


< 3.‘8..“.:‘1‘..;.4;"' .; o

?nu’ K. 5iumpf

Department of Agncuitural
. ‘-Mmmm - )

,*Chém"sﬁv :

: -»Wi\iaia-d chhptér on the Synthea‘sis,of Engymes =
.t .07 ROGER Y. STANIER ', .
g & e 7L Department of Bacteriologiy ‘

Nt

© All of the University of Californis - . /"

/o 0, - |

o w



= < T
o 3
= K
.
P
.
-
Y :
| -
v &
P52k
y i -
? q
. g e
]
‘
LA -
. % (\
.‘ X
} v \

' Copyri.ﬂ 1935, @ 1958 by .lohn Wllcy & Sons, Inc.
All nghu reuzned Tlns b.ook _or_any part

 thereof must not. be feproduced in any form
without the ‘written pervmuxon of the pubfxsher. ;

' _: " Ubrory q_f'Concni'u ‘,Cq!qlogi c.r_q,mmzisa-)oaqs ~
" Printed in the United Stotes of Amesica f TP

-t =



Edition

New. chk Jol'm Wdey & Sons lnc’
London C‘upman & H;" L|m|t¢d

|



» |
1
. /
' Ouitlines ‘of Eﬁzyme"'Chemi‘stry /
\ 7 ‘ B \
. 7 |

» » » y ".\
O
BENAREE, 75 5e BEPDFIE Vi b . www, e_rtOhgb.ook. com

.



: P_re'facé 'to. theA 'S,ecé)r'\c‘l -Eaiiion_

\

ey i 4 !

The _wides;pread acceptance of the proposition that énzyme chemistry -
.can be presented as a generl discipline, without reference to the de-
tailed properties nnd ciaracteristics of each individual enzyme, has”

beén a source of some satisfaction to the authors of Qutlines of Enzyme

-+ Chemistry. Thus the first edition of the book has forind some value '
asa class textin this country and has been translated mto the Itahan

and J apanese languages.

Iu spite of this mcasure of success, the autliors have been keenlyv
-aware that the hook suffered certain serious deficiencies with respeet °
~to both content, and emphasis. - Some of the aeﬁclenueb were perhaps
. - *unavoidable; who, Tor example could have predloted in 1954 the vast

“strides about to be made in the mechanism of svnthesxs of the poly-
nucleotides? And who could have predicted (he hitherto unsuspected

“presence of metal ions.in ‘puyified enzymes or the. presence: of & co- -

factor such as pyndoxal phosphate in erystalline phosphorylase?
In 'this second ‘edition the suthors: have attempted to’ mcorporate

* - some such recent developments in enzymology. And in order to indi-
cate the current trend in enzyme. research,. new chapters w}nch deal -
" with metal ion bondirig, the chhamsm of enzyme action, and the

dynamics of nucleotide transformations, have been. added.

: To.increase the ugefulness of the book as a tool'in the. researdr :
: 'laboratory we_have appended a catalogue of over 500 enzymes. This -

list, though necessarily incomplete, provides some very general char-

" acteristics of each enzyme and glves a reference to the resea.rch

Be*keley, Cahfomm i E

{literature: :
. The authors wish to take thls opportumuy to again e:tpress then' .
appreciation to those individuals who helped with the preparation of -

the first edition. In connection with the second edition, special thanks'

. must be tendered our colleagues in the Biochemistry and' Virus Labo- ,

‘ratory, partlcularly ‘Dr H. Fraenkel:Conrat. :
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This book is désigned to serve the following twofold purpose: (a) to
introduce senicr undergraduate and beginning graduate students to the
generai subjest of engzyme cnemlstry and (b) to provide background
material for research workers in fields other than enzymology "Al--
though many cxcellent advanced treatises on enzymes have already
_appeared, they are useful only {o specialists, and, furthermore, thelr

. ~cost; renders them prohibitive for class use.

