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CHAPTER 1
INTRODUCTION

Enzymatic starch hydrolyses and the effect that light has
upon them have beon under investigation for a number of years.

The papers published by Baly and Semmens (1,2} and Semmens (3,5)
vere the first of a nuaber dealing with the effect of plane~
polarized light on biological processeas. In these papers plane-
polarized light was deseribed as having pronounced effects in
accelerating the hydrolysis of atarch by enmymes. Subseguently,
tvo sets of divergent results appeared in the literature. iacht,
ot al (5) confirm the results of Baly and Sommens while Jones (6),
Bunker and Anderson (7), and Naves and Rubenstein (3) were unable
to support the earlier f{indings.

In the earlier papers concerned with photecatalytic atarch
hydrolyses little attention was paid to experimental design and
technique. Later work, such ag that of Bunker and Anderson, and
Navez and Rubenstein is much more articulate and the results more
reliable.

While these later papers have desonstrated that no measurable
differencs in photolytic influence can he aseribed to plane-
polarized radiation over that of heterogenous (non-polarized)
radiation, it was demounstrated that light, whether heterogenous or

plane-polarized, does accelerate the rate of diastase starch
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hydrolysis, Moreover, it is stated in the work of Navesz and
Rubsnstein that irradiation of the enzyme alone will result in
a pronounced hydrolytic rate difference.

The fact that any rate diiferences were observed at all
i3 thought to be curious, It ifwplies the existence 0f an absorp~-
tion band in the neare-vigible or visible spectral regions for
naterials that are colorless.

The period during which these works wers published afforded
little opportunity for the investigators to extend these findings in
an effort to satisfactorily axplain the observed phenomena. Conse~
quently, it has been desmed desirable to re~demonstrate, if possible,
the effects of light upon diastase starch hydrolysis and to extend
these earlier investigations by means of more recent techniques and
ingtrumentation.

Iin addition, one nay wonder vhether or not the iwplied band
is optically active {i.s., vhethor or not the absorption phenomenon
is associated with some center of asymmetry). The substrate and the
enzyme are both dissymmetric materials and are thereby necessarily
eircularly dichroice, It Zollows that if such a systen, or its
somponents, vere illuminated with dissymmetric electromagnetic
radiation in the spectral region of an optically active absorption
band, one could expect preferential absorption of right or left
ciroularly polarized radiation. If such an interaction ocecurred
in a photochemically active system it would be reasonable to expect
differential hydrolytic velocities.

The investigation reported herein involves the study of

the phonomena associated with ensymatic hydrolyses which have Leen
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influenced with helerogencus and dissyametric electrosagnetic
radiation.

The specific system investigated was that of starch and
Taka~diastase. Similar asliquots of an identical preparetion of
starch and diastese were simul tansously exposed to hetersgenous
and circularly-polarized radiation of equal intensities, all other
conditions bainp equal. The hydrolysis rates were experizentally
neasured by quantitative deteraminetions of the hydrslytic producte
{i.@., by measuring the concentration of reducing sugar st various
times throughout the hydrolysis) utilising photometric techniques,

The comparison of hydrolytic rates of samples irradiated
with hetetrogenocus and circularly-polarized light would then
disclose the disgymmetrical nature of the photo-catalysis.

In addition, optical rotatory dispersion {Q0RD) data were
obtained and used to theosretically confirm the effsct of hetero-

genous and dissymmetric radiation on the system.



CIAPTER IX
METHODS AND MATERIALS

¥ethod of ITllumination
The hydrolytic studies included the following investigations:
(1) dHydrolyses conducted in such a way that the reaction itself
wvas illuminated during the entire extent of hydrolysis with
either hoterogenous or dissymmetric light. Herealter this
will be referred to as “system-illumination,®

{2) Hydrolyses conducted in the dark subsequent to substrate
illumiration with either hoterogenous or dissymmetric light.

{2) Hydrolyses conducted in the dark subsequont to enzynme
illumination with either heterogenous or dissymmetric light.
All of the hydrolyses were conducted within the coniines of a
Iaboratafy cdarkrooms In these quariers it vwas possible %o rigidly
control illumination during the course of reactant preperation and
hydrolysis, In addition, the quarters vere so giltuated that minimal
tempurature fluctuations cocurred, This facilitated the employment
of temperature-constancy controls,

The Illumination Bath

ahe~=The illumination bath was 80 cone
structed that 1t housed two completely sepavats optical systems.

