova-
ny nddorovymi buiikami lidské prostaty ovliviiuje tvorbu an-
giostatinu, tj. inhibitoru vyvoje krevnich cév, ¢imz zabranuje
vyzivé rostouciho nddoru a rozvoji metastdz. Tato funkce CD
je vyznamné snizena v pfipadé pCD sekretovaného nddorovy-
mi buitkami prsu, coZ je ddvdno do souvislosti s rozdilnou
glykosylaci téchto forem CD.
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thepsin D and its Role in Oncogenesis

Cathepsin D (CD) is involved in oncogenesis particularly
in the formation of breast tumors. The mechanism of its
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contribution to the process remains to be elucidated. Expres-
sion of cathepsin D is stimulated by estrogen in mammary
cancer cells. It is also known that CD is very actively secreted
from the breast tumor cells. It has been suggested that its
oncogenic role might be related to its proteolytic activity and
degradation of a certain tumor suppressor or to proteolytic
destruction of a complex of the growth factor with its binding
protein. The released growth factor may subsequently interact
with its own receptor and activate cell proliferation. Some
experimental data show that the activation peptide, proteoly-
tically released from procathepsin during its activation, may
be responsible for the mitogenic activity of procathepsin D
(pCD). On the contrary, some data suggest that CD secreted
by prostate cancer cells stimulates the formation of angiosta-
tine and thus prevents nutrition of the growing tumor. Such
function of CD is severely decreased in the case of pCD that
is secreted by breast cancer cells probably due to different
glycosylation of the CD forms. This review evaluates the
current opinion on the role of pCD and the activation peptide
in the carcinogenesis.
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Uvod

Jednim z dlouhodobé rozvijenych smérti modernich elek-
troanalytickych c¢idel je tematika senzord na bazi pevnych
materidlil. Pfisné ekologické a bezpecnostni predpisy zavadeé-
né jak ve svété, tak i v Ceské republice, ale i fada obecné
oblibenych predsudkd a omyli zakazuji nebo podstatnym
zpusobem komplikuji pouzivani rtutovych elektrod. Z tohoto
diivodu je v poslednich letech vénovdna velkd pozornost vy-
voji pevnych nertutovych elektrod. Do této skupiny elektrod
patfi i kompozitni kovové elektrody, tzn. elektrody vytvoiené
z materidlu pfedstavujiciho smés minimalné jednoho izoldtoru
a jednoho vodice'.

Vyuziti téchto elektrod je mozZno nalézt v oblasti teoretic-
kého vyzkumu déji odehrdvajicich se na povrchu elektrody,
stejné tak jako v oblasti analytické chemie. Obé tyto sféry se
vzdjemné prolinaji. Primdrné nasly kovové kompozitni elek-
trody uplatnéni v anodické rozpoustéci voltametrii, resp. pri
voltametrické analyze iontd kovl (Cd, Pb, Cu, T, As apod.).
K jejich stanoventi je Casto vyuzivdn tzv. efekt ,,underpotential
deposition* (efekt UPD) (cit.%), jehoz aplikace byla jiz studo-
vana na kovovych elektrodach, predeviim stiibrné a zlaté®™.
Kompozitni kovové elektrody jsou v porovnani s klasickymi
kovovymi ponékud méné rozsifeny a studovdny, ale vysledky,
kterych na nich bylo dosazeno, jsou co do analytickych para-
metrd piiblizné srovnatelné s pouzitim elektrod kovonchS’s.
Vedle jiz zminénych analytickych aplikaci a vyzkumu efektu
UPD je pozornost vénovdna i vzdjemnym interakcim kovi na
povrchu elektrod®'°

Polarografické, resp. voltametrické stanoveni chlorido-
vych iontd bylo popsdno v literatufe jiz pred desitkami let,
napi.'' a jeho vyuziti bylo prevzato i do aplika¢nich listi
nékterych firem'. Jind moznost stanoveni ionti CI” byla za-
loZena na jejich amperometrické titraci ve vodné-methanolic-
kém roztoku dusi¢nanem olovnatym, avsak tyto postupy se
ukdzaly vhodné pro koncentrace vyssi nez 0,05 % (cit.”).
Priblizné o pil fadu nizs$i meze stanovitelnosti 1ze dosahnout
pri titraci dusi¢nanem stiibrnym ¢i rtutnym. Ale i pfi uZit{
katodické akumulace se ukdzalo, Ze rtutova kapkovd elektroda
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neni pro tyto ucely zcela idedlni a vysledky nejsou vzdy
spravné — zvlasté v komplikovanéjsich matricich (napf. vylu-
hy z betonu a pisku). To vedlo k hleddni jinych voltametric-
kych senzord, af jiz se rtuti (napf. amalgamové, meniskové
nebo pevné amalgamové elektrody”) nebo bez rtuti (stitbrné
kovové elektrody ™).

Obsah chloridi je ddlezity hlavné z hlediska environmen-
vych vodéch je regulovdn fadou norem a vyhldsek (napf.
pitnd a balend pitnd voda'® — mezni hodnota 100 mg.1"! a nej-
vy$si mezni hodnota 250 mg.I™'; balend piirodni minerdlni
voda'” — mezni hodnota 500 mg.1"" a balend kojeneckd voda!”
— mezni hodnota 100 mg.l™; uméld koupalisté'® — mezni
hodnota 200 mg.1”", plnici voda pro uméld koupalists'® —
mezni hodnota 50 mg.I"™"). Jejich obsah je viak diilezité sle-
dovat napf. i ve stavebnich materidlech, jako jsou pisky pro
vyrobu betonu (jejich piitomnost mize zvySovat korozi kovo-
vych, zejména Zeleznych, armatur). V pitnych ¢i v uzitkovych
vodach, jakoz i ve vyluzich mohou stanoveni komplikovat
pfitomné povrchové aktivni latky. Proto je nutno jejich obsah

kontrolovat'**

s w2

Experimentalni ¢ast
Pristroje

Pro voltametrickd méfeni byl pouzit pocitaem fizeny
Eco-Tribo Polarograf PC ETP s piisluSenstvim (Polaro-Sen-
sors, Praha)** s programem Polar Pro v. 4.0. pro Windows
95/98/ME. Jako referen¢ni byla pouzita 1 M argentchloridova
elektroda, oddélend od roztoku solnym mustkem naplnénym
1 M dusi¢nanem draselnym, ke které jsou vztaZzeny hodnoty
potencidlti uddvané v této préci, a jako pomocnd elektroda
platinovd (oboji Elektrochemické detektory, Turnov). Pomoci
specidlni procedury zahrnuté do programu Polar Pro byla se-
stavena z jednotlivych krokti metoda, kterd zahrnovala vSech-
ny operacni kroky (Cistici cykly, akumulaci, méfeni atd.),
takze celé méfeni probihalo automatizované.

Ziznamy byly provddény metodou DCV adiferencni puls-
ni voltametrie (DPV). Méfen{ probihala pii pokojové teploté
293+2 K. Rychlost polarizace ¢inilau DPV 20 mV.s™,u DCV
150 mV.s~'. Vyska DPV-pulsu byla nastavena na —-95 mV
a Sitka 100 ms, pfi prodlevé mezi pulsy 200 ms. Pokud byl
odstranovan vzdusny kyslik, byly analyzované roztoky vy-
bubldny dusikem o cistoté 99,999 % (Linde, Praha).

Chemikalie

Stifbrny praSek pro konstrukci elektrod (Cistota 99,9 %,
J. Matthey, USA) mél zrnitost 5-10 pm. Jako pojivo byl po-
uzivan Superakryl plus® (smé&s poly(methyl-methakrylatu), me-
thyl-methakrylatu, glykol-dimethakrylatu, dibutyl-ftaldtu) (Spo-
fa, Praha). Grafitovy prdsek (Merck, Praha) mél zrnitost pod
50 um. Standardni roztoky byly pripraveny fedénim zdsob-
nich roztoki (Analytika, Praha) o koncentraci 1 g.1™' a o &istoté
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Obr. 1. Vliv pH na vysku DCV viny (O) a DPV piku (O) chloridd
(cq- =5 mg.lfl); pH I, E, = E, = 350 mV, doba ¢isténi 5 s pfi
potencidlu +350 mV, 7, = 10's

p-a. redestilovanou vodou. Pro pfipravu standardniho roztoku
chloridd byl pouzit chlorid draselny Cistoty p. a. a redestilova-
nd voda. Jako modelovd povrchové aktivni ldtka byl vybrdn
Triton X-100. Vsechny ostatni pouzité chemikdlie (kyseliny,
zdkladni elektrolyty) byly Cistoty p. a. a k jejich pfipadnému
fedéni byla opét pouzita redestilovand voda.

Konstrukce kompozitni elektrody

K méfeni byla uzita kompozitni elektroda (pracovni ozna-
¢eni C). Jako pouzdro pro elektrody byl pouZivdn plexisklovy
vélecek o délce 90 mm a vnéj$im prdméru 12 mm; pramér
aktivni plochy ¢inil 1 mm. Elektricky kontakt vytvoril médény
drétek, ktery byl vsunut do vrstvy praSkového grafitu nasypa-
ného na horni povrch kompozitniho materidlu®.

