
V·ûenÌ Ëten·¯i,

dubnov˝ ˙vodnÌk je jin˝ neû vydavatel Chemick˝ch list˘, »esk·
spoleËnost chemick·, zam˝ölela. Je nejen bilancÌ poslednÌch
let, kdy individu·lnÌ ËlenovÈ spoleËnostÌ sdruûen˝ch v Aso-
ciaci Ëesk˝ch chemick˝ch spoleËnostÌ, dost·vali Ëty¯i Ñbulle-
tinov· ËÌslaì roËnÏ v r·mci ËlenskÈho p¯ÌspÏvku, ale i v˝zvou
k V·m, Ëten·¯˘m a naöim p¯Ìznivc˘m. Od druhÈ poloviny
devades·t˝ch let umoûÚovalo v˝raznÈ rozöi¯ov·nÌ inzerce,
spolu s finanËnÌ podporou Ministerstva ökolstvÌ, ml·deûe a tÏ-
lov˝chovy »eskÈ republiky, »eskÈho liter·rnÌho fondu, VysokÈ
ökoly chemicko-technologickÈ a dalöÌch institucÌ, obsahovÏ
a graficky Ëasopis kvalitativnÏ mÏnit. ChemickÈ listy se staly
odborn˝m Ëasopisem, jehoû n·klad rostl, a kter˝ se dost·val
do rukou vöech generacÌ nejen chemik˘, ale takÈ ve¯ejnosti,
zajÌmajÌcÌ se o chemii v tom nejöiröÌm smyslu, a student˘m
st¯ednÌch a vysok˝ch ökol. V minulÈm roce doölo k legislativ-
nÌm zmÏn·m, kterÈ sv˝mi d˘sledky v˝raznÏ ovlivnily letoönÌ
rozpoËet Ëasopisu. P¯Ìjmy z p¯edplatnÈho, prodeje, inzerce,
ale bez institucion·lnÌ podpory MäMT, jiû nedovolujÌ rozesÌlat
dalöÌ Ñbulletinov· ËÌslaì öirokÈmu okruhu individu·lnÌch Ële-
n˘ Asociace.

Vydavatel a redakce, na z·kladÏ Vaöich ohlas˘, chtÏjÌ
v tradici Chemick˝ch list˘ jako odbornÈho a souËasnÏ takÈ
ËlenskÈho Ëasopisu, pokraËovat a okruh sv˝ch Ëten·¯˘ si nejen
zachovat, ale i st·le rozöi¯ovat. Pro letoönÌ rok V·m chceme
nabÌdnout bezplatnou dostupnost vöech dvan·cti ËÌsel Che-
mick˝ch list˘ v elektronickÈ formÏ na zn·mÈ adrese http:
//chemicke-listy.vscht.cz/. Tato nabÌdka platÌ pouze do konce
roku. Vydavatel chce zÌskat novÈ partnery a jako prvnÌho
oslovil »eskou spoleËnost pr˘myslovÈ chemie, kter· je Ëlenem
Svazu chemickÈho pr˘myslu »R. Do p¯ipravovan˝ch jedn·nÌ
s vrcholn˝mi p¯edstaviteli SCHP »R o spoleËnÈ ˙Ëasti na
vyd·v·nÌ naöeho Ëasopisu vkl·d·me nadÏji na zachov·nÌ kon-
tinuity vyd·v·nÌ tohoto periodika, kterÈ nejenûe p¯ispÌv· ke
t¯ÌbenÌ ËeskÈ chemickÈ nomenklatury, ale p¯edstavuje v˝znam-
n˝ chemick˝ informaËnÌ zdroj. ChemickÈ listy by se pocho-
pitelnÏ p¯istoupenÌm dalöÌch Ëlen˘ SCHP »R vÌce otev¯ely Ëte-
n·¯˘m z obor˘ chemickÈ v˝roby, farmaceutickÈ chemie a dal-
öÌch disciplÌn, ve kter˝ch je chemie kaûdodennÌ realitou Ëi
p¯edmÏtemodbornÈst¯edoökolskÈauniverzitnÌ v˝chovy.Chceme
d·le vyd·vat tÈmaticky zamÏ¯en· ËÌsla nejen do oblastÌ zemÏ-

dÏlskÈ chemie, vztahu chemie k ûivotnÌmu prost¯edÌ, ale takÈ po-
kraËovat v ËÌslech vÏnovan˝ch v˝znamn˝m kongres˘m. V roce
2003 bude ËervnovÈ ËÌslo vÏnov·no 6. evropskÈmu kongresu
o biokatal˝ze a biotransformacÌch a srpnovÈ ËÌslo 55. sjezdu
AsociacÌ Ëesk˝ch a slovensk˝ch chemick˝ch spoleËnostÌ. Sv˝m
spektrem Ël·nk˘ a postavenÌm na trhu jsou v souËasnÈ dobÏ
ChemickÈ listy, po z·niku ChemickÈho pr˘myslu, jedin˝m
Ëasopisem, kter˝ je fÛrem odbornÌk˘ ze vöech oblastÌ chemie,
Ëasopisem, ve kterÈm jsou vyd·v·ny p¯ehlednÈ odbornÈ Ël·n-
ky v ËeskÈm a slovenskÈm jazyce. »asopis je excerptov·n ve
vöech svÏtov˝ch databazÌch. NaöÌm cÌlem je, aby byl zajÌmav˝
pro co nejöiröÌ okruh Ëten·¯˘ ñ chemik˘ vöech generacÌ.

Chceme-li, aby vznikl· ekonomick· situace neohrozila vy-
d·v·nÌ Ëasopisu, budeme postupovat takto:
ñ toto dubnovÈ ËÌslo je poslednÌm bezplatn˝m Ñbulletinov˝m

ËÌslemì,
ñ omezÌ se moûnost sjedn·nÌ dotovanÈho studentskÈho p¯ed-

platnÈho,
ñ Ñbulletinov· ËÌslaì ñ ËervencovÈ a ¯ÌjnovÈ ñ v letoönÌm ro-

ce a v roce 2004 ñ lednovÈ, dubnovÈ, ËervencovÈ a ¯ÌjnovÈ
ñ V·m nabÌzÌme jiû za p¯edplatnÈ. Jeho v˝öi musÌme vy-
kalkulovat aû na z·kladÏ poËtu p¯ihl·öen˝ch p¯edplatitel˘
(viz odpovÏdnÌ lÌstek),

ñ pro p¯ÌötÌ rok, rovnÏû jako v roce letoönÌm, budeme nabÌzet
ËlenskÈ p¯edplatnÈ takÈ na vöech 12 ËÌsel.
V »eskÈ republice m· nÏkolik odborn˝ch spoleËnostÌ svÈ

ËlenskÈ Ëasopisy. Vöechny jsou vyd·v·ny z p¯Ìjm˘ za inzerci
a Ëlensk˝ch p¯ÌspÏvk˘. Nebylo by ke cti ËeskÈ chemickÈ komu-
nitÏ, kdyby jeden z nejstaröÌch, chemiky u n·s a v ¯adÏ jin˝ch
zemÌ, respektovan˝ Ëasopis v p¯ÌötÌm roce nebo dalöÌch letech
zanikl. Pokud V·m osud Chemick˝ch list˘ nenÌ lhostejn˝, pak
V·s prosÌme o pomoc ve formÏ n·vrh˘ a podnÏt˘, kterÈ pove-
dou ke zlepöenÌ ekonomickÈ situace, jako jsou nap¯. novÌ
inzerenti, odbÏratelÈ na p¯edplatnÈ, zmÏny ve struktu¯e Ëa-
sopisu a dalöÌ. Asociace Ëesk˝ch chemick˝ch spoleËnostÌ, vy-
davatel a redakËnÌ rada Chemick˝ch list˘ V·m p¯edem dÏkujÌ
za Vaöi podporu.

VilÌm äim·nek, Ji¯Ì Hanika,
Pavel Draöar, Bohumil KratochvÌl

ODESLAT DO 31.5.2003!

VyplnÏn˝ odpovÏdnÌ lÌstek m˘ûete poslat: poötou »esk· spoleËnost chemick·, NovotnÈho l·vka 5, 116 68 Praha 1
faxem 222 220 184
e-mailem mblahova@csvts.cz

o é·d·m o sjedn·nÌ p¯edplatnÈho na ËÌsla 7/2003 a 10/2003 Chemick˝ch list˘ (cena cca 160 KË)
o Uvaûuji o sjedn·nÌ p¯edplatnÈho na ËÌsla 1/2004, 4/2003, 7/2004 a 10/204 Chemick˝ch list˘
o Uvaûuji o sjedn·nÌ p¯edplatnÈho na cel˝ roËnÌk 2004 Chemick˝ch list˘ (12 ËÌsel)

Jako fakturaËnÌ adresu pro p¯edplatnÈ uveÔte:

..........................................................................................................................................................................................
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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 Schrˆdinger, 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.1), only one
year after Schrˆdingerís 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 Paulingís book2 on
resonance theory for which he received the Nobel Prize. More
recently came the very successful method of Roald Hoff-
mann3,4 (The Woodward-Hoffmann rules) who introduced the

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 Herzbergís monumental trilogy5ñ7.
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 Witmerís8,9 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 ThÈorique de France which later became the
Centre de MÈchanique Ondulatoire AppliquÈe of the CNRS.
(Centre National de la Recherche Scientifique.)

2. The π-Electron Era

This was the π-electron era. In a first approximation π-
-electrons which form double and triple bonds in unsaturated
organic molecules can be treated as a separate problem in the
field of the σ-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 a relatively 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 π-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 Mulliken10. The MO method had
the brightest future, but in those times it was generally used in
the simple H¸ckel approximation11. 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 π-electron quantum chemistry flouri-
shed. Remarkable articles were published by Lennard-Jones12.
Coulson and Longuet-Higgins13,14, 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 thÈories Èlectroniques de la chimie orga-
nique15 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 authority16. The book
by  Daudel,  Lefebvre  and Moser17 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 Daudelís laboratory
was ìla thÈorie des logesî (Odiot and Daudel18ñ20), an inge-
nious way of describing electronic distribution and localizabi-
lity in molecules. It was followed by many attempts to inves-
tigate ìatoms in moleculesî. At a later stage Daudel21 gave
a thorough discussion of the results obtained in this respect.

In spite of its rather approximate character the H¸ckel
method rendered great services and was at the origin of a long
and fruitful evolution. Per-Olov Lˆwdin 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 configuration42.

The H¸ckel method implies some drastic approximations.
The ìlinear combination of atomic orbitalsî 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 α, the other with β, 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. (1) 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 (α and β or γ
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

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 Hartmann23 and an improved treatment was given
by Parr and Crawford24 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
H¸ckel 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 ìElectronic
Spectra and Quantum Chemistryî25. Remembering the diffi-
culties of my young age I gave detailed examples of calcula-
tions using the simple H¸ckel LCAO MO method, the anti-
symmetrized MO method, configuration interaction, self-con-
sistent field MO, Ö 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 Mullikenís approximation. (Replacing
ψaψb by 1/2 Sab[ ] where Sab 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).

ψ ψa b
2 2+
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Barnett, Coulson: Philos. Trans. R. Soc. London A 243, 221
(1951).

Roothaan: J. Chem. Phys. 19, 1445 (1951).
Ruedenberg: J. Chem. Phys. 19, 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 178, 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. 16, 1049 (1948).
Brennan, Mulligan: J. Chem. Phys. 20, 1635 (1952).
Scrocco, Salvetti: La Ricerca Scientifica 21, 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 integrals26ñ28.
This made calculations much easier.

The next step was to introduce configuration interaction.
In 1949 Coulson and Fischer29 suggested that what we former-
ly called states should be called configurations and the word
ìstateî should be reserved for energy levels obtained as a result
of a configuration ñ 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 π-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
appreciably30. 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 Peyerimhoff115 and the alter-
nant molecular orbital method of Pauncz112.

The other ìgreat leap forwardî 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

expressed as a product of one-electron wave functions or spin
orbitals.

We quote from D. R. Hartree32, Calculation of Atomic
Structures [p. l8]: ìFor such an approximate wave function ψ,
|φ1(j)|

2 gives the average charge density resulting from the
presence of electron j in wave function φ1, and this suggests
that  each one of these functions φ1, φ2, Ö φn should  be
determined as a solution of Schrˆdingerís 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 φ1, φ2, Ö φn must be the
same as the field used in evaluating these wave functions. This
aspect has led to the term ëself-consistent fieldí for the atomic
field so determinedî.

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 Coulson31.

ìSuppose that there are n electrons in our atom. Then let
us first guess plausible wave  functions for each  of these
electrons. ÖNow choose one of the electrons and find the
average field provided by all the others. Ö 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.o.ís. This technique is continued until
successive iteration makes no appreciable difference to the
orbitals. We may then say that the set of a.o.ís are self-consis-
tent.î

Fock33 adapted the method to the very important case
where the wave functions are given in the form of Slater
determinants. Roothaan34 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
LCAOSCF 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  Lefebvre35,
McWeeny36, and Roothaan37.

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 Parr38 and by Pople39 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 Moffitt40 and Pariser and
Parr38 proposed to compromise by reintroducing a reasonable
amount of empiricism into the nonempirical methods. This
was done by neglecting differential overlap and computing
certain integrals empirically. Using the Wannier-Lˆwdin41

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-
ple43 reviewed these applications  up to  1957. In a series
of works Dewar44, Pople45, Murrell46, Longuet-Higgins47, and
McEwen48,49reexamined 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-
ser50 proposed other ways of obtaining SCF wave functions.

An interesting point is that the similarity of this method to
the simple H¸ckel 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 ìnaiveî methods. As Daudel put it ìThe naive methods
are less naive than they seem to beî51.

This is about where we stood at the end of the nineteen-
-fifties. Much of theoretical chemistry was still a π-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 Platt52,53, Kasha54 or H. Kuhn55 in this respect.

Before closing my reminiscences on the π-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 Paulingís resonance theory2 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 ìstructuresî. They were
called effective if the ìbondî is between two neighbours and
ineffective otherwise. In the case of benzene, for example,
these so-called canonical structures are the two KekulÈ-type
and three Dewar-type structures. The total wave function is
then constructed as a linear combination of wave functions

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.25). Hartmann56 and Seel57 found ways of treating triplet
states by the valence-bond method. As to polar ìstructuresî
Sklar58 in his early paper (1937) on benzene made an attempt
to include them and in 1950 Craig59 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 Epiotis60 is well worth
reading, however.

Free-electron methods were also historically important for
the treatment of the electronic spectra of π-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 Pauling61, Lonsdale62 and
Schmidt63; subsequently it was developed into a comprehen-
sive system for the treatment of conjugated molecules by
Platt52,53 (rotator model) and H. Kuhn55 (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, I reviewed free electron methods in my above mentioned
book25.

Substituted  derivatives of aromatic molecules also re-
ceived a great deal of attention. The elegant experiments of
Fˆrster66 (1950)  showed  that in OH and NH2 substituted
aromatic compounds the acidity and basicity of the molecule
changes with the state of electronic excitation. In two of my
unknown papers67,68 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. ZahradnÌk64, R. Za-
hradnÌk, J. Kouteck˝65.)

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

3. The σ-Electron Era

Predictably, the π-electron era had to come to an end.
Attempts to include the σ-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. 69) and
later in 1955 already at UniversitÈ de MontrÈal I published
a long paper in the Canadian Journal of Chemistry70. These
were to the best of my knowledge the first applications of the
H¸ckel molecular orbital method to σ-electron problems and
saturated organic molecules. I proposed three different approxi-
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mations. The simplest of these was the ìCî approximation.
I am citing from the book on ìSemiempirical wave mechanical
calculations on polyatomic moleculesî, which we later pub-
lished with Professor Daudel21.

ìThe idea underlying this method is that, as H¸ckel was
able to extract the π-electrons from conjugated molecules and
treat them as a separate problem, it may be possible to separate
the CñC bonds from the CñH 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 H¸ckel
method. While π-orbitals have a nodal plane where σ-elec-
trons have their greatest density, no such difference exists
between orbitals in CñC and in CñH bonds. Yet, one may hope
that, in a rough approximation, the CñH bonds, in which the
electrons are more tightly bound than in the CñC bonds make
a constant contribution to the total energy in different paraffin
molecules and to the electronic charge distribution in the CñC
bonds.

Thus in the original ìCî approximation, all H orbitals and
all carbon sp3 hybrids linked to the H orbitals were disregar-
ded. For the remaining sp3 orbitals, all the H¸ckel Coulomb
integrals αC were made equal, as were all  the  resonance
integrals βCñC between atoms which are ìchemicallyî bonded
together. Non-neighbour interactions and all overlap integrals
were neglected.î

For the resonance integral between two sp3 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 empirically71.

Fukui, Kato, and Yonezawa72,73applied 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 (Koopmansí theorem74), they
found an almost perfect parallel with experimental values.
This led them to the well known frontier orbital considerations
which turned out to be important for the following of chemical
reactions. Both Fukui72,73 et al. and Klopman75 obtained en-
couraging results in their studies of saturated molecules using
this simple ìCî approximation.