Each systen comglsted of a source of vadiation, an optical compariment,
a front-suriaced metallic mirrer, and a cell containing the

reacting solutions (sees Fig. l.). The bath was constructed using

§ and } inch plywood board. It was then doubly coated with flat-black

ol
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Fig. l.--Diagram of the illumination bath which houses the
incandescent lamps (1), the polarizing filters (2), the retardation
plates (3), the front-surface metallic mirrors (4), and the reaction
cells (5).
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paint, The compartments housing the 300C-watt ¥Wsstinghouse lamps
ware made of the heavier board and were insulated with { inch
agbestos panels. Each lamp compartment was furnighed with a heat
vent o constructed that heat could be effectively dissipated
wvithout allowing stray light to £all on the reaction cells., In
addition, provisions were nmede s0 that sach compartment ocould be
cooled with compressed alir. Convectionwoooling proved to be guite
adequate. The compartment housinpg the optical comporents wvas
provided with facilities that allowed the mounting of plane~
polarizers and retardstion-plates whon i¢ wes necessary %o generate
digsymmetric radiation., The polarizers used were Leybold polarizming
filters. They consist of dichroic filters embedded between glass
plates., '"The degrese of polarization achieved is more than 99% and
within the visible range of the spectrus is almost independent of
wavelength., Leoybold quarter-wave and Lambrocht three-quartor-wave
retardation plates ware utilized in penerating circularly polarized
light. Gresat care was taken to protect both the polerizers and the
retardation-plates from exceasive heat.

The light emerging from the optical compartment of the bath
was then reflected 90%, by a front-surfaced metallic mirror, into
tho reantion cells.

Allunination-intenaity Qontrol.~~Each lamp's intensity was
ocontrolled by individual rhevsztats., Power for the lamps came {rom
the same 4, O, source so that both would be subjiect to the same
current fluotuations, if any. The intensity measurements were
made at the cell position by means of an illusinometer. Such

neasurenents proceded each of the hydrolyses that wers conducted.
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Bsagtion gells.~~Class eylinders 118 mm. long and of %4 mm.
instide diameter to which opticalw~quality glass windows (the windows
vere prepared from dense £lint glass, their faces parallel to within
300 my.) bad been cemented served @s the cells in which the hydrolyses
vere conducted. Cell volume was in excess of 70 ml. GFach cell was
aguippoed with a rubber stopper into which a calibrated Wilkens-inderson
thersometer had been inserted, The reaction cells were supported
by the illumination bath, but were insulated from it by styrofoan

panals containing opticalepath apertures.

Composition of Selutions

Tha phosphate iffes.~-A buffer solution of pH § was wged
as the solvent for both the substrate and the enzsyme. This pH bad
been shown to be optimal for diastatic aotion by Sheraan, st al (9).
The buffor solution esmployed was prepared by smixing ¢two stock buffers
One part of a 0.33% NaAPOy + 0.25K KaCl solution was mixed with 99
parts of a 0,334 NaHy POy + 0.254 KHall solution. The resulting
golution vas then diluted to four times its initial volume, The
mixed buffer was prepared as needed and its hydrogen-ion concentraw
tion vas checked with a pH meter.

The subatrats solution.~-Figoher's Resgeat soluble starch
served ns the substrate. Stock 0.6% (w/v) solutions were prepared
in buffer by boiling for three minutes and re-ggtablishing the
initisl volume with boiled distilled water. These solutions were
stored under refigeration and kept for no longer than one week.

Ihe. enzyne golution.=-A modified form of Merck's Taka-Diastase,
dissolved in buffer, served as the enzyme. The preparation procedure

followgd vas that of Naves and Rubenstein's (8). The entire
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wodification was performed in the dark (as specified by Navez, et al).
Une graam of Taka~diastase was dissolved in 100 ml. of & 1% (w/v)
Ha¥ solution. The subsequent solution was maintalned in an ice
bath at 0°C. for two hours with intermittent stirring. It was then
sentrifuged for five minutes at 1800 R, P, ¥, ?helﬁﬂdisﬁﬁt

was then discarded and the supernatant liquid cooled t§ 09C, 4
volume of 95% ethanol sufficient to make the alcoholic titer 50%
wag then added to precipitate the first ensyme fraction. Following
thorough nixing the solution was Icontrizuaod for five
minutes and the precipitate {(i.e., the first enzyme fraction) was
disoarded. The aleoholic titer of the supernatant liguid was then
increased to 65% and the solution re-centrifuged for ten minutes,
The supernatant liquid was then discarded and the precipitate

dried in an opague dessicator for 18 hours at 5°C. The product
yield was approximetely 45%. Subsequently 0.400g., of the white
material was dissolved in 100 aml. of the phosphate uifer. The
solution was stored, under refrigeration, in a taped bottle, The

engyne proved o be quite stable under these conditions,
IRRADIATION TRCHRIQUES

Innoculation and Irradiation
¥hon the enzyme~substrate system was to be irradisted during
the course of hydrolysis (i,e., "system~illumination™) a 100 =i,
volums of the astarch solution was placed in a stoppered flask, The
suzyme solution was then withdrawn from refrigeration. BHoth
solutions were allowed %o come to room temperature. Subsequent to

this the starch solution was innoculated with 9.3 ml, of the enuyme
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golution, (Previous studies had shown this ensyme-substrate
ratio was nocessaxy for the attainment of complete hydrolysis
60 minutes after innoculation.) Innoculation was assumed to
initiato hydrolysis. The resulting solution was then aixed and
divided equally. One wvolume served as the irradiated hydrolytic
selution, the other as the dark-control. In the case of the
dissynmetrically~irradiated resctions, ono volume was irradiated
with right circularly-polarized light and the other with left
eireularly-polarized light.

