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Introduction

Enzymes are necessary in all living systems, to catalyze all chemical reactions required for
their survival and reproduction—rapidly, selectively, and efficiently. The activities of enzymes have
been recognized for thousands of years. The fermentation of sugar to alcohol by yeast is an
example of a biotechnological process. Although the action and nature of enzymes began to be
understood in the thirties of the 19th century, the recognition has been a continuous development
and a step by step progress.

The excellent properties of enzymes have been utilized in enzyme technology. Their
applications cover the production of many desired products for all human needs, such as chemicals,
pharmaceuticals, fuel, food, or agricultural additives. But natural enzymes are not always perfectly
suitable for industrial applications, as they might not be stable under process conditions or display
low activity on alternative substrates. Fortunately, these properties can be efficiently optimized
through enzyme engineering. Enzyme engineering is the applications of modifying enzyme
structure (and, thus, its function) or improving catalytic activity of isolated enzymes to produce
new metabolites, allow new (catalyzed) pathways for reactions to occur, or convert some
compounds into others (biotransformation). Indeed, researches on enzymes have now entered a new
phase with the fusion of ideas from protein chemistry, molecular biophysics, and molecular
biology.

B (enzyme) REFAEVENLIIRRNEN KRS T, FETEMENY . EY LM EY A
h, BRABREEEW. BECESEME. T-HAERAZHENSER A, £ES. /4.
WL, IMREGBIAHZ.

BEMFMANRERRE, MESTIEPHLBELE SR T —IHRERE%¥—
M LA, EREMMEM. BESNARNEARTRE, BREVHAR (biotechnology) [ HE 4 ik
oo

YR A FERE K TF2 (genetic engineering) . 41 il T#2(cell engineering) . & T2 (enzyme
engineering) FIKE% T#2 (fermentation engineering), B LFEMF ELZRIRBRKENTFEM
B, JFfTEAA A, REVERMZLO. BIENEEARTCREBRMA. BB Eaifl.
FERE e B AR BSOS . B TR E ARSI, HaaZo
It 1 PR B o
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F—T BN E
History of Enzymology

—. B KL I (Discovery of enzyme)

JUT4ERT, ATBAFEA 8 iR AR SE R & (BRE. E8%) FRITER
W CREEITHEUAR), HIEREIENREIEERAZLE.

1. B§893%%8 (Acquisition of enzyme)

1783 4, BAFF}EK Spallanzani EL LKA, 1L/ K B RAER ALK RHL, X
CIEi 753 &8i0] o3 s o

1833 4F, {EE ALK Payen M Persoz ] ZEEAL L ZEIRINY), 183 —FEEE T /K &M Z,
BE, NM#HAAREMNBBLERHER, G K@ TSR, R NEMEE (diastase),
TXAT DLt A A 5 1 g 1 7 o

1836 4, 7 [E B # 5 Schwann M\ B 7B H —MEAEARKYR, ¥HEma NEE
HEE, XEFE NN P REE .

2. E§f94 & (Nomenclature of enzyme)

1716 4 (REEA+HE) 1) (REBFH) FlckT “B” 7, HAH 7T “ByE, B
7 XAV E X . BN, WA, R\PREZENBIERCEE THIHIA
P, X 1876 FE1E E R} % K Kihne 32 H“ enzyme "R H 5 i 18, 7R in yeast, en TR “TE -+
ZW”, zyme RnBEEFEEER) XA, BT 100 B4

1898 4, Duelaux #&HH diastase (FHfEE “H8” WEER WRE=1FE “ase” fEA
B4 AR, 0 oxide (EALY)) —oxidase (EALEE), pectin (JRIZ) —pectinase CREZES) .

—. EBA91ER (Action of enzyme)

19 @, XTEERE KB R NATEER KR BRIT T —5F8HE 60 FHF1E,
EEAFRK Liebig WA, LEERBR-NEREE, BEE-MEFERGHYR. EEM
AWK Pasteur AR, KR TERAINL 5 E K —FAEBWES), HEBMALEEDREER
BUARSS 75 BRIUESE o

1897 4, fEE{L% K Buchner (Figure 1-1) FAJEhD BRI REANMT, RIUA & BERLA M
O3 Bt R R i AR B LA — RGBT B B T R 1R P R B AR, B8
ETRREYWEER, HHRIIRE T 1907 FE MW IURLFER . XRBFRE EFE—K
W IURRK .