Kompozitni elektroda byla vyrobena smisenim 20 % stii-
brného prasku s 20 % grafitového prasku a s 60 % (vSechna
procenta jsou hmotnostni) methakryldtové pryskyfice (stoma-
tologicky materidl Superakryl plus®). Smés stiibra a uhliku
byla homogenizovdna v misce, poté byla pfiddna polymeri-
zacni smés, ¢imz doslo k vytvofeni plastické kompozitni
hmoty. Ta byla ponechdna 5 minut na vzduchu a pak byla
vtlacena do elektrodového téla. Elektroda zfistala 6 hodin
v klidu, aby mohl probéhnout polymerizacni proces. Nasledné
byla elektroda brousena na smirkovém papiru o riizné zrnitosti
a nakonec na alumimé o zrnitosti 0,3 wm.

Vysledky a diskuse

Volba vhodného prostiedi a metody

V literatufe je mozno nalézt postupy stanoveni chlorido-
vych iontd pfi pouziti metod stejnosmérné (DCV) nebo dife-
ren¢ni pulzni voltametrie (DPV), ale vZdy pfi aplikaci jejich
katodické akumulace a za rdznych hodnot vhodného pH (od
0,1 M-HNOj; po neutrdlni oblast). Uvodem byl proto ovéien
vliv pH na DCV i DPV chloridl. Z vysledki zndzornénych na
obr. 1 byla pro DCV i DPV stanoveni vybrdna jako optimdln{
hodnota pH 1, coz odpovidd 0,1 M roztoku HNO;.

Pii porovndni DC a DP voltamogrami je patrno, Ze pii
stejné koncentraci a stejné dobé akumulace se vyska proudo-
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Obr. 2. Vliv potencidlu akumulace na vy$ku piku chloridi (c_- =
5mgl™); pH 1, metoda DPV, E, = E, = E
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Obr. 3. Vliv doby akumulace na vy$ku piki chloridii (c_-
5 mg.l’l); pH 1, metoda DPV, E, = E, = E_ =350 mV, doba ¢isténi

5 s pii E, doby akumulace (s): 1 -0,2-5,3-10,4-20,5-30,6 -
40, 7-50,8-60

vého pozadi v pfipadé DPV méni v rozmezi 3,7 az 5,3 UA,
v piipadé DCV je vyska proudového pozadi prakticky kon-
stantn{ (asi 3 LA). Kfivky obou voltamogram se lisf tvarem:
zatimco u DP voltamogramd je prib&h zdznamu téméf rovno-
béZny s potencidlovou osou, v piipadé¢ DCV linedrné roste
smérem k negativnim hodnotam, takze zdznam, ktery ma tvar
vilny, se pomérné komplikované vyhodnocuje. Nevyhodou
DPV (rychlost polarizace 20 mV.s™', vyska piku 95 mV,
pauza mezi pulzy 200 ms) byl fakt, Ze vyska piki byla pribliz-
né pétinova v porovnani s vyskou DC vln (rychlost polarizace
150 mV.s™). Piky jsou vsak dobie oddéleny, jsou symetrické
a jejich odecet neni komplikovan rostoucim pozadim. Jak
bude ukdzdno v ndsledujicich odstavcich, vysledek méieni
nen{ v tomto piipadée zdvisly na pouzité metod¢; prednost byla
ddna technice DPV.

Zdavislost na potencidlu
a dobé akumulace

Je zndmo, Ze zvySeni citlivosti stanoveni chloridovych
iontl Ize docilit jejich akumulaci na povrchu elektrody v ob-
lasti kladnych potencidlti. Optimalni potencidl akumulace byl
hleddn mezi +450 a +250 mV, pficemz jako optimdlni byl
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zvolen potencidl akumulace +350 mV u metody DPV (obr. 2)
a+300 mV u metody DCV.

Dal$im zkoumanym parametrem byla zdvislost na dobé
akumulace. Pfi potencidlu akumulace £, = +350 mV a kon-
centraci chloridovych iontd 5 mg.1™' byly metodou DPV tes-
tovdny doby akumulace v rozmezi 0-60 s (obr. 3). Zdvislost
vysky katodického piku chloridd na dobé akumulace vykazuje
linedrn{ pribéh v celém rozsahu se smérnici —9,3 nA.s' adse-
kem —0,1707 pA pri korelacnim koeficientu 0,9957.

V1iv kysliku na stanoveni chloridd

Prii stanoveni metodou DPV, potencidlu akumulace +350 mV
a dobé akumulace 60 s (bez odstranéni vzdusného kysliku
z analyzovaného roztoku) se jako nejvhodnéjsi k vyhodnoco-
vani ukdzaly prvé dva zdznamy. Na dalSich zdznamech po-
stupné nardstal piedpik kysliku zachyceného na povrchu elek-
trody, ktery nedokdzala odstranit ani aplikace Cistici polariza-
ce pri potencidlu +350 mV po dobu 5 s. Takto zachyceny
kyslik, resp. produkty jeho redukce, deformovaly redukéni pik
chloridii do tvaru vlny, coz komplikovalo vyhodnoceni jejich
koncentrace. Pfi vyhodnoceni koncentra¢nich zdvislosti C1™
pouze z prvych dvou zdznamu byla ziskdna linedrni kalibra¢n{
zavislost (korelacni koeficient r = 0,986) stejné jako pfi od-
straiovani kysliku (korela¢ni koeficient » = 0,989). V koncen-
traénim rozsahu 1,5-3,0 mg.I™! byla dokonce jeji smérnice
v piftomnosti O, asi o 20 % vétsi neZ v jeho nepiitomnosti
a zdrovei byla docilena shoda (na hladin€ vyznamnosti 0,95)
mezi vysledky stanoveni bez a pii odstranéni vzdusného ky-
sliku.

Interakce chloridovych iontt
na povrchu elektrod

Na povrchu rtufové elektrody se ptfiblizné pii potencidlu
+100 mV chloridy vyrazné chemisorbuji za tvorby produkti
se rtuti. Obdobné je tomu na povrchu stifbrnych elektrod
(kompozitnich i kovovych)*>2*% za vzniku odpovidajicich
produktd CI” s Ag*. Obecné se dospélo k zdvérim, ze vazba
je prilis silnd, nez aby se jednalo o pouhou sorpci. Halogeni-
dové (atedy i chloridové) ionty se sorbuji na povrchu kompo-
zitn{ elektrody, jejich béZnd povrchovd koncentrace ¢ini asi
1,2-1,5 nmol.m™>. Pokud jsou na povrchu elektrody vylugo-
vany ionty kovi (bez pfitomnosti halogenidi), dosahuje za
béznych analytickych podminek jejich monovrstevné pokryti
(definované jako pomér skute¢né obsazenych a obsaditelnych
mist na povrchu elektrody v okamZiku, kdy se zacne vytvaret
druhd vrstva) hodnoty 0 cca 0,2. V pfipadé, Ze se v roztoku
nachdzeji halogenidové (napf. chloridové) ionty, pisobi jejich
pritomnost ,,zhustovani“ této vrstvy, splyvani naadsorbova-
nych povrchovych ostrivka*® apod., takZe povrchové pokryti
kovu dosahuje az 6 = 0,5. Uplatnéni aktivacnich a nukleacnich
mechanismt pfi rlstu stupnovitych kovovych filmi se na
voltametrickém zdznamu projevuje piitomnosti ,,monovrstev-
nych® pikii nebo na kalibracni kiivce prodlevami ¢i nemono-
ténnimi dseky.

Pro popis zdvislosti vySky nebo plochy piku na koncentra-
ci, resp. dobé akumulace (ovliviiujici stupen pokryti elektro-
dy) lze pouZzit s pomérné malou nepiesnosti linedrn{ kalibra¢n{
rozsah (statisticky testovano®®), i kdyz je ziejmé, ze dokona-
lejsi popis adsorpce by skytala Langmuirova nebo Frumkino-
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va isoterma nebo isoterma®’ jesté 1épe vystihujici Casto neli-
nedrni esovity pribéh zdvislosti.