when hydrolysis occurred subsequent to irradiation of the
subatrate only or the engyme only, a differsnt innoculation
method was used, The case of onzyme irradiation will be deseribed
ag represenative of the method, Two 50 ml, volumes of the sube
strate were pipetted into taped flasks, These flasks were placed
in a constant-tauperature bath and allowed to attain thermal
aquilibriun. During this time two 10 ml., volunes of enzyme
solution were placed in the reaction cells and cooled to 0°C,
One coll was then irradiated with either heterogencus or dissym-
metric light while the othor cell served as a control, either
in the dark or by means of being irradisted with the other form
of dissymmetric light. The length of irradiation time was varied
from 5 to 30 minutes., Following irradiation the subatrate
solutions were innoculated with 4.65 nl. of the appropriate
enayne solution, The hydrolyses were then carried out in the
darir and were individually timed,

Bedrolzais duxatione ~~The duration of hydrelysis was one
hour, in all cagses. This tinee-léngth of hydrolysis was chosen
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"hecause 1t afforded amp&a tine for sampling and temperature control
without permitting heat build-up to occur to the extent of damaging

the optioal coaponeants of the illumination bath.

Analytical Technique

Ihe hydrolysag.-~During ti;é course of the hydrolyses, Z ul.
aligquot samples of reaction-mixture were withérawn froa both cells.
Initially such samples were withdrawn at 6 minute intervals. Ia
later studies more than 50% of the samples to be maiym wers
withdrawn in the first 15 minute segment of the overall one hour
hydmlysia‘.

The Folin (10) wodification of the FolineWu m»ai;w-mar
analysis was employed in ssoalyzing ths withdrawn aliguots for the
amount of reducing=~suger formed during the course of hydrolysis.
(It i¢ important to note that while the final hydrolytic products
of the reaction are maltose molecules,the reducingesugar formed in
the ocourse of this reaction say consiast of dimers or polywmers of
maltose units.) The first step of the Folin preocedure specifies
the discherge of a 2 ml. sample into a flask containing 16 ml. of
K/12 sulfuric soid and 2 ml, of 10% (w/v) sodium tungstate. This
golution deprotemates the reaction-mixture, Completion of this
digeharge procedure was assuned to terminate hydmolysis for each
aliquot, Jamples treated in this way were then stored in their
correzponding flasks until the one hour monitoring procedure was
complete. All saumples, including appropriate starchein-buffer and
reagent blanks, were then sisultaneously subjected to the remaining
phages of the photometric analysis. Starch solutions "stored” in

the manner described above disclosod ne detsctable acid=catalyned
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hydrolysis.

Photometric measurements of the resulting molybdenum blue
samples were made at 500 my. The absorption spectrsa of the blue
Folin~Wu product (see Fig. 2.) indicates the absorption band is
of significantly greater amplitude at this wavelength then at 580 my,

The data accumlated from these provoedures consisted of
sample~absorbancy as a tunaéton of time. In order to convert this
data to that of reducinge-sugar formed as a function of time it wvas
necessary to prepare a maltose calibration curve (i.e., absorbancy
as a function of maltose concentration). The Bunker, et al (7),
method of sample preparation was utilized. Stock standards of
koo, 267, 178, 119, and 79 mg. of maltose per 100 ml, (each of these
18 2/3 the concentration of the next higher and 1} times that of
the next lower) wtis prepared and utilized in the dilution scheme

described below,

L1 2 13 15 T8 7 138
00 | 267 1aze (139 179 m%.sk
it ‘&:ﬁtmmma@_
363 1 2h2 1162 1108 17,8 147.8 Ja4 1 o
ST o
L7 WO T TR AN R N P

Table l.~-8howing proportions in which standards
are to be mixed in order to make samples of desired
maltose concentration,
The desired concentration of a maltose sample (C), or a
close approximation to it, is found in Columns 1 to 6 of Table 1.

On the same line in Column 7 will be found the amount to be taken



1.00
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0050 T
0025 h
0.00 * - -
500 600 700 - 800 900
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Fig. 2.--Graph showing the absorption spectra
of the Folin-Wu product.
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of the stock standard whose value heads the column in which the
C value was found. In Column 8 on the sase line is the amount of
the next lower stock standard to be mixed with it to furnigh a
useful working standard.
The samples of known maltose coucentration were then sube
jeeted to the colorimotric analysis. From the resultant data a

calibratior or standard curve was constructed.

§»=~Cary 15 and Perkine-Elmer
Hitachi 139 UV-VIS Spectrophotoneters were utilized in obtaining
spectra of irradiated (heterogenously) and darkecontrol enzyze
samples. The solvent and concentration of the samples vere
identical to those used in the hydrolyses.

