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1ENERAL PREFACE. 
THE subject of Physiological Chemistry, or Biochemistry, is enlarging 
its borders to such an extent at the present time that no single 
text·book upon the subject, without being cumbrous, can adequately 
deal with it as a whole, so as to give both a general and a detailed 
account of its present position. It is, moreover, difficult, in the 
case of the larger text-books, to keep abreast of so rapidly growing 
a science by means of new editions, and such volumes are therefore 
issued when much of their contents has become obsolete. 

For this reason, an attempt is. being made to place this branch 
of science in a more accessible position by issuing a series of 
monographs upon lhe various chapters of the subject, each in· 
dependent of and yet dependent upon the others, so that from time 
to time, as new material and the demand therefor necessitate, a 
new edition of each monograph can be issued without reissuing the 
whole series. In this way, both the expenses of publication and 
the expense to the purchaser will be diminished, and by a moderate 
outlay it will be possible to obtain a full account of any particular 
subject as nearly current as possible. 

The editors of these monographs have kept two objects in view: 
firstly, that each author should be himself working at the subject 
with which he deals; and, secondly, that a Bibliography, as complete 
as possible, should be included, in order to avoid cross references, 
which are apt to be wrongly cited, and in order that each monograph 
may yield full and independent information of the work which has 
been done upon the subject. 

It has been decided as a general scheme that the volumes first 
issued shall deal with the pure chemistry of physiological products 
and with certain general aspects of the subject. Subsequent mono· 
graphs will be devoted to such questions as the chemistry of special 
tissues and particular aspects of metabolism. So the series, if 
continued, will proceed from Physiological Chemistry to what may 
be now more properly termed Chemical Physiology. This will 
dl'pend upon the success which the first series achieYes, and upon 
the di\·isions of the subject which may be of interest at the time. 

R. H. A. P. 
F. G. H. 
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PREFACE TO FIFTH EDITIOl\. 

THE advance of knowledge has made it necessary to make some few 
corrections and additions to this edition. The most important of 
these relate to the methods of purification of enzymes and to the 
problem of equilibrium in heterogeneous catalysis. 

It is hoped that no important new work has been omitted, and it 
is well to call attention to the fact that the whole of the subject· 
matter has been carefully revised. 

W. M. B. 
April, 1923, 

The work of bringing this edition up to date had been completely 
performed before my father was overtaken by his illness in the summer 
of 1923. I have had, therefore, merely to correct the bibliography 
and index and prepare the manuscript for the press ; no attempt has 
been made to include the advances made in the last eighteen months. 

L. E. B. 
October, I9Z-f. 

PREFACE TO FOURTH EDITIO:\'. 

THIS edition has been brought up to date by the addition of some 
new paragraphs and references. 

More especially, the chapter on the mode of action of enzymes 
has been rewritten under a new title, while the " Supplementary 
Notes" have been embodied in the text. 

\Y. M. B. 
Jpril, H)lg. 



PREFACE TO THIRD EDITION. 

A CONSIDERABLE amount of new matter has been added to this 
edition, and the continued discovery of further facts has rendered it 
necessary to revise certain paragraphs. At the same time, it has 
been possible to abbreviate the description of some other work which 
has shown itself unable to stand the test of renewed investigation. 

Attention is particularly directed to the chapters on " Reversi· 
bility" and on the " Combination 11 between enzyme and substrate, 
as also to the section on anti-enzymes, which have, for the most 
part, been rewritten. It will be found that many important new 
discoveries have been made in these fields. The facts referred to 
have made some modifications necessary in the point of view taken 
in previous editions ; but, for the most part, these are in the direction 
of simplification. It is satisfactory to note that the doctrine of the 
importance of surface phenomena, or adsorption, in the action of 
enzymes, advocated in these pages from the first, is becoming more 
and more widely recognised. 

The use of the word " Nature 11 in the title of this monograph 
has been subjected to criticism. It is said that the " Nature of 
Enzyme Action" is not explained. My object is to compare the 
various activities grouped under the head of " enzymic 11 with those 
known as " catalytic 11

• If it is found that their nature is the same, 
a group of facts is brought under the application of more general 
laws, and, as I understand it, that is what " explanation" in Science 
essentially is. 

UNIVERSITY CoLLEGE, LoNDON, 

july, 1913. 

\V. M. B. 

PREFACE TO SECO:\D EDITION. 

THE large amount of work on enzymes published in the short space 
of time since the first edition of this monograph was written necessi­
tates the addition of much new matter. 

The number of references in the Bibliography, in accordance 
with this increase in knowledge, has considerably increased. 

In a few places some amplification has been thought desirable 
in order to render the meaning easier to understand. 

Headings of paragraphs have been introduced. The reader will, 
I think, appreciate the lessening of the labour required to find what 
he may wish to refer to. 