"The book is based on lecture material presezited in.a one«semeatel"

. course given in-the Department of Biochemistry of the University of
* California. ~'Txi8 course is designed for students who have bad a thor-

ough gmundin' in chemistry and physiology as well as in biochemistry.
Over half of the book has been devoted to the general properties of |

© enzymes. Brief sections lmvebeen included on specific coenzymes, en-
- symes, and enzyme systems. The study of ‘metabolic problems at the

enzymie level has also received attention. quever, becanae there are .
-too many individual enzymes to permit a discussion of each of them,
we have studicusly avoided writing a “catalégue. of enzymes.” We

3 - have, mstead aitempted to treat the subject matter in outline form i in

order to bring into focus the entire field of enzyme cbeunstr‘y 4
& Photographs of several eminent enzyme chemists appear in th(ee
chapters. It is obv:ous, howevér, that these few are by no means the -
.- only individuals who have made outsta.nmng contributions to the field
-of engymology. For practical ressons it has beeq possible to intlude
photographs of oaly a small number of workers from represmf.ahve
* fields_of research. \
- "We are deeply indebted to the many reviewers-and others who helped
in various ways to make this beok a reslity. We are particularly grate- -

" ful fo R. A. Alberty, P. D: Boyer, B. Chance, D, E. Green, A.C. Griffin, -

- F. M. Huennekens, B. L. Horecker, M. J. Johnson, E. Pr Kumedy,
H A Laniy, H. Neurath and E. R Stadtman. :
) J. B. Nouawps
P. K. Srumrr

Berkeley, Califoinda ~ -~ o
',January,fﬂﬁﬁ % et 2 : e

>y - -



& Nomen_dat.u're.

Physicol Constants

-~

g5

‘first-order rate constant
- equilibrium constant

rate constant e /
zero-order rate constant .

apparent equilibrium ¢onstant
acidic dissociation constant

log 1/Ka ) 5

apparent pKa P e

ligand =~ i

log 1/A "~ < , -
stability constant b s , o

complexation number PO N
total concentration
metal fon (= c 2

velocity
maximum velocity T TEg
Michaelis constant i jal _ o
tdrnover number ;

| enzyme-inhibitor dissoclatlon qonstant
' stand.ard free-energy change
-apparent. free-energy change ..

normal oxidation-reduction potentlal

faraday

A
7

molecular weight :
sedimentation coefficient oy

. d1ffudon coefficient - -

~ partial specifi¢ volume - %

molecular weight by sedimentation and diffusion .
electrophoretic mobility

isoeléctric point - T

optical density '

-molecular extmct:on coefficient.

z°.



Tok Sl e ' .Nomenclature
Coenzymes .
.~ DPN*  oxidized diphosphopyridiné nucleotide
DPNH  -reduced diphosphopyridine nucleotide
. TPN*  oxidized triphosphopyridine nucleotide
" _TPNH . redused triphosphopyridine niicleotide
NMN+  nicotinawide menonucleotide _
PALPO  pyridoxal phosphate

PAMPQ pyridoxamine phosphate
“TPP thiamine pyrophosphate

- AMP. ADP, ATP |
OMP ODP, CTP mono-, di-, and tvnphosnhates of adenosme. _eyti- -
GMP, GDP. GTP/ dine, guanosme, and undme
UMP UDP. UTP| - - -
FMN ~-Ravin rnononualeotnde 1 ' ' :
PAD ' flavin adepine dinucleotide
- CoA ,  coenzyme-A-(acetylation)

i - i :
En . enzyme
EnS enzyme-substrate eompound

‘Enl . enzyme-inhibitor compound " Ry A
ADH  alechol dehydrogenase . . s : <!
\LDH lactic dehydrogenase ' ey
: Metabomes
GSH glutathaone, reduced
GSSG ~  glutathione, oxidized” T ,
" -PEP.~  phosphoenolpyruvate ' S
PGA . phosphoglyeeric acid. : % S
- QAP - glyceraldehyde phosphate _
"DAP. * dihydroxyacetone phosphate =
2 OAA oxaloacetic acid :
7 Miscelianoous o )
< P morgamc phospbate 2l
PP . pyrophosphate s o8
DNA -deoxyribonucleic acid : Z
RNA ribonueleicagid -~ ./ - -
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_ Introduction and History

1 Fermentahon

: ‘The world’s first biochemists were those pmmtlve péoples who
: concemed themselves with the seemingly miraculous transformation,
" of juices into alcoholic beverages. Such “biochemists”. were at once

 the first enzymologxsts, since the chemical transformations wrought

by them were catalyzed by enzymes contained within the Jiving
yeast celle .