Qutical _rotatory gisparaion.--A JASCO ORD/UVeS spectro-
polarimeter was used in obtaining the rotatory dispersion curves
of irradiated and dark-contrel enzyme samples. The sasples wvere
identical to those utilized in the ultra-violet spectral anslysea.

Phenomena obgerved in the course of the ultra-violet
absorption studies indicated the necessity of investigating a
particular enaysatic absorption band existing at 320 mi. The
band 15 not generally characteriatic of proteins and the
phenonena associated with the band were first studied Ly verying
the pH of the enzyme solutions and obtaining absorption spectra.
The pH variation was accomplished by the introduction of small
volumes of concentrated NaOH or Hp50) into relatively large (300 ml.)
volumes of ensywme solution. A drop of the resulting solution was
then placed upon & glass slide and mixed with universal indicator

to deternine the solution's piH. In each range spectra wera taken,



CHAPTER I1X
RRSULTE

The 3ysten~Illumination Hydrolyses

ghis ~=~The starche~diastase

systen was found to be photochemically active. The rate of starch
hydrolysis vas accelerated in the presence of hetercgenous light
over that of the corresponding darkecontrol., & graphical repre-
sentation oi data from this study may be found in Fig. 3.

Slope differonces between the two curves 1ndicgaa the
presonce of differential hydrolytic rates. In addition, both
curves possess a sigmoidal character corresponding to a “threshold

tine" of reaction,

ght.-~Duplicate
hydrolyses, one volume being irradiated with right circulariy-
polarized light and the other with left circularly-polarized
1ight, demonstrated no differential hydrolytic rates (see Pig. 3.).
Apparently no preferential absorption of dissymaetric radiation

in this spectral region can be asoribed to the starchediastase

sysatem.

Substrate~Illumination Hydrolysis
When the substrate was irradiated with hetercgenous light
(see Fig. 5) for periods up to 30 aminutes and the subsequent
hydrolysis conducted entirely in the dark, no differential rates
1l
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were demonstrated, The reactions proceeded as if they had never
beon illuminated. As a consequence of this result, no dissymmetric

irradiation vas employed.

Enzyme~lllumination Hydrolyses

ity ~~When the entyme alone
was irradiated with heterogencus light {(see Fig. 6.) for periods
greater than 10 minutes with a subsequent dark hydrolysis, it was
found that differentisl hydrolytic rates were ccourring. Irradiation
of the enzyme for longer than 15 minutes produced no corresponding
rate increascs. The rate differences (i.e., the slope differences)
observed in this manner were only sligbtly less pronounced than
those of the system~illumination type. In particular, it was
noticed that the plotted data for the irradiated hydrolysis
lacked 8 sigmoidal character as pronounced as in the system~

illumination,

eunzyme was irrediated with dissymmetric lipht (i.e., one sample
with right and the other sample with left circularly-polariged
light} and the subsequent hydrolysis conducted in the dark, no
detectable rate differences occurred. This corroborates the
evidence secured in the dissymmetric system-illumination hydrolysis.
The graephical representation of the data from this study may be

found in Pige 7o

Maltone Standard Curve
The ealibration curve, prepared as described on pages 11 and

12, results in a plot as shown in Fig. 8. The Neer-Lambert beohavior
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that was demonstrated facilitated conversion of the data derived
from the FolineWy procedure into reducing-sugar formed as a
function of time. The precision obtalnable with this method is
on the order of 5%, Since the gqualitative differences between
irredisted samples and dark-conirol samples were always consistently
demonstrated and were always greater than the precision, the results

zeam to be reliasble.

Ultra-Violet Absorption Spectra

Comperison of the ultra-violet absorption spectra of the
irradiated enzyme with that of the dark~control onzywe disclosed
that two sbsorption bands were present in each. The spectra are
reprosented in Fig. 9. In addition to the classical protein
absorption band 8t 280 mys (dUE 1O 8 ] ~wmwwp {7 trensition in
the aromatic amino acid residues), there appearsd to be an
“abgorptive shoulder” or gmall«amplitude band at 320 sy, The
latter hand is wot generally characteristic of proteins. The

aresonce of this band proved to be reproducible,.

Optical Rotatory Dispersion

Comparison ol the optical rotatory dispersion curves for
the irradiated and the dark-control enzyme solutions (see Fig., 10.)
disclosed very striking differences. The wavelength of the Cotton
effoot inversion point for the irradiated sample (A:) is groater
than that of the dark-control (A, ). Since the asplitude of the
Cotton elfect for the irradiated semple is greater than that of
the dark=control, it follows that by is greater them by (where
b, i3 2 helix eonstant defined in Chapter IV and is diroctly

proportional to Cotton effent amplitude). The two rotatory dispersion
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ourves are similer in that no Cotton olffect 1. 2ssociated with

the 320 wmy. spectral region,

pH Dependency of Abgorption

The methods used in investigating the pH depondency of
the 2°0 and 320 su. ebsorpiion banda proved satisfactory (see Fig. 11).
The 280 my., bLand was, as expected, found to be varisble with
respect to changing hydrogen=ion concentrations. 4 shift toward
ghorter wavelengths of the absorption band was noted in more
basic conditions. This shift in the 280 wj. band is due to the
disgocciation of the phenolic group of tyrosine to the corresponding
phenolate ifon (11)., Ko changes were evident in the absorption

sccurring at 320 my. throughout the pH ranges investigated (2-9).
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the substrate solution,
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of the enzyme solution.
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CHAPTER IV
DESCUBSION