Obnoveni povrchu elektrody,
reprodukovatelnost a opakovatelnost
meéfeni

Jako kazdd pevnd elektroda md i kompozitni stifbrnd elek-
troda ve srovndni se rtutovou kapkovou elektrodou huie re-
produkovatelny a obnovovatelny povrch. Kromé snadného
mechanického obnoveni povrchu (vhodné provadét alespoil
jednou za 1 az 2 tydny) jemnym pielesténim na aluminég, po
némz je nutno procyklovat elektrodu v zdkladnim elektrolytu
(asi 100 az 200 DC cykly mezi +350 az =950 mV s rychlost{
polarizace 500 mV.s™', coz je vhodné uéinit i na za&itku
kazdého meéficiho dne), lze aplikovat jesté¢ nekteré rezimy
elektrochemické predipravy elektrodového povrchu jako vlo-
Zeni cisticich cykld nebo Cistictho potencidlu pfed vlastni
méfeni. Jako optimdlni se ukdzalo zatfazeni 50 a vice Cisticich
cykld (+350 mV na dobu 0,1 s a az 950 mV na dobu 0,1 s)
pred zacdtkem meéfeni kazdého nového vzorku. Pred kazdy
registrovany zdznam byl navic vloZen jeden scan mezi poca-
te¢nim a kone¢nym potencidlem (E, a E ) pii rychlosti pola-
rizace 500 mV.s™'. Vysledny zdznam (af jiz DCV & DPV) se
pak sklddal z jednoho ¢i vice voltamogramu. Pfed akumulaci
pri zvoleném potencidlu byl také vzdy aplikovan ¢istici poten-
cidl (rovny potencidlu akumulace, resp. pocdte¢nimu poten-
cidlu) na dobu 5 s.

Statistické vysledky byly zpracovdny ze 14 opakovanych
meéfeni v piipadé DPV a ze 13 v piipadé DCV. Pokud nejsou

Tabulka I

Test opakovatelnosti stanoveni chloridovych iontii (5 mg.17")
na kompozitni stifbrné elektrodé. Primér disku 2,5 mm, zdk-
ladn{ elektrolyt 0,1 M-HNO; (pH 1)

Podminky Metoda
DPV DCV
Pocet cisticich cykla 50 50
Celkovy pocet méfent 14 13
Cistici potencidl E;, mV 350 300
Cistici Cas 7, s 5 5
Vyska piku / [nA]
Vypusténé méfeni . - 1 1,2 - [
Aritmeticky primér 83,2 85,8 87,9 383 389 383
vybéru, nA
Li2, (nA)0,95) 93 80 73 20 18 13
Medidn, nA 86,2 86,5 87,6 381 387 381
Smérod. odchylka,nA 16,2 13,3 114 34 28 19
Relat. smérod. 194 155 130 88 7,1 50
odchylka, %
?ikmost -0,75 -0,58 -0,58 0,12 1,01 -0,02
Spicatost 2,70 2,52 299 3,64 3,775 1,46

4 Body oznacené podle Deanova-Dixonova testu jako odlehlé
na hladiné vyznamnosti 0,95
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Obr. 4. Vliv Tritonu X-100 na vySku piki chloridi (c - =5 mg.l™);

pH 1, metoda DPV, ¢, =605, E, = E, = E =350 mV, doba ¢isténi

SspiiE,

vylouceny (na hladiné vyznamnosti 0,95) pfi uZziti metody
DPV prvni dva zaznamendvané vysledky a u DCV nejmensi
a nejvyssi (statistické rozdéleni vysledkd nevykazuje charak-
ter normdlniho rozdéleni*®), nelze pouzit u viech vysledka (pii
rtznych pH, riznych koncentracich apod.) aritmeticky pramér
(podle odhadu Sikmosti a Spicatosti). Grubbstv ani Deantiv-
-Dixondv test neoznacil zadny vysledek v metodé¢ DPV za
odlehly, naproti tomu v DCV Deanﬁv Dixonﬁv test oznaéil
vyznamnosti 0,95) a Grubbstv test neoznacil Zddnou z hodnot
jako odlehlou. Bez vyluc¢ovani krajnich odlehlych bodl lze
povazovat za velmi dobry odhad stiedni hodnoty medidn.
Vysledky jsou shrnuty v tabulce I.

Ukdzka pribéhu DP voltamogramd riznych koncentraci
chloridd na stifbrné kompozitni elektrodé je zndzornéna na
obr. 5.

Na zdkladé optimalizovanych podminek méfeni byla zjis-
téna (pri dobé akumulace 60 s a potencialu akumulace +350 mV)
kritickd hodnota 0,76 mg.l’l, mez detekce 2,10 mg.l’l a limit
stanoveni 2,62 mg.l’l.

Pfi stanoveni nebylo zjiSténo ovlivnéni dusi¢nany, du-
sitany a chloristany (mohou byt pouZity jako zdkladni elek-
trolyty). Stanoveni neni ruSeno ani vysokym nadbytkem
jodidi (stondsobny prebytek). Mirné interference byly po-
zorovany v pritomnosti bromidi v deseti a vicendsobném
prebytku.

V1iv povrchové aktivnich ldtek

Povrchové aktivni latky se v pitnych voddch za normdl-
nich podminek nevyskytuji, cilem této prace je vSak upravit
podminky i na stanoveni halogenidii ve voddch znecisté-
nych (napf. odpadnich). Na rozdil od voltametrie na klasické
HMDE piitomnost povrchové aktivnich ldtek nepidsobi na
kompozitnich stiibrnych elektroddch prili§ rusivé. K zdklad-
nimu elektrolytu 0,1 M-HNOj; byly prldan?/ chloridové ionty
tak, aby jejich koncentrace cmlla 5 mg.1”" (pH upraveno na
hodnotu 1). Ndsledné byl ptiddvan Triton X-100 az do vysled-
né koncentrace 5.107 %. Pokud koncentrace Tritonu X-100
byla mensinez 102 %, vySka piku vzrostla asi o 10 %, pfi jejim
prekroceni zacala vy$ka piku Cl™ klesat (pii koncentraci Tri-
tonu 5.107% % jiz ¢inil dbytek skoro 50 %) (obr. 4).
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Obr. 5. DP voltamogramy chloridovych ionti na strlbrne kompo-
zitni elektrodé: 0,1 M—HN O,; rychlost polarizace 20 mV..s~ t = 60s,
koncentrace CI' vmg.l™: 1 -0,2 - 1,48,3-2.21,4 - 292 5 3,61,
6-4,29
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Obr. 6. Vyhodnoceni koncentrace chloridovych ionti ve vzorku
pitné vody metodou standardniho pridavku na strlbrne kompo-
zitni elektrodé: 0,1 M-HNO,; rychlost polarizace 20 mV.s~ t =60s,
zjisténd koncentrace Cl” v mg 1 4,78+0,58

Analytické aplikace
na redlnych vzorcich

Analyzy redlnych vzorkl byly provddény metodou DPV
ndsledujicim zpisobem: k 9,0 ml vzorku byl pfiddn 1,0 ml
1 M-HNOj; a dle potieby bylo pH upraveno pomoci 1 M-KOH
na hodnotu 1.

Metodou standardniho ptidavku byly analyzovany dva
vzorky: I) vzorek pitné vody odebrané ze studny s pitnou
vodou (Polabi), 2) minerdlni voda s deklarovanym obsahem
chloridii 4,5 mg.1"". Oba vzorky byly analyzovény pfimo, bez
predupravy ¢i jakékoli mineralizace; vzdusny kyslik (piipad-
né jiné rozpusténé plyny, napf. CO,) byl odstranén pétimi-
nutovym probubldnim proudem dusiku. Analyza byla prova-
déna s uzitim vySe popsané stiibrné kompozitni elektrody
a vysledky byly porovndvany s vysledky ziskanymi na HMDE
(01t )

Pomoci kompozitni elektrody bylo zjisténo, Ze vzorek
pitné vody obsahuje 4,780,58 mg.1"" (na hladin& vyznamnos-
ti 0,95) (obr. 6). Pfi analyze za pouziti klasické HMDE byla
zjisténa koncentrace chloridi 4,10+0,51 mg.l’] (na hladiné
vyznamnosti 0,95). Lze konstatovat, Ze vysledky se dobfe
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shoduji, intervaly spolehlivosti se piekryvaji a vysledek vyho-
vuje pozadavkam kladenym na pitnou vodu'®.

Stejné byl analyzovan vzorek minerdlni vody. V piipadé
uziti kompozitni elektrody bylo nalezeno 2,82+0,16 mg.I"" (na
hladiné vyznamnosti 0,95) a pti analyze za pouziti HMDE
3,1+0,42 mg.l‘l (na hladiné vyznamnosti 0,95). I v tomto
pripadé se vysledky dobie shoduji, intervaly spolehlivosti se
prekryvaji a vysledky vyhovuji pozadavkiim kladenym na
balené piirodni minerdlni vody'’; a odpovidaji vyrobcem de-
klarovanému obsahu chloridu.

Zavér

Lze konstatovat, Ze pouZziti kompozitnich stiibrnych elek-
trod pfedstavuje v oblasti stanovovdni chloridovych iontl
velmi dobrou alternativu ke rtutovym elektroddm a zdroven
i ke stifbrnym kovovym elektroddm. Ackoli jsou rtutové elek-
trody jen velmi obtiZné pfekonatelné v obnovovatelnosti a re-
produkovatelnosti povrchu a pomérné Sirokém potencidlovém
méficim rozsahu, citlivost kompozitnich stiibrnych elektrod
pri stanoveni chloridovych ionti mize dosdhnout srovnatelné
citlivosti se rtufovymi elektrodami, pficemz lze dosdhnout
b&zné limit detekce v jednotkdch mg.I™. Kalibra¢ni kiivky
jsou linedrni od desetin az do desitek mg.1™", limit detekce se
pohybuje na drovni 2 mg.1™".