A step forward was the ìHî approximation70. In the ìHî
approximation all sp3 hybrids and all hydrogen ls 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.73 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 publications76,77applications of
the ìHî approximation to problems of chemical reactivity.
I should like to mention an earlier (1958) and often overlooked
work by Del Re78,79. He put the differences in α proportional
to differences in electronegativity, and in addition took into
account the effect of all adjacent atoms on a given α. This leads

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 H¸ckel method.
Many years earlier Mulliken80 and Wolfsberg and Helm-

holtz81 suggested a very simple type of parametrization for
H¸ckel calculations which greatly facilitates their extension
to σ-electron problems. The Coulomb integrals for an orbital
i (αi = Hij) are taken as the appropriate valence-state ionization
potentials and the resonance integrals (βij = Hij) are expressed as

Hij = 0.5 K (Hii + Hjj) Sij

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

Hoffmann82,.83took 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 Santry84 in 1963 presented a critical H¸ckel
study related to saturated molecules. In particular, they studied
the causes of delocalization of σ-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 σ-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 Heffernan85. 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
Segal86,87. 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: ìcomplete
neglect of differential overlapî (CNDO) and ìneglect of dia-
tomic differential overlapî (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 ìtheory is not
invariant under a rotation of local axes or under hybridizationî.
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Furthermore, since sets of hybrid and the related ìpureî
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: ìThe electron interaction integrals

, are assumed to depend only on the atoms to which the
atomic orbitals and belong and not on the actual type
of orbitalî. 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 ìend of the beginningî 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 Popleís group played a decisive
role in this.

The semiempirical epoch was reviewed by Pople and
Beveridge in their ìApproximate Molecular Orbital Theo-
ryî87. It contains a thorough treatment of CNDO methods and
their applications. Daudel and S·ndorfy21 attempted to cover
the field up to 1970.

Sinanoglu and Wiberg88 organized a memorable conferen-
ce on ìSigma Molecular Orbital Theoryî 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 ìQuantum chemistry may be consi-
dered to be entering a new phase.î ÖìSemiempirical 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.î Ö ìClearly, for predictions on
chemical reactions, σ-electrons are essentialî.

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 ìComputer Calculationsî 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 Popleís 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. Hylleraas89,91 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 Weiss90. Another great suc-
cess of early quantum mechanics was the treatment of the

hydrogen molecule by James and Coolidge92,93. 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 H2 molecule. Ko≥os
and Roothaan94 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 Å, the ex-
perimental value being 0.74116 Å. 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-Walsh95 ru-
les, a glorious field has been developed. Think about the
lifetime work of Mulliken, the books of F. Hund96, Eyring,
Walter and Kimball97, H. E. White98, G. W. King99, and above
all, the monumental volumes of Herzberg5ñ7,100. They contain
solid knowledge on small molecules and molecular species,
ions and free radicals including those is space. In a recent book
B. Stoicheff101 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
π-electron systems are also found. The spectroscopy of larger
organic molecules is sometimes called chemical spectroscopy.
The word ìchemicalî 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·ndorfy102 and by Raymonda and Simpson103 but
while Simpsonís 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.104). That
in atomic spectra there are Rydberg series is known to any

γ µν
χ µ χν
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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 coworkers105 pioneered the field from
the experimental side and Mulliken106,107from the theoretical
side. Let us cite Herzberg7: ìMore 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 moleculeî.
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 target for high
resolution molecular spectroscopy (îZEKEî108ñ110 spectro-
scopy), photoelectron spectroscopy and photochemistry. As to
larger molecules Robin summed up the field in three volu-
mes111. 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 Peyerimhoff113 and to their chapters written for our
book on ìThe Role of Rydberg States in Spectroscopy and
Photochemistryî114. 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 Peyerimhoff115ñ116. I am now citing
from Peric and Peyerimhoff114.

ìAt first 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

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 5ñ10 non-hydrogen atoms mixed valence-Rydberg states
are frequentî.

Then from Buenker, Hirsch, and Yan Li114:
ìWhen 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 H¸ckel and Pariser-Parr-Pople treatments of π-electron
systems. Rydberg states were well-known from atomic spec-
troscopy, and as early as 1935 Price105 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 treatmentsî.

Rydberg theoretical chemistry and spectroscopy of typical
organic molecules, ions, and radicals was the main subject of
some conferences. The first one, ìChemical Spectroscopy
and Photochemistry in the Vacuum Ultravioletî. (Valmorin,
QuÈbec 1973; organized by S·ndorfy, Ausloos, and Robin)
brought together spectroscopists, photochemists and theoreti-
cal chemists; A. E. Douglas, W. C. Price, Th. Fˆrster, 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 fields118.

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-twenties119ñ120. In those times most cases of char-
ge transfer complexes were inorganic, but the field spread over
to organic chemistry soon after. According to Mullikenís
theory123,124, 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 Rabinowitch125. Later An-
drews126, Orgel127, McGlynn128, and Murrell129offered general
reviews which treat the problems relating to molecular com-
plexes from a variety of points of view. The ìbibleî of the field
is Mulliken and Personís ìMolecular Complexes130.
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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-
mann131 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 Rodebusch132. 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. Hadzi133. 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 ìsecretsî 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 MarÈchal135, Sokolov
and Savelev136, Lippincott and Schrˆder137 and many other
authors. I would like to mention our volumes on hydrogen
bonding published in 1976 (Ref.138).

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.139). This too became an immense field.

As to Weak Intermolecular Interactions in Chemistry and
Biology, the îBibleî is the book by Pavel Hobza and Rudolf
ZahradnÌk140first 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

mentioned: Buckingham, »Ìûek, Clementi, Csizmadia, Dal-
garno, Davidson, Jortner, Karplus, Kouteck˝, 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. Lˆwdin (Sweden),
R. G. Parr (U.S.A.), J. A. Pople (U.K. 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 ZahradnÌk 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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a more detailed and systematic description of the post-war
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1. Fyziologick· ˙loha kathepsinu D

1 . 1 . K a t h e p s i n D

Kathepsin D (CD, E.C. 3.4.23.5) je lysosom·lnÌ aspart·-
tov· proteasa syntetizovan· tÈmÏ¯ ve vöech savËÌch buÚk·ch.
Jako kathepsiny poprvÈ oznaËil R. Willst‰tter a E. Bamann
kyselÈ proteasy, kterÈ byly nalezeny ve vodn˝ch extraktech
r˘zn˝ch tk·nÌ zvÌ¯at1. PrvnÌ studie o proteasovÈ aktivitÏ v ex-
traktech se objevily v roce 1941 (cit.2). Na z·kladÏ jejich
specifity k r˘zn˝m syntetick˝m substr·t˘m jim byla p¯idÏlena
jmÈna kathepsin A, B, C, D a E. Dnes za kathepsiny povaûu-
jeme intracelul·rnÌ enzymy, kterÈ rozkl·dajÌ bÌlkoviny v pro-
st¯edÌ o nÌzkÈm pH (optim·lnÌ pH ~ 3,5ñ5). Kathepsiny jsou
z velkÈ Ë·sti umÌstÏny v lysosom·lnÌch frakcÌch, ËÌmû se liöÌ
od jin˝ch proteas v buÚce (nap¯. trypsin, chymotrypsin). Podle
mechanismu ˙Ëinku pat¯Ì vÏtöina kathepsin˘ mezi cysteinovÈ
(thiolovÈ) peptidasy. Kathepsin D je vöak z·stupcem aspart·-
tov˝ch peptidas. V lidskÈm genomu je gen pro prokathepsin
D (proenzym kathepsinu D, pCD) lokalizov·n na patn·ctÈm
lokusu 11p chromosomu, obsahuje devÏt exon˘ a velikost jeho
prim·rnÌho transkriptu je 2,2 kb (cit.4).

1 . 2 . T r a n s p o r t p r o k a t h e p s i n u D
v n e n · d o r o v ˝ c h b u Ú k · c h

V nen·dorov˝ch liniÌch je pCD syntetizov·n na endoplaz-
matickÈm retikulu (ER) jako prekurzor o molekulovÈ hmot-
nosti 52 kDa, kter˝ jeötÏ v endoplazmatickÈm retikulu podlÈh·
N-glykosylaci nejËastÏji dvÏma oligosacharidov˝mi ¯etÏzci,
jeû obsahujÌ mannosu, kter· je fosforylov·na na mannosa-6-
fosf·t (M6P). Jedna molekula pCD tedy nese dva sign·ly pro
vazbu receptor˘ mannosa-6-fosf·tu (M6Pr). Interakce s tÏmito
receptory analogicky jako u ostatnÌch lysosom·lnÌch enzym˘
zajiöùuje transport pCD do lysosom˘5,6. VÏtöina M6Pr je pri-
m·rnÏ lokalizov·na v trans-Golgiho retikulu (obr. 1), kde takÈ
doch·zÌ k jejich interakci s lysosom·lnÌmi enzymy nesoucÌmi
M6P. Komplex tÏchto M6Pr s p¯ipojen˝mi lysosom·lnÌmi
enzymy je soust¯eÔov·n na malÈm ˙seku membr·ny trans-
-Golgiho retikula7,8, kter· je na stranÏ cytosolu pokryta struk-
turnÌ bÌlkovinou klatrinem. P˘sobenÌm klatrinu je tento ˙sek
membr·ny oddÏlen a vytv·¯ejÌ se speci·lnÌ transportnÌ v·Ëky,
z nichû je klatrin postupnÏ odbour·v·n (obr. 1). Tyto holÈ
transportnÌ v·Ëky f˙zujÌ s t¯ÌdÌcÌmi v·Ëky, a tvo¯Ì tak organelu
zvanou pozdnÌ endosom, uvnit¯ kterÈ je pH okolo 5,5. Toto
snÌûenÌ pH zp˘sobÌ uvolnÏnÌ M6Pr z lysosom·lnÌch enzym˘,
protoûe vazba M6Pr s M6P je stabilnÌ p¯i pH 6,5ñ7. Z pozdnÌch
endosom˘ vznikajÌ dva typy v·Ëk˘. Jeden typ v·Ëk˘ obsahuje
lysosom·lnÌ enzymy (ve formÏ fosforylovan˝ch glykoprotei-
n˘). V tÏchto v·ËcÌch, kterÈ f˙zujÌ s lysosomy, je od C6
mannosy fosfatasou odötÏpen fosf·t (obr. 1), coû zabraÚuje
zpÏtnÈmu nav·z·nÌ transportovan˝ch protein˘ na M6Pr. Dru-
h˝ typ v·Ëk˘ obsahuje M6Pr, kter˝ se navracÌ zpÏt do trans-
-Golgiho retikula (obr. 1).

* Autor pro korespondenci
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1 . 3 . D v a t y p y r e c e p t o r ˘
m a n n o s a - 6 - f o s f · t u

Jak bylo zmÌnÏno v˝öe, slouûÌ interakce protein˘ s M6Pr
k transportu hydrolas z trans-Golgiho apar·tu do lysosom˘.
Dosud jsou zn·my pouze dva druhy M6P receptor˘ interagu-
jÌcÌch s pCD. PrvnÌ z nich, M6P/IGF-II receptor, je transmem-
br·nov˝ glykoprotein o molekulovÈ hmotnosti 275 kDa, kter˝
specificky v·ûe takÈ IGF-II (insulin-like growth factor II)
a zprost¯edkov·v· endocytosu sekretovan˝ch lysosom·lnÌch
enzym˘ a IGF-II. Druh˝ typ receptoru o molekulovÈ hmotnos-
ti 46 kDa se ne˙ËastnÌ endocytosy, je z·visl˝ na p¯Ìtomnosti
kationt˘. Experimenty s buÚkami postr·dajÌcÌmi jeden Ëi dru-
h˝ typ tÏchto receptor˘ uk·zaly, ûe pCD je p¯ednostnÏ sekre-
tov·n fibroblasty, kter˝m chybÌ M6P/IGF-II receptor9.

1 . 4 . P r i m · r n Ì s t r u k t u r a , a k t i v a c e
a s p e c i f i t a p r o k a t h e p s i n u D

Prim·rnÌ strukturu prekurzoru pro lidsk˝ kathepsin D tvo¯Ì
¯etÏzec 412 aminokyselinov˝ch zbytk˘ a naz˝v· se preproka-
thepsin D. Preprokathepsin D myöÌ obsahuje 410 aminokyse-

linov˝ch zbytk˘, u krys je to 407 a u ku¯at 398 se jedn·
o zbytk˘. Prekurzor vûdy obsahuje N-vedoucÌ sekvenci (VS,
obr. 1), kter· u lidÌ obsahuje 20 aminokyselinov˝ch zbytk˘
a je odötÏpena bÏhem translokace p¯es membr·nu endoplaz-
matickÈho retikula. Vznik· tak inaktivnÌ prokathepsin D (392
aminokyselinov˝ch zbytk˘ u lidÌ, coû odpovÌd· molekulovÈ
hmotnosti 52 kDa). Jak vypl˝v· z podobnosti aminokyselino-
vÈ sekvence prokathepsinu D a pepsinogenu, prokathepsin D
m˘ûe podlÈhat autokatalytickÈmu ötÏpenÌ za vzniku aktivnÌho
kathepsinu D (CD) o molekulovÈ hmotnosti 48 kDa (cit.8).
Aktivace CD m˘ûe b˝t katalyzov·na takÈ dalöÌmi proteasami,
kterÈ jsou p¯ÌtomnÈ v lysosomech10. Peptid o molekulovÈ
hmotnosti 4 kDa odötÏpen˝ bÏhem aktivace CD se naz˝v·
aktivaËnÌ peptid (AP, obr. 1). CD je d·le ötÏpen na N-koncov˝
lehk˝ ¯etÏzec (15 kDa) a C-koncov˝ tÏûk˝ ¯etÏzec (30 kDa),
kterÈ jsou spojeny nekovalentnÌmi interakcemi, a tvo¯Ì tak
dvou¯etÏzcovou formu CD. VÏtöina lidskÈho a praseËÌho CD
existuje v˝hradnÏ ve dvou¯etÏzcovÈ formÏ, zatÌmco v˝skyt
CD skotu je tÈmÏ¯ rovnomÏrnÏ rozdÏlen mezi jedno- a dvou-
¯etÏzcovÈ formy. MyöÌ a krysÌ CD existuje prakticky pouze
v jedno¯etÏzcovÈ formÏ. AktivnÌ mÌsto CD je tvo¯eno dvÏma
aspart·ty, m· tvar ötÏrbiny podobnÏ jako u ostatnÌch aspart·-

Obr. 1. Transport prokathepsinu D v nen·dorov˝ch buÚk·ch. Lysosom·lnÌ enzymy migrujÌ z drsnÈho endoplazmatickÈho retikula (ER ñ
vlevo) do cis-Golgiho apar·tu, kde doch·zÌ k fosforylaci M6P zbytk˘. V trans-Golgiho retikulu se lysosom·lnÌ enzymy nav·ûÌ na vysoce
specifick˝ membr·nov˝ receptor M6Pr, kter˝ zajiöùuje transport tÏchto enzym˘ do v·Ëk˘ pokryt˝ch strukturnÌ bÌlkovinou klatrinem. Klatrin
depolymerizuje a vzniklÈ holÈ v·Ëky f˙zujÌ s pozdnÌmi endosomy, v nichû se oddÏluje fosforylovan˝ enzym od M6Pr, coû je zp˘sobeno nÌzk˝m
pH (5,5). M6Pr recykluje zpÏt do trans-Golgiho retikula a fosforylovan˝ enzym je inkorporov·n do odliön˝ch transportnÌch v·Ëk˘, kterÈ puËÌ z
pozdnÌch endosom˘. Zde probÌh· defosforylace a v·Ëky f˙zujÌ s lysosomy. M6Pr se takÈ vyskytujÌ na cytoplazmatickÈ membr·nÏ (vpravo
naho¯e). SekretovanÈ lysosom·lnÌ enzymy tak mohou b˝t transportov·ny do lysosom˘ po endocytose zprost¯edkovanÈ M6Pr

cytoplazmatick· membr·na

drsnÈ ER cis-Golgi

trans-Golgi
retikulum

exocytosa

lysosom·lnÌ
enzym

sekretovan˝
protein

fosforylace
lysosom·lnÌho

enyzmu

klatrinov˝
v·Ëek

tvorba
klatrinovÈho

v·Ëku

uvolnÏnÌ
lysosom·lnÌho

enzymu od M6Pr

podjednotky
klatrinu

odstranÏnÌ
fosf·tu

transportnÌ
v·Ëek

pozdnÌ
endosom

lysosom

sekretovan˝
lysosom·lnÌ enzym

M6Pr

endocytosa

tvorba
klatrinovÈho

v·Ëku

klatrinov˝
v·Ëek

recyklace M6Pr

transportnÌ v·Ëek
po odstranÏnÌ pl·ötÏ

cytosol
P

P

P

P

P

P

P

P

P

M6Pr

Chem. Listy 97, 192 ñ 199 (2003) Refer·ty

193



tov˝ch proteas a je podobnÈ aktivnÌmu mÌstu pepsinu. ätÏpe-
nÌm B ¯etÏzce inzulÌnu jako substr·tu bylo potvrzeno, ûe takÈ
specifita CD je pepsinu podobn· a p¯i ötÏpenÌ jsou preferov·ny
peptidovÈ vazby za hydrofobnÌmi aminokyselinami3. Proteo-
lytickou aktivitu lze podobnÏ jako u ostatnÌch aspart·tov˝ch
proteas inhibovat pepstatinem.