Box 1-1 Early concept of enzyme :
The term “enzyme” (literally “in yeast”) was coined by Kiihne in 1876. Yeast was

........................................................................................................................



a popular subject of research due to its well-known importance in fermentation. A major
controversy at that time, associated most memorably with Liebig and Pasteur, was whether or not
the process of fermentation was separable from the living cells. Nobody believed in the necessity
of vital forces until Buchner (1897) demonstrated that alcoholic fermentation could be carried |
out by a cell-free yeast extract.
: The existence of extracellular enzymes had, for reasons of experimental accessibility,
already been recognized. For example, as early as 1783, Spallanzani had demonstrated that
gastric juice could digest meat in vitro, and Schwann (1836) called the active substance pepsin.
In 1833, Payen and Persoz extracted an active substance from germinating barley which was
even more effective than acid in starch hydrolysis. This substance could be precipitated with
ethanol and was called diastase (a mixture of amylases ). I

=. EBEABR (Nature of enzyme)

ANEX A ZE AR BRI 2 BT . 20 tHEy], EELER Willstatter INA, BEA—
SESREEMR, HTMRAUBHIAL, XFP AT 2 BORRAT .

1. ZE/RE§ (Protein enzyme)

1926 4, FEEL%FK Sumner (Figure 1-2) EXKMNIIE FIRBIREES: &, HIEB X R4
mn e LR R A AR, BHULR T BRI 2 AR i R R R AW Ao

Figure 1-1 Eduard Buchner (1860—1919) Figure 1-2 James Sumner (1887—1955)

HEF| 20 e 30 F4R, EEAEYEK Northrop 53] 7 B E AR (pepsin). EEH
B (trypsin) FIREEFLE B (chymotrypsin) M4 &, FEFAMFEZHER T AL EA AR 2
HHEMZGE, Sumner FJM A B wHSZ, Mf1HICIRTE 1946 EH)E TURMER, X2/
LW E B R RS



2. #%E8 (Ribozyme)

1982 4, Cech (Figure 1-3) “ERILVIIE S (Tetrahymena thermophila) 4l 26S rRNA
AR RA BHRBIHE (self-splicing) HIZhAE, XFEBMEAEIER RNA FRVEBRKEE. 1983
4, Altman (Figure 1-4) &3, H RNA FlE HFE4H M5 ELES P (RNase P) H1f] RNA
Hor RHREAENY, MEARMHNEAEIEE, (RERMRIEHR. X—KH, H&
TURERAEEERA B A ENIIRERMS, AL, Cech M Altman 3R78 T 1989 4Ef# DUR
%,

Box 1-2 The nature of enzyme .

In 1926, James Sumner crystallized enzyme urease from jack bean meal and announced it to
be a simple protein. With the conclusive work by John Howard Northrop, who worked on the
digestive enzymes pepsin (1930), trypsin and chymotrypsin, the proteinaceous nature of enzymes
was established.
Before the discovery of ribozymes, enzymes, which are defined as catalytic proteins, were
the only known biological catalysts. In 1981, Thomas Cech was studying the excision
of introns in a ribosomal RNA gene in Tetrahymena thermophila. While trying to purify the
enzyme responsible for the splicing reaction, he found that the intron could be spliced out in the
absence of any added cell extract. At about the same time, Sidney Altman and his colleagues |
isolated an enzyme called RNase P, which is responsible for conversion of a precursor tRNA into
the active tRNA. Much to their surprise, they found that RNase P contained RNA besides protein
and that RNA was an essential component of the active enzyme. Today we know that although

the number of ribozymes is small, they are necessary for life. For example, the actual peptide
synthase in ribosomes is a RNA.



MM, E§ZIEL (Theory of enzymology)

BT RA R ER R ESNABN T MR . 20 L], B¥EHARIRERRE. %
R A, B RAT U BRI T .

1. $i$8%i% (Lock and key theory)

1894 4£, Fischer (Figure 1-5) #&H 78§ 5 KW1E A R BIEHZ U, NN SR T 18]
FEGSH PRI EANK R, W CARRRE(E & — 1,

2. FEZ4)% % (Intermediate theory)

1903 £E, Henri & 7 A=Y, BE5RVEREEY, MMPEE T REKELEE,
BETTARRE T R R AR

3. KK75# (Michaelis-Menten equation)

1913 4£, Michaelis (Figure 1-6) 1 Menten (Figure 1-7) AREF ] =Y)2% 4, FH T
REFEAL RSB S22 MK R T FE. 1925 4, Briggs A1 Haldane XK R A #2417 THBIE, R
TRAE%¥W, Ml TBEARNERS) ETRE—RRTE.

4. FERL A% (Induced fit theory)

1958 4, Koshland (Figure 1-8) & 7SR E ¥, NRYBEEEEHFEMH O, 7
FEMEAMRRAETN, FZ5RYBEANCRMT LR PHEAT, Ui RE MO
ik EREAFRME.