Stanoveni chloridd neni ovlivnéno pfitomnosti vétsiny
béznych aniontl (jodidy, dusi¢nany, chloristany, sirany). Sla-
bé interference byly pozorovany pouze v piipadé bromido-
vych iontli. Povrchové aktivni latky mirné snizuji vysku piku.
Ptiprava uzivanych kompozitnich elektrod je relativné snadna
a jejich podstatnou piednosti je i moznost provadét analyzy
bez odstrafiovani kysliku.

Autori deékuji za financéni podporu grantu ¢. 101/02/
Ulli/Cz.
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1. Introduction

The biological importance of y-linolenic acid [(6Z,9Z,12Z)-
-Octadeca-6,9,12-trienoic acid, 18:3n-6] has been well docu-
mented' 2 y-Linolenic acid is known to play a crucial role
in the generation of prostaglandin derivatives®>. In higher
plants y-linolenic acid is biosynthesized in vivo from linoleic
acid [(9Z,12Z)-Octadeca-9,12-dienoic acid, 18:2n-6] under the
action of 86-desaturase® (Fig. 1). Under normal physiological
conditions in humans, y-linolenic acid results from the hepatic
bioconversion of linoleic acid, the major essential fatty acid
for humans. The transformation of linoleic acid to more un-
saturated y-linolenic acid also requires the activation of liver
86-desaturase’ (Fig. 1). As shown in Figure 1, higher poly-
unsaturated fatty acids are direct precursors of prostaglandins
and leukotrienes®>, and they also have direct impact on the
correct function of cell walls. Natural plant sources of y-li-

*  Corresponding author
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nolenic acid contain variable quantities of this acid®. Among
those natural sources, a special attention should be paid to
blackcurrant (Ribes nigrum). The oil, isolated from the plant
seeds, contains also another important polyunsaturated fatty
acid, o-linolenic acid [(9Z,12Z,15Z)-Octadeca-9,12,15-trie-
noic acid, 18:3n-3], which is considered to be one of the most
important polyunsaturated fatty acids”° Its biosynthesis in
vivo from linoleic acid requires activation of 815-desaturase’.
Both linolenic acids are natural sources for their subsequent
transformation into higher polyunsaturated fatty acids in vivo
in humans and animals® (Fig. 1).

The dietary requirements for linoleic acid are estimated to
be around 2.7 % of the total caloric intake equivalent in
children and around 3-5 g per day in adults''. The required
amount of essential fatty acids is usually supplied by a well-
-balanced diet. Biochemical or clinical symptoms of essential
fatty acid deficiency are extremely rare, provided that the
endogenous conversion of linoleic acid into y-linolenic acid
and subsequent compounds proceeds normally. On the other
hand, it is known that fat-free parental diet very rapidly ex-
hausts the endogenous essential fatty acid resources, leading
to biochemical clinical abnormalities'>™'. The dietary ratio of
Y-linolenic acid to o-linolenic acid displays different physi-
ological effects'*'> It has also been reported14 that simulta-
neous supplementation of y-linolenic acid and o-linolenic acid
in animal diet could have an important icosanoid-mediated
physiological effect.

A number of reports suggest that the normal transforma-
tion of linoleic acid into other essential fatty acids may be
suppressed under several stressful conditions'®'?, most pro-
bably as a result of the d6-desaturase deactivation. Critically
ill patients thus become at risk of developing essential fatty
acid deficient status, even in the case of appropriate linoleic
acid delivery. Therefore, attention has been focused on an
economically available lipid source, blackcurrant oil (BCO),
which could be of clinical importance in situations caused by
the enzyme deficiency.

Blackcurrant seeds are a waste product in the production of
blackcurrant in the Czech Republic. This product is available
in relatively large quantities as a residue from the production
of jams, jellies, and juice drinks. BCO was obtained by an
effective extraction of blackcurrant seeds (Ribes nigrum) in
a supercritical carbon dioxide recycling reactor’ 2", The aver-
age fatty acid composition of the extracted BCO is shown in
Table 1.

Many attempts have been made to produce concentrates
of polyunsaturated fatty acids from naturally occurring triacyl-
glycerols®®. Various chemical and biochemical techniques
have been developed including separation on zeolites and
lipase-catalyzed reactions both in water and in organic sol-
vents?> 2, Employing lipases offers several advantages in
comparison with chemical methods. (@) The catalytic effi-
ciency of lipases is high, and it results in a low quantity of the
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n-6 series of FAs

linoleic acid (LA, 18:21-6)
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n-3 series of FAs

— COOH

a-linolenic acid (ALA, 18:3n-3)
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COOH
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COOH
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Fig. 1. Metabolic pathways of transformations of linoleic

Table I

docosapentaenoic acid (DPA, 22:5r-3)

acid into polyunsaturated fatty acids and icosanoids

Fatty acid composition of blackcurrant oil from Chelcice, Czech Republic

COOH

Fatty Acid

IUPAC Name

Content [%]

Palmitic acid (16:0)
Palmitoleic acid (16:1n-7)
Stearic acid (18:0)

Oleic acid (18:1n-9)
cis-Vaccenic acid (18:1n-7)
Linoleic acid (18:2n-6)
v-Linolenic acid (18:31-6)*
a-Linolenic acid (18:3n-3)*
Stearidonic acid (18:4n-3)
Gondoic acid (20:1n-9)
(Z,72)-11,14-Icosadienoic acid (20:2n-6)
Unidentified

Hexadecanoic acid

(97)-Hexadec-9-enoic acid

Octadecanoic acid

(92)-Octadec-9-enoic acid
(11Z)-Octadec-11-enoic acid
(9Z,127)-Octadeca-9,12-dienoic acid
(62,9Z,127)-Octadeca-6,9,12-trienoic acid
(92,127,15Z)-Octadeca-9,12,15-trienoic acid
(62,92,127,157)-Octadeca-6,9,12,15-tetraecnoic acid
(11Z)-Icos-11-enoic acid
(11Z,14Z)-Icosa-11,14-dienoic acid

6.3
0.1
1.9
13.7
0.7
47.4
13.0
11.9
2.0
0.9
0.2
1.9

* The ratio (18:3n-6)/(18:3n-3) = 1.10
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enzyme required. (b) High fatty acid selectivity of lipases has
been well known and it is of priority importance for the
intended application. (¢) Mild reaction conditions that lipases
offer in terms of pH and temperature are also important
in processes that involve highly labile polyunsaturated fatty
acids. The all-Z structure of polyunsaturated fatty acids of the
natural origin is prone to partial destruction by oxidation, Z/E
isomerization, double bond migration and polymerization.

In this study, which appeared partly in the recently pub-
lished original papers”>?, several lipases (triacylglycerol al-
kylhydrolases, EC 3.1.1.3) have been subjected to the investi-
gation. The immobilized lipases from Candida cylindracea,
Mucor miehei and Pseudomonas cepacia, and Lipozyme®
(also the lipase from M. miehei, immobilized in a different
way), and the non-immobilized (free) lipases from M. miehei
and P. fluorescens were used to mediate the hydrolysis of the
blackcurrant oil aimed at designing enzymic processes of
enrichment with y-linolenic acid and a-linolenic acid. Atten-
tion was also focused on investigation of selective preferences
of the hydrolytic enzymes towards those polyunsaturated fatty
acids. The same immobilized lipases were employed in the
process of enrichment with 7y-linolenic acid and o-linole-
nic acid contents during the enzymic esterification of free
fatty acids, obtained from BCO by chemical means, with
butan-1-ol.

2. Technical evaluation of the processes

Blackcurrant oil (BCO) was obtained by effective extrac-
tion of blackcurrant seeds (Ribes nigrum) in a supercritical
carbon dioxide recycling reactor’ ! The main area for the
production of the blackcurrant seeds is located in ChelCice
(South Bohemia, Czech Republic). The fatty acid composition
of the BCO of the above-described origin is shown in Table I.

Non-immobilized (free) lipase from M. miehei (6440 U/mg)
and from P. fluorescens (42.5 U/mg) were employed together
with the lipase from C. cylindracea immobilized on macro-
porous acrylic beads (1020 U/g), the lipase from M. miehei
immobilized on Sol-Gel-AK (8.9 U/g), the lipase from P. ce-
pacia also immobilized on Sol-Gel-AK (63 U/g), and Li-
pozyme® (62 U/g), i.e. the lipase from M. miehei immobilized
on macroporous ion-exchange resin.