1 . 5 . F y z i o l o g i c k È f u n k c e k a t h e p s i n u D

CD je p¯Ìtomen v lysosomech vöech savËÌch bunÏk, kde
p¯ispÌv· hlavnÌm podÌlem k degradaci protein˘ ve spolupr·ci
s ostatnÌmi proteasami11. Jeho zastoupenÌ se liöÌ u r˘zn˝ch
tk·nÌ a je rovnÏû p¯Ìtomen v endosomech urËit˝ch typ˘ bunÏk
jako nap¯. makrof·g˘ a hepatocyt˘. NejËastÏji se vyskytuje
jako rozpustn˝ protein, ale v endosomech m˘ûe b˝t aû z 20 %
v·z·n na membr·ny.

CD hraje d˘leûitou roli takÈ p¯i proteolytickÈ ˙pravÏ pre-
kurzor˘ hormon˘ nebo antigen˘ pro jejich prezentaci12,13. Gly-
koproteiny II. t¯Ìdy MHC II (major histocompatibility com-
plex) jsou za fyziologick˝ch podmÌnek p¯Ìtomny jen na buÚ-
k·ch prezentujÌcÌch antigen. V endoplazmatickÈm retikulu
je vazebnÈ mÌsto na MHC II blokov·no kr·tk˝m peptidem
(tzv. invariantnÌm ¯etÏzcem), takûe se do nÏj nemohou nav·-
zat peptidovÈ fragmenty vzniklÈ ötÏpenÌm vlastnÌch bÌlko-
vin. Komplex glykoprotein˘ MHC II s invariantnÌm ¯etÏzcem
je z endoplazmatickÈho retikula transportov·n p¯es Golgiho
apar·t do sekreËnÌch v·Ëk˘, kterÈ po oddÏlenÌ od Golgiho
apar·tu f˙zujÌ s endosomy. Po f˙zi endosomu se sekreËnÌm
v·Ëkem degradujÌ kathepsiny v endosomech invariantnÌ ¯etÏz-
ce a do uvolnÏnÈho vazebnÈho mÌsta glykoprotein˘ MHC II
se pak mohou nav·zat peptidovÈ fragmenty endocytovan˝ch

protein˘. Degradace pohlcen˝ch cizorod˝ch protein˘ v endo-
somech pat¯Ì mezi dalöÌ funkce kathepsin˘. Byla publikov·na
takÈ data naznaËujÌcÌ roli CD p¯i obnovÏ tk·nÌ14.

CD se ˙ËastnÌ pravdÏpodobnÏ takÈ nÏkter˝ch patologic-
k˝ch proces˘, jako jsou proliferace rakovinn˝ch bunÏk, uvol-
Úov·nÌ β-amyloidu z prekurzoru p¯i AlzheimerovÏ chorobÏ.

2. Role prokathepsinu D v onkogenesi

2 . 1 . O b j e v z v ˝ ö e n È k o n c e n t r a c e p C D
a C D v n · d o r o v ˝ c h b u Ú k · c h p r s u

Zv˝öen· exprese prokathepsinu D (pCD) v n·dorov˝ch
buÚk·ch prsu (d·le NBP) byla zjiötÏna n·hodou Henrim Ro-
chefortem15ñ17 na poË·tku 80. let. H. Rochefort v tÈ dobÏ
zkoumal vliv estrogen˘ na NBP a snaûil se izolovat proteiny,
jejichû exprese byla estrogeny vyvol·na. DomnÌval se, ûe by
tyto proteiny mohly hr·t d˘leûitou roli p¯i ¯ÌzenÌ r˘stu n·doru
a jeho invaze a p˘sobit jako autokrinnÌ Ëi parakrinnÌ faktory.
Velkou  pozornost vzbudil  protein 52K, kter˝ byl ve vel-
kÈm mnoûstvÌ sekretov·n MCF7 buÚkami (estrogen pozitivnÌ
NBP) a vykazoval mitogennÌ aktivitu18. NavÌc byl indukov·n
antiestrogenem tamoxifenem v nÏkolika antiestrogen-rezis-
tentnÌch bunÏËn˝ch liniÌch, zatÌmco tamoxifen inhiboval jeho
produkci v divokÈm typu bunÏk MCF7 (cit.19). Kritick˝mi
kroky pro identifikaci 52K proteinu jako pCD bylo izolovat
specifickÈ monoklon·lnÌ protil·tky20, vyËistit tento sekretova-
n˝ protein21 a studovat jeho ko- a posttranslaËnÌ modifikace.
Interakce nezn·mÈho proteinu s receptory mannosa-6-fosf·tu
vedly k hypotÈze, ûe se jedn· o lysosom·lnÌ hydrolasu4. »ist˝
52K byl pozdÏji identifikov·n jako prokathepsin D (pCD) na
z·kladÏ jeho proteolytickÈ aktivity v kyselÈ oblasti pH, inhi-
bice pepstatinem, jeho interakce s protil·tkami proti pCD
a sekvence prvnÌch patn·cti aminokyselin22. Po¯adÌ ostatnÌch
aminokyselin pCD bylo urËeno sekvenov·nÌm cDNA zÌska-
n˝ch z lidsk˝ch jater a sleziny. Srovn·nÌm aminokyselinovÈ
sekvence pCD z MCF7 a ze zdrav˝ch ledvinov˝ch bunÏk bylo
zjiötÏno pÏt z·mÏn, z nichû jedna byla v AP Ë·sti (Ala→Val).
V bunÏËn˝ch liniÌch ZR-75-1 (estrogen negativnÌ NBP) a dal-
öÌch liniÌch byly sice prok·z·ny dalöÌ z·mÏny aminokyselin,
celkovÏ je vöak sekvence pCD v NBP konzervativnÌ.

2 . 2 . p C D j a k o p r o g n o s t i c k ˝ m a r k e r
r a k o v i n y p r s u

pCD je v NBP exprimov·n dva- aû pÏtkr·t vÌce ve srovn·nÌ
s jin˝mi buÚkami, jako jsou nap¯Ìklad fibroblasty nebo zdravÈ
buÚky prsnÌch ûl·z23. Metodami imunohistochemie, imuno-
anal˝zou cytosolickÈ frakce, Northern a Western blot anal˝-
zami Ëi in situ hybridizacÌ bylo zjiötÏno, ûe se v NBP zvyöuje
mnoûstvÌ jak mRNA kÛdujÌcÌ pCD, tak koncentrace p¯episo-
vanÈho proteinu23. Ukazuje se, ûe nadprodukce pCD nenÌ
zp˘sobena amplifikacÌ genu ani chromosom·lnÌm p¯eskupe-
nÌm24. Proto se pCD dnes jiû ˙spÏönÏ vyuûÌv· jako nez·visl˝
prognostick˝ marker p¯i diagnostice klinickÈ metast·zy rako-
viny prsu. pCD nenÌ jakoûto marker rakoviny prsu z·visl˝ na
jin˝ch parametrech, jako je nap¯Ìklad inhibitor urokinasy.
Ot·zkou z˘st·v·, zdali m˘ûe b˝t pCD pouûit jako marker pro
jinÈ typy rakoviny nap¯. v hepatomech, melanomech a rako-
vinn˝ch buÚk·ch prostaty. V klinick˝ch laborato¯Ìch jsou ke

Obr. 2. Maturace prokathepsinu D; vedoucÌ sekvence (VS) pro
interakci se sign·lnÌ rozpozn·vacÌ Ë·sticÌ, kter· se v·ûe na membr·-
nov˝ receptor endoplazmatickÈho retikula, VS je n·slednÏ odötÏpena
sign·lnÌ peptidasou
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stanovov·nÌ koncentracÌ pCD a CD pouûÌv·ny standardnÌ
imunochemickÈ metody zaloûenÈ na pouûitÌ dvou monoklo-
n·lnÌch protil·tek25. PodobnÈ v˝sledky lze zÌskat takÈ stano-
venÌm proteolytickÈ aktivity CD v cytosolu po jeho aktivaci
snÌûenÌm pH. OdliönÈ v˝sledky jsou Ëasto zÌsk·v·ny r˘zn˝mi
imunochemick˝mi metodami, coû m˘ûe b˝t zp˘sobeno pouûi-
tÌm r˘zn˝ch protil·tek, r˘zn˝ch metod fixace tk·nÌ Ëi ztr·tou
sekretovanÈ formy pCD bÏhem fixace.

2 . 3 . R o l e e s t r o g e n ˘ p ¯ i e x p r e s i
a s e k r e c i p C D v n · d o r o v ˝ c h
b u Ú k · c h p r s u

Ve zdravÈ savËÌ buÚce, nap¯Ìklad v lidskÈm fibroblastu, je
vÏtöina syntetizovanÈho pCD cÌlena do lysosom˘, kde rychle
probÌh· jeho ötÏpenÌ na aktivnÌ formu kathepsinu, a jen malÈ
mnoûstvÌ prokathepsinu  je  akumulov·no v  jin˝ch  Ë·stech
buÚky nebo sekretov·no26. V nÏkolika liniÌch hormon·lnÏ
z·visl˝ch (MCF7, ZR-Z5-1) a nez·visl˝ch (MDA-MB-231,
BT20) NBP byla zjiötÏna znaËnÏ zv˝öen· sekrece pCD (nad
50 %) a akumulace 52 kDa a 48 kDa forem v buÚk·ch. ZmÏna
transportu a sekreËnÌho mechanismu pCD je pravdÏpodobnÏ
zp˘sobena nadprodukcÌ pCD, kter˝ vysytÌ vazebn· mÌsta M6P
receptor˘. Nadprodukce pCD a dalöÌch lysosom·lnÌch proteas
je v hormon·lnÏ z·visl˝ch NBP indukov·na estrogeny. Estro-
geny v  tÏchto buÚk·ch  navÌc  sniûujÌ expresi M6Pr. Bylo
prok·z·no, ûe snÌûenÌ exprese m˘ûe b˝t regulov·no na ˙rov-
ni transkripce i translace27. Sekreci lysosom·lnÌch enzym˘
z NBP tedy usnadÚujÌ estrogeny dvÏma zp˘soby, neboù velkÈ
mnoûstvÌ exprimovanÈho pCD m· k dispozici snÌûen˝ poËet
M6Pr. Princip  indukce  exprese pCD  v  hormon·lnÏ nez·-
visl˝ch NBP nebyl dosud pozorov·n.

2 . 4 . I n t e r a k c e p C D s r e c e p t o r e m
m a n n o s a - 6 - f o s f · t u a t r a n s p o r t C D
n e z · v i s l ˝ n a t o m t o r e c e p t o r u

S cÌlem vysvÏtlit sekreci a transport pCD v n·dorov˝ch
buÚk·ch byly studov·ny jeho interakce s M6Pr. Uk·zalo se,
ûe in vitro interaguje pCD s M6P/IGFIIr a jejich vz·jemn·
afinita je srovnateln· s afinitou pCD a M6Pr v norm·lnÌch
buÚk·ch28,29. P¯i pokusech v NBP a sledov·nÌ transportu pCD
do lysosom˘ vöak bylo zjiötÏno, ûe M6P/IGFIIr vykazuje
snÌûenou aktivitu. Gen pro M6P/IGFIIr je kÛdov·n na 6q
chromosomu a pat¯Ì mezi n·dorovÏ supresorovÈ geny30, kterÈ
kÛdujÌ proteiny, udrûujÌcÌ norm·lnÌ somatickÈ buÚky v G0 f·zi
a potlaËujÌcÌ proliferaci. K neregulovanÈ proliferaci bunÏk
a vzniku n·doru doch·zÌ aû v p¯ÌpadÏ, ûe jsou tyto alely
homozygotnÏ mutov·ny. Takov·to ztr·ta heterogenity na ˙se-
ku 6q chromosomu kÛdujÌcÌm M6P/IGFIIr lokus byla pops·na
v hepatokarcinomech30 a rovnÏû v NBP (cit.31).

SnÌûen· afinita M6Pr k pCD (zp˘soben· mutacÌ genu pro
M6Pr) Ëi snÌûenÌ koncentrace tÏchto receptor˘ p˘sobenÌm
estrogen˘ (viz p¯edchozÌ kapitola) umoûÚuje vazbu pCD na
jinÈ receptory neû M6Pr. V NBP m˘ûe b˝t tedy pCD transpor-
tov·n nez·visle na M6Pr. AlternativnÌ transport pCD se pro-
jevuje nÌzkou akumulacÌ zralÈho enzymu v lysosomech a zv˝-
öenou sekrecÌ proenzymu26. V nÏkter˝ch antiestrogen-resis-
tentnÌch liniÌch NBP byl novÏ syntetizovan˝ pCD sekretov·n
aû z 90 % (cit.19,32). Transportu pCD pomocÌ M6Pr lze v r˘z-
n˝ch buÚk·ch zabr·nit jejich kultivacÌ v p¯Ìtomnosti NH4Cl,

neboù tato slab· b·ze zv˝öenÌm pH v Ñt¯ÌdÌcÌchì endosomech
zabraÚuje rozpadu pCD-M6P/IGFIIr a n·slednÈ recyklaci re-
ceptoru do Golgiho apar·tu33. Po p¯id·nÌ NH4Cl do r˘stov˝ch
mÈdiÌ fibroblast˘ a zdrav˝ch bunÏk prsu se novÏ syntetizovan˝
pCD sekretuje ven z bunÏk namÌsto jeho transportu do lyso-
som˘. Naopak v mnoha liniÌch NBP a n·dorov˝ch bunÏk
vajeËnÌk˘ doch·zÌ ke zv˝öenÌ intracelul·rnÌ hladiny proenzy-
mu po kultivaci s NH4Cl. Zd· se, ûe tato rezistence k NH4Cl
je specifick· pro pCD, protoûe  komplexy M6Pr s jin˝mi
enzymy jako je β-hexosaminidasa, α-glukosidasa a arylsulfa-
tasa se v prost¯edÌ NH4Cl rozpadajÌ34.

2.4.1. Transport pCD v B lymfoblastech
vykazujÌcÌch ÑI-cellì onemocnÏnÌ

Transport lysosom·lnÌch enzym˘ nez·visl˝ na M6P byl
podrobnÏ studov·n v B lymfoblastech vykazujÌcÌch dÏdiËnÈ
lidskÈ onemocnÏnÌ, p¯i kterÈm nezn·m· mutace sniûuje nebo
eliminuje aktivitu N-acetylglukosamin-fosfotransferasy, tzv.
I-cell onemocnÏnÌ35 (ICD). N-acetylglukosamin-fosfotransfe-
rasa katalyzuje prvnÌ krok fosforylace mannosov˝ch zbytk˘ ob-
saûen˝ch v glykoproteinech lysosom·lnÌch enzym˘ (obr. 1),
ËÌmû napom·h· k interakci lysosom·lnÌch enzym˘ s M6Pr.
V poökozen˝ch B-lymfoblastech tedy nedoch·zÌ k tvorbÏ kom-
plexu pCD-M6Pr. Norm·lnÌ hladina lysosom·lnÌch enzym˘
v B-lymfocytech tÏchto pacient˘ je pak d˘kazem, ûe jsou
sledovanÈ enzymy transportov·ny jin˝m zp˘sobem, neû s vy-
uûitÌm receptoru pro M6P (cit.36). DalöÌ pokusy s B-lymfo-
blasty s neaktivnÌ N-acetylglukosamin-fosfotransferasou po-
mohly identifikovat aminokyselinovou domÈnu pCD, kter· je
zodpovÏdn· za M6P-nez·visl˝ transport do lysosom˘. ZjiötÏ-
nÌ, ûe neglykosylovan˝ pCD je dopravov·n  do lysosom˘
stejnÏ ˙ËinnÏ jako glykosylovan˝, je d˘kazem toho, ûe ami-
nokyselinov· sekvence pCD musÌ obsahovat specifick˝ t¯ÌdicÌ
sign·l35. Anal˝zou nÏkolika chimernÌch protein˘ pCD/glyko-
pepsinogen bylo zjiötÏno, ûe za transport pCD do lysosom˘ je
zodpovÏdn˝ ˙sek pCD od 188 do 265 aminokyseliny.

Cesta nez·visl· na M6Pr je mÈnÏ ˙Ëinn· neû transport
lysosom·lnÌch enzym˘ v norm·lnÌch lymfoblastech, kter˝ je
na M6Pr z·visl˝. V poslednÌ dobÏ se objevily ˙daje o tom, ûe
tento M6P nez·visl˝ transport je tk·ÚovÏ specifick˝, neboù
p¯estoûe byl zjiötÏn nap¯. v hepatocytech a thymocytech, ne-
doch·zÌ k nÏmu ve fibroblastech35. Tyto alternativnÌ receptory
by se mohly uplatÚovat nejen v transportu, ale i p¯i indukci
mitogennÌ aktivity prokathepsinu D.