The results obtained froam the hydrolytic studies involving
systen-illumination (p. 13) and eneyme-illumination (p. 15} show
olsarly that irradiation results in increased hydrolytic activity
{i.8., the slope of the irradiated resction is always greater than
or agual to the slope of the dark-contzol). The fact that the
difference in the rates between the dark-control and both types oif
11luminated samples (i.¢., sysﬁnm and enzyae illumination samples}
is nearly equal implicates the enzyme as belng responsible for the
photochemical activity. The substrate~illumination {p. 1i) shows
no glope difference between irradiasted and darke-control samples.
This further corrohorates the evidence that the enzyme is the

functional component of the gystem during photolysis.

Enzynes

Engymes are protein materials whose chemical siructure
is,; in principle, reasonably siwple., They conzist of long chains
of amino aclid residues linked to gach other by secondary amide or
poptide bonds. Structural complications arise, however, (1) from
the nearly infinite number of linear sequences obtainable from the
many different naturally occurring amino acids, {(2) from the great
length of these chains, which may consist of several hundred
amine acids, and (3} from the specific folding of these chains (11).

wB P
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The specificity of this folding is related to many types of
intrarolecular agsociation, including hydrogensbonds, disulfide
bridges, dipsle induction of polar side chains, and shorterange
van der ¥Waals forces between non~polar side chalns. 7ais folding
sesults in a three-dimensional structural pattern known as protein

“gonformation.™

Protein Conformation

In a series of brilliant theoretical considerations on
protein conformation, Pauling, et al (12) predicted and subse~
qudatly confirmed, on the basis of X-ray analyses, that certain
proteins contain a helix with a nonintegral muaber of amino acid
rosidues per tuimm. This helix has been designated as theo -helix.

The conformation ‘ot a protein is of great isportance for
its chemical and physical properties as well as for its biological
functions (13). 1If .he natural conformation is destroyed or modi~
fied by physical or chemical eperations, many of the chemical or
physicochenical properties are changed, and the biological functions
9f the original native protein are altered or lost. -ln this state
the protein is said to be denatured, The general conformational
change associated with denaturation of eazymes coantaining g ~helices

is the unfolding of the helix (11).

Theoryr ol Optical Activity and 5 Latory Dispersion

Optical exlivity (the rotation of the plane of lineariye
polarized light; 14) is classically accounted for as the result
of an ianteraction 0f linearly polarized electromagnetic radiation

wvith a8 matorial possessing an asymmetric orientation of bonding or



chromophore electrons,

Linearly polarized light may be considered the veotor
sum of two componentss a pight ciroularly~polarized component and
a left circularly-polarized component {15), This concept of linear-
polarization can be more fully understood by considering the electric
vector € of a linearly polarized beam (observed along the axis of
propagation) as being the vector resultant of the electric vectors
of the left and right circularly-polarized components (E; and E.).
Thig concept has been experimentally demonstrated (16). It is
important to realise that while linearly~pelarized radistion is
itself gymmetric, its two circularlyepolarized components are
dissyrmetric (1.0., they are not superimposabls on their mirror
images).

Any material which is optically active must also be
circularly birefriagent (i.e., the material possesses different
indices of refraction for the left and right ciroulerliy~polarized
components). Thus, if linearly-polarized light propagates through
such a medium, one of its components will have a different veloecity
than the other. After passing through the matoerial the beams
will rocombine with a phase difference and the plane of polarization
will be rotated (it should be noted that the observer sees only the
resultant of the components).

Optically active materials are associated with the lack of
a center or plane of symmetry. 4 gualitative explanation as to why
such materials exhibit optical activity may be achieved by realizing
that although the two dissymaetric components of the linearly-

polarized light will interact (electromagnetic induction) sgually
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with a gystem of symmetrical electron oscillators, they will ok
interact equally with a systen of asyssetric elestron oscillators.
Any chemicsl configuration or conformation which lacks a center or
plane of symmetry will possess such a gystem of electrons.

The wmagnitude of optical astivity is frequency dependent,
giving rise to rotatory dispersion. Every =moletule has certain
naturel frequoncies in accord with the Planck statement AE = hi,
Thus ss the frequency of a preopagating wave approaches a resonance
condition with the natural fresgquencies ¢of a molecule, the nagnitude
of absorption, indices of refraction, opticsal rotadion, and other
physical parameters become more pronounced.