Triacylglycerols, diacylglycerols, monoacylglycerols, fatty
acid butyl esters or free fatty acids were separated from the
reaction mixtures by column chromatography techniques. These
compounds were modified subsequently by chemical trans-
esterification reactions according to the described method®®,
and the obtained fatty acid methyl esters were dissolved in
hexane. The GC analyses were performed with a HP 5890A
gas chromatograph (Hewlett-Packard, USA), equipped with
a flame ionization detector (FID) and split-splitless injector
(split ratio 1:49). The injector and FID temperatures were 240 °C
and 250 °C, respectively, oven temperature program was set
as follows: 200 °C (20 min), 5 °C.min"! to 230 °C (15 min).
A DB-WAX column (30 mx0.25 mmx0.25 um; J&W Scien-
tific) and hydrogen as carrier gas (average linear velocity
40 cm.s™!) were used. Data were collected with a HP 3393A
integrator. The peaks of respective fatty acid methyl esters
were identified using commercially available standards of
fatty acid methyl esters.
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TLC was performed on Silufol precoated silica gel pla-
tes (Kavalier, Czech Republic). A mixture of diethyl ether/
light petroleum/acetic acid (40:80:1.6 v/v/v) was used as
eluent. The products were detected by spraying the developed
TLC plates with a solution of phosphomolybdic acid in me-
thanol.

Column chromatography purifications were performed on
a silica gel (Hermann, Koln-Ehrenfeld, Germany), particle
size 0.04-0.063 mm. The size of the column was chosen to
enable the sample/silica gel ratio 1:50-1:70 (w/w). The com-
pounds were eluted with mixtures of diethyl ether with light
petroleum, in which the ratio of both eluents was adjusted to
the individual mixture of compounds to be separated.

Preparation of free fatty acids was performed by alka-
line hydrolysis of a BCO sample (1 g) using a 1 M solution
of potassium hydroxide in 90 % aqueous ethanol (6 ml) un-
der heating to 80 °C and stirring under argon for 90 min at
500 min". The mixture was cooled to the room temperature,
and deionized water (6 ml) and 6 M solution of hydrochloric
acid (2 ml) were added. The obtained mixture of free fatty
acids was extracted with diethyl ether. The combined extracts
were dried over anhydrous sodium sulfate and evaporated
under vacuum at 32 °C. The products (free fatty acids; 100 mg)
were dissolved inisooctane (2,2,4-trimethylpentane; 3 ml) and
stored at —18 "C. No other impurity in this product was de-
tected by GC analysis, which was repeatedly performed before
using.

The enzymic hydrolysis in aqueous media was performed
at 40 °C in 2 ml vials under stirring. BCO (100 mg) and water
(100 ul) were mixed and equilibrated at experimental tem-
perature. The reaction was started by addition of lipase (18 U),
allowed to proceed for 24 h, and then stopped by filtering off
the enzymes. The products were extracted from the reaction
mixture with diethyl ether and separated by column chroma-
tography on silica gel.

When using a two-phase system for the enzymic hydroly-
sis, a solution of BCO (300 mg) in isooctane (2 ml) was added
to a phosphate buffer (1 ml, 0.1 M, pH 7.0) containing an
immobilized lipase (4.5 U). The suspension was incubated at
30 °C for 4 h, and then the process was stopped by filtering off
the enzyme. The products were extracted from the reaction
mixture with diethyl ether and dried over anhydrous sodium
sulfate. The solvent was evaporated and the products were
separated and purified by column chromatography on silica
gel.

Enzymic esterification under conventional heating was
performed using addition of lipase (1U) to a solution of free fatty
acids (100 ul) and butan-1-ol (100 mg) in isooctane (3 ml).
The mixture was heated to 30 °C and stirred at 500 min™" for
2 husing a Unimax 1010 incubator (Heidolph, Germany), and
then filtered to separate the enzyme, which was washed twice
with diethyl ether. After evaporation of the solvents, the
products were separated by column chromatography.

Application of microwave irradiation represented another
modification of the enzymic esterification. The reaction mix-
ture was prepared in the same way as described before. It was
irradiated to 30 °C for 2 h using a Synthewave S 402 micro-
wave reactor (Prolabo, France) in a monomode system. The
reaction conditions were controlled by an algorithm, which
allows a control the reaction temperature at the required value
by varying power up to 20 W in operation under electromag-
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netic field”’ % After 2-h reaction, the enzyme was separated
from the reaction mixture by filtration, and washed twice with
diethyl ether to collect the products. After evaporation of the
solvents the products were purified by column chromato-

graphy.

3. Results and discussion

3.1. Enzymic hydrolysis

Screening of four selected lipases in their six forms for
performing hydrolysis of BCO was studied®’. The enzymes
used were the immobilized lipases from C. cylindracea (im-
mobilized on macroporous acrylic beads), M. miehei (immo-
bilized on Sol-Gel-AK) and P. cepacia (immobilized on Sol-
-Gel-AK), and Lipozyme® (the lipase from M. miehei immo-
bilized on macroporous ion exchange resin), and the non-im-
mobilized (free) lipases from M. miehei and P. fluorescens.
The experiments were performed using two modifications of
the hydrolytic procedure. The hydrolysis of BCO mediated
by selected lipases gave mixtures of diacylglycerols, mono-
acylglycerols, free fatty acids and unreacted triacylglycerols,
which was in accordance with the expected reaction course.
After isolation from the reaction mixture, the respective pro-
ducts were separated by column chromatography into several
fractions. The isolated products were subjected to transesteri-
fication®®, and the resulting fatty acid methyl esters were
analyzed by GC. In particular experiments, when the quantity
of diacylglycerols and monoacylglycerols was low (those
mediated by C. cylindracea), separation of fatty acids from the
fraction of monoacylglycerols and diacylglycerols failed, and
these groups of compounds had to be analyzed together as one
individual fraction of the products. Monoacylglycerols and
diacylglycerols, however, were also analyzed together. Work-
-up of the enzymic hydrolysis®® using the Method I was per-
formed during a 24-h period, and all selected lipases, i.e., the
immobilized lipases from C. cylindracea, M. miehei (immo-
bilized on Sol-Gel-AK) and P. cepacia, and Lipozyme® (the
lipase from M. miehei immobilized on macroporous ion ex-
change resin), and the non-immobilized (free) lipases from
M. miehei and P. fluorescens, were subjected to the screening
procedure (Table IT). In general, the rate of enzymic hydrolysis
of triacylglycerols isolated from BCO beforehand corresponds
generally to the quantity of the BCO hydrolyzed to diacyl-
glycerols, monoacylglycerols and free fatty acids. Natural
BCO contains ~95 % of triacylglycerols. The most satisfactory
rates of hydrolysis of BCO by Method I were obtained with
immobilized lipase from P. cepacia and Lipozyme® employed
as biocatalysts. However, certain enrichment with y-linolenic
acid was observed in the collective fractions of diacylglycerols
and monoacylglycerols in the transformations of BCO media-
ted by M. miehei immobilized on Sol-Gel-AK (Table II).
Enrichment with both, y-linolenic acid and o-linolenic acid,
was observed in the transformations of BCO mediated by
non-immobilized P. fluorescens (Table II). An effort was
made to study the substrate regiospecificity of the lipases as
regards the position of the acyl group in triacylglycerols. Two
types of specific enzymes were employed: sn-1,3-regiospeci-
fic (M. miehei) and nonspecific enzymes (C. cylindracea,
P. cepacia and P. fluorescens). The reason for using both types
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of lipases has reflected the fact that the most frequent positions
of o-linolenic acid and y-linolenic acid in triacylglycerols of
BCO are not known yet. Selectivity of the lipases was ob-
served only when the reaction was catalyzed by lipase from
M. miehei and from P. fluorescens under the conditions of
Method I. The content of y-linolenic acid increased to 16.8 %
in the collective fractions of monoacylglycerols and diacyl-
glycerols (Table IT). An increase in the ratio of y-linolenic acid
to o-linolenic acid in the same fractions of products was
calculated for the products of hydrolysis of BCO mediated by
M. miehei in all three forms subjected to the screening (Table
II). Compared with the original ratio of these two polyunsatu-
rated fatty acids (1.10; Table I), discrimination of a-linolenic
acid was observed in the collective fractions of diacylglycerols
and monoacylglycerols in the hydrolysis of BCO mediated by
the lipase from M. miehei immobilized on Sol-Gel-AK (1.75),
Lipozyme® (2.00), and in the fraction of free fatty acids
obtained in the hydrolysis of BCO mediated by the non-im-
mobilized lipase from M. miehei (2.11). Both types of the
immobilized lipase from M. miehei discriminated y-linolenic
acid in the fractions of free fatty acids. Comparing the content
of linoleic and oleic acids, the fractions of products after
hydrolysis of BCO mediated by the lipases, an increase in the
linoleic acid content was accompanied by a decrease in the
oleic acid content in the same fraction (Table II). A decrease
in the linoleic acid content was always observed, when the
ratio of y-linolenic acid/ci-linolenic acid was lower than in the
original BCO (i.e., when the ratio <1; cf. Table II).