2.4.2. Asociace pCD s prosaposinem

Saposiny A, B, C a D jsou malÈ termostabilnÌ glykoprotei-
ny, vznikajÌcÌ ze spoleËnÈho prekurzoru prosaposinu v lyso-
somech. Tyto proteiny aktivujÌ r˘znÈ lysosom·lnÌ hydrolasy,
kterÈ se ˙ËastnÌ metabolismu sfingolipid˘. KromÏ svÈ lysoso-
m·lnÌ funkce je prosaposin takÈ p¯Ìtomen jako integr·lnÌ mem-
br·nov˝ protein a jako neötÏpen˝ hraje r˘znÈ role v r˘zn˝ch
tÏlnÌch tekutin·ch, nap¯. v semin·lnÌ plazmÏ, lidskÈm mlÈce
a cerebrospin·lnÌm moku. Bylo navrûeno, ûe pr·vÏ molekula
prosaposinu by mohla b˝t odpovÏdn· za tento alternativnÌ
transport pCD (cit.37). Komplex pCD s prosaposinem se vy-
tv·¯Ì hned po syntÈze pCD na endoplazmatickÈm retikulu.
Vznikl˝ komplex asociuje s membr·nou aû v Golgiho apar·tu.
Metodami bunÏËnÈ frakcionace bylo prok·z·no, ûe komplex
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pCD s prosaposinem disociuje od membr·ny a rozpad· se aû
v kyselÈm prost¯edÌ lysosom˘.

2 . 5 . H y p o t È z y o f u n k c i p C D
p ¯ i m e t a s t · z e

V˝sledky nÏkolika nez·visl˝ch pokus˘ ukazujÌ, ûe pCD je
nejen dobr˝m markerem metast·zy NBP, ale pravdÏpodobnÏ
se na proliferaci NBP takÈ podÌlÌ. Na poË·tku 90. let byl zÌsk·n
p¯Ìm˝ d˘kaz toho, ûe nadmÏrn· exprese pCD m˘ûe podporo-
vat nÏkterÈ kroky metast·zy38. Do krysÌch n·dorov˝ch bunÏk
linie 3Y1-Ad12 byl vnesen vektor pro expresi lidskÈho pCD.
StabilnÌ bunÏËnÈ linie produkujÌcÌ a sekretujÌcÌ vysokÈ hladiny
lidskÈho pCD rostly  mnohem rychleji  v mÈdiu  s nÌzk˝m
obsahem sÈra neû kmeny s kontrolnÌmi vektory. TakÈ jejich
schopnost zp˘sobovat metast·zy po intravenÛznÌ injekci do
athymick˝ch myöÌ byla mnohem v˝znamnÏjöÌ ve srovn·nÌ
s kontrolou.

Mechanismy p˘sobenÌ pCD na proliferaci rakovinn˝ch
bunÏk jsou nynÌ intenzivnÏ zkoum·ny. Z dosavadnÌch v˝sled-
k˘ vypl˝v·, ûe pCD m˘ûe p¯i stimulaci r˘stu NBP uplatÚovat
dva na sobÏ nez·vislÈ zp˘soby. Jak naznaËuje uvedenÈ schÈma
(obr. 3), pCD m˘ûe na NBP p˘sobit p¯Ìmo, to znamen·, ûe
uplatÚuje nÏjak˝ vlastnÌ strukturnÌ motiv a interaguje nap¯Ì-
klad jako r˘stov˝ faktor s povrchov˝m receptorem buÚky Ëi
p˘sobÌ jako inhibitor kontrolnÌch mechanism˘ p¯i dÏlenÌ buÚ-
ky (obr. 3a). P¯i nep¯ÌmÈm mitogennÌm p˘sobenÌ m˘ûe pCD
uplatnit svoji proteolytickou aktivitu. Z extracelul·rnÌ matrix
m˘ûe nap¯Ìklad uvolÚovat molekuly, kterÈ mohou podporovat
r˘st n·dorov˝ch bunÏk (obr. 3b). Struktura extracelul·rnÌ mat-
rix je tÌmto zp˘sobem naruöena, ËÌmû je usnadnÏna invaze
n·dorov˝ch bunÏk. Jin˝m d˘sledkem proteolytickÈ aktivity
CD je specifick· proteolytick· inaktivace komplexu sekreto-
vanÈho r˘stovÈho inhibitoru IGF-I s vazebn˝m proteinem 3
(IGF-I-VP 3) (obr. 4) (cit.39). UvolnÏn˝ IGF-I tak m˘ûe stimu-
lovat sv˘j receptor (IGF-Ir), a tÌm i r˘st rakovinn˝ch bunÏk.
Zr·nÌ pCD a n·slednÈ inaktivaci IGF-I ñ vazebnÈho proteinu
3 kathepsinem lze zabr·nit neutralizacÌ kysel˝ch v·Ëk˘ chlo-
ridem amonn˝m. AktivnÌ CD m˘ûe napom·hat takÈ degradaci
baz·lnÌ membr·ny, coû je jeden z krok˘ vedoucÌch k metast·ze
rakovinn˝ch bunÏk.

2.5.1. Nep¯ÌmÈ p˘sobenÌ pCD na n·dorovÈ buÚky ñ
proteolytick· aktivita

Jak jiû bylo ¯eËeno, proteolytick· aktivita CD se uplatÚuje
p¯i degradaci extracelul·rnÌ matrix a baz·lnÌ membr·ny obklo-
pujÌcÌ prim·rnÌ n·dor. Na ot·zku, jak˝m zp˘sobem mohou b˝t
kyselÈ proteasy v extracelul·rnÌm prost¯edÌ aktivov·ny, odpo-
vÌd· skuteËnost, ûe n·dorovÈ buÚky si v organismu Ëasto
vytv·¯ejÌ mikroprost¯edÌ o niûöÌm pH, neû je pH fyziologickÈ.
Na rozdÌl od zdrav˝ch tk·nÌ mohou NBP sniûovat pH extra-
celul·rnÌho prost¯edÌ produkcÌ kyseliny mlÈËnÈ a pomocÌ H+/
ATPasovÈ pumpy, kter· zevnit¯ buÚky transportuje protony
p¯es cytoplazmatickou membr·nu. pH m˘ûe b˝t takto snÌûeno
aû na hodnotu 5,5, coû je postaËujÌcÌ pro aktivaci pCD. Jak˝m
zp˘sobem mohou b˝t kathepsiny n·dorov˝mi buÚkami sekre-
tov·ny, nenÌ zatÌm zcela objasnÏno.

Fakt, ûe pCD m˘ûe b˝t zodpovÏdn˝ za degradaci extrace-
lul·rnÌ matrix, potvrdily pokusy, p¯i kter˝ch se pCD obsaûen˝
v mediu po kultivaci MCF7 bunÏk s estrogeny ponechal in

vitro p˘sobit na extracelul·rnÌ matrix p¯ipravenou z hovÏzÌch
rohovkov˝ch endotheli·lnÌch bunÏk. Rozklad extracelul·rnÌ
matrix proteasami, kterÈ byly p¯Ìtomny v mÈdiu NBP, byl
zp˘soben p¯edevöÌm CD, coû dokazuje kompletnÌ inhibice
tohoto procesu inhibitorem aspart·tov˝ch proteas pepstati-
nem, ne vöak inhibitory dalöÌch proteas. NejvyööÌ stupeÚ de-
gradace extracelul·rnÌ matrix byl v obou p¯Ìpadech namÏ¯en
p¯i pH v kyselÈ oblasti (4ñ5) (cit.40).

Teoreticky m˘ûe CD ötÏpit extracelul·rnÌ matrix vnÏ bu-
nÏk, tedy po jeho sekreci a aktivaci. N·dorovÈ buÚky jsou
schopnÈ takÈ endocytÛzy Ëi fagocytÛzy extracelul·rnÌ matrix.
V NBP byly objeveny intracelul·rnÌ objemnÈ kyselÈ v·Ëky
(LAVs, large intracellular acidic vesicles) odliönÈ od lysoso-
m˘, o pr˘mÏru vÏtöÌm neû 5 µm. LAVs se vyskytujÌ mnohem
ËastÏji u NBP neû u zdrav˝ch bunÏk a obsahujÌ jak fagocyto-
vanou extracelul·rnÌ matrix, tak velkÈ mnoûstvÌ CD, ale niko-
liv pCD. K rychlÈmu ötÏpenÌ extracelul·rnÌ matrix v LAVs je
pot¯eba velkÈ koncentrace kathepsin˘, coû by mohlo b˝t jed-
nÌm z vysvÏtlenÌ, proË jsou rakovinnÈ buÚky produkujÌcÌ velk·
mnoûstvÌ pCD ˙spÏönÏjöÌ v rozvÌjejÌcÌ se metast·ze25.

Proteolytick· aktivita CD m˘ûe mÌt roli takÈ p¯i degradaci
nebo aktivaci ¯ady molekul, kterÈ mohou hr·t d˘leûitou roli
p¯i metast·ze. Na extracelul·rnÌ matrix je v inaktivnÌ formÏ
v·z·no nÏkolik r˘stov˝ch faktor˘ a cytokin˘. P¯Ìkladem jsou
prekurzory TGFβ (tumor growth factor) nebo FGF (fibroblast

Obr. 3. Mechanismy p˘sobenÌ pCD na n·dorovÈ buÚky; a: mito-
genem je p¯Ìmo  molekula pCD, b: ñ nep¯Ìmo  ñ prost¯ednictvÌm
proteolytick˝ch produkt˘

ECMn·dorov·
buÚka

CDpCD
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aktivnÌ mitogeny
z ECM

poökozen· ECM zvyöuje
invazibilitu bunÏk

a

b

Obr. 4. Role CD p¯i inaktivaci r˘stovÈho inhibitoru ñ IGF-I ñ
vazebnÈho proteinu 3; IGF-I ñ inzulÌnu podobn˝ r˘stov˝ faktor I
(insuline-like growth factor I), IGF-I-VP 3 ñ vazebn˝ protein pro
IGF-I , IGF-Ir ñ receptor pro IGF-I na povrchu buÚky

IGF-I
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growth factor), kterÈ mohou po uvolnÏnÌ z ECM spustit invazi
tumoru. MCF7 buÚky pÏstovanÈ na extracelul·rnÌ matrix ob-
sahujÌcÌ prekurzor 125I-bFGF (bovine fetal growth factor) ötÏpÌ
extracelul·rnÌ matrix a uvolÚujÌ z nÏj biologicky aktivnÌ 125I-
-bFGF, kter˝ n·slednÏ stimuluje rozvoj MCF7 bunÏk. Uvol-
nÏnÌ aktivnÌho bFGF lze inhibovat pepstatinem A, coû je opÏt
d˘kazem, ûe  aspart·tovÈ proteasy degradujÌ extracelul·rnÌ
matrix.

2.5.2. AutokrinnÌ mitogennÌ aktivita pCD

Jak jiû bylo uvedeno, existuje jeötÏ dalöÌ vysvÏtlenÌ, proË
po transientnÌ expresi pCD v krysÌch n·dorov˝ch buÚk·ch
doch·zÌ k pomnoûenÌ tÏchto bunÏk. pCD by p¯i proliferaci
n·dorov˝ch bunÏk mohl uplatnit nÏjak˝ motiv svÈ struktury
a p˘sobit p¯Ìmo jako r˘stov˝ faktor Ëi inhibitor kontrolnÌch
mechanism˘ pro dÏlenÌ buÚky. Tato aktivita pCD se naz˝v·
autokrinnÌ mitogennÌ a byla testov·na inkubacÌ bunÏk s pCD
a s IGF-II faktorem jako pozitivnÌ kontrolou41. ProliferaËnÌ
aktivita pCD i IGF-II je z·visl· na jejich v˝slednÈ koncentraci
v mediu, p¯iËemû nejlepöÌch v˝sledk˘ bylo dosaûeno p¯i kon-
centracÌch 20 ng.mlñ1 pro pCD i IGF-II (cit.42). pCD byl pro
tyto pokusy izolov·n z mediÌ po inkubaci bunÏk linie ZR-75-1
s estrogeny a p¯eËiötÏn pomocÌ imunoafinitnÌ chromatogra-
fie41. N·dorovÈ buÚky rostly v p¯Ìtomnosti pCD stejnÏ dob¯e
jako p¯i inkubaci v p¯Ìtomnosti IGF-II. BuÚky, kterÈ nebyly
od n·dorov˝ch bunÏk odvozeny, rostly mnohem pomaleji
v p¯Ìtomnosti pCD neû IGF-II. Tyto v˝sledky potvrdily jiû
zn·m˝ fakt, ûe pCD podporuje r˘st n·dorov˝ch bunÏk jako
autokrinnÌ mitogen.

S cÌlem blÌûe objasnit mechanismus mitogennÌ aktivity
pCD byly stejnÈ pokusy provedeny v p¯Ìtomnosti pepstatinu,
mannosa-6-fosf·tu a r˘zn˝ch protil·tek. V˝sledky jsou shrnu-
ty v tabulce (tab. I). P¯id·nÌ pepstatinu A jakoûto ˙ËinnÈho
inhibitoru proteolytickÈ aktivity CD nemÏlo vliv na r˘st n·do-

Tabulka I
Vliv pCD, CD, aktivaËnÌho peptidu a IGF-II na r˘st bunÏk41:
ñ bÏhem 7 dennÌ kultivace nebyl zaznamen·m v˝znamn˝
n·r˘st bunÏk, + bÏhem 7 dennÌ kultivace byl zaznamen·m
v˝znamn˝ n·r˘st bunÏk, PL protil·tka, IGF-II inzulÌnu podob-
n˝ r˘stov˝ faktor I (insuline-like growth factor II), AP akti-
vaËnÌ peptid

Testovan· BuÚky
l·tka

nen·dorovÈ n·dorovÈ

pCD ñ +
IGF-II + +
pCD + pepstatin A ñ +
pCD + M6P ñ +
Deglykosylovan˝ pCD ñ +
pCD + PL proti CD ñ +
pCD + PL proti pCD ñ ñ
IGF-II + PL proti pCD + +
CD ñ ñ
AP ñ +
AP + PL proti CD ñ +
AP + PL proti pCD ñ ñ

rov˝ch bunÏk, coû naznaËuje, ûe kromÏ proteolytickÈ aktivity
zp˘sobuje proliferaci NBP i mitogennÌ funkce pCD.

2.5.2.1. VylouËenÌ teorie o vlivu mannosa-6-fosf·tu

Moûnost ˙Ëasti M6Pr na mitogennÌ aktivitÏ pCD byla
zkoum·na testov·nÌm vlivu p¯Ìdavku M6P, kter˝ ve vyööÌch
koncentracÌch (10 mM) inhibuje interakci pCD s M6Pr na
povrchu bunÏk a blokuje internalizaci pCD (cit.43). Kdyby byla
mitogennÌ aktivita pCD zprost¯edkov·na pomocÌ interakce
pCD s M6Pr, inhiboval by ji nadbytek voln˝ch M6P, neboù by
M6Pr na povrchu byly vysyceny mannosa-6-fosf·ty. P¯id·nÌ
M6P vöak nemÏlo û·dn˝ vliv na mitogennÌ aktivitu pCD.
OdötÏpenÌm cukernÈ sloûky od pCD N-glykanasou se mito-
gennÌ aktivita pCD jen mÌrnÏ snÌûila, coû m˘ûe b˝t zp˘sobeno
tÌm, ûe p¯i deglykosylaci enzym˘ doch·zÌ Ëasto k naruöenÌ
p˘vodnÌ struktury. SouhrnnÈ v˝sledky vöak svÏdËÌ o tom, ûe
samotn˝ M6P nenÌ pro mitogennÌ aktivitu pCD rozhodujÌcÌ.

3. Role aktivaËnÌho peptidu pCD v onkogenezi

3 . 1 . V l i v a k t i v a Ë n Ì h o p e p t i d u
n a p r o l i f e r a c i n · d o r o v ˝ c h
b u n Ï k p r s u

ZajÌmavÈ v˝sledky byly zÌsk·ny p¯i kultivaci bunÏk s r˘z-
n˝mi protil·tkami44. Protil·tky, kterÈ rozpozn·vajÌ epitop
uvnit¯ aktivaËnÌho peptidu (d·le AP) prokathepsinu D, silnÏ
inhibovaly mitogennÌ funkci pCD, zatÌmco protil·tky proti
kathepsinu, kterÈ neinteragujÌ se samotn˝m AP, nemÏly na
r˘st bunÏk û·dn˝ vliv. AP by proto mohl hr·t d˘leûitou roli
v mitogennÌ aktivitÏ pCD.

Pro dalöÌ v˝zkum ˙Ëasti AP v mitogennÌ funkci pCD byl
AP p¯ipraven synteticky. P¯i kultivaci r˘zn˝ch typ˘ bunÏk
s takto p¯ipraven˝m AP byly namÏ¯eny podobnÈ proliferaËnÌ
aktivity jako v p¯ÌpadÏ pCD (viz tabulka I). BunÏËnÈ linie
odvozenÈ z rakovinn˝ch bunÏk odpovÌdaly na p¯Ìtomnost AP
v mediu jen o m·lo intenzivnÏji neû na p¯Ìdavek pCD a naopak
u liniÌ, kterÈ na pCD nereagovaly, nebyla namÏ¯ena û·dn·
odpovÏÔ ani pro AP. NepatrnÈ snÌûenÌ mitogennÌ aktivity AP
oproti pCD lze vysvÏtlit vÏtöÌ konformaËnÌ flexibilitou volnÈ-
ho AP. AP jako souË·st molekuly mÏnÌ h˘¯e konformaci, kter·
je vhodn· pro mitogennÌ receptor. Pro srovn·nÌ byly mÏ¯eny
takÈ interakce s pepsinogenem. Zral˝ pepsin m· s CD podob-
nou prostorovou strukturu, avöak prim·rnÌ struktury aktivaË-
nÌch peptid˘ se liöÌ43,3. RovnÏû p¯Ìtomnost protil·tek proti AP
Ëi proti samotnÈmu CD mÏla srovnateln˝ vliv na r˘st bunÏk.