- During the 17th century severaI attempts were made to solve the
over-all chemical nature of the fermentation ‘process. These efforts
eulmmated some one hundred years later in the experiments of
o La,vomer (1) who showed by means of balance sheets that the sugat

. was converted m carbon dioxide and alcohol.

3 The 19th century witnessed both the identification of fermentation

as a physiologieal act of the yeast cell and the introduction of the,
somewhat- dogmatic view of Pasteur (2) that life and fermentation

_+ were inseparable. - Many attempts were made in this period to extract -

: the fermentation enzyme from yeast, but for one reason or another
all of these yielded negative results. Ag is so often the case in science,
the great discovery was made purely by accident. .In 1897 E.Buch-
‘ner (3) required a quantity of purified protein for therapeutic pur-
-poses. He ground yeast with sand, filtered off the broken cells, and
*'added a large amount of sugar to the filtrate as & preservative. He
. was-astonished to find thaf. the sugar was rapldly fermented by the
' celi-free extract. 4 -
Harden and Young (4) made an 1mportant contribution in 1905
- when they showed that Buchner’s dialyzed zymase required the addi-
tion“of g heat-stable cofactor or coenzyme.  Thus within a single
‘decade two fundamental discoveries—solubilization of zymase activity

and introduction of the coenzyme concept—opened the route to the
e - e



& I Out-li'(ws of Enzyme Chemastry
eveiitual . isolation and identification of all of the large number of
individual enzywes and cofactors making up the zymase systent. - -

2. Chemical Natore of Enzymes - - . o
Unfortunately mere solubihization of the - fermentahxm enzymes’
provided -little mf‘ormat.non about their chemxcal neture. In 1926
James B. Sumner (5) obteined a crystalline pretein from the jack -
~bean and showed that urease activity was intimately associated with
the crystals. J. H. Northrop scon achieved the crystallization of & .
- large number of proteolytic enzymes and prepared a monograph on:
_this subject. (6). Thus the profein nature of enzymes became f_irmiv i
_ - established. - So far-as is now known. all enzymes are proteins, and,
~ indged, most of the protem of metabohcal}y aetive tissue is enzyme
prwlﬂ
in the 1930 to 1940 era Warburg (7) and his school were ablé tc
crystallise or purify a large number of respiratory enzymes. Theoreli -
(8), working in Warburg’s- institute, reversibly dissociated the “old
yellow ensyme” into a protein part ( apoenzyme) and & cofactor
{prosthetie group). Theé separated components were inactive. - This
experiment opened up the. possibility. of studymg the mode of bindmg
- of the cofactor to the protein.

3. ‘Energefics and Metabo!ic Cycles

Harden and Young (4) had found in 1905 that inorganic phnaphabe
a8 well as 0-gymase’ caused & stimulation of carbuhydrate oxidation .
_in yeast juice. Many of the, mtermedlatea in cs.rbohydrate oxidatlon
were soon found to be sugar phosphates, and it becare for a time the
practice to, assign such compounds the name of its discoverer; eg:, =
fructose-1,6-d:phosphate = Harden and Young ester. However, the
_ fundementa! role of phosphate in these processes came from studies -
‘of muscle hiochemistry. Lundsgasrd (9) noted that a phosphagen, _
phosphocreatine, vanished from' a_contracting musecle in which the
carbohydrate metabolism had been blocked by iodoacetate." Lohman
(19), Meyerhof (11), Lipmann (12). and others brought cellular en-
ergeucs,w the enzyme level when they showed that the phosphate of 5,
. certain of the esters produced as a result of carbohydrate oxidation
- = “existed in. equilibriuin with the phosphate of adenosiwe- tnphosphsﬁe
.. and the phosphagens. These compounds were said to contain the -
~ “high-energy -phosphate bond” (~P) -and were characterized by a
_very large BN ‘of hydrolysis._ [n a brilliant review articie Lipmann -
(12) suggested that such phosphorylated intermediates represeat the
means whereoy the cell is able to trap the chgmical energy of carbo-

