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Modern biochemistry and molecular biology would be impossible without discoveries in related fields
of science. This paper aims to outline briefly the main stages of scientific activity of a Nobel Prize winner
1902 — German chemist Hermann Emil Fischer, one of the leading chemists of all times. Emil Fischer was a
brilliant multifaceted scientist who left his mark in organic chemistry, physiology, medicine, gave impetus to
the development of biochemistry. His insights into the structures of sugars, enzymes, proteins, and purines
have become a launching pad for the further development of biochemistry and molecular biology. His con-
tribution to the natural sciences was immense; some chemical reactions and concepts were named after him.
This prominent scientist was honored with a number of awards.
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T he original Nobel Prizes were established
in 1895 in the fields of Physics, Chemistry,
Physiology or Medicine, Literature, Peace
[1]. In 1968 the Swedish central bank set up The
Sveriges Riksbank Prize in Economic Sciences in
Memory of Alfred Nobel, which is better known as
the Nobel Memorial Prize in Economic Sciences.
There is no the Nobel Prize in Biochemistry and Mo-
lecular Biology, since these sciences are too young.
“Biochemistry is a young science, having been
known under that term only since about 1900. Its
origins, however, can be traced much further back;
its early history is part of the early history of both
physiology and chemistry’” [2]. Molecular biology as
a separate field of biochemistry started forming in
the 1930’s and finally established in the 1950’s [3].
However, were Alfred Nobel alive today, he would
definitely establish the prize in biochemistry and
molecular biology due to the fact that many discove-
ries in these fields of sciences became sensational
and had a great scientific and social significance.

The recognition of pluralistic interpretation
of reality in postmodern era forces scientific com-
munity to reconsider the entire scientific worldview.
Many well-established scientific theories give rise to
the new multifaceted branches of knowledge and are
quite often altered by them. This leads to the new
explanation and understanding of reality [4].

Biochemistry is also chemistry that explores
the chemical processes within and/or related to
living organisms. Using chemical tools and focusing
on the processes at a molecular level, biochemistry
seeks to explain and solve the enigma of life. Largely
rooted biochemistry, molecular biology is concerned
with molecular structures and phenomena that pro-
vide storage of hereditary information and mecha-
nisms for its implementation. Thus, biochemistry
and molecular biology may be seen as the foundation
of the Life Sciences.

Modern biochemistry and molecular biology
would have been impossible without discoveries in
related fields of science, in particular, the discoveries
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Hermann Emil Fischer (1852-1919)

of the famous scientists who have won the Nobel
Prizes. This paper aims to outline briefly the main
stages of scientific activity of a Nobel Prize win-
ner — German chemist Hermann Emil Fischer who
is known as the “Father of Biochemistry” [5].

Herrmann Emil Fischer is regarded as one of
the leading chemists of all times. His insights into
the structures of sugars, enzymes, proteins, and
purines laid the foundations for modern biochemis-
try. The second Nobel Prize in Chemistry 1902 was
awarded to Emil Fischer “in recognition of the ex-
traordinary services he has rendered by his work
on sugar and purine syntheses™ [6]. His work had a
direct relation to biochemistry, as well as his subse-
guent research. The discovery of hydrazine deriva-
tives was a brilliant solution to the problem of ob-
taining sugars and other compounds synthetically.
Moreover, his method of synthesis of glycosides
proved to be important for plant physiology and bio-
chemistry. In his Nobel lecture, Fischer emphasized:

“And so, progressively, the veil behind which
Nature has so carefully concealed her secrets is be-
ing lifted where the carbohydrates are concerned.
Nevertheless, the chemical enigma of Life will not
be solved until organic chemistry has mastered an-
other, even more difficult subject, the proteins, in the
same way as it has mastered the carbohydrates. It is
hence understandable that the organic and physio-
logical chemists are increasingly turning their atten-
tion to it and I, too, have been concerned with it for
a number of years” [7].

In 1902, Fischer’s exploration of protein proper-
ties had not yet given the results to be awarded with
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such a high reward, but later they were evaluated as
excellent.