W. M. B. 
1911-

vi 



PREFACE TO FIRST EDITIOI\. 

THis short monograph is based upon lectures given at various times 
in University College, London, and this fact may serve as the excuse 
for what some may regard as too definite a position with respect 
to certain disputed questions. It is, I venture to think, preferable 
to take a definite point of view, rather than to leave the study of 
the subject in a state of chaos. At the same time, one must always 
be prepared to correct one's views when evidence is brought against 
them. I have endeavoured not to slur over difficulties, where such 
really exist ; as also to indicate the existence of points of view contrary 
to my own. It is quite possible, however, that, by inadvertence or 
ignorance, important facts may have been omitted. 

Certain subjects of considerable interest in connection with the 
theory of the action of enzymes, such as the properties of colloids 
and the laws of adsorption, which 'vere dealt with in some detail 
in the lectures, are here only treated in their immediate bearing on 
the facts under discussion. 

No attempt has been made to put forward a complete bibliography 
in .the list of literature at the end. This contains only those writings 
which have a more or less direct bearing on the subject and which 
are referred to in the text. In this list I have added, after each 
reference, the page of the text in which it is made use of, so that 
the insertion of names of authors in the general index is rendered 
unnecessary. 

The detailed description of the properties of the large number 
of specific enzymes already known finds no place in this monog~aph, 
which confines itself to general properties more or less common to 
all enzymes. 

\V. M. B. 

\'11 
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Change 1n state of catalysts, 7. 
Chemical properties of surfaces, 35, 121. 
- relationship ot enzyme and substrate, 92, 

144. 
Chlorophyll function, 16g, 
Coagulation of blood, 170. 
Co-enzyme, II4, 150. 
-of amylase, 153. 
-of lipase, 150, 

of zyrnast:, 152. 
Colloidal complexes, 30, ng, 
-state, :q, 
- substrates, 126. 
Combination of enzyme with products, 92. 
- -- with substrate, 86. 
Compatibility, 146. 
Complex systems, 34· 
Compressive forces in surfaces, uS. 
Concentration of enzyme, Sg, no, 126. 
- of substrate, xo8, 124. 
Contact catalysis, n6. 
Coupled reactions, 168. 
Criteria of catalysts, 6, 15, 

DIASTASE, II, 

Ditticulty <lf reaction~, Sg, qS. 
Dr tlu,;ion in htt~rogeneous systems, IOO, II6. 
IJ!I.nometer measurements, so. 
Dilution and activity of invertase, 126. 
Di"-lprearance of enzyme, 85. 
Disl'ersion of enzymes. 27, 130. 
Di>pos::.e>>ion from surface, 12~. 

EFFECT of products, 86. 
Electric charge of colloids, 28. 
- - of enzymes, 29, 
Electrical adsorption, 133. 
-conductivity method, 51, 53· 
Electrolytes, action on enzymes, II3, 132. 
- and colloids, 34· 
Enterokinase, 20, 159· I6o. 
Enzyme action on reversible reactions, 21. 
Enzyme, definition of, 12, 
- history of name, n. 
Enzymes act when insoluble, 127, 
-:-- are colloids, 24. 

. - as bye-products, 42, 145· 
' - compound nature of, 38, 39, 132. 
Enzymes not constituents of equilibrium, 69. 
- not mere properties, 39· 
- not proteins, 36, 67. 
Equilibrium a true one, 74· 
-and surface condensation, 137. 
- in diastase system, 108. 

in lipase system, 94, 138. 

1

-- with enzymes and with acid, 137. 
Estimation of strength, 52. 
Evaporation of solutions of enzymes, ~48. 
Exponential law of adsorption, 31. 

-of enzyme concentration, xr2. 

FALSE equilibrium, 69, 137. 
Faraday's platinum expt:riments, xo. 
Fat, synthesis of, 58. 
Ferments, u. 
Final result, r8. 
Freezing·point measurements, so. 

GENERAL equation for enzymes, IOI. 
- theory, 122. 
Gentianose, hydrolysis of, li2. 
Gibbs' theorem, u9. 
Glucose, equilibrium of, 6o. 
Glucosides of primary alcohols, 64. 
- stereochemistry of, 6o. 
Glycogen, storage of, 56, 65. 
Glutathione, 169, 
Growth, law ot, xq. 

HEAT, eflect of, 23. 
-precipitation, 107, 
Helmholtz double layer, 33. 
Heterogeneous cataiysis, u6,. 
Hydrogen-ion effect, 97, 99, 132. 
Hysteresis, 28, 

IMBIBITION, 1321 136, 
Importance of small degree of svmhesis, 56. 
Incompleteness of change, 16, 69, 70. 
Indophenol oxidase, 166, 
Initiation of reaction, 4, 5, 15. 