The depeadence of rotatory power on wavelength was first
expressed empirically by Drude (17):

n
[ = ) —hy
ANerg

=1

N\

where [0] ts the magnitude of rotation, Ky is an empirical constant
associated with an absorption band at A\g. It is important to note
the relationship betwsen [6] and the natural frequencies of the
molecule and the anomaly predicted whem X s )\, (86e Fig. 12.).
In Fig. 12 the optical rotation increases to a very high
positive or uepative value ag the wavelength of maximal absorption
is approached. The rotation then changes sign (i.e., undergoes an
inversion) vhen the wavelength of the absorption band i3 passed.
This type of phenousnon is knovwn as an anomalous Cotton effect (18),
The wavelaongth at which the inversion occurs is Ay» The
vartical distance between the peak (P) and the trough (1) of the

Cotton efiect 13 known as the amplitude (a) of the anomaly.



Optical

Rotation

[e]

Wavelength

Fig. 12.--Graph of a sample optical rotatory
dispersion curve (anomalous). Shown in the graph are
the amplitude of the Cotton effect (a), the peak (P),
the trough (T), and the wavelength of inversion ()‘o)
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Optical Activity and Retatory Dispersion
Pru:iins

The amino acids {(except for glycine) are all optically
active by virtue of their asymmetric carbon atom, In addition,
asertain amino acids {e.g., threonine) have another asymmetric
carbon atom in their side chains. Thus peptides (conslsting of
amino acldas) would Le expected to be optically active in virtue
of their configuration {i.e., sultiple asyumetric carbon atoms).
One wnight, at first glance, oxpect that the optical activity of
a peptide is solely & function of the number of amine acid
residuss, and hence an additive property deacribed by a one~tern
Drude equation. 3Irand, et 21 (19} found this kind of relationship
te be true for molecules having two t0 six peptide units. BHowever,
Goodmen {20} has found that as the number of residuea in & synthetic
poptide hecomes larger than five, the rotatory power is no longer
simpiy an additive property and does not obey a singlewterm Drude
eguation. It is important to realize that this deviation occurs
as the resuli of & new Cotton effect observed in the region of the
peptide hond absarption. From our theoretical considerations,
this can only mean that as the number of residues surpassss five,
the conformation (and conssguently the geometry of electros
transitions of the peptide bonds) becomes dissymmetric. It
follows then that the rotatory power of a protein is net only
an additive property, but also a conformationally dependent
proparty.

The ¢ptical rotatory dispersion of proeteins

may be described by the soffitt equation {(21):
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a1 w | A

vhere [ﬁ‘] A is the effective rotation, ) is the wavelength of the
medsurement, &, is a constant characteristic of the helix and reaidue
contribution, and A\, @nd b, are congtants characteristic of the helix,
The constantz relating to the helix (A,» b,) are particularly importe
ant to this discussion.

The A, constant (a specisl case of the Ay described earlier)
may be sbitained directly or estimated from the experimentally
meagsurod Uotion effect.

The b, constant is an indirect measure of helical content (11, 15),
It can be estimated from a Cotton effect since it is directly prow
portional to amplitude.

In swssary, the optical rotatory dispersion of proteins
provides not oaly a tool for detecting a conformaticnal change,
but also for descoribing the gualitative naturs of a conformational

change,

The Experimental ORD Datae
A comparison of the optical rotatory dispersion curves of

the irradiated aud dark-ocontrol enzymes (p. 25) discloses striking
difforences, The wavelength of inversion (),) for both curves may
be estimated by extrapolating the dotted area of the curves to the
point of zero~yptation. The wavelength of inversion for the
irradiated sample ()\3) bas undergone a shift towerd a longer
wavelongth than that of the dark-control sample ()\,). The ampli-

tudes of the respective Cotton effects should also be noted. Since
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the amplitude of the irradisted semple’s Cotton effect is larger
than that of the dark-control, the by constant for the irvadiated
enzyme (5} iu larger than that of the dark=-control enzyme (by).
foth of these phenomena are indiocative of higher helical content
{11, 15, 22}, Since denaturation of Taka-dlastase, resulting in
the loge of ensymatic activity, is sccompanied by 2 reduction in
helical sontent, it is reasonable to conclude that higher helical
contont will e reflected in increased enaymstic activity. The
gystem-iliumination {(p. 14) and the ensyme illumination {p. 13)
both yesull in increased enmymatic activity. It would seem that
the change in conformation that ocours in eystem-illumination is
a timo-dependent proosess {(i,e., the sigmeidal character of the
curves nay correspond % 2 “threshold time™). The irradiated
seaple curve obtained from enmywe~illumination (p. 21) displays a
roduced sigmeidal eoffsect, Appsrently the influence of light has
resulted ic a change of the mean conformation of the easyme that
i completed duving hydrolysis in the systemsillusination studies
and that i essentially compleote hefore hydrolysis in the enzymo~

iliveination ptudies.