Hermann Emil Fischer was born on October 9,
1852, at Euskirchen, in the Cologne district, Germa-
ny, in the family of successful businessman Laurenz
Fischer and his wife Julie Fischer. After three years
with a private tutor Emil Fischer attended the local
school, then he spent two years at school at Wetzlar,
and two more at Bonn. In 1869, he passed his final
examination with great distinction. Emil loved sci-
ence, his bright mind wanted to pursue higher stud-
ies, but his father wished him to enter the family
lumber business. Being quite an unsuccessful busi-
nessmen, in 1871 Emil Fischer went to the University
of Bonn to study chemistry. He attended the lectures
of Kekulé, Engelbach and Zincke, Kundt on physics,
Groth on mineralogy [7].

Initially inclined to specialize in physics, he
moved to the newly established University of Stras-
bourg in 1872, along with his cousin Otto Fischer
who would later become his research partner. Here
Emil met Adolf von Baeyer, an organic chemist who
studied dye molecules and later won the Nobel Prize,
and finally decided to study chemistry.

Fischer worked on the phthalein dyes. In 1874
he took his PhD at Strasbourg with the thesis on
fluorescence and orcin-phthalein. In the same year
he was appointed assistant instructor at Strasbourg
University where he began his magnificent scientific
path. He discovered phenylhydrazine and demon-
strated its relationship to hydrazobenzene and to
sulphonic acid. Despite the fact that for twelve years
Fisher had suffered from the toxic effects of this sub-

Adolf von Baeyer (1835-1917)
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stance, he later called phenylhydrazine “the first and
greatest chemical affection”. This discovery was re-
lated to a lot of Fischer’s explorations [8].

In 1875 Fischer accompanied von Baeyer to the
University of Munich as an assistant. Three years
later, in 1878, title of Privatdozent was conferred
on him and he was allowed to teach university level
courses. In 1879 he was appointed Associate Profes-
sor of Analytical Chemistry. During this time he was
absorbed by the study of hydrazines.

In 1881 he was appointed Professor of Chemis-
try at the University of Erlangen.

In 1885 he became Professor of Chemistry at
the University of Wirzburg.

In 1888 Emil Fischer married Agnes Gerlach,
daughter of J. von Gerlach, Professor of Anatomy
at Erlangen. She died seven years after their mar-
riage in 1895. They had three sons. With the onset
of World War 1, all Fischer’s sons were drafted into
the German Army. One of them was killed, another
committed suicide. The third son, Hermann Otto
Laurenz Fischer, was soon transferred as a staff of-
ficer to the chemical warfare unit and survived the
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Fischer’s appointment patent from 1885, personally
signed by Ludwig Il of Bavaria [9]

Hermann Otto Laurenz Fischer (1888-1960)

war. He became a famous organic chemist and bio-
chemist; was Professor of Biochemistry at the Uni-
versity of California at Berkeley [10].

In 1892 Emil Fischer was asked to succeed
A. W. Hofmann in the Chair of Chemistry at the
University of Berlin. Here he remained until his
death in 1919 [7]. Suffering from terminal cancer
and deeply depressed over the deaths of two of his
three sons in World War 1, he took his own life.

Emil Fischer was a brilliant scientist who left
his mark in organic chemistry, physiology, medi-
cine, gave impetus to the development of biochemi-
stry. His early significant discovery was the first
hydrazine derivative compound — phenylhydrazine.
Working in Munich with Otto Fischer, they intro-
duced their theory of the constitution of triphenyl-
methane dyes and proved it by experiment [11].
Along, Emil Fischer continued working on the hy-
drazines.

At Erlangen Fischer investigated the active sub-
stances of tea, coffee and cocoa, isolating caffeine
from tea and coffee and theobromine from cocoa.
He demonstrated that caffeine and theobromine, uric
acid and guanine, adenine and xanthine have a simi-
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Phenylhydrazine formula
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lar structure and can be derived from one another.
He came to the conclusion that they belong to one
family. The *‘mother’ substance he called purine in
1884 and synthesized it in 1898 [7]. Emil Fischer
stated:

*“...the name “purines’” is a generic term for a
large class of nitrogenous organic compounds, some
being certain animal excretions and others the active
constituents of important stimulating beverages. The
oldest member of the group is known by the rather
unattractive name of uric acid and was discovered
in this country 126 years ago simultaneously by
Scheele and his famous friend Torbern Bergman as
a constituent of urinary calculus and urine. To the
physician it is familiar as the cause of painful afflic-
tions, e.g. gout. It appeals to zoologists as the main
excrement of snakes and as the reserve material of
insects. And finally the enlightened farmer knows it
to be a valuable constituent of guano...