3 . 2 . I n t e r a k c e k o n j u g · t u p C D - F I T C
s n · d o r o v ˝ m i b u Ú k a m i p r s u

Za ˙Ëelem potvrdit dalöÌ hypotÈzu, ûe na povrchu n·doro-
v˝ch bunÏk existuje receptor, na kter˝ se v·ûe AP, byl p¯ipra-
ven konjug·t pCD-FITC (FITC ñ fluoresceinisothiokyan·t)
(cit.41). Po interakci konjug·tu pCD-FITC s bunÏËn˝m povr-
chem NBP byla pr˘tokovou cytometriÌ mÏ¯ena intenzita fluo-
rescence jednotliv˝ch bunÏk. Pokles fluorescence v d˘sledku
preinkubace NBP s aktivaËnÌm peptidem naznaËuje, ûe na
povrchu bunÏk jsou receptory spoleËnÈ jak pro aktivaËnÌ pep-
tid, tak pro pCD. ObdobnÏ bylo blokov·nÌ povrchov˝ch re-
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ceptor˘ pozorov·no takÈ u bunÏk, inkubovan˝ch nejprve s ne-
znaËen˝m pCD. InterakcÌm konjug·tu pCD-FITC s povrchem
n·dorov˝ch bunÏk lze zamezit p¯id·nÌm protil·tek proti pCD.

3 . 3 . L o k a l i z a c e v a z e b n È h o m Ì s t a
a k t i v a Ë n Ì h o p e p t i d u
p r o p o v r c h o v ˝ r e c e p t o r

ZatÌm z˘st·v· nejasnÈ, kter· Ë·st AP je za interakci s re-
ceptorem zodpovÏdn·. Na z·kladÏ znalostÌ prostorovÈ struk-
tury aktivnÌho CD (cit.3) a modelu struktury pCD (cit.45,46) byly
p¯ipraveny dva syntetickÈ peptidy, kterÈ obsahovaly prvnÌch
26 (1ñ26) a dalöÌch 18 (27ñ44) aminokyselin aktivaËnÌho
peptidu pCD. Srovn·nÌm jejich mitogennÌch aktivit bylo zjiö-
tÏno, ûe vazebnÈ mÌsto pro povrchov˝ receptor na NBP je
lokalizov·no nÏkde mezi aminokyselinami 27ñ44 (cit.47).

4. Z·vÏr

Je z¯ejmÈ, ûe CD nebo jeho AP hrajÌ roli v onkogenezi,
a to zejmÈna p¯i vzniku rakoviny prsu. PodÌlÌ se jak na zv˝öenÌ
bunÏËnÈho r˘stu, tak na snÌûenÌ inhibice r˘stu mezibunÏËn˝m
kontaktem. Mechanismus p˘sobenÌ CD v onkogennÌm proce-
su nenÌ zatÌm dostateËnÏ objasnÏn. Je vöak zn·mo, ûe v prsnÌch
n·dorov˝ch buÚk·ch doch·zÌ k jeho nadmÏrnÈ sekreci a st·v·
se hlavnÌm sekretovan˝m proteinem. Z publikovan˝ch dat
vypl˝v·, ûe d˘vodem jeho onkogennÌho p˘sobenÌ m˘ûe b˝t
jak jeho proteolytick· aktivita spojen· s degradacÌ urËitÈho
tumorovÈho supresoru, tak aktivace receptor˘, aù jiû p¯Ìmou
interakcÌ s nebo proteolytick˝m rozruöenÌm komplexu IGF-I
ñ vazebn˝ protein. UvolnÏn˝ IGF-I se pak m˘ûe v·zat na
vlastnÌ receptor a aktivovat bunÏËnou proliferaci. NÏkter·
experiment·lnÌ data ukazujÌ, ûe za mitogennÌ aktivitu je zod-
povÏdn˝ AP, kter˝ je z prokathepsinu odötÏpen p¯i jeho akti-
vaci.

ExistujÌ vöak takÈ v˝sledky naznaËujÌcÌ, ûe CD sekretova-
n˝ n·dorov˝mi buÚkami lidskÈ prostaty ovlivÚuje tvorbu an-
giostatinu, tj. inhibitoru v˝voje krevnÌch cÈv, ËÌmû zabraÚuje
v˝ûivÏ rostoucÌho n·doru a rozvoji metast·z. Tato funkce CD
je v˝znamnÏ snÌûena v p¯ÌpadÏ pCD sekretovanÈho n·dorov˝-
mi buÚkami prsu, coû je d·v·no do souvislosti s rozdÌlnou
glykosylacÌ tÏchto forem CD.
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M. KroulÌkov·a, M. Fusekb, and T. Rumla (aDepartment
of Biochemistry and Microbiology and Center for Integrated
Genomics, Faculty of Chemical Technology, Institute of Che-
mical Technology, Prague, bSigma-Aldrich Ltd., Prague): Ca-
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

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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jiû nÏkolik skript, naposledy PaleËek, Hampl: Farmakochemie, VäCHT Praha 2002, plak·t k p¯edn·ök·m Novartis Lecture a jeho kresby
byly pouûity na nÏkolika konferencÌch, a v doktorsk˝ch dizertaËnÌch pracÌch. V listopadu loÚskÈho roku uspo¯·dal prvnÌ v˝stavu sv˝ch
kreseb v klubu Carbon na VäCHT v Praze.
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⁄vod

JednÌm z dlouhodobÏ rozvÌjen˝ch smÏr˘ modernÌch elek-
troanalytick˝ch Ëidel je tematika senzor˘ na b·zi pevn˝ch
materi·l˘. P¯ÌsnÈ ekologickÈ a bezpeËnostnÌ p¯edpisy zav·dÏ-
nÈ jak ve svÏtÏ, tak i v »eskÈ republice, ale i ¯ada obecnÏ
oblÌben˝ch p¯edsudk˘ a omyl˘ zakazujÌ nebo podstatn˝m
zp˘sobem komplikujÌ pouûÌv·nÌ rtuùov˝ch elektrod. Z tohoto
d˘vodu je v poslednÌch letech vÏnov·na velk· pozornost v˝-
voji pevn˝ch nertuùov˝ch elektrod. Do tÈto skupiny elektrod
pat¯Ì i kompozitnÌ kovovÈ elektrody, tzn. elektrody vytvo¯enÈ
z materi·lu p¯edstavujÌcÌho smÏs minim·lnÏ jednoho izol·toru
a jednoho vodiËe1.

VyuûitÌ tÏchto elektrod je moûno nalÈzt v oblasti teoretic-
kÈho v˝zkumu dÏj˘ odehr·vajÌcÌch se na povrchu elektrody,
stejnÏ tak jako v oblasti analytickÈ chemie. ObÏ tyto sfÈry se
vz·jemnÏ prolÌnajÌ. Prim·rnÏ naöly kovovÈ kompozitnÌ elek-
trody uplatnÏnÌ v anodickÈ rozpouötÏcÌ voltametrii, resp. p¯i
voltametrickÈ anal˝ze iont˘ kov˘ (Cd, Pb, Cu, Tl, As apod.).
K jejich stanovenÌ je Ëasto vyuûÌv·n tzv. efekt Ñunderpotential
depositionì (efekt UPD) (cit.2), jehoû aplikace byla jiû studo-
v·na na kovov˝ch elektrod·ch, p¯edevöÌm st¯ÌbrnÈ a zlatÈ3ñ4.
KompozitnÌ kovovÈ elektrody jsou v porovn·nÌ s klasick˝mi
kovov˝mi ponÏkud mÈnÏ rozöÌ¯eny a studov·ny, ale v˝sledky,
kter˝ch na nich bylo dosaûeno, jsou co do analytick˝ch para-
metr˘ p¯ibliûnÏ srovnatelnÈ s pouûitÌm elektrod kovov˝ch5ñ8.
Vedle jiû zmÌnÏn˝ch analytick˝ch aplikacÌ a v˝zkumu efektu
UPD je pozornost vÏnov·na i vz·jemn˝m interakcÌm kov˘ na
povrchu elektrod9ñ10.

PolarografickÈ, resp. voltametrickÈ stanovenÌ chlorido-
v˝ch iont˘ bylo pops·no v literatu¯e jiû p¯ed desÌtkami let,
nap¯.11 a jeho vyuûitÌ bylo p¯evzato i do aplikaËnÌch list˘
nÏkter˝ch firem12. Jin· moûnost stanovenÌ iont˘ Clñ byla za-
loûena na jejich amperometrickÈ titraci ve vodnÏ-methanolic-
kÈm roztoku dusiËnanem olovnat˝m, avöak tyto postupy se
uk·zaly vhodnÈ pro koncentrace vyööÌ neû 0,05 % (cit.13).
P¯ibliûnÏ o p˘l ¯·du niûöÌ meze stanovitelnosti lze dos·hnout
p¯i titraci dusiËnanem st¯Ìbrn˝m Ëi rtuùn˝m. Ale i p¯i uûitÌ
katodickÈ akumulace se uk·zalo, ûe rtuùov· kapkov· elektroda

nenÌ pro tyto ˙Ëely zcela ide·lnÌ a v˝sledky nejsou vûdy
spr·vnÈ ñ zvl·ötÏ v komplikovanÏjöÌch matricÌch (nap¯. v˝lu-
hy z betonu a pÌsku). To vedlo k hled·nÌ jin˝ch voltametric-
k˝ch senzor˘, aù jiû se rtutÌ (nap¯. amalgamovÈ, meniskovÈ
nebo pevnÈ amalgamovÈ elektrody14) nebo bez rtuti (st¯ÌbrnÈ
kovovÈ elektrody15).

Obsah chlorid˘ je d˘leûit˝ hlavnÏ z hlediska environmen-
t·lnÌho; jejich nejvyööÌ p¯Ìpustn˝ obsah v pitn˝ch i v uûitko-
v˝ch vod·ch je regulov·n ¯adou norem a vyhl·öek (nap¯.
pitn· a balen· pitn· voda16 ñ meznÌ hodnota 100 mg.lñ1 a nej-
vyööÌ meznÌ hodnota 250 mg.lñ1; balen· p¯ÌrodnÌ miner·lnÌ
voda17 ñ meznÌ hodnota 500 mg.lñ1 a balen· kojeneck· voda17

ñ meznÌ hodnota 100 mg.lñ1; umÏl· koupaliötÏ18 ñ meznÌ
hodnota 200 mg.lñ1, plnÌcÌ voda pro umÏl· koupaliötÏ18 ñ
meznÌ hodnota 50 mg.lñ1). Jejich obsah je vöak d˘leûitÈ sle-
dovat nap¯. i ve stavebnÌch materi·lech, jako jsou pÌsky pro
v˝robu betonu (jejich p¯Ìtomnost m˘ûe zvyöovat korozi kovo-
v˝ch, zejmÈna ûelezn˝ch, armatur). V pitn˝ch Ëi v uûitkov˝ch
vod·ch, jakoû i ve v˝luzÌch mohou stanovenÌ komplikovat
p¯ÌtomnÈ povrchovÏ aktivnÌ l·tky. Proto je nutno jejich obsah
kontrolovat19ñ22.

Experiment·lnÌ Ë·st

P ¯ Ì s t r o j e

Pro voltametrick· mÏ¯enÌ byl pouûit poËÌtaËem ¯Ìzen˝
Eco-Tribo Polarograf PC ETP s p¯ÌsluöenstvÌm (Polaro-Sen-
sors, Praha)24 s programem Polar Pro v. 4.0. pro Windows
95/98/ME. Jako referenËnÌ byla pouûita 1 M argentchloridov·
elektroda, oddÏlen· od roztoku soln˝m m˘stkem naplnÏn˝m
1 M dusiËnanem draseln˝m, ke kterÈ jsou vztaûeny hodnoty
potenci·l˘ ud·vanÈ v tÈto pr·ci, a jako pomocn· elektroda
platinov· (obojÌ ElektrochemickÈ detektory, Turnov). PomocÌ
speci·lnÌ procedury zahrnutÈ do programu Polar Pro byla se-
stavena z jednotliv˝ch krok˘ metoda, kter· zahrnovala vöech-
ny operaËnÌ kroky (ËisticÌ cykly, akumulaci, mÏ¯enÌ atd.),
takûe celÈ mÏ¯enÌ probÌhalo automatizovanÏ.

Z·znamy byly prov·dÏny metodou DCV a diferenËnÌ puls-
nÌ voltametrie (DPV). MÏ¯enÌ probÌhala p¯i pokojovÈ teplotÏ
293±2 K. Rychlost polarizace Ëinila u DPV 20 mV.sñ1, u DCV
150 mV.sñ1. V˝öka DPV-pulsu byla nastavena na ñ95 mV
a öÌ¯ka 100 ms, p¯i prodlevÏ mezi pulsy 200 ms. Pokud byl
odstraÚov·n vzduön˝ kyslÌk, byly analyzovanÈ roztoky vy-
bubl·ny dusÌkem o ËistotÏ 99,999 % (Linde, Praha).

C h e m i k · l i e

St¯Ìbrn˝ pr·öek pro konstrukci elektrod (Ëistota 99,9 %,
J. Matthey, USA) mÏl zrnitost 5ñ10 µm. Jako pojivo byl po-
uûÌv·n Superakryl plusÆ (smÏs poly(methyl-methakryl·tu), me-
thyl-methakryl·tu, glykol-dimethakryl·tu, dibutyl-ftal·tu) (Spo-
fa, Praha). Grafitov˝ pr·öek (Merck, Praha) mÏl zrnitost pod
50 µm. StandardnÌ roztoky byly p¯ipraveny ¯edÏnÌm z·sob-
nÌch roztok˘ (Analytika, Praha) o koncentraci 1 g.lñ1 a o ËistotÏ
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p.a. redestilovanou vodou. Pro p¯Ìpravu standardnÌho roztoku
chlorid˘ byl pouûit chlorid draseln˝ Ëistoty p. a. a redestilova-
n· voda. Jako modelov· povrchovÏ aktivnÌ l·tka byl vybr·n
Triton X-100. Vöechny ostatnÌ pouûitÈ chemik·lie (kyseliny,
z·kladnÌ elektrolyty) byly Ëistoty p. a. a k jejich p¯ÌpadnÈmu
¯edÏnÌ byla opÏt pouûita redestilovan· voda.

K o n s t r u k c e k o m p o z i t n Ì e l e k t r o d y

K mÏ¯enÌ byla uûita kompozitnÌ elektroda (pracovnÌ ozna-
ËenÌ C). Jako pouzdro pro elektrody byl pouûÌv·n plexisklov˝
v·leËek o dÈlce 90 mm a vnÏjöÌm pr˘mÏru 12 mm; pr˘mÏr
aktivnÌ plochy Ëinil 1 mm. Elektrick˝ kontakt vytvo¯il mÏdÏn˝
dr·tek, kter˝ byl vsunut do vrstvy pr·ökovÈho grafitu nasypa-
nÈho na hornÌ povrch kompozitnÌho materi·lu6.

KompozitnÌ elektroda byla vyrobena smÌsenÌm 20 % st¯Ì-
brnÈho pr·öku s 20 % grafitovÈho pr·öku a s 60 % (vöechna
procenta jsou hmotnostnÌ) methakryl·tovÈ prysky¯ice (stoma-
tologick˝ materi·l Superakryl plusÆ). SmÏs st¯Ìbra a uhlÌku
byla homogenizov·na v misce, potÈ byla p¯id·na polymeri-
zaËnÌ smÏs,  ËÌmû doölo k vytvo¯enÌ  plastickÈ  kompozitnÌ
hmoty. Ta byla ponech·na 5 minut na vzduchu a pak byla
vtlaËena do elektrodovÈho tÏla. Elektroda z˘stala 6 hodin
v klidu, aby mohl probÏhnout polymerizaËnÌ proces. N·slednÏ
byla elektroda brouöena na smirkovÈm papÌru o r˘znÈ zrnitosti
a nakonec na alumimÏ o zrnitosti 0,3 µm.

V˝sledky a diskuse

V o l b a v h o d n È h o p r o s t ¯ e d Ì a m e t o d y

V literatu¯e je moûno nalÈzt postupy stanovenÌ chlorido-
v˝ch iont˘ p¯i pouûitÌ metod stejnosmÏrnÈ (DCV) nebo dife-
renËnÌ pulznÌ voltametrie (DPV), ale vûdy p¯i aplikaci jejich
katodickÈ akumulace a za r˘zn˝ch hodnot vhodnÈho pH (od
0,1 M-HNO3 po neutr·lnÌ oblast). ⁄vodem byl proto ovÏ¯en
vliv pH na DCV i DPV chlorid˘. Z v˝sledk˘ zn·zornÏn˝ch na
obr. 1 byla pro DCV i DPV stanovenÌ vybr·na jako optim·lnÌ
hodnota pH 1, coû odpovÌd· 0,1 M roztoku HNO3.