The other modification of the lipase-mediated hydrolysis
(Method TI) (Ref.*) was performed by employing the immo-
bilized lipases of the studied series of enzymes (Table I1I). The
reaction was carried out in a two-phase system consisting of
a buffer and isooctane. Free lipases (those from M. miehei and
P. fluorescens) were found inconvenient for performing the
enzymic hydrolysis in this particular two-phase system. The
free lipase was always present in aqueous phase, and any
stirring or shaking of the mixture in order to enhance a contact
between the enzyme and the substrate was ineffective. The rate
of such a hydrolysis of BCO was substantially nil. Further
effort in this study was stopped, and attention was focused on
screening of immobilized lipases from C. cylindracea, M. mie-
hei (immobilized on Sol-Gel-AK), P. cepacia, and Lipozyme®
(the lipase from M. miehei immobilized on macroporous ion
exchange resin). These enzymic reactions were performed at
30 °C for 4 h. Increasing of the temperature up to 40 °C
resulted in a decrease in chemical yield of the products of the
enzymic transformations.

As shown in Table III, no considerable enrichment with
either y-linolenic acid or a-linolenic acid in any fraction of the
evaluated experiments was observed. However, when compar-
ing the ratio values calculated for the collective fractions of
diacylglycerols and monoacylglycerols with those calculated
for the fractions of free fatty acids in the reactions mediated
by either immobilized form of the lipase from M. miehei,
discrimination of either a-linolenic acid (ratio values 1.74 and
1.31) or y-linolenic acid (ratio values 0.24 and 0.12) is obvious
(Table IIT). The same principle as described above (Method I)
was observed concerning the linoleic acid and oleic acid
contents in the respective fractions, and concerning even a de-
crease in the linoleic acid content accompanying the discrimi-
nation of y-linolenic acid (ratio value <1).
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Fatty acid composition of glycerol esters and free fatty acids obtained by enzymic hydrolysis of blackcurrant with the tested

lipases — Method I

Source of Lipase Fraction® 18:1n-9 18:2n-6 18:3n-6 18:3n-3 18:3n-6/18:3n-3
[%1° [%1° [%1° [%1° ratio
Candida cylindracea TG 14.2 454 12.3 10.7 1.15
FFA+DG+MG 20.1 37.6 4.6 5.5 0.84
Mucor miehei TG 13.7 46.0 12.5 11.2 1.12
(immobilized on Sol-Gel-AK)  FFA 22.5 32.5 1.2 3.2 0.37
DG+MG 14.4 47.6 16.8 9.6 1.75
Lipozyme® TG 13.4 45.0 13.3 11.2 1.19
FFA 22.4 329 1.5 3.6 0.42
DG+MG 25.3 14.3 1.8 0.9 2.00
Pseudomonas cepacia TG 19.5 40.6 7.6 6.9 1.10
FFA 14.5 394 5.5 6.1 0.90
DG+MG 24.8 40.6 6.6 4.6 1.43
Mucor miehei TG 36.0 13.3 0.0 0.0 0.00
(non-immobilized) FFA 20.3 28.8 5.9 2.8 2.11
DG+MG 16.1 10.7 0.8 0.8 1.00
Pseudomonas fluorescens TG 14.8 46.1 6.8 6.6 1.03
FFA 18.0 443 11.8 10.4 1.14
DG+MG 14.5 44.1 15.7 13.4 1.17

 Triacylglycerols (TG), free fatty acids (FFA), diacylglycerols (DG), monoacylglycerols (MG), ® mole percents

Table III
Fatty acid composition of glycerol esters and free fatty acids obtained by enzymic hydrolysis of blackcurrant with selected lipases
— Method IT
Source of Lipase Fraction® 18:1n-9 18:2n-6 18:3n-6 18:3n-3 18:3n-6/18:3n-3
(%] [%1° [%]° [%1° ratio
Candida cylindracea TG 13.5 46.1 12.7 11.6 1.09
FFA+DG+MG not determined -
Mucor miehei TG 14.7 45.8 11.7 10.8 1.08
(immobilized on Sol-Gel-AK)  FFA 19.7 31.1 1.0 4.2 0.24
DG+MG 18.0 45.7 11.8 6.8 1.74
Lipozyme® TG 14.5 46.5 12.7 10.6 1.20
FFA 17.0 443 1.0 8.0 0.12
DG+MG 23.4 35.1 5.0 3.8 1.31
Pseudomonas cepacia TG 17.8 44.8 9.5 9.1 1.04
FFA 17.2 11.1 0.5 0.5 1.00
DG+MG 28.5 1.4 0.0 0.0 0.00

 Triacylglycerols (TG), free fatty acids (FFA), diacylglycerols (DG), monoacylglycerols (MG), ® mole percents

3.2. Enzymic esterification

The enzymic esterification (Method III) (Ref.?) of free
fatty acids, obtained by chemical hydrolysis of BCO, was
performed for 2 h because the selectivity of the lipases to fatty
acids decreased with increasing time due to their deactivation
(Table IV). It was observed that after 3 h of enzymic transfor-
mation, no residual free fatty acids were present and, therefore,
the screened enzymes, immobilized lipases from C. cylin-
dracea, M. miehei (immobilized on Sol-Gel-AK), P. cepacia,
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and Lipozyme® (the lipase from M. miehei immobilized on
macroporous ion exchange resin) showed no fatty acid speci-
ficity. Using Lipozyme® as biocatalyst, a content of 2.3 % of
butyl y-linolenate was found in the fatty acid butyl ester
fraction under conventional heating, while 16.9 % of V-li-
nolenic acid was identified in the residual fatty acids. When
using the lipase from P. cepacia as biocatalyst under conven-
tional heating, the quantity of butyl y-linolenate rose to 20 %
in the fatty acid butyl ester fraction, while 12.2 % of y-linolenic
acid remained in the residual free fatty acids. When evaluating
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Table IV
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Composition of fatty acid butyl esters and residual free fatty acids after enzymic esterification performed under conventional

heating — Method I1I

Source of Lipase Fraction® 18:1n-9 18:2n-6 18:3n-6 18:3n-3 18:3n-6/18:3n-3

[%]° [%1° [%1° [%1° ratio
Candida cylindracea FABE not detectable -

RFFA 13.7 46.1 12.3 11.4 1.08
Mucor miehei FABE 16.0 54.5 2.2 15.2 0.14
(immobilized on Sol-Gel-AK)  RFFA 14.0 47.6 13.3 12.4 1.07
Lipozyme® FABE 15.8 56.2 2.3 16.0 0.14
RFFA 13.8 452 16.9 10.8 1.56
Pseudomonas cepacia FABE 6.8 46.1 20.1 12.9 1.56
RFFA 15.1 479 12.2 11.9 1.02

@ Fatty acid butyl esters (FABE), residual free fatty acids (RFFA), ® mole percents

Table V

Composition of fatty acid butyl esters and residual free fatty acids after enzymic esterification performed under microwave

irradiation — Method IV

Source of Lipase Fraction® 18:1n-9 18:2n-6 18:3n-6 18:3n-3 18:3n-6/18:3n-3
[%]° [%1° [%1° [%1° ratio
Candida cylindracea FABE 11.0 7.0 8.0 8.7 0.92
RFFA 14.4 41.4 9.6 8.9 1.08
Mucor miehei FABE 13.3 443 59 13.9 0.42
(immobilized on Sol-Gel-AK)  RFFA 15.6 47.8 9.9 11.0 0.90
Lipozyme® FABE 15.0 52.7 55 14.8 0.37
RFFA 11.4 354 29.9 8.2 3.65
Pseudomonas cepacia FABE 7.6 47.0 19.6 13.8 1.42
RFFA 16.2 50.0 9.2 11.4 0.81

@ Fatty acid butyl ester (FABE), residual free fatty acids (RFFA), ® mole percents

the y-linolenic acid/a-linolenic acid ratios in the individual
fractions after the enzymic esterification, both forms of the
immobilized lipase from M. miehei were found to display
discrimination to this ratio given in the original BCO. A re-
markable discrimination of y-linolenic acid during this esteri-
fication is well documented by the ratio values (0.14; Table
IV). The y-linolenic acid/a-linolenic acid ratio in residual free
fatty acid fractions (1.07 and 1.56) shows, in turn, enrichment
with y-linolenic acid in this fraction only when Lipozyme® was
used as enzyme mediator of esterification. The linoleic acid
and oleic acid contents seemed to be even in accordance with
increasing or decreasing contents of o-linolenic acid in the
product fractions.

Under microwave irradiation (Method 1V) (Ref.zs), 5.5 %
of butyl y-linolenate was found in the fatty acid butyl ester
fraction, and 29.9 % of y-linolenic acid in the residual free fatty
acids as products of esterification mediated by Lipozyme®
(Table V). Using the lipase from P. cepacia as biocatalyst
under microwave irradiation, the ratio of butyl y-linolenate and
the residual y-linolenic acid changed as well (19.6 % versus
9.2 %; Table V).