\ B . i
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; hydra.fe enezgy that is ultlma.tely to-be ueed in payment for the ex-x :
penswe synthetic reactions of life’ :
The studies on carbohydrate melabohsm deseribed abovo wv»r* Qﬂ%
‘tied out mainly with yeast and muscle. They did much to strengthen
the coneept of the unanimity of° bxoicgmul processes. . As early az

- 1932 Harden ( 13) was.able to write: “This mechanism for the, decom-

position of the sugar molecule is not conﬁned to the yesst cell, ‘er it
. has been found that the samne processes are involved i in the conversion
of carbohvdrate intotactic acid in muscle and in the decutuposmm, .
- of earbohydrates by bacterig, menlds, and the higher plants.” '
“After. a suflicient number of the individual steps in mrbohydra(e
. metabolism ‘had been studied it bccame clear that cevtain reaciions
could be grouped into a meta‘bohc eycle.. “Thus Szent Cyorgyx 14)
- found evidence for the interconversion of the four-carben dicar-"
boxylic acids; Krebs (15) showed this to be part of a cyclic scheme
' now variously Known as the citric acid; tricarboxylie, or Krebs cyele.
. The existénce of metabelic schemes and cycles’ naturally- intreduced.
the question of the subcellular organization of enzymes. - For exam-
ple, the entire fatty-acid oxidation scheme as well as various other '
systems was found to be aseocxateu with the pamculate components
of the eell (16) :

,4. Future: of Enzymalogy LosaX .

Conmderatlon of the above brief -discussion of the h.stoncal | aspects
of enzymology renders.it apparent that thls dxscxplme has developed
" . _mainly along two routes. - _
. There are those whe have regarded the enzyme molecule -1mp1y s a.

“catalytic’ protein. Such studies were preceded by- the development. of
elaborate apparatus and techniques for obtaining the énzyme.in a pure.
_ state. Regearch in this field has prqvided molecular and kinetie dats for -

a number of erystallized enzymes and has led 1o general acceptance of

- . the enzyme-substrate compourd theory ﬁret advanced by, Mmhaalts
-~ and Menten in 1913 (17).. | SR
On-the other gide of the ledger- are those who have worked wx('.h the -

- “énzyme simply as & ceg in the complicated ‘metabolic macmnery of
- the cell. Such investigators have eared little for the purity of theu*
preparations; by the judiecious use of inhibitors and by other devices
thay have “isolated” the activity of the individual enzymes. Their

_ research has been rewarded-by the- establishment of & multitude of
métabolic cycles and has ngen a more fundunental undmtandmg
of cellular cnergetics. - . _
There is every reason. to suppoe\. thst. fumre research in enzymolog} .
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will be v1goroﬁsly pursued along the two main- lines already p:oneered
The_organie and physlcal structure of the enzyme active site will be*
subjected to detailed investigation. Alternate pathways of metabohsm o
will be uncovered as the tissues of & wider Vamty ‘of species are seru- -
tinized with apalytical methods of increasing sensitivity. Research
into the metabolism and synthesls of protein and nueleic acids® will
balanee the already impressive fund of knowledge exxstmg in the
area of carbohydrate and fat metabolism. 1,

Té-is to be hoped that these basw and fundamental studles in en- .
symology will one day find important apphcatlon in the diverse fields
of industry, ugnculture, and medicine. ; =
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