Rather closely related to uric acid in compo-
sition and external characteristics are four other
substances occurring in the bodies of animals, xan-
thine, hypoxanthine, adenine and guanine, the first
three of which were discovered in the muscular sub-
stance and the last in guano. Thanks to the progress
of physiological chemistry we now know that these
four substances are important constituents of the
cell nucleus and therefore have great biological sig-
nificance.

These animal products are joined by three sub-
stances from the vegetable kingdom, caffeine, theo-
bromine and theophylline™ [7].
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Reporting on his work, Fischer mentioned these

purines:
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Purines are one of the most widespread classes
of organic compounds present in Nature [7]. Ade-
nine and guanine are the building blocks of DNA.
The famous scientist synthesized about 130 related
compounds, one of which was the first synthetic nu-
cleotide. These studies led to the synthesis of pow-
erful hypnotic drugs derived from barbituric acids
(barbiturates) [12].
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Working on purines, Fisher began his great
work on sugars in 1884. Fisher started with explo-
ring glucose trying to figure out the shape of carbon
skeleton, as well as the nature, location and spatial
positioning of its functional groups. Developing new
reagents, methods, procedures, he was successful to
interpret his experimental results [13]. Previously
discovered phenylhydrazine made it possible to form
the phenylhydrazones and the osazones. He estab-
lished the structural relationship between glucose,
fructose and mannose; the stereochemical nature
and isomery of the sugars, determined the group of
sugars known as hexoses. He devised the Fischer
Projection method to represent the three-dimensio-
nal structures of molecules on a 2D surface instead
of drawing a more detailed 3D structural representa-
tion of the molecule. By convention, horizontal lines
symbolize bonds projecting from the plane of the
paper toward the viewer, while vertical lines sym-
bolize bonds projecting away from the viewer [14].
This method is used to depict all classes of optical
isomers [15]:
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Investigating sugars, Fischer went deeper into
the fermentation caused in sugar by enzymatic ac-
tion. His pioneering work on organic compounds
including purines and sugars led him to the Nobel
Prize he won in 1902.

One of the fundamental discoveries in the scope
of biochemistry credited to Emil Fischer is the lock-
and-key model for the reaction between enzymes
and substrates. It suggests that the enzyme and the
substrate possess specific geometric shapes that are
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complementary to each other and fit into each other.
The active site of the enzyme is like a lock and the
substrate fits like a key into this lock. This theory
“became a leading concept for the understanding of
intermolecular interactions with proteins, and later
for the rational design of drugs. With the advent of
supramolecular chemistry the idea gained an enor-
mous momentum, as chemists began to synthesize a
large variety of host compounds for practically all
possible target guest molecules occurring in nature
or in the environment™, though this theory has some
limitations and extensions [16].

Fischer’s investigations into the chemistry
of proteins began 1899. Before synthesizing pep-
tides, he turned to the amino acids as to the buil-
ding blocks of them. Fischer introduced methods for
separation and identification of amino acids in pro-
tein hydrolysates; discovered the new cyclic amino
acids, L-Proline and L-Hydroxyproline; synthesized
ornithine in 1901, serine in 1902, and the sulphur-
containing cysteine in 1908; created small chains of
amino acids as precursors to protein formation [12,
13, 17]. Obtaining amino acids in an optically-active
form, Fischer carried out an investigation on the pro-
teins’ syntheses. He was able to recognize how the
amino acids are linked together by what are known
as peptide bond — the type of bond that would con-
nect them together in chains. He obtained the di-
peptides, tripeptides, and polypeptides. Fischer’s
scientific activity led to a better understanding of
the proteins and laid the foundations for the further
studies.

Emil Fischer was a versatile chemist. Along
with studying purines, sugars, proteins, he contrib-
uted to other areas: dyes, tanning chemicals, chemi-
cal substances in the lichens, indoles, barbiturates.
In 1903 he synthesized the first barbiturate — bar-
bituric acid that contributed to the development of
affordable sedatives for insomnia and anxiety [18].
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Emil Fischer in laboratoty [9]

Fischer’s scientific activity on purines, sugars,
proteins has become a launching pad for the further
development of biochemistry and molecular biology.
“Fischer published more than 600 scientific articles
which have been collected in eight volumes under
the following titles:

1. Triphenylmethane dyes.

2. Hydrazine and indoles.

3. Purines.

4 & 5. Carbohydrates and enzymes.