Comparing the ratio values (Table V), again both immo-
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bilized lipases from M. miehei showed discrimination of y-1i-
nolenic acid in this esterification reaction. A remarkable result
was achieved with Lipozyme® as biocatalyst. The fraction of
residual free fatty acids (29.9 %) was enriched with y-linolenic
acid, and a high 7y-linolenic acid/o-linolenic acid ratio was
obtained (3.65). The action of other enzymes seemed to be
different from that found in the esterification under conven-
tional conditions. This finding may contribute to the general
idea that microwave-irradiated reactions should be studied
more intensively to understand the processes, which seem to
be more often used as a “black box”. The dependence of
linoleic acid and oleic acid contents in the mixtures showed
again accordance with the content of o-linolenic acid, but
some differences were observed (Table V) compared to the
alternative modification of this enzymic transformation of
fatty acids (Table IV).

The results obtained indicate clearly that differences do
exist if the effect of microwave irradiation is compared with
that of conventional heating. This finding supports the original
hypothesis, in which such results had been expected even if
many differences in results obtained by conventional heating
and microwave irradiation have still been considered with



Chem. Listy 97, 206 — 213 (2003)

certain skepticism. The methods of heating the reaction mix-
tures are different. The focused microwave irradiation supplies
energy in a more concentrated and controlled way to the
system than conventional heating is able to do?’ 2% This dif-
ference results in more effective and more rapid getting over
the transition state energy barrier under microwave irradiation
even if these energies are substantially decreased by the cata-
lytic action of the enzyme.

4. Conclusion

Several important findings were found during this inves-

tigation:

(a) Enzymic hydrolysis, Method I: Highest enrichment with
v-linolenic acid was achieved in the fraction of mono- and
diacylglycerols using the lipase from M. miehei immobi-
lized on Sol-Gel-AK (16.8 %) and that from P. fluorescens
(15.7 %). However, only the lipase from M. miehei immo-
bilized on Sol-Gel-AK showed simultaneously discrimi-
nation of o-linolenic acid during this enzymic transforma-
tion (y-linolenic acid/o-linolenic acid ratio = 1.75).

(b) Enzymic hydrolysis, Method II: Almost no enrichment
with y-linolenic acid was observed (12.7 %) in the triacyl-
glycerol fractions resulting from the enzymic transforma-
tions performed by the lipase from C. cylindracea and by
Lipozyme®. However, important discrimination of o-li-
nolenic acid was found in experiments with M. miehei
immobilized on Sol-Gel-AK (y-linolenic acid/a-linolenic
acid ratio = 1.74).

(¢) Enzymic esterification, Method III: Enrichment with y-1i-
nolenic acid was achieved either by the lipase from
P. cepacia (20.1 %) in the fraction of butyl esters of fatty
acids or by Lipozyme® in the fraction of residual free fatty
acids (16.9 %). Maximum 7y-linolenic acid/a-linolenic acid
ratio was found identical together with the above-men-
tioned results (1.56).

(d) Enzymic esterification, Method IV: Enrichment with y-li-
nolenic acid was achieved either by the lipase from P. ce-
pacia (19.6 %) in the fraction of butyl esters of fatty acids
or by Lipozyme® in the fraction of residual free fatty acids
(29.9 %), which was the best enrichment found in this
series of experiments for y-linolenic acid. The absolute
maximum of the y-linolenic acid/o.-linolenic acid ratio was
found with Lipozyme® (3.65).

(e) Enzymic esterification, in general: While Lipozyme® dis-

criminates y-linolenic acid (16.9 % and 29.9 % found in

the fraction of residual free fatty acids), the lipase from

P. cepacia works in the opposite way, because it causes

enrichment with y-linolenic acid in the fraction of fatty

acids butyl esters (20.1 % and 19.6 %).

Enzymic transformations, in general: The lipase from

M. miehei (sn-1,3-regiospecific lipase) was the best lipase

for performing the evaluated enzymic processes in the way

they had been designed.

(g) Enzymic transformations, in general: Lipozyme® was the
best biocatalyst among all three forms of the lipase from
M. miehei, which were subjected to this screening. This
form of immobilization of the lipase from M. miehei seems
to meet all basic requirements of the immobilized lipase
to be considered for potential industrial application in the

V)
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enrichment with y-linolenic acid and o.-linolenic acid from
natural plant oils as shown in this study with BCO.
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mations of Blackcurrant Oil: Enrichment with y-Linolenic
Acid and o-Linolenic Acid

The ability of enzymes to mediate some transformations
of blackcurrant oil was described and evaluated. Four com-
mercially available lipases, both in their free and immobilized
forms were selected for the investigation. The selected en-
zymes were the lipases from Candida cylindracea, Mucor
miehei, Pseudomonas cepacia and Pseudomonas fluorescens.
Two target enzymic processes were investigated: (a) Enzymic
hydrolysis of blackcurrant oil was studied and potential selec-
tivity was evaluated of several commercially available lipases
to discriminate polyunsaturated fatty acids, namely o-lino-
lenic acid and y-linolenic acid in products under mild condi-
tions. Two modifications of the process were used, of which
employing aqueous media gave a higher enrichment in y-li-
nolenic acid in the obtained mono- and diacylglycerols (up to
16.8 % of y-linolenic acid). (b) Enzymic esterification of fatty
acids obtained by chemical hydrolysis of blackcurrant oil was
studied and evaluated to find commercially available en-
zyme(s) capable of mediating similar discrimination to that
under (a). Two modifications of the process were again used:
Enrichment with y-linolenic acid up to 20 % was achieved
under conventional heating, and up to 30 % under microwave
irradiation. The methods employed were compared.
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M. Schitz:

Historie vyuky chemie. Osobnosti a udalosti
Vydavatelstvi VSCHT Praha, Praha 2002. Stran 295, obréz-
kt 193, ndklad a cena neuvedeny.

U prilezitosti pilstoleti své existence pod ndzvem Vysokd
Skola chemicko-technologickd v Praze vydala tato $kola ve
svém vydavatelstvi publikaci v podstaté o historii vyuky tech-
nické chemie v Praze. Hlavni titul knihy je nepfesny, v knize
neni pojedndno o vyuce chemie na jinych vysokych skoldch
a universitach v ceskych zemich. To je vSak detail.

Kniha poddva vyklad o vice nez dvoustoleté historii vyuky
technické chemie v Praze. Jména profesorti predndSejicich
chemii na prazské technice v 1. poloviné 19. stoleti (K. A.
Neumann, J. J. Steinmann, F. X. M. Zippe, K. N. Balling) jsou
zndma jen odbornikdm z historie ¢eské chemie, dneSnimu
¢tenari uz nic nefeknou. Malo se vi, ale v recenzované knize
je to zaznamendno, Ze studium na prazské polytechnice v té
dobé bylo rozdéleno na chemické a matematické (v ném bylo
studium mechaniky a stavebnictvi), pficemz postupem doby
byla chemie zatlacovdna do pozadi. V poloviné 19. stoleti se
vSak poméry zménily a chemie se stala rovnocennym partne-
rem. Vedle pfedndsek ze v§eobecné chemie a chemické tech-
nologie se objevily i prednasky z analytické chemie.

V kapitole O cesky charakter prazské polytechniky je
uvedeno schéma vyuky chemie, které uplatiioval prof. Balling,
jenz ji predndsel v 50. a 60. letech ve tfech blocich: jako
vSeobecnou chemii, analytickou chemii a zkouseni dmuchav-
kou a konec¢né technickou chemii. I kdyz byla prazska techni-
ka Krdlovskym ceskym polytechnickym zemskym tstavem,
némcina zlstdvala vyucovacim jazykem. Polytechnika méla
tehdy 4 samostatné odbory, mezi nimi technické lucby — pro
né byl stanoven pevny studijni pldn na 4 roky, ktery je v kni-
ze popsdn. Vyuka chemie na samostatné ¢eské polytechnice
je spojena uz se zndmé&jiimi jmény (F. Stolba, V. Safafik,
K. Preis, B. Rayman, A. Bélohoubek).

Dals{ ¢ast knihy je ¢lenéna podle chemickych obori pied-
nasenych na prazské technice ve 20. stoleti. Mezi profesory
anorganiky, organiky a analytiky je pojedndno o E. Votockovi,
R. LukeSovi, F. Petrti, J. HanuSovi, V. Hovorkovi, R. Hecovi
a F. Cuatovi, z oboru fyzikdlni chemie pouze o F. Waldovi,
u metalurgické chemie jsou uvedeni J. Dusdnek, O. Quadrat
aJ. Koritta, z barvait J. Schneider a V. Krepelka, z technologii
potravin J. Satava, K. Anderlik, V. Konn, J. Bulif a J. Lukas,
z anorganickych technologii J. Milbauer a A. Regner, ddle tii
silikdtnici (J. Burian, R. Bdrta a J. Stané€k), tii organicti tech-
nologové (C. Krauz, F. Sorma V. Ettel), fada technologt paliv,
vody a energetiky (F. Schulz, S. Landa, J. Mostecky, J. Ha-
mackova, M. Kohout, V. Madéra, F. Karas a R. Riedl), dva
technologové polymeri (O. Wichterle aI. Franta), celd plejada
technologli potravin a kone¢né i pfedndsejici matematiky, fy-
ziky a chemického inZenyrstvi (J. Bilek, E. Slavicek, H. Steidl
aG. L. Standart). Ctendfi at sami posoudi, zda vybér profesort
v knize uvedenych, o nichZ je pojedndno, je spravny i ten-
denéni. Skoda, Ze v knize nejsou hodnoceni docenti a asistenti,
ktefi mnohdy nesou tizi vyuky. Napi. pouze v jediné vété jsou
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zminéni docenti Héla, Erdos a Reiser, jejichz zdsluhy o kva-
litni vyuku fyzikdlni chemie jsou nepopiratelné. Pfikladd po-
dobného typu bych mohl uvést povicero.