5. #YFEi% (Operon theory)

1960 4£, Jacob (Figure 1-9) 1 Monod (Figure 1-10) #H THH T2, B 7 E4A
Y& B EE A AT o

Figure 1-5 Emil Fischer (1852—1919) Figure 1-6 Leonor Michaelis (1875—1949)



Figure 1-7 Maud Menten (1879—1960) Figure 1-8 Daniel Koshland (1920—2007)

Figure 1-9 Francois Jacob (1920—2013) Figure 1-10 Jacques Monod (1910—1976)

6. E§EME > (Enzyme active center)
1965 4, Phillips S5 X SR MALEH I ITIEH R TIHEEE (lysozyme) M) =427 A 45
¥, [T RSO RE SRS T NAE R L

Box 1-3 A brief history of enzymology .
In 1902 the French chemist Victor Henri quantitatively described the relationship between



substrate concentration and reaction velocity for single substrate reactions. In 1913, the German
chemist Leonor Michaelis and his Canadian postdoctor Maud Menten proposed a quantitative
i theory of Michaelis—-Menten kinetics, which confirmed Henri’s result with much higher
precision. Enzyme kinetics is the investigation of how enzymes bind substrates and turn them

| into products.

To explain the observed specificity of enzymes, in 1894 Emil Fischer proposed that both the
enzyme and the substrate possess specific complementary geometric shapes that fit exactly into |
one another. This is often referred to as “the lock and key” model. This early model explains !

enzyme specificity, but fails to explain the stabilization of the transition state that enzymes !
achieve. |
. In 1958, Daniel Koshland suggested a modification to the lock and key model: since
enzymes are rather flexible structures, the active site is continuously re-shaped by interactions
with the substrate as the substrate interacts with the enzyme. :

£V BIERE

History of Enzyme Engineering

Big7 N BT SR T LMK, BOTKEMARBIENEENEZ — B
TAERMARNELIIR, EB TEFBRBERARE TEMRMET, R MR
NERVBIHMATHEEN—TIHEAR, HEE R R AR RR, REATERE-
LU LA .

—. BT 2F% (Prelude of enzyme engineering)

LA SRt T B TR R, BERAE Tk B KHUR S F mT DUB BRI 19 thad, R7ED
N BU R R

1894 F, HAM®EELLTE (Takamin) FIFKHE (Aspergillus oryzae) IR G FHFIRE
WK, FEHAY, FFEZEBIETEH, ATAE~EHEHEET T 7 &40,

1907 4, fE[E ) Rohm MBI $REUAS 2 feme, F T R R4

1911 4, EEK) Wallerstein AANHFRBARNELE, HTHRERESE.

1917 4, ¥EE ) Boidin FIFIANEZF AT (Bacillus subtilis ) 7= o-ie 8, FT Y4
vt PRI P8 5

1949 4, HAFMERAMAEYBERERF T EEFHE o-FEREE, \/IT 7 IEAREEH]R
B2 0)52 %

Box 1-4 A story of enzyme application in leather manufacture !
The use of isolated enzymes in the manufacture of leather played a major role in their



industrial-scale production. In 1898, Wood was the first to show that the bating action of the
dung was caused by the enzymes (pepsin, trypsin, lipase) that it contained. In 1907, Réhm
. patented the application of a mixture of pancreatic extract and ammonium salts as a bating agent.
As a chemist, Rohm’s motivation was te find an alternative to the unpleasant bating practices
using dungs. :

Although the first tests with solutions of only ammonia failed, R6hm was aware of

i Buchner’s studies on enzymes. He came to assume that enzymes might be the active principle in
the dung, and so began to seek sources of enzymes that were technically feasible. His tests with
pancreatic extract were successful, and on this basis in 1907 he founded his company, which
successfully entered the market and expanded rapidly. During the 1920s, however, when insulin
was discovered in pancreas, the pancreatic tissue became used as a source of insulin in the

treatment of diabetes. Consequently, other enzyme sources were needed in order to provide
existing enzymatic processes with the necessary biocatalysts, and the search successfully turned
to microorganisms such as bacteria, fungi, and yeasts. '

—. KBTI %2 (Enzyme engineering in modern times)

20 R 50 ALK, AMTRBAARE B TR BRI T BEHIF A=, Mg T E AR EsH
FITN, HRBEHT = REM.

(—) T2 A (Industry applications )

1. EEPEEHME (Glucoamylase)

1959 4, F AR SR BEL R A= E T LM RRY, ER T BREEAEH
BRENELALE, RE TR, SRHZ TEE TN,

2. B4EBEE (Alkali protease)

20 42 60 FARHH, BRININBELEHRFIM ) ZHAT, R AN AEr=gARR, #
— ARt T B T R R

(=) B 2B ( Enzyme immobilization )

1. EEHXEERLE (Immobilized amino-acylase)

1966 4, HATH—BRRRIhBEAT T EEBBENE L, T 1969 FHRHNHT T
WA=, ¥ DL-EERIFFsy, A7~ L-2ER, FE, “BLE” X—LHEFH#H. 1971 4,
e E AR R — fmE bR LSRN, EXKAHE X — .

2. EEHEEERHE (Immobilized glucose isomerase)

20 g 70 FFEARHT, 3 B pkTh b B e AR & 0 A B A T = SRR (high fructose corn
syrup) HIAEF=, FAI T FAEBAEF~BRENH RS (RERENE), 7 H#Es) 7B
Tolk A TR RE .