4 Postulated “echaniss
The enzyme absorption spectra (p, 24) discloses two regions
in which absorption ocours. The 280 wu, band is characteristic
| of proteing apd is due 10 the e ﬂ* trangition in the sromatie
groups of tyrosine, tryptophan, and phenylalanine {23}, The 320 my.
hand L2 not generally chavacteristic of proteins and underyees
no detoctable change subseguent to irradiation,
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By virtue of the fact that the 280 my, band was inacces~
sible in %he radiation experiments (the lower limit of rediation
generated vas 395 my.) the 320 wy. bend would seem responsible
for the photoechemical sctivity.

The onzyme, prior to modifiestion (p. 7), existed in
agueoug solutior in the fornm of hydreted mulecules. The addition
of alcochol tv the system sets up & competitive hydration procsss,
alloving the protein molecules o dintermolecularly azsociato--and
the protein precipitates. It is possible that one such fora of
association could stem from the complexing of the electron~-rich
M =clouds ¢f an aromatic amine acid residue with an electron
deficient site. Such 2 charge-transfer complex (23} would
delocaline electrons and stabilize the activated state,my (25).

The stabilization of the activated state is shown in Fig. 13.

1% ———
al Aﬁ*‘{

as° AR
a

Pige 13.~3howing energy levels of
the ground stote (1 ), excited atate (n"), and
the excited state complex (M 8.
An absorption shift of the aromatic band at 280 mu, o

longer wavelsngths for such complexes wounld then be expent
because of this stabilization (i.e., the OF of Pig. 13 is redused
by the stabliliiy of the ewxcited ztate, A g¥ § further, since AE = ho/),
a reductien in AR must bs accospenied by an increasse inA). Thus

& charge-travafer complex might sccount for the 320 my. absozption.
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Upon re-dissolving the precipiiated protein in water,
most of these assooiations are disrupted (i.e.; the protein
beconas soluble). However, it is possible that some of these
charge-transfer complexes are pat disrupted. 7The resulting
molecules could then exist in dimeric or polymeric forus. The
mean conformation of the protein population could then be desige

nated aa C, and the ratio of complexed sites to non-complexed
A

A n
280
of the reaspective bands). These dimerie or polymeric forms

sites could be given by (where A is the absorbance
would then constitute a structural restriction. They could pree
vent the protein molecules from attaining thelr moat thermo-
dynanically stable conformation,

If these comploxes exist in solution, irrediation could
result in & few—p 77" (Le€., 8 bonding to an anti-bonding)
transition., In this manner irradiation could provide an excita-
tion~tise during which the molecules could assume their most
stable conformation (C*, where * signifies en irradiated popule~
tion) by changing complex sites. Pauling (12) has shown that
high halical content contributes to conformational stability.
Denaturation, associated with lov helical content, is accompanied
by & reduction of enmymatic activity (26). It is reascnable then
that high belical content could result in increased enzymatic
activity {pp. 14, 15). In all cases of system and enzyme-illumi-
nation hydrolytic activities vere Smw&m by the influence of
1ight,

The ratios of complexed sites to non-ovomplezed sites before
and after irradiation should remain reasonably constant (i.e., the
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ratio of - should very nearly egual } since
4280 | o Azgoln
the mechanism postulates that only the sites of T-complexing
change with irradiation,
It is possible to conslder the hypothecated mechanism

from the standpeint of a conceptual energy diagram {see Fip. 14.).

n =
s, W
I AR o
s 4R :
Path

Fige 18,--Showing congeptual
energy diagvam for the postulated
nechand sn, :
The relative energy level of the C, conformational state is shown
on the artrome left. The snergy required for the attainment of
the aotivaled state is that whieh conld be provided by irradiation.
The postulatien that irradiation emables the enzyme to attain a more
stable conformation is indicated in that the energy level for this
conformation ¢(C}) is lower than that of the native (1.e., initial)
gonforaation by AH. The hypothecated mechanism would then be
exothermic, 1% is wellw-established that denaturation (i.e., the
lowering of helicsl eénwu‘k) is an endothermic process (27, 28).
A gumnmery of the hypothecated mechanism is diagrammatically

prasentad in Flg. 15,
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The "threshold time” (pp. 14, 13, and 3%) associated with
the system-illuzination can be interpreted, in terss of this
mechanign, as bdelng the length of tine required for attaining the
wost stable structure (i.e., the highest helical content) which is
reflected in increased enzymatic activity. .

1f the mechanisa involves a charge-tranafer complex, the
phenonenon is apparently non~dissymmetvric. The optieal retatory
digparsion curves for the irradiated and derk-control sanples (p. 25)
- show that no Cotton effect is aassovisted with the 320 mu, band.

Further, phnotolysis would only enhance attainment of the
most stable ennyme conformation. It would aseem possible for the
angyme o atiein this conformation, over a long period of time,
while being kept entirely in the dark. .