P¯i porovn·nÌ DC a DP voltamogram˘ je patrno, ûe p¯i
stejnÈ koncentraci a stejnÈ dobÏ akumulace se v˝öka proudo-

vÈho pozadÌ v p¯ÌpadÏ DPV mÏnÌ v rozmezÌ 3,7 aû 5,3 µA,
v p¯ÌpadÏ DCV je v˝öka proudovÈho pozadÌ prakticky kon-
stantnÌ (asi 3 µA). K¯ivky obou voltamogram˘ se liöÌ tvarem:
zatÌmco u DP voltamogram˘ je pr˘bÏh z·znamu tÈmÏ¯ rovno-
bÏûn˝ s potenci·lovou osou, v p¯ÌpadÏ DCV line·rnÏ roste
smÏrem k negativnÌm hodnot·m, takûe z·znam, kter˝ m· tvar
vlny, se pomÏrnÏ komplikovanÏ vyhodnocuje. Nev˝hodou
DPV (rychlost polarizace 20 mV.sñ1, v˝öka pÌku ñ95 mV,
pauza mezi pulzy 200 ms) byl fakt, ûe v˝öka pÌk˘ byla p¯ibliû-
nÏ pÏtinov· v porovn·nÌ s v˝ökou DC vln (rychlost polarizace
150 mV.sñ1). PÌky jsou vöak dob¯e oddÏleny, jsou symetrickÈ
a jejich odeËet nenÌ komplikov·n rostoucÌm pozadÌm. Jak
bude uk·z·no v n·sledujÌcÌch odstavcÌch, v˝sledek mÏ¯enÌ
nenÌ v tomto p¯ÌpadÏ z·visl˝ na pouûitÈ metodÏ; p¯ednost byla
d·na technice DPV.

Z · v i s l o s t n a p o t e n c i · l u
a d o b Ï a k u m u l a c e

Je zn·mo, ûe zv˝öenÌ citlivosti stanovenÌ chloridov˝ch
iont˘ lze docÌlit jejich akumulacÌ na povrchu elektrody v ob-
lasti kladn˝ch potenci·l˘. Optim·lnÌ potenci·l akumulace byl
hled·n mezi +450 a +250 mV, p¯iËemû jako optim·lnÌ byl

Obr. 1. Vliv pH na v˝öku DCV vlny (¡) a DPV pÌku (o) chlorid˘
( = 5 mg.lñ1); pH 1, Ein = Eak = 350 mV, doba ËiötÏnÌ 5 s p¯i
potenci·lu +350 mV, tak = 10 s
c

Cl
ñ

Obr. 2. Vliv potenci·lu akumulace na v˝öku pÌku chlorid˘ ( =
5 mg.lñ1); pH 1, metoda DPV, Ein = Eak = Ecl, doba ËiötÏnÌ 5 s p¯i Ecl,
tak = 10 s

c
Cl

ñ

Obr. 3. Vliv doby akumulace na v˝öku pÌk˘ chlorid˘ ( =
5 mg.lñ1); pH 1, metoda DPV, Ein = Eak = Ecl = 350 mV, doba ËiötÏnÌ
5 s p¯i Ecl, doby akumulace (s): 1 ñ 0, 2 ñ 5, 3 ñ 10, 4 ñ 20, 5 ñ 30, 6 ñ
40, 7 ñ 50, 8 ñ 60
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zvolen potenci·l akumulace +350 mV u metody DPV (obr. 2)
a +300 mV u metody DCV.

DalöÌm zkouman˝m parametrem byla z·vislost na dobÏ
akumulace. P¯i potenci·lu akumulace Eak = +350 mV a kon-
centraci chloridov˝ch iont˘ 5 mg.lñ1 byly metodou DPV tes-
tov·ny doby akumulace v rozmezÌ 0ñ60 s (obr. 3). Z·vislost
v˝öky katodickÈho pÌku chlorid˘ na dobÏ akumulace vykazuje
line·rnÌ pr˘bÏh v celÈm rozsahu se smÏrnicÌ ñ9,3 nA.sñ1 a ˙se-
kem ñ0,1707 µA p¯i korelaËnÌm koeficientu 0,9957.

V l i v k y s l Ì k u n a s t a n o v e n Ì c h l o r i d ˘

P¯i stanovenÌmetodou DPV,potenci·luakumulace+350 mV
a dobÏ akumulace 60 s (bez odstranÏnÌ vzduönÈho kyslÌku
z analyzovanÈho roztoku) se jako nejvhodnÏjöÌ k vyhodnoco-
v·nÌ uk·zaly prvÈ dva z·znamy. Na dalöÌch z·znamech po-
stupnÏ nar˘stal p¯edpÌk kyslÌku zachycenÈho na povrchu elek-
trody, kter˝ nedok·zala odstranit ani aplikace ËisticÌ polariza-
ce p¯i potenci·lu +350 mV po dobu 5 s. Takto zachycen˝
kyslÌk, resp. produkty jeho redukce, deformovaly redukËnÌ pÌk
chlorid˘ do tvaru vlny, coû komplikovalo vyhodnocenÌ jejich
koncentrace. P¯i vyhodnocenÌ koncentraËnÌch z·vislostÌ Clñ

pouze z prv˝ch dvou z·znam˘ byla zÌsk·na line·rnÌ kalibraËnÌ
z·vislost (korelaËnÌ koeficient r = 0,986) stejnÏ jako p¯i od-
straÚov·nÌ kyslÌku (korelaËnÌ koeficient r = 0,989). V koncen-
traËnÌm rozsahu 1,5ñ3,0 mg.lñ1 byla dokonce jejÌ smÏrnice
v p¯Ìtomnosti O2 asi o 20 % vÏtöÌ neû v jeho nep¯Ìtomnosti
a z·roveÚ byla docÌlena shoda (na hladinÏ v˝znamnosti 0,95)
mezi v˝sledky stanovenÌ bez a p¯i odstranÏnÌ vzduönÈho ky-
slÌku.

I n t e r a k c e c h l o r i d o v ˝ c h i o n t ˘
n a p o v r c h u e l e k t r o d

Na povrchu rtuùovÈ elektrody se p¯ibliûnÏ p¯i potenci·lu
+100 mV chloridy v˝raznÏ chemisorbujÌ za tvorby produkt˘
se rtutÌ. ObdobnÏ je tomu na povrchu st¯Ìbrn˝ch elektrod
(kompozitnÌch i kovov˝ch)2ñ3,24ñ25 za vzniku odpovÌdajÌcÌch
produkt˘ Clñ s Ag+. ObecnÏ se dospÏlo k z·vÏr˘m, ûe vazba
je p¯Ìliö siln·, neû aby se jednalo o pouhou sorpci. Halogeni-
dovÈ (a tedy i chloridovÈ) ionty se sorbujÌ na povrchu kompo-
zitnÌ elektrody, jejich bÏûn· povrchov· koncentrace ËinÌ asi
1,2ñ1,5 nmol.mñ2. Pokud jsou na povrchu elektrody vyluËo-
v·ny ionty kov˘ (bez p¯Ìtomnosti halogenid˘), dosahuje za
bÏûn˝ch analytick˝ch podmÌnek jejich monovrstevnÈ pokrytÌ
(definovanÈ jako pomÏr skuteËnÏ obsazen˝ch a obsaditeln˝ch
mÌst na povrchu elektrody v okamûiku, kdy se zaËne vytv·¯et
druh· vrstva) hodnoty θ cca 0,2. V p¯ÌpadÏ, ûe se v roztoku
nach·zejÌ halogenidovÈ (nap¯. chloridovÈ) ionty, p˘sobÌ jejich
p¯Ìtomnost Ñzhuöùov·nÌì tÈto vrstvy, spl˝v·nÌ naadsorbova-
n˝ch povrchov˝ch ostr˘vk˘2,5 apod., takûe povrchovÈ pokrytÌ
kovu dosahuje aû θ » 0,5. UplatnÏnÌ aktivaËnÌch a nukleaËnÌch
mechanism˘ p¯i r˘stu stupÚovit˝ch kovov˝ch film˘ se na
voltametrickÈm z·znamu projevuje p¯ÌtomnostÌ Ñmonovrstev-
n˝chì pÌk˘ nebo na kalibraËnÌ k¯ivce prodlevami Ëi nemono-
tÛnnÌmi ˙seky.

Pro popis z·vislosti v˝öky nebo plochy pÌku na koncentra-
ci, resp. dobÏ akumulace (ovlivÚujÌcÌ stupeÚ pokrytÌ elektro-
dy) lze pouûÌt s pomÏrnÏ malou nep¯esnostÌ line·rnÌ kalibraËnÌ
rozsah (statisticky testov·no26), i kdyû je z¯ejmÈ, ûe dokona-
lejöÌ popis adsorpce by sk˝tala Langmuirova nebo Frumkino-

va isoterma nebo isoterma27 jeötÏ lÈpe vystihujÌcÌ Ëasto neli-
ne·rnÌ esovit˝ pr˘bÏh z·vislostÌ.

O b n o v e n Ì p o v r c h u e l e k t r o d y ,
r e p r o d u k o v a t e l n o s t a o p a k o v a t e l n o s t
m Ï ¯ e n Ì

Jako kaûd· pevn· elektroda m· i kompozitnÌ st¯Ìbrn· elek-
troda ve srovn·nÌ se rtuùovou kapkovou elektrodou h˘¯e re-
produkovateln˝ a obnovovateln˝ povrch. KromÏ snadnÈho
mechanickÈho obnovenÌ povrchu (vhodnÈ prov·dÏt alespoÚ
jednou za 1 aû 2 t˝dny) jemn˝m p¯eleötÏnÌm na aluminÏ, po
nÏmû je nutno procyklovat elektrodu v z·kladnÌm elektrolytu
(asi 100 aû 200 DC cykly mezi +350 aû ñ950 mV s rychlostÌ
polarizace 500 mV.sñ1, coû je vhodnÈ uËinit i na zaË·tku
kaûdÈho mÏ¯icÌho dne), lze aplikovat jeötÏ nÏkterÈ reûimy
elektrochemickÈ p¯ed˙pravy elektrodovÈho povrchu jako vlo-
ûenÌ ËisticÌch cykl˘ nebo ËisticÌho potenci·lu p¯ed vlastnÌ
mÏ¯enÌ. Jako optim·lnÌ se uk·zalo za¯azenÌ 50 a vÌce ËisticÌch
cykl˘ (+350 mV na dobu 0,1 s a aû ñ950 mV na dobu 0,1 s)
p¯ed zaË·tkem mÏ¯enÌ kaûdÈho novÈho vzorku. P¯ed kaûd˝
registrovan˝ z·znam byl navÌc vloûen jeden scan mezi poË·-
teËnÌm a koneËn˝m potenci·lem (Ein a Efin) p¯i rychlosti pola-
rizace 500 mV.sñ1. V˝sledn˝ z·znam (aù jiû DCV Ëi DPV) se
pak skl·dal z jednoho Ëi vÌce voltamogram˘. P¯ed akumulacÌ
p¯i zvolenÈm potenci·lu byl takÈ vûdy aplikov·n ËisticÌ poten-
ci·l (rovn˝ potenci·lu akumulace, resp. poË·teËnÌmu poten-
ci·lu) na dobu 5 s.

StatistickÈ v˝sledky byly zpracov·ny ze 14 opakovan˝ch
mÏ¯enÌ v p¯ÌpadÏ DPV a ze 13 v p¯ÌpadÏ DCV. Pokud nejsou

Tabulka I
Test opakovatelnosti stanovenÌ chloridov˝ch iont˘ (5 mg.1ñ1)
na kompozitnÌ st¯ÌbrnÈ elektrodÏ. Pr˘mÏr disku 2,5 mm, z·k-
ladnÌ elektrolyt 0,1 M-HNO3 (pH 1)

PodmÌnky Metoda

DPV DCV

PoËet ËisticÌch cykl˘ 50 50
Celkov˝ poËet mÏ¯enÌ 14 13
»isticÌ potenci·l Ecl, mV 350 300
»istÌcÌ Ëas tcl, s 5 5

V˝öka pÌku I [nA]

VypuötÏnÈ mÏ¯enÌ Ë. ñ 1 1, 2 ñ 1a 1a, 5a

Aritmetick˝ pr˘mÏr 83,2 85,8 87,9 383 389 383
v˝bÏru, nA

L1,2, (nA)(0,95) 9,3 8,0 7,3 20 18 13
Medi·n, nA 86,2 86,5 87,6 381 387 381
SmÏrod. odchylka, nA 16,2 13,3 11,4 34 28 19
Relat. smÏrod. 19,4 15,5 13,0 8,8 7,1 5,0

odchylka, %
äikmost ñ0,75 ñ0,58 ñ0,58 0,12 1,01 ñ0,02
äpiËatost 2,70 2,52 2,99 3,64 3,75 1,46

a Body oznaËenÈ podle Deanova-Dixonova testu jako odlehlÈ
na hladinÏ v˝znamnosti 0,95
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vylouËeny (na hladinÏ v˝znamnosti 0,95) p¯i uûitÌ metody
DPV prvnÌ dva zaznamen·vanÈ v˝sledky a u DCV nejmenöÌ
a nejvyööÌ (statistickÈ rozdÏlenÌ v˝sledk˘ nevykazuje charak-
ter norm·lnÌho rozdÏlenÌ26), nelze pouûÌt u vöech v˝sledk˘ (p¯i
r˘zn˝ch pH, r˘zn˝ch koncentracÌch apod.) aritmetick˝ pr˘mÏr
(podle odhadu öikmosti a öpiËatosti). Grubbs˘v ani Dean˘v-
-Dixon˘v test neoznaËil û·dn˝ v˝sledek v metodÏ DPV za
odlehl˝, naproti tomu v DCV Dean˘v-Dixon˘v test oznaËil
nejniûöÌ (prvnÌ) a nejvyööÌ (p·t˝) bod za odlehl˝ (na hladinÏ
v˝znamnosti 0,95) a Grubbs˘v test neoznaËil û·dnou z hodnot
jako odlehlou. Bez vyluËov·nÌ krajnÌch odlehl˝ch bod˘ lze
povaûovat za velmi dobr˝ odhad st¯ednÌ hodnoty medi·n.
V˝sledky jsou shrnuty v tabulce I.

Uk·zka pr˘bÏhu DP voltamogram˘ r˘zn˝ch koncentracÌ
chlorid˘ na st¯ÌbrnÈ kompozitnÌ elektrodÏ je zn·zornÏna na
obr. 5.

Na z·kladÏ optimalizovan˝ch podmÌnek mÏ¯enÌ byla zjiö-
tÏna (p¯i dobÏ akumulace 60 s a potenci·lu akumulace +350 mV)
kritick· hodnota 0,76 mg.lñ1, mez detekce 2,10 mg.lñ1 a limit
stanovenÌ 2,62 mg.lñ1.

P¯i stanovenÌ nebylo zjiötÏno ovlivnÏnÌ dusiËnany, du-
sitany a chloristany (mohou b˝t pouûity jako z·kladnÌ elek-
trolyty). StanovenÌ nenÌ ruöeno ani vysok˝m nadbytkem
jodid˘ (ston·sobn˝ p¯ebytek). MÌrnÈ interference byly po-
zorov·ny v p¯Ìtomnosti bromid˘ v deseti a vÌcen·sobnÈm
p¯ebytku.

V l i v p o v r c h o v Ï a k t i v n Ì c h l · t e k

PovrchovÏ aktivnÌ l·tky se v pitn˝ch vod·ch za norm·l-
nÌch podmÌnek nevyskytujÌ, cÌlem tÈto pr·ce je vöak upravit
podmÌnky i na stanovenÌ  halogenid˘  ve  vod·ch zneËiötÏ-
n˝ch (nap¯. odpadnÌch). Na rozdÌl od voltametrie na klasickÈ
HMDE p¯Ìtomnost povrchovÏ aktivnÌch l·tek nep˘sobÌ na
kompozitnÌch st¯Ìbrn˝ch elektrod·ch p¯Ìliö ruöivÏ. K z·klad-
nÌmu elektrolytu 0,1 M-HNO3 byly p¯id·ny chloridovÈ ionty
tak, aby jejich koncentrace Ëinila 5 mg.1ñ1 (pH upraveno na
hodnotu 1). N·slednÏ byl p¯id·v·n Triton X-100 aû do v˝sled-
nÈ koncentrace 5.10ñ2 %. Pokud koncentrace Tritonu X-100
byla menöÌ neû 10ñ2 %, v˝öka pÌku vzrostla asi o 10 %, p¯i jejÌm
p¯ekroËenÌ zaËala v˝öka pÌku Clñ klesat (p¯i koncentraci Tri-
tonu 5.10ñ2 % jiû Ëinil ˙bytek skoro 50 %) (obr. 4).