6 & 7. Amino acids, polypeptides and proteins.

8. Dye stuff.

A large number, around 330, of doctoral and
postdoctoral co-workers from many countries
worked with Fischer. Many of them carried forward
his scientific legacy and contributed significantly
to organic chemistry, biochemistry, and medicinal
chemistry research in academic institutions and in-
dustry, and several of them won Nobel Prizes” [13].

Fischer’s contribution to the field of natural
sciences was immense; some chemical reactions and
concepts were named after him: Fischer indole syn-
thesis; Fischer projection; Fischer oxazole synthesis;
Fischer peptide synthesis; Fischer phenylhydrazine
and oxazone reaction; Fischer reduction; Fischer—
Speier esterification; Fischer glycosidation [19].

This prominent scientist was honored with a
number of awards.
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In 1890 for an outstandingly important recent
discovery in chemistry Fischer received Davy Medal
awarded by the Royal Society of London. In 1902
he won the Nobel Prize in Chemistry. The honors
received by Fischer include the Prussian Order of
Merit and the Maximilian Order for Arts & Sciences.
In 1907 he was honored with the Faraday Medal of
the English Chemical Society and with honorary
membership in the American Chemical society [20].
In 1909 for his work on sugar and protein chemistry,
he received Helmholtz Medal — an award to schol-
ars for excellence in the areas of natural science,
technology, medicine, epistemology, humanities
and social sciences. In 1913 he was honored by El-
liot Cresson Medal — the highest award given by the
Franklin Institute until 1998. When Fischer died, the
Emil Fischer Memorial Medal was instituted by the
German Chemical Society. In 1968 Hermann Emil
Fischer was honored again as one of the greatest
scientists in human history: his biography was in-
cluded in the World Who’s Who in Science [21]. The
Fischer lunar crater was named in his honor and
in honor of the other outstanding German organic
chemist Hans Fischer who won the 1930 Nobel Prize
[22].

Fischer lunar crater

In 2008 in order to honor active carbohydrate
scientists distinguished with contributions of excel-
lence, European Carbohydrate Organization (ECO)
established the Emil Fischer Carbohydrate Award
[23]. This award for 2017 has been awarded to Prof.
Carlo Unverzagt of the University of Bayreuth, Ger-
many, in recognition of his accomplishments in the
chemical and enzymatic synthesis of N-glycans and
glycoproteins [24].
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HAYKOBI JOCJIJ)KEHH I
HOBEJIIBCHKOT'O JIAYPEATA
EMLJIS ®IIIEPA IK CTAPTOBUM
MAUJAHYHUK JJISI PO3BUTKY
BIOXIMIi: KOPOTKHM OTJISI ]|

T. B. Jlanunosa', C. B. Komicapenxo?

'Hanjonanpuuii yHiBepcuTeT 6iopecypcis
1 IpUPOJOKOPUCTYBaHHS YKpainu, Kuis;
e-mail: danilova_tv@ukr.net;
Tucrutyt Gioximii iM. O. B. Mannaxina
HAH VYkpainu, Kuis;
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CyuacHa Oioximis 1 MomekymsipHa Oioioris
Oynmu 0 HEMOXJHUBI 0€3 BIAKPUTTIB B CYyMiXKHHUX
rajxy3six Hayku. Y I cTaTTi HpeAcTaBIeHO KOPOT-
KUH OTJISiZ OCHOBHUX €TaliB HayKOBOI JisTBHOCTI
nmaypeata HoOeniBcbkoi mpemii 1902 poky B
rajysi Ximii — Himenpkoro ximika ['epmana Emimns
dimepa, 0THOTO 3 MPOBITHUX XiMIiKiB BCiX YaciB.
Emine ®imep OyB Onucky4duMm OaraTorpaHHUM
BUYCHHUM, SKWH 3aJUIIUB CBIM CIiJ B OpraHivyHii
xiMii, ¢izionorii, MEIUIINHI, 1aB MOMITOBX PO3BUT-
Ky Gioximii. oro ranGoke MpOHHKHEHHS B CTPYK-
TYypy IIyKpiB, €H3UMIiB, IPOTEIHIB i MyPHHIB CTAIO
BINIPABHOIO TOYKOIO ISl MOAAJIBIIOTO PO3BUTKY
Gioximii i MomexymsipHoi Gionorii. Moro BHecok B
MPUPOAHNYI HAYKH OyB BETHMYE3HUM; JeSKi XIMIdH1
peaxiii Ta KOHIEeNIIii OyJu Ha3BaHi Ha HOTO YeCTh.
Leit BugaTHUI BYeHHT OyB yIOCTOEHUN HU3KH Ha-
ropoji HaBHUILOIO TaTyHKY, BKJIIOYAOYN U OOHY 3
nepmux HoOenmiBChbKUX Mpemi.