It iz interesting to note, once again, that Navesr and
Aubenstein {8} reported inoresased hydrolytic activity upon the
irradiation of diastase of malt. Apparently this phenomenon is
not restricted to thed -amylase currently being investigated,

The following experimental problems are indicated in
extending investigation of this phenomenons

{3} The investigation of the ultra-vislet absorptien spectra
of malt diastase will disclose whether or not the 320 my.
band is present in this enizynme,

{2} Dissymmetric irradiation of the Take~diastass enmyme with
slectromagnatic radiation whose spectsal region includes
the optically aective 200 my. band will discluse the effects
of dissymmetric radiatiorn upon a diassymmetric gystem.

{3} Spectvuphotometvric saperiments should be dssigned to test
the hypothecated mechanism.

{k} notatory dispersion studies ghould be used to deteraine
whebthar or not the confurmational changes brought about
by ipradiation are reversible.



(1)

(2}

(3

»

Taka~diastase and soluble starch constitute a photoe
chemically active system.

A small-amplitude absorption band existing in the enzyme
solution at 320 my. is responsible for the phenomenon.
The 320 my. absorption band does not involve circular~
dichroism (i.0., no Cotton effect is present in the
optical rotatory dispersion) and dissymmetric photolysis
is not possible in this spectral region,

The absorption at 320 my, may be associated with a
¢harge~transfer complex that allows the enzyme to attain
higher helical content. This couformational change might
account for the increased enzymatic activity observed

when the system is irrediated.



1,

2.

2.
h,

%o
6,
7.

8.

P

1o,

11,

13,

1k,

13.

16.

E.

E.

i‘{.

Pe

3e

B

bl
LITERATURE CITBD
Co Co Baly, and B. 8. Semnens, Prog. Jov. i3s.. looden, Series B,
25, 250 (192h).
C. C. Baly, and E. 3. Seamens, Noture, 116, 817 (1923%).
%, Semmens, Natupe, 111, ko (1929,
8. Semmens, J, 50C. Chem. Ind., #2, 76 (1923),

!-Q \ﬁa@ht’ 3 e B 229 h?l (1925)0

ﬂi Jonas. MOQ ”F 6§1 (1925)0

We M, Bunker and R, G. E. Anderson, J, Biol. Cheg., 77,
*?3 (19‘»8}e

Ee Navez and D. B, Kubenstein, J. Biol. Chem., 50, 503 (1928),

Co Shermany A« ¥y Thomas, and M, B, Baldwin, J, Am. . Chas, S0g.,
k1, 231 (1919).

Folin, J..Biol. Chen., 82, 83 (1929).

Haugowitz, "The Chewistry and Function of Proteins,” 2nd. ed.,
Academic Press, Inc., New York and London, 1963,

Pauling, B. B. Corey, and K, R. Bransson, Prog, Hatl, jcad.
Sohes Ha Sy 37, 205 (1051).

Harrow and A, Masur, “Textbook of Biochemistry," 2th ad.,
Wo Be Sauniers Co., Philadelphia and London, 1966,

de SGhurelifi, "Polarized Light,” Harvard University Press,
Canbridge, 1962,

Djerassi, “Optical Rotatory Dispersion,” HeGraw-Hill Book Co.,
Inc., Hew York, 1960,

e Wood, "Physical Optics,” 3rd, ed., Hacmillan Co., New York,
1954,

Drude, "Lehrburch der Optik,™ 2Znd. ed.,, Hirzel Verlag,
Leipzig, 1906,

¥itchell, "The Cotton Effect," G. BDell and Sons, Ltd.,
London, 1933.

prand and B. J, Zrlanger, J. an, Ches, Soc.. 73, 3508, k023,
5027 (1951



21,

22

23.‘

2k,

25,

26,
27.

28,

B

We

E.

Pe

S

Go

Ao
Je

G

o2~

Goodman, E. Schmitt, and D. Yphantis, J. 4m. Chen. 80G..
8%, 1283-96 (1962).

H, aiaaher. e ﬁ. Sunmorwtll, J. Junge, and E. A. Stein,
3 RET A PR ',.,.;’-1‘:‘ 8' 113 (1958}.

Doty and E., P. Galduscheck, in "Proteins,” (H. Neurath and
K. Bailey eds.), Vol. 14, 433, Academic Press, Inc.,
New ?el‘k@ 1953,

Y¥einstein and H, J. lucas, J 800. » 60, 336 (1938).

%. Wheland, "Resonance in Organic Chemistry," John Wiley and
jons, Xew York, 1958.

Olkawa and A, Naeda, J. JAechem. Tokye, 3k, 745 (1958).

¥s Sturtevant, J. AR, Sheigs 808 73' 1933 (1952).
Eistiakowsky, J. Am. Chem, S0@,, 62, 1895 (19k0).




	Eastern Illinois University
	The Keep
	1967

	A Photo-Catalytic Enzymatic Hydrolysis
	Michael Mosby Daly
	Recommended Citation


	tmp.1540413239.pdf.gjbcz

