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WHY DOES NATURE USE
MACROMOLECULES?
WHY ARE ENZYMES

SO LARGE?

Or: must enzymes be macromolecules?
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why is polyethylene solid ?
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why is cellulose insoluble ?
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.. BUT WHY MUST THE
CATALYSTS OF LIFE
(THE ENZYMES) BE SO BIG?



A maze illustrating the chemical reactions that interconvert small molecules in cells.
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HOW DO ENZYMES WORK?
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surface
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A long chain permits "dilution™ of acltiva groups:
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a long chain is however endowed with an
extreamely high flexibility:
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4 --. forced proximity ...

so that groups which are far apart in the primary
sequence can come very close together




ANiicroenvironement
in the active site:

an important reason for
the overgrowth or enzymes

the enzyme as a
phase transfer
agent
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die anderen 27 Ser-Reste werden
angegriffen ...

Stichworter:
- besondere Reaktivitat von Ser-195
- kovalente Bindung mit E
- Serinproteasen




ACTIVE REGION: FOUR GOOD REASONS
FOR AN ENZYME TO BFE A TMACROMOLECULE

Binding: a long chan can give
rise 1© a jong ngh stability of the
ES complex wvia non-cowvalent,
weak interactions.

Srereochemical
complementarity: only wilthh a2
long chain can tortuous walls be
built, which permit the good it of
the substrate

Microenvirornment: a long chan
can create 1ts own environmeant
for the reaction

Forced proximity of active
residues: the aciive residues
may be far apart i the primary
sequence, which permits a hegh
cegree of freecom for the hInal
adjustments requured for catalyss
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body:

1 active site

- conformation

- folding

- stability, rigidity
- cooperativity
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PROTEINS ARE TIGHTLY PACKED AS GOOD
MOLECUILAR CRYSTALS.

The observed local packing densities of protcins
vary between 0.68 and 0.82 ___ In comparison,
cqual-sized hard spheres in closest packing have a
packing densitiy of 0.74,. Crystals of small
molecules that are held together bv van der Waals
forces have values between 0.70 and 0.78. Glasses,
oils ... have values below 0.70 or even below 0.60.

Therefore proteins are indeed as densly packed as
small molecules in van der Waals crystals,

{(from G.E. Schulz & R_H. Schirmer, Principles of
Protein Structure, Springer-Verlag, p. 43, 1979)




the long chains buiids a high packing density
region actualizing an ordered(”) tridimensional
cavity and a surface which positively interacts

with the physioclogical environment

("..douotm Torder™ withh syrmmeltry. ApﬂﬂdnbM‘m
of “apenodic crder”, the highest type of structural order.

order: a situation in which ecach constitiutng element of the
system has the position in space and time precsely assignoed Dy

the Drograrmmers




Conformational sigidity
and

conformational flexibility
(must coexist in enzymes)

*
conformational rigidity to warrant

individuality of form and specificity of
binding

=
conformational flexibility to warrant fine
tuning in the function (allosterism,
regulation, probably catalysis)







Model of hemoglobin at low resolution.
The a chains in this model are yellow, the b chains blue, and the

heme groups red.
View (A) is at right angles to view (B); the top of (A) is visible in (B).

(from Biochemistry / L.Stryer, 41" ed.)
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Oxygen dissociation curves of myoglobin and hemoglobin.

Saturation of the oxygen-binding sites is plotted as a
function of the partial pressure of oxygen surrounding the
solution.

(from Biochemistry / L.Stryer, 41" ed.)
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Simple sequential model for a tetrameric allosteric protein.
The binding of a ligand to a subunit changes the
conformation of that particular subunit from the T (square)

to the R (circle) form.
This transition increases the affinity of the other subunits

for the ligand.

(from Biochemistry / L.Stryer, 41" ed.)
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Concerted (Monod-Wyman-Changeux, or MWC) model for a
tetrameric allosteric protein. The squares denote the T form,
and the circles denote the R form. The ratio of T to R forms in
the absence of ligand is L. The dissociation constants for the
binding of ligand to the T and R states are K; and K.

(from Biochemistry / L.Stryer, 41" ed.)



1 active site

surface:

- contact with the environment
- solubility

- fit with the milieu

NOTICE: the three "regions” cannot
really be separated from each other.
Only for a didactic exercise.




OIL DROPLET MODEL

Perutz, 1965
Kendrsew, 1972

water insoluble




FIT WITH THE ENVIRONMENT

S

Simple-munded picture of the solubilization of enzymmes in waler
- $hanks © the macromolecular support

Fit with membranes, receplors. transport across
different milieux

Thermophilic enzymes: halophilic, and other
enzymes working in specialized environments

Fit with the environment - stability -
... but protein turmover and degradation




.__3__5







Additional reason for enzvmes to be Ilarge
multiple binding (coenzyme, two substrates,
metal ions, prosthetic groups)

multiple functions

binding to other biopolymers

viscosity and hvdrodynamic properties
secretion from the cell

signal proteins (pre-, pro-proteins)

protein turnover




Why are enzymes macromolecules
(Must enzymes be macromolecules?)

@® An enzyme is a coordinate ensemble of operational
units (binding, specificity, microenvironment,
conformational rigidity, conformational changes, stability,
fit with the environment, allostery, turmover, molecular

tinkering, fossil sequences, ...)

@ Each operational unit requires per se¢' a long sequence
of amino acid residues to be functional. The sum of all
operational units is then necessarily a very long chain.
One also needs buffer regions to link the operational units
to each other.

@ Caution: the various operational units cannot be really
separated from onc another. This division is valid only as
a didactic exercise.




An enzyme as an equilibrium - a compromise -
among many pairs of opposite properties.

BUT

- hydrophobic active soluble in water -
region :

- rigidity conformational -
changes

- stabibty turnover -

- high efficiency teedbaok -

= high atomic fluctuations -
density

- complex folding

- present day
compatibility

--- to much of only one quality is incompatible with
the enzyme's functionality. (Thus, synthetic
polymers which are either too stiff, or oo flexible,
cannot work as an enzyme).




PROJECT / QUESTION

Can one have a mini-enzyme, with only bDassc
binding + catalysss, and without all fancy biolcgy-
extra?
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..., COULD AN

ENZYME BE DIFFERENT FROM WHAT IT IS,
FOR EXAMPLE SOMEWHAT SMALLER

OR SOMEWHAT LARGER

OR WITH A DIFFERENT FORM

A DIFFERENT NUMBER OF SWUBUNITS?

AND, MORE GENERALLY MUST
THE THINGS OF NATURE BE
EXACTLY THE WAY THEY ARE?



darwinism and molecular evolution

..... The wvarious structures built by
Nature are the result of chance.
There is nNno aim, nNno pre-
determination- only chance
determined assembly processes. and
random structures.

If one of these structures
happens to perform an useful
function for the organism, it may be
codified and preserved. Then
Chance becomes encoded in DNA, it
becomes Necessity. i.e. the hard law
of genetic invariance.

from Monod’ Chance and Necessity