A n a l y t i c k È a p l i k a c e
n a r e · l n ˝ c h v z o r c Ì c h

Anal˝zy re·ln˝ch vzork˘ byly prov·dÏny metodou DPV
n·sledujÌcÌm zp˘sobem: k 9,0 ml vzorku byl p¯id·n 1,0 ml
1 M-HNO3 a dle pot¯eby bylo pH upraveno pomocÌ 1 M-KOH
na hodnotu 1.

Metodou standardnÌho p¯Ìdavku byly analyzov·ny dva
vzorky: 1) vzorek pitnÈ vody odebranÈ ze studny s pitnou
vodou (PolabÌ), 2) miner·lnÌ voda s deklarovan˝m obsahem
chlorid˘ 4,5 mg.lñ1. Oba vzorky byly analyzov·ny p¯Ìmo, bez
p¯ed˙pravy Ëi jakÈkoli mineralizace; vzduön˝ kyslÌk (p¯Ìpad-
nÏ jinÈ rozpuötÏnÈ plyny, nap¯. CO2) byl odstranÏn pÏtimi-
nutov˝m probubl·nÌm proudem dusÌku. Anal˝za byla prov·-
dÏna s uûitÌm v˝öe popsanÈ st¯ÌbrnÈ kompozitnÌ elektrody
a v˝sledky byly porovn·v·ny s v˝sledky zÌskan˝mi na HMDE
(cit.12).

PomocÌ kompozitnÌ elektrody bylo zjiötÏno, ûe vzorek
pitnÈ vody obsahuje 4,78±0,58 mg.lñ1 (na hladinÏ v˝znamnos-
ti 0,95) (obr. 6). P¯i anal˝ze za pouûitÌ klasickÈ HMDE byla
zjiötÏna koncentrace chlorid˘ 4,10±0,51 mg.lñ1 (na hladinÏ
v˝znamnosti 0,95). Lze konstatovat, ûe v˝sledky se dob¯e

Obr. 6. VyhodnocenÌ koncentrace chloridov˝ch iont˘ ve vzorku
pitnÈ vody metodou standardnÌho p¯Ìdavku na st¯ÌbrnÈ kompo-
zitnÌ elektrodÏ: 0,1 M-HNO3; rychlost polarizace 20 mV.sñ1, tak = 60 s,
zjiötÏn· koncentrace Clñ v mg.lñ1: 4,78±0,58

Obr. 4. Vliv Tritonu X-100 na v˝öku pÌk˘ chlorid˘ ( = 5 mg.lñ1);
pH 1, metoda DPV, tak = 60 s, Ein = Eak = Ecl = 350 mV, doba ËiötÏnÌ
5 s p¯i Ecl

c
Cl

ñ Obr. 5. DP voltamogramy chloridov˝ch iont˘ na st¯ÌbrnÈ kompo-
zitnÌ elektrodÏ: 0,1 M-HNO3; rychlost polarizace 20 mV.sñ1, tak= 60 s,
koncentrace Clñ v mg.lñ1: 1 ñ 0, 2 ñ 1,48, 3 ñ 2,21, 4 ñ 2,92, 5 ñ 3,61,
6 ñ 4,29
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shodujÌ, intervaly spolehlivosti se p¯ekr˝vajÌ a v˝sledek vyho-
vuje poûadavk˘m kladen˝m na pitnou vodu16.

StejnÏ byl analyzov·n vzorek miner·lnÌ vody. V p¯ÌpadÏ
uûitÌ kompozitnÌ elektrody bylo nalezeno 2,82±0,16 mg.lñ1 (na
hladinÏ v˝znamnosti 0,95) a p¯i anal˝ze za pouûitÌ HMDE
3,1±0,42 mg.lñ1 (na hladinÏ v˝znamnosti 0,95). I v tomto
p¯ÌpadÏ se v˝sledky dob¯e shodujÌ, intervaly spolehlivosti se
p¯ekr˝vajÌ a v˝sledky vyhovujÌ poûadavk˘m kladen˝m na
balenÈ p¯ÌrodnÌ miner·lnÌ vody17; a odpovÌdajÌ v˝robcem de-
klarovanÈmu obsahu chlorid˘.

Z·vÏr

Lze konstatovat, ûe pouûitÌ kompozitnÌch st¯Ìbrn˝ch elek-
trod p¯edstavuje v oblasti stanovov·nÌ chloridov˝ch iont˘
velmi dobrou alternativu ke rtuùov˝m elektrod·m a z·roveÚ
i ke st¯Ìbrn˝m kovov˝m elektrod·m. AËkoli jsou rtuùovÈ elek-
trody jen velmi obtÌûnÏ p¯ekonatelnÈ v obnovovatelnosti a re-
produkovatelnosti povrchu a pomÏrnÏ öirokÈm potenci·lovÈm
mÏ¯icÌm rozsahu, citlivost kompozitnÌch st¯Ìbrn˝ch elektrod
p¯i stanovenÌ chloridov˝ch iont˘ m˘ûe dos·hnout srovnatelnÈ
citlivosti se rtuùov˝mi elektrodami, p¯iËemû lze dos·hnout
bÏûnÏ limit detekce v jednotk·ch mg.lñ1. KalibraËnÌ k¯ivky
jsou line·rnÌ od desetin aû do desÌtek mg.lñ1, limit detekce se
pohybuje na ˙rovni 2 mg.lñ1.

StanovenÌ chlorid˘ nenÌ ovlivnÏno p¯ÌtomnostÌ vÏtöiny
bÏûn˝ch aniont˘ (jodidy, dusiËnany, chloristany, sÌrany). Sla-
bÈ interference byly pozorov·ny pouze v p¯ÌpadÏ bromido-
v˝ch iont˘. PovrchovÏ aktivnÌ l·tky mÌrnÏ sniûujÌ v˝öku pÌk˘.
P¯Ìprava uûÌvan˝ch kompozitnÌch elektrod je relativnÏ snadn·
a jejich podstatnou p¯ednostÌ je i moûnost prov·dÏt anal˝zy
bez odstraÚov·nÌ kyslÌku.

Auto¯i dÏkujÌ za finanËnÌ podporu grantu Ë. 101/02/
U111/CZ.
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S. äebkov· (Institute of Physical Chemistry, Academy of
Sciences of the Czech Republic, Prague): Determination of
Chlorides on Composite Silver Electrodes

Silver composite electrodes prepared from a silver and
graphite powders and a methacrylate resin are suitable sensors
for voltammetric determination of chloride ions. Their appli-
cation to the DC voltammetric and differential-pulse cathodic-
stripping voltammetric determination of Clñ in untreated tap
or table water has been successfully tested.
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1. Introduction

The biological importance of γ-linolenic acid [(6Z,9Z,12Z)-
-Octadeca-6,9,12-trienoic acid, 18:3n-6] has been well docu-
mented1ñ2. γ-Linolenic acid is known to play a crucial role
in the generation of prostaglandin derivatives3ñ5. In higher
plants γ-linolenic acid is biosynthesized in vivo from linoleic
acid [(9Z,12Z)-Octadeca-9,12-dienoic acid, 18:2n-6] under the
action of δ6-desaturase6 (Fig. 1). Under normal physiological
conditions in humans, γ-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 γ-linolenic acid also requires the activation of liver
δ6-desaturase7 (Fig. 1). As shown in Figure 1, higher poly-
unsaturated fatty acids are direct precursors of prostaglandins
and leukotrienes3ñ5, and they also have direct impact on the
correct function of cell walls. Natural plant sources of γ-li-

nolenic acid contain variable quantities of this acid8. 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, α-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 acids9ñ10. Its biosynthesis in
vivo from linoleic acid requires activation of δ15-desaturase6.
Both linolenic acids are natural sources for their subsequent
transformation into higher polyunsaturated fatty acids in vivo
in humans and animals6 (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 3ñ5 g per day in adults11. 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 γ-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 abnormalities12ñ13. The dietary ratio of
γ-linolenic acid to α-linolenic acid displays different physi-
ological effects14ñ15. It has also been reported14 that simulta-
neous supplementation of γ-linolenic acid and α-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 conditions16ñ19, most pro-
bably as a result of the δ6-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 reactor20ñ21. The aver-
age fatty acid composition of the extracted BCO is shown in
Table I.

Many attempts have been made to produce concentrates
of polyunsaturated fatty acids from naturally occurring triacyl-
glycerols6,8. Various chemical and biochemical techniques
have been developed including separation on zeolites and
lipase-catalyzed reactions both in water and in organic sol-
vents22ñ24. Employing  lipases offers several advantages in
comparison with chemical methods. (a) The catalytic effi-
ciency of lipases is high, and it results in a low quantity of the
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Table I
Fatty acid composition of blackcurrant oil from ChelËice, Czech Republic

Fatty Acid IUPAC Name Content [%]

Palmitic acid (16:0) Hexadecanoic acid 6.3
Palmitoleic acid (16:1n-7) (9Z)-Hexadec-9-enoic acid 0.1
Stearic acid (18:0) Octadecanoic acid 1.9
Oleic acid (18:1n-9) (9Z)-Octadec-9-enoic acid 13.7
cis-Vaccenic acid (18:1n-7) (11Z)-Octadec-11-enoic acid 0.7
Linoleic acid (18:2n-6) (9Z,12Z)-Octadeca-9,12-dienoic acid 47.4
γ-Linolenic acid (18:3n-6)a (6Z,9Z,12Z)-Octadeca-6,9,12-trienoic acid 13.0
α-Linolenic acid (18:3n-3)a (9Z,12Z,15Z)-Octadeca-9,12,15-trienoic acid 11.9
Stearidonic acid (18:4n-3) (6Z,9Z,12Z,15Z)-Octadeca-6,9,12,15-tetraenoic acid 2.0
Gondoic acid (20:1n-9) (11Z)-Icos-11-enoic acid 0.9
(Z,Z)-11,14-Icosadienoic acid (20:2n-6) (11Z,14Z)-Icosa-11,14-dienoic acid 0.2
Unidentified ñ 1.9

a The ratio (18:3n-6)/(18:3n-3) = 1.10

Fig. 1. Metabolic pathways of transformations of linoleic acid into polyunsaturated fatty acids and icosanoids
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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. (c) 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 papers20,25, 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 LipozymeÆ

(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 γ-linolenic acid and α-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 γ-linolenic acid and α-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 reactor20ñ21. The main area for the
production of the blackcurrant seeds is located in ChelËice
(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-
pozymeÆ (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 method26,
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 oC, respectively, oven temperature program was set
as follows: 200 ∞C (20 min), 5 ∞C.minñ1 to 230 ∞C (15 min).
A DB-WAX column (30 m◊0.25 mm◊0.25 µm; J&W Scien-
tific) and hydrogen as carrier gas (average linear velocity
40 cm.sñ1) 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.

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, Kˆln-Ehrenfeld, Germany), particle
size 0.04ñ0.063 mm. The size of the column was chosen to
enable the sample/silica gel ratio 1:50ñ1:70 (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 minñ1. 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 in isooctane (2,2,4-trimethylpentane; 3 ml) and
stored at ñ18 ∞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 µl) 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 µl) and butan-1-ol (100 mg) in isooctane (3 ml).
The mixture was heated to 30 ∞C and stirred at 500 minñ1 for
2 h using 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 field27ñ28. 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 . E n z y m i c h y d r o l y s i s

Screening of four selected lipases in their six forms for
performing hydrolysis of BCO was studied20. 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 LipozymeÆ (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-
fication26, 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 hydrolysis20 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 LipozymeÆ (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 II). 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 LipozymeÆ employed
as biocatalysts. However, certain enrichment with γ-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, γ-linolenic acid and α-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

of lipases has reflected the fact that the most frequent positions
of α-linolenic acid and γ-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 γ-linolenic acid increased to 16.8 %
in the collective fractions of monoacylglycerols and diacyl-
glycerols (Table II). An increase in the ratio of γ-linolenic acid
to α-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 α-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),
LipozymeÆ (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 γ-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 γ-linolenic acid/α-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 II) (Ref.20) was performed by employing the immo-
bilized lipases of the studied series of enzymes (Table III). 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 LipozymeÆ

(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 γ-linolenic acid or α-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 α-linolenic acid (ratio values 1.74 and
1.31) or γ-linolenic acid (ratio values 0.24 and 0.12) is obvious
(Table III). 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 γ-linolenic acid (ratio value <1).
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Table II
Fatty acid composition of glycerol esters and free fatty acids obtained by enzymic hydrolysis of blackcurrant with the tested
lipases ñ Method I

Source of Lipase Fractiona 18:1n-9 18:2n-6 18:3n-6 18:3n-3 18:3n-6/18:3n-3
[%]b [%]b [%]b [%]b ratio

Candida cylindracea TG 14.2 45.4 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
LipozymeÆ TG 13.4 45.0 13.3 11.2 1.19

FFA 22.4 32.9 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 39.4 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 44.3 11.8 10.4 1.14
DG+MG 14.5 44.1 15.7 13.4 1.17

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

Table III
Fatty acid composition of glycerol esters and free fatty acids obtained by enzymic hydrolysis of blackcurrant with selected lipases
ñ Method II

Source of Lipase Fractiona 18:1n-9 18:2n-6 18:3n-6 18:3n-3 18:3n-6/18:3n-3
[%]b [%]b [%]b [%]b ratio

Candida cylindracea TG 13.5 46.1 12.7 11.6 1.09
FFA+DG+MG not determined ñ

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
LipozymeÆ TG 14.5 46.5 12.7 10.6 1.20

FFA 17.0 44.3 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

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

3 . 2 . E n z y m i c e s t e r i f i c a t i o n

The enzymic esterification (Method III) (Ref.25) 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,

and LipozymeÆ (the lipase from M. miehei immobilized on
macroporous ion exchange resin) showed no fatty acid speci-
ficity. Using LipozymeÆ as biocatalyst, a content of 2.3 % of
butyl γ-linolenate was found in the fatty acid  butyl ester
fraction under conventional heating, while 16.9 % of γ-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 γ-linolenate rose to 20 %
in the fatty acid butyl ester fraction, while 12.2 % of γ-linolenic
acid remained in the residual free fatty acids. When evaluating
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Table IV
Composition of fatty acid butyl esters and residual free fatty acids after enzymic esterification performed under conventional
heating ñ Method III

Source of Lipase Fractiona 18:1n-9 18:2n-6 18:3n-6 18:3n-3 18:3n-6/18:3n-3
[%]b [%]b [%]b [%]b ratio

Candida cylindracea FABE not detectable ñ
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

LipozymeÆ FABE 15.8 56.2 2.3 16.0 0.14
RFFA 13.8 45.2 16.9 10.8 1.56

Pseudomonas cepacia FABE 6.8 46.1 20.1 12.9 1.56
RFFA 15.1 47.9 12.2 11.9 1.02

a Fatty acid butyl esters (FABE), residual free fatty acids (RFFA), b mole percents

Table V
Composition of fatty acid butyl esters and residual free fatty acids after enzymic esterification performed under microwave
irradiation ñ Method IV

Source of Lipase Fractiona 18:1n-9 18:2n-6 18:3n-6 18:3n-3 18:3n-6/18:3n-3
[%]b [%]b [%]b [%]b 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 44.3 5.9 13.9 0.42
(immobilized on Sol-Gel-AK) RFFA 15.6 47.8 9.9 11.0 0.90

LipozymeÆ FABE 15.0 52.7 5.5 14.8 0.37
RFFA 11.4 35.4 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

a Fatty acid butyl ester (FABE), residual free fatty acids (RFFA), b mole percents

the γ-linolenic acid/α-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 γ-linolenic acid during this esteri-
fication is well documented by the ratio values (0.14; Table
IV). The γ-linolenic acid/α-linolenic acid ratio in residual free
fatty acid fractions (1.07 and 1.56) shows, in turn, enrichment
with γ-linolenic acid in this fraction only when LipozymeÆ 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 α-linolenic acid in the
product fractions.

Under microwave irradiation (Method IV) (Ref.25), 5.5 %
of butyl γ-linolenate was found in the fatty acid butyl ester
fraction, and 29.9 % of γ-linolenic acid in the residual free fatty
acids as products of esterification mediated by LipozymeÆ

(Table V). Using the lipase from P. cepacia as biocatalyst
under microwave irradiation, the ratio of butyl γ-linolenate and
the residual γ-linolenic acid changed as well (19.6 % versus
9.2 %; Table V).

Comparing the ratio values (Table V), again both immo-

bilized lipases from M. miehei showed discrimination of γ-li-
nolenic acid in this esterification reaction. A remarkable result
was achieved with LipozymeÆ as biocatalyst. The fraction of
residual free fatty acids (29.9 %) was enriched with γ-linolenic
acid, and a high γ-linolenic acid/α-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 ìblack boxî. The dependence of
linoleic acid and oleic acid contents in the mixtures showed
again accordance with the content of α-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
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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 do27ñ28. 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

γ-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 α-linolenic acid during this enzymic transforma-
tion (γ-linolenic acid/α-linolenic acid ratio = 1.75).

(b) Enzymic hydrolysis, Method II: Almost no enrichment
with γ-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
LipozymeÆ. However, important discrimination of α-li-
nolenic acid was found in experiments with M. miehei
immobilized on Sol-Gel-AK (γ-linolenic acid/α-linolenic
acid ratio = 1.74).