Di,ergence from uni-molecular law, 84-

Insoluble enzymes active, 127, 
Instability of enzymes, 85. 
Instantaneous and slow reactions, 2. 
Intensity factor, 94· 
Intermediate compounds, 8, 86, II7. 
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Intracellular enzymes, 43· 
Inversion by acid, 83. 
Inversion by enzymes, 84. 
Invertase, synthesis by, 55· 
lsoelectric constant, 29, 30. 

LACTASE compared with acid, x. 
- synthesis by, 62. 
Lactose formation, 58, 65. 
Law of velocities, Sr. 
Lipase a uniform enzyme, 147. 
- content of tissues, 58. 
- synthesis by, 57· 
Lock and key simile, 87, 140, 143· 
Logarithmic curve, 81. 
Luciferase, I, 82. 
Luciferin, x, 82. 

MALTASE, synthesis by, 61, 
Mass-action, 79· 
- and enzymes, li2. 
Mathematics in biology, 79· 
Mechanical schema, 3· 
Methods of stopping action, 52. 
Mett's tubes, so, 101. 
Minuteness of quanttty, 21. 

NEW enzymes, 143. 
- production of enzymes, 41. 

Reversibility as retarding factor, gr. 
- of enzymes, 54· 

o! reactions in general, Sf· 
Reversible reactions, catalysis of, 6. 

ScHARDINGER's enzyme, 167. 
Schutz-Borissov law, no. 
Selective inorganic catalysts, 12. 
Small degree of synthesis important, 56. 
Solid solution, 120. 
Solubilities of enzymes, IJI. 
Square root law, no. 
Sptcific activators, II4. 
- adsorption, qo. 
Specificity, Sg. 
- of enzymes, qz. 
Starch formation by amylase, 65. 
- hydrolysis of, 172, 
- in germination, equilibrium in, s5. 
Stopping action, 52. 
Synthesis by amino-acids, 76. 
- by enzymes, 8, 21, 22. 
- by invertase, s6. 
- by lactase, 62. 
- by lipase, 57· 

by maltase, 6r. 
- of a protamine, 75· 
- of cane-sugar, 74· 
- of glucosides, 6o, 64. 
- of optically active substances, 145. 

OPTICAL activity as method, 48. - of proteins, 74· 
- - o~· catalysts, 88. Synthetic enzymes, 65. 

- of enzymes, 87. Surface condensation, g. 
- factor, 49· - - and equilibrium, 137· 
- isomers both attacked, 144, 145. - theory, II7, n8. 
Optimalhydrogen-ionconcentration,II3, xq.,- development in. col~oids, 25, 26. 
Optimum temperature, 103. 1- ener~ and equthbrtum, 7, 6g, 138. 
Orientation of molecules on surfaces, 3• 121. - tenston, 26. 
Osmotic pressure of colloids, 33· 
Oxidase, 164. 
Oxidation, 163, 165. 

PARALYSIS of enzymes, 72. 
Paranuclein, synthesis of, 73· 
Pepsinogen, r6o. 
Peptone Roche, use of, 52. 
Peroxidase, 163 sqq. 
Plasteins, 75· 
Precipitation of enzymes, 47· 
Products, effect of, t\6. 
Promoters, 150. 
Protection from aggregation, 33, 165. 
- from destruction, 86, gx. 
- from heat, 130. 
- of mucous membranes, 158. 
Protective enzymes, 41. 
Proteoclastic systems, 173. 
Purification of enzymes, 35, 45· 

RACEMIZATION by enzymes, 147· 
Raffinose, hydrolysis of, 172. 
Reactions either chemical or physical, 35· 
- in living organisms, I. 
Reducase, 167. 
Relative adsorption in complex mixtures, 

137. 139· 
Rennet and pepsin, 147. 
Retardation by fructose, g1. 

TEMPERATURE, coefficient of dispossession, 
130. 

- effect, 135· 
- effect of, 52, 72, 103. 
Terminology of enzymes, q. 
Thermo-neutral reactions, 138. 
Time factor, 104. 
Tissue.juice by disintegration of cells, 44· 
Trigger action, 3, x8. 
Trypsinogen, 159. 

ULTRA-MICROSCOPE, 25, 
Ultra-microscopic observations, 131. 
Uni-molecular reaction, 8o. 

VARIETY of products, 16. 
Velocity of reaction, 79· 
- of enzyme reactions, 101. 
Viscosity as method, 51. 
- effect on rate of reaction, rog. 

WATER, function of adsorbed, 138, 139. 
- in balanced reactions, 55· 

in enzyme phase, 55· 

ZYMOGEN of lipase, 162. 
Zymogens, 159. 

r Zymoids, 149· 
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