V textové priloze recenzované knihy jsou studijni rozvrhy
pro $kolni roky 1913/1914 a 1926/1927. Skoda, ze podob-
ny rozvrh neni z novéjsi doby, zejména z obdobi existence
VSCHT. Podobné postradam piehled posluchai, absolventi
a aspiranti za 1éta 1974 az 2000. V letech do sametové
revoluce byla vyuka ovlivnéna politickymi poméry: ze Skoly
museli odejit vyborni odbornici a pedagogové, prikladem
budiz namadtkou prof. Wichterle ¢i docenti Hdla, Erdos a dals{
jini. O této zdlezitosti je v knize témé&f poml¢eno. Urovei
znalosti absolventd VSCHT od 70. let kolisala, spiSe se snizo-
vala, coz bylo ddno pokynem stranickych orgdnt sniZit poza-
davky na studenty u zkousek. Tomuto pokynu bohuzel vedou-
ci kateder povétsinou podlehli.

Vice nez pétinu knihy tvofii obrazova pfiloha, jiz je galerie
osobnosti, zdnrové snimky, budovy a laboratofe, historické
dokumenty aj. Poddvd pestry obraz o historii Skoly.

Souhrnné konstatuji, Ze vypravnd a po grafické strance
vyborné udéland kniha je pro VSCHT piedeviim reprezenta-
tivnim dilem. Dobfie je zpracovdna stard historie. Pojmouti
historii vyuky chemie pfes oslavné medailonky profesort,
které tvori jadro knihy, je jisté mozné, dovedu si vSak piedsta-
vit i jiny zpdsob podani.

I pres kritické vyhrady doporucuji knihu ¢tendiim, hlavné
Zijicim absolventim VSCHT. Vréti se s ni do let mladosti, na
kterou skoro kazdy rdd vzpomind.

J. Jindra

Wolfgang A. Herrmann (Ed.):

Synthetic Methods of Organometallic and Inorganic
Chemistry. Volume 10 Catalysis

Georg Thieme Verlag, Stuttgart 2002. Stran 237, cena neuve-
dena, ISBN 3-13-115161-7.

Recenzovany desdty dil zndmé série je zaméfen na vyuziti
komplexti pfechodnych kovil v organické katalyze. Navazuje
tak svou problematikou na pfedchozi 3 svazky (vols. 7-9 )
které byly vénovdny syntéze fady koordinac¢nich sloucenin
a novych ligandt, z nichZ nékteré mély vztah k homogenni{
katalyze. Podnétem k rozsiteni uvedené série byla podle re-
daktora (W. A. Herrmanna) nejen velmi pfiznivd odezva na
predchozi svazky, ale i snaha v ni zachytit neddvny vyvoj
v oblasti koordina¢ni katalyzy.

10. dil obsahuje 20 kapitol. Kromé ivodni kapitoly, pojed-
ndvajici o amidovych ligandech v koordina¢ni chemii a kapi-
toly 20 vénované piipravé mono- a bimetalickych koloidnich
katalyzdtort a jejich vyuziti v oblasti kvalifikované chemie
apalivovych ¢lanki, jsou v dal$ich kapitolach shrnuty typické
postupy piipravy fady katalyzdtori a vyuziti ve vybranych,
aplikac¢né perspektivnich, resp. jiz primyslové zavedenych
procesech. Jako piiklad 1ze uvést hydroformylaci a hydroxy-
karbonylaci alkenti (kap. 2), hydroformylaci dienti a hydrosi-
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lylaci aromatickych nitrilti (kap. 3), enantioselektivni hydro-
genaci (kap. 5 a 6), oligomeraci ethylenu (kap. 16), polymeraci
alkent (kap. 14, 15 a 17) ¢i kopolymeraci alkend s oxidem
uhelnatym a telomeraci butadienu s amoniakem (kap. 18 a 19).
Z hlediska organické syntézy jsou cenné kapitoly vénované
enantioselektivnim syntézam (kap. 4), katalyze reakc{ arylha-
logenidi (kap. 8), Knoevenagelové kondenzaci (kap. 9) a Su-
zukiho reakci (kap. 7). V jedné z kapitol je pak souhrnné
zpracovdna piiprava oxorheniovych komplext a jejich vyuZziti
prfi oxidaci alkenti a aromatickych sloucenin a oxomolybdeno-
vych komplexi jako katalyzdtord epoxidace alkent. Jak zdd-
raznil editor svazku, detailni pozornost této problematice byla
vénovdna proto, Ze dosud nebyla v literatuie prehledné zpra-
covana.

Prestoze po formdlni strdnce autofi zfejmé nemuseli strikt-

Recenze

né dodrzovat jiz tradi¢ni ¢lenéni kapitol, vyjimek lze nalézt
jen nékolik. Kazda z kapitol je doplnéna velmi podrobnym
popisem syntézy uvedenych sloucenin, dikladnou charakteri-
zacf jejich struktury a popisem jejich vlastnosti. Citace litera-
tury zahrnujici i prace publikované v r. 2001 potvrzuji snahu
autort kapitol o maximalni aktualizaci. Dil je opatien piehled-
nym vécnym rejstifkem.

Je témét zbytecné na tomto misté zdlraziovat pro vyda-
vatele jiz typickou vzornou grafickou dpravu jeho publikaci.

Na zdvér mohu vyslovit pfesvédcent, Ze recenzovany dil
si nalezne cestu nejen do odbornych knihoven vlastnicich tuto
sérii, ale i k odbornikiim a vyzkumnym tymim zabyvajicim
se organickou syntézou, koordina¢ni chemii ¢i katalyzou.

J. Hetflejs
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JARMARK CHEMIE,
FYZIKY
A MATEMATIKY

JiZ tieti rocnik se uskutecni v pavilénu ,,A* vystavisté Flora v Olomouci

ve dnech 23.— 24.5.2003

Akce porddand pro déti a jejich rodice k popularizaci mezi lidmi tolik nepopuldrnich
oboru. Z pripravovaného programu vybirdme:

v méfeni tvrdosti pfinesené vody
uréeni obsahu methanolu v tatinkové slivovici
kontrola UV filtru v maminc¢inych slune¢nich brylich

AR

chemie a fyzika v kuchyni
v matematické kvizy, hlavolamy a soutéZe pro déti

Kontakt: Juraj Sev¢ik, Katedra ACH, Univerzita Palackého, Tt. Svobody 8, 771 46 Olomouc

e-mail: seveik@risc.upol.cz, web: http://www.upol.cz/ach/jarmark

VSichni, ktefi by chtéli prispét nebo zucastnit se poiradani, jsou srdecné vitani.

Odbornd skupina analytické toxikologie Ceské spolecnosti chemické

a Ceskd lékaiskd spolecnost Jana Evangelisty Purkyné

s Ceskou spolecnosti pro experimentdlni a klinickou
farmakologii a toxikologii, toxikologickd sekce

porddaji ve dnech 3.-5. zari 2003 (5. zaf{ bude pripadné kurz)

8. mezioborovou ¢esko-slovenskou toxikologickou konferenci

Temata:

Jednact jazyky:

Viozné:

Informace:

toxikologickd analyza a metodické piistupy v toxikologii, primyslova toxikologie, klinickd
toxikologie, aditiva v potravinidch a ndpojich — ucinky a analyza, oxidativni stres, radikaly
a antioxidanty, toxicita léCiv, varia

cestina, slovenstina, anglictina (bez simultdnniho pfekladu). Piispévky budou publikovdny v Cen-
tral European Journal of Public Health v plném znéni (ndklady pro dcastniky zahrnuje vlozné)

thrada do 30. kvétna 2003 na ucet OS analytickd toxikologie CSCH ¢&.1. 050016-1922952379/
0800, Ceska spofitelna, a.s. pobocka Praha 1, Vaclavské nam. 16

pro Cleny porddajicich organizaci . . . . . .. 400 K¢ ostatni . . ... ..... 450 K¢
studenti a diichodci z poradajicich organizaci . . . 300 K¢ po terminu (vSichni) . . . 500 K¢

Milon Tichy,VSZI'J, Srobdrova 48, 100 42 Praha 10, fax: 267 312 236, e-mail: mtichy @szu.cz
a sekretariat CSCH fax: 222 220 184, e-mail: mblahova@csvts.cz
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