(c) Enzymic esterification, Method III: Enrichment with γ-li-
nolenic acid was achieved either by the lipase from
P. cepacia (20.1 %) in the fraction of butyl esters of fatty
acids or by LipozymeÆ in the fraction of residual free fatty
acids (16.9 %). Maximum γ-linolenic acid/α-linolenic acid
ratio was found identical together with the above-men-
tioned results (1.56).

(d) Enzymic esterification, Method IV: Enrichment with γ-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 LipozymeÆ in the fraction of residual free fatty acids
(29.9 %), which was the best enrichment found in this
series of experiments for γ-linolenic acid. The absolute
maximum of the γ-linolenic acid/α-linolenic acid ratio was
found with LipozymeÆ (3.65).

(e) Enzymic esterification, in general: While LipozymeÆ dis-
criminates γ-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 γ-linolenic acid in the fraction of fatty
acids butyl esters (20.1 % and 19.6 %).

(f) 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: LipozymeÆ 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

enrichment with γ-linolenic acid and α-linolenic acid from
natural plant oils as shown in this study with BCO.
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M. Zarev˙ckaa, M. Vaceka, Z. Wimmera, K. Str·nsk˝a,
B. Kouteka, and K. Demnerov·b (aInstitute of Organic Che-
mistry and Biochemistry, Academy of Sciences of the Czech
Republic, Prague, bDepartment of Biochemistry and Micro-
biology, Faculty of Food and Biochemical Technology, Insti-
tute of Chemical Technology, Prague): Enzymic Transfor-

mations of Blackcurrant Oil: Enrichment with γ-Linolenic
Acid and α-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 α-lino-
lenic acid and γ-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 γ-li-
nolenic acid in the obtained mono- and diacylglycerols (up to
16.8 % of γ-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 γ-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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RECENZE

M . S c h ‰ t z :
Historie v˝uky chemie. Osobnosti a ud·losti
VydavatelstvÌ VäCHT Praha, Praha 2002. Stran 295, obr·z-
k˘ 193, n·klad a cena neuvedeny.

U p¯Ìleûitosti p˘lstoletÌ svÈ existence pod n·zvem Vysok·
ökola chemicko-technologick· v Praze vydala tato ökola ve
svÈm vydavatelstvÌ publikaci v podstatÏ o historii v˝uky tech-
nickÈ chemie v Praze. HlavnÌ titul knihy je nep¯esn˝, v knize
nenÌ pojedn·no o v˝uce chemie na jin˝ch vysok˝ch ökol·ch
a universit·ch v Ëesk˝ch zemÌch. To je vöak detail.

Kniha pod·v· v˝klad o vÌce neû dvoustoletÈ historii v˝uky
technickÈ chemie v Praze. JmÈna profesor˘ p¯edn·öejÌcÌch
chemii na praûskÈ technice v 1. polovinÏ 19. stoletÌ (K. A.
Neumann, J. J. Steinmann, F. X. M. Zippe, K. N. Balling) jsou
zn·ma jen odbornÌk˘m z historie ËeskÈ chemie, dneönÌmu
Ëten·¯i uû nic ne¯eknou. M·lo se vÌ, ale v recenzovanÈ knize
je to zaznamen·no, ûe studium na praûskÈ polytechnice v tÈ
dobÏ bylo rozdÏleno na chemickÈ a matematickÈ (v nÏm bylo
studium mechaniky a stavebnictvÌ), p¯iËemû postupem doby
byla chemie zatlaËov·na do pozadÌ. V polovinÏ 19. stoletÌ se
vöak pomÏry zmÏnily a chemie se stala rovnocenn˝m partne-
rem. Vedle p¯edn·öek ze vöeobecnÈ chemie a chemickÈ tech-
nologie se objevily i p¯edn·öky z analytickÈ chemie.

V kapitole O Ëesk˝ charakter praûskÈ polytechniky je
uvedeno schÈma v˝uky chemie, kterÈ uplatÚoval prof. Balling,
jenû ji p¯edn·öel v 50. a 60. letech ve t¯ech blocÌch: jako
vöeobecnou chemii, analytickou chemii a zkouöenÌ dmuchav-
kou a koneËnÏ technickou chemii. I kdyû byla praûsk· techni-
ka Kr·lovsk˝m Ëesk˝m polytechnick˝m zemsk˝m ˙stavem,
nÏmËina z˘st·vala vyuËovacÌm jazykem. Polytechnika mÏla
tehdy 4 samostatnÈ odbory, mezi nimi technickÈ luËby ñ pro
nÏ byl stanoven pevn˝ studijnÌ pl·n na 4 roky, kter˝ je v kni-
ze pops·n. V˝uka chemie na samostatnÈ ËeskÈ polytechnice
je spojena uû se zn·mÏjöÌmi jmÈny (F. ätolba, V. äafa¯Ìk,
K. Preis, B. Ra˝man, A. BÏlohoubek).

DalöÌ Ë·st knihy je ËlenÏna podle chemick˝ch obor˘ p¯ed-
n·öen˝ch na praûskÈ technice ve 20. stoletÌ. Mezi profesory
anorganiky, organiky a analytiky je pojedn·no o E. VotoËkovi,
R. Lukeöovi, F. Petr˘, J. Hanuöovi, V. Hovorkovi, R. Hecovi
a F. »˘tovi, z oboru fyzik·lnÌ chemie pouze o F. Waldovi,
u metalurgickÈ chemie jsou uvedeni J. Duö·nek, O. Quadr·t
a J. Koritta, z barv·¯˘ J. Schneider a V. K¯epelka, z technolog˘
potravin J. äatava, K. AnderlÌk, V. Konn, J. BulÌ¯ a J. Lukas,
z anorganick˝ch technolog˘ J. Milbauer a A. Regner, d·le t¯i
silik·tnÌci (J. Burian, R. B·rta a J. StanÏk), t¯i organiËtÌ tech-
nologovÈ (C. Krauz, F. äorm a V. Ettel), ¯ada technolog˘ paliv,
vody a energetiky (F. Schulz, S. Landa, J. Mosteck˝, J. Ha-
m·Ëkov·, M. Kohout, V. MadÏra, F. Karas a R. Riedl), dva
technologovÈ polymer˘ (O. Wichterle a I. Franta), cel· plej·da
technolog˘ potravin a koneËnÏ i p¯edn·öejÌcÌ matematiky, fy-
ziky a chemickÈho inûen˝rstvÌ (J. BÌlek, E. SlavÌËek, H. Steidl
a G. L. Standart). »ten·¯i aù sami posoudÌ, zda v˝bÏr profesor˘
v knize uveden˝ch, o nichû je pojedn·no, je spr·vn˝ Ëi ten-
denËnÌ. äkoda, ûe v knize nejsou hodnoceni docenti a asistenti,
kte¯Ì mnohdy nesou tÌûi v˝uky. Nap¯. pouze v jedinÈ vÏtÏ jsou

zmÌnÏni docenti H·la, Erdˆs a Reiser, jejichû z·sluhy o kva-
litnÌ v˝uku fyzik·lnÌ chemie jsou nepopÌratelnÈ. P¯Ìklad˘ po-
dobnÈho typu bych mohl uvÈst povÌcero.

V textovÈ p¯Ìloze recenzovanÈ knihy jsou studijnÌ rozvrhy
pro ökolnÌ roky 1913/1914 a 1926/1927. äkoda, ûe podob-
n˝ rozvrh nenÌ z novÏjöÌ doby, zejmÈna z obdobÌ existence
VäCHT. PodobnÏ postr·d·m p¯ehled posluchaË˘, absolvent˘
a  aspirant˘  za  lÈta 1974  aû  2000.  V letech  do sametovÈ
revoluce byla v˝uka ovlivnÏna politick˝mi pomÏry: ze ökoly
museli  odejÌt  v˝bornÌ odbornÌci a pedagogovÈ, p¯Ìkladem
budiû nam·tkou prof. Wichterle Ëi docenti H·la, Erdˆs a dalöÌ
jinÌ. O tÈto z·leûitosti je v knize tÈmÏ¯ pomlËeno. ⁄roveÚ
znalostÌ absolvent˘ VäCHT od 70. let kolÌsala, spÌöe se sniûo-
vala, coû bylo d·no pokynem stranick˝ch org·n˘ snÌûit poûa-
davky na studenty u zkouöek. Tomuto pokynu bohuûel vedou-
cÌ kateder povÏtöinou podlehli.

VÌce neû pÏtinu knihy tvo¯Ì obrazov· p¯Ìloha, jÌû je galerie
osobnostÌ, û·nrovÈ snÌmky, budovy a laborato¯e, historickÈ
dokumenty aj. Pod·v· pestr˝ obraz o historii ökoly.

SouhrnnÏ konstatuji, ûe v˝pravn· a po grafickÈ str·nce
v˝bornÏ udÏlan· kniha je pro VäCHT p¯edevöÌm reprezenta-
tivnÌm dÌlem. Dob¯e je zpracov·na star· historie. Pojmouti
historii v˝uky chemie p¯es oslavnÈ medailonky profesor˘,
kterÈ tvo¯Ì j·dro knihy, je jistÏ moûnÈ, dovedu si vöak p¯edsta-
vit i jin˝ zp˘sob pod·nÌ.

I p¯es kritickÈ v˝hrady doporuËuji knihu Ëten·¯˘m, hlavnÏ
ûijÌcÌm absolvent˘m VäCHT. Vr·tÌ se s nÌ do let mladosti, na
kterou skoro kaûd˝ r·d vzpomÌn·.

J. Jindra

W o l f g a n g A . H e r r m a n n ( E d . ) :
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.

Recenzovan˝ des·t˝ dÌl zn·mÈ sÈrie je zamÏ¯en na vyuûitÌ
komplex˘ p¯echodn˝ch kov˘ v organickÈ katal˝ze. Navazuje
tak svou problematikou na p¯edchozÌ 3 svazky (vols. 7ñ9 )
kterÈ byly vÏnov·ny syntÈze ¯ady koordinaËnÌch slouËenin
a nov˝ch ligand˘, z nichû nÏkterÈ mÏly vztah k homogennÌ
katal˝ze. PodnÏtem k rozöÌ¯enÌ uvedenÈ sÈrie byla podle re-
daktora (W. A. Herrmanna) nejen velmi p¯Ìzniv· odezva na
p¯edchozÌ svazky, ale i snaha v nÌ zachytit ned·vn˝ v˝voj
v oblasti koordinaËnÌ katal˝zy.

10. dÌl obsahuje 20 kapitol. KromÏ ˙vodnÌ kapitoly, pojed-
n·vajÌcÌ o amidov˝ch ligandech v koordinaËnÌ chemii a kapi-
toly 20 vÏnovanÈ p¯ÌpravÏ mono- a bimetalick˝ch koloidnÌch
katalyz·tor˘ a jejich vyuûitÌ v oblasti kvalifikovanÈ chemie
a palivov˝ch Ël·nk˘, jsou v dalöÌch kapitol·ch shrnuty typickÈ
postupy p¯Ìpravy ¯ady katalyz·tor˘ a vyuûitÌ ve vybran˝ch,
aplikaËnÏ perspektivnÌch, resp. jiû pr˘myslovÏ zaveden˝ch
procesech. Jako p¯Ìklad lze uvÈst hydroformylaci a hydroxy-
karbonylaci alken˘ (kap. 2), hydroformylaci dien˘ a hydrosi-
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lylaci aromatick˝ch nitril˘ (kap. 3), enantioselektivnÌ hydro-
genaci (kap. 5 a 6), oligomeraci ethylenu (kap. 16), polymeraci
alken˘ (kap. 14, 15 a 17) Ëi kopolymeraci alken˘ s oxidem
uhelnat˝m a telomeraci butadienu s amoniakem (kap. 18 a 19).
Z hlediska organickÈ syntÈzy jsou cennÈ kapitoly vÏnovanÈ
enantioselektivnÌm syntÈz·m (kap. 4), katal˝ze reakcÌ arylha-
logenid˘ (kap. 8), KnoevenagelovÏ kondenzaci (kap. 9) a Su-
zukiho reakci (kap. 7). V jednÈ z kapitol je pak souhrnnÏ
zpracov·na p¯Ìprava oxorheniov˝ch komplex˘ a jejich vyuûitÌ
p¯i oxidaci alken˘ a aromatick˝ch slouËenin a oxomolybdeno-
v˝ch komplex˘ jako katalyz·tor˘ epoxidace alken˘. Jak zd˘-
raznil editor svazku, detailnÌ pozornost tÈto problematice byla
vÏnov·na proto, ûe dosud nebyla v literatu¯e p¯ehlednÏ zpra-
cov·na.

P¯estoûe po form·lnÌ str·nce auto¯i z¯ejmÏ nemuseli strikt-

nÏ dodrûovat jiû tradiËnÌ ËlenÏnÌ kapitol, v˝jimek lze nalÈzt
jen nÏkolik. Kaûd· z kapitol je doplnÏna velmi podrobn˝m
popisem syntÈzy uveden˝ch slouËenin, d˘kladnou charakteri-
zacÌ jejich struktury a popisem jejich vlastnostÌ. Citace litera-
tury zahrnujÌcÌ i pr·ce publikovanÈ v r. 2001 potvrzujÌ snahu
autor˘ kapitol o maxim·lnÌ aktualizaci. DÌl je opat¯en p¯ehled-
n˝m vÏcn˝m rejst¯Ìkem.

Je tÈmÏ¯ zbyteËnÈ na tomto mÌstÏ zd˘razÚovat pro vyda-
vatele jiû typickou vzornou grafickou ˙pravu jeho publikacÌ.

Na z·vÏr mohu vyslovit p¯esvÏdËenÌ, ûe recenzovan˝ dÌl
si nalezne cestu nejen do odborn˝ch knihoven vlastnÌcÌch tuto
sÈrii, ale i k odbornÌk˘m a v˝zkumn˝m t˝m˘m zab˝vajÌcÌm
se organickou syntÈzou, koordinaËnÌ chemiÌ Ëi katal˝zou.

J. Hetflejö

Chem. Listy 97, 214 ñ 215 (2003) Recenze

215



Odborn· skupina analytickÈ toxikologie »eskÈ spoleËnosti chemickÈ

a »esk· lÈka¯sk· spoleËnost Jana Evangelisty PurkynÏ
s »eskou spoleËnostÌ pro experiment·lnÌ a klinickou

farmakologii a toxikologii, toxikologick· sekce

po¯·dajÌ ve dnech 3.ñ5. z·¯Ì 2003 (5. z·¯Ì bude p¯ÌpadnÏ kurz)

8. mezioborovou Ëesko-slovenskou toxikologickou konferenci

TÈmata: toxikologick· anal˝za a metodickÈ p¯Ìstupy v toxikologii, pr˘myslov· toxikologie, klinick·
toxikologie, aditiva v potravin·ch a n·pojÌch ñ ˙Ëinky a anal˝za, oxidativnÌ stres, radik·ly
a antioxidanty, toxicita lÈËiv, varia

JednacÌ jazyky: Ëeötina, slovenötina, angliËtina (bez simult·nnÌho p¯ekladu). P¯ÌspÏvky budou publikov·nyv Cen-
tral European Journal of Public Health v plnÈm znÏnÌ (n·klady pro ˙ËastnÌky zahrnuje vloûnÈ)

VloûnÈ: ˙hrada do 30. kvÏtna 2003 na ˙Ëet OS analytick· toxikologie »SCH Ë.˙. 050016-1922952379/
0800, »esk· spo¯itelna, a.s. poboËka Praha 1, V·clavskÈ n·m. 16

pro Ëleny po¯·dajÌcÌch organizacÌ .  . .  . .  . . 400 KË ostatnÌ .  . .  . .  . .  . .  . 450 KË
studenti a d˘chodci z po¯·dajÌcÌch organizacÌ . . . 300 KË po termÌnu (vöichni) . . . 500 KË

Informace: MiloÚ Tich˝, SZ⁄, ärob·rova 48, 100 42 Praha 10, fax: 267 312 236, e-mail: mtichy@szu.cz
a sekretari·t »SCH fax: 222 220 184, e-mail: mblahova@csvts.cz

Jiû t¯etÌ roËnÌk se uskuteËnÌ v pavilÛnu ÑAì v˝staviötÏ Flora v Olomouci
ve dnech 23.ñ 24.5.2003

Akce po¯·dan· pro dÏti a jejich rodiËe k popularizaci mezi lidmi tolik nepopul·rnÌch
obor˘. Z p¯ipravovanÈho programu vybÌr·me:

ü

ü

ü

ü

ü

mÏ¯enÌ tvrdosti p¯inesenÈ vody
urËenÌ obsahu methanolu v tatÌnkovÏ slivovici
kontrola UV filtru v maminËin˝ch sluneËnÌch br˝lÌch
chemie a fyzika v kuchyni
matematickÈ kvÌzy, hlavolamy a soutÏûe pro dÏti

Kontakt: Juraj Ševèík, Katedra ACH, Univerzita Palackého, Tø. Svobody 8, 771 46 Olomouc
e-mail: sevcik@risc.upol.cz, web: http://www.upol.cz/ach/jarmark

Všichni, kteøí by chtìli pøispìt nebo zúèastnit se poøádání, jsou srdeènì vítáni.
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