Knodgosi cinopa: Emine  Dimep,
HoGeniBcbka npemist, 6ioxiMist, PeHINTiApa3HH, MTy-
PVHH, IIYKPH, CH3UMH, IPOTETHU, MOJIENb «3aMOK -
KJII0U», mpoekiis dimepa, nenTUAHUN 3B I30K.

HAYYHBIE UCCJIEJJOBAHU A
HOBEJIEBCKOI'O JIAYPEATA
OMUNJIA OPUIIHEPA KAK CTAPTOBAS
HJIOIMA KA IS PASBBUTUSA
BUOXVMMU: KPATKHUH OB30P

T. B. Jlanunosa', C. B. Komucapenko®

'HannoHanbHbIH YHUBEPCUTET OHOPECYPCOB
U IPUPOJIOTIONIb30BaHUS YKpauHbl, Kues;
e-mail: danilova_tv@ukr.net;
Muctutyt 6noxumun uM. A. B. TTamnaauna
HAH VYkpaunsi, Kues;
e-mail: svk@biochem.kiev.ua

CoBpeMeHHast OMOXHMHS W MOJEKYJsIpHas
Onosorust ObITM OB HEBO3MOXKHBI 0€3 OTKPHITHH B
CMEXHBIX 00JIacTAX Hayku. B aToil crarbe mpen-
CTaBIIEH KPaTKWi 0030p OCHOBHBIX JTAllOB Hayd-
HOW JesITeNbHOCTH Jlaypeata HobeneBckoii mpeMuu
1902 roma B 001aCTH XUMHHU - HEMEIIKOTO XUMHUKA
I'epmana Omunsa duiepa, OQHOTO U3 BEYLIUX XU-
MHKOB BCeX BpeMeH. OMunb Dumiep Obl1 Onects-
IIUM MHOTOTPaHHBIM YUYEHBIM, KOTOPBIA OCTaBHII
CBOM cIiell B OpraHWYecKOW XUMUH, (U3NOJIOTHH,
MEIHIUHE, Jal TOJYOK pa3BUTHIO Omoxumuu. Ero
Iy0OOKOe TIPOHWKHOBEHHE B CTPYKTYPY Caxapos,
SH3WMOB, TPOTENHOB U MTyPHHOB CTAJIO OTIPABHOMN
TOYKOH JJIsl NallbHEHIIero pa3BUTHS OWOXUMHH U
MOJIEKYJISIpHOH Omonornu. Ero BKlag B eCTeCTBEH-
HBIe HayKH OB OTPOMHBIM; HEKOTOPBIE XHMHYE-
CKHE PEeaKkIMH W KOHIIETIINH ObLIM Ha3BaHBI B €TO
YeCTh. DTOT BBLIAIONINNCS YUEHBIH OBIIT yI0CTOCH
MHOJKECTBA MPECTHIKHBIX Harpas, Bkirodas Hobe-
JIEBCKYIO TIPEMHUIO.

KnaoueBbsie ciaosa: Ovunas Oumep, Ho-
OcneBckasi mpeMusi, OMOXuUMMUS, (PCHUITHAPA3UH,
MypPUHBI, caxapa, JH3UMBI, MPOTCHHBI, MOJECIb
«3aMOK — KJII09», mpoeknusi durmiepa, menTuaHas
CBSI3b.
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