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sffects of Sonic (Gsocillation on Take-Amylase 4

and Its Derivatives.

le Degredation of Tekas~Amylsse A by Sonic Oscillation.

By Ikunoshin Kato



Effects of Sonic Jscillesfiion on Taka-asylsse A

and Jte Lerivativas.

I, Degradation of Taks-arylase A by Sonic Uscillation

Jne of the moat interesting problems in the studies on
biologically sctive marmmiwzl@s. will be to ¢lucidste the
relationshijp between function and sztructure, and marny efforts
have been thus fermede slong this line. (e of the wsve for
this purpose is to isolate an artificially modified derivative
of an active msoromolecule and %o compare its functior ond
structure. The sttempts to isclta sn sctive derivetive of
enzyae have beer purformed by many suthiors ( 1 ~ & ).

In the studies on Taka-snylese A ( TAA ), the simllar ex-
periments have beer successitilly achieved by Tods et sle ( 5 =~
7 }e Itia , nowever, obviocus that atructure and charscters
of an sctive fragasnt deperd on the applied method for degra-
dation. The gonoral method for norotein degradation is to use
8 specifiec proteolytic enzyme, but ordinarily netive globular
oroteins are resiatant to ite action. *i'fai is fourd to be not
an exception ( & ). Therfore Tods et ale proteclytically

dagraded TAA after comverting it to its phenylazobenzoyl



derivative ( 9 ). In the present studies, we intsrded to
modify the intact TAA by a2 pon~proteslytic method without
2y pre~-treatoont.

Alrsady, tasre asre a fow non-enzymatic methods, chenicel and
mhysical. for exasmple, the former is to use 2 specific chemi-
cal reasgent and the later irradistion of high energy beams.
But those methods usually acoompany with aorial damsgss for
the biologieel funcotion of enzymes and could not be apnlied
for ootainning sctive derivatives.

In 1345, it was reported that sonic wave hes deretureting
sction for protein molecules ( 10 ), but its effects on
primary structure of the proteins and thelr ﬁiolagical‘ func-
tions were not examined. In turn, Schmid hes fourd that poly-~
stylsne of moleculayr weight 350,000 - BHU,000 wore degraded
to of molecular weight 130,000 ( 11 ). These studies suggest
that somic wave has degradative action to chemiocsl bornds.

Thus we applied mechsnoghemical force of sonic oscillation
for the degredetion of the intasct T4A and have obleined two
kinds of sctive derivstives.

This naper presents the effects of sonic oscillation on the

primary structures vaf the intact TAA and of the reduced-



carboxymethylated TAA ( H-Ci=TAA ), and their biological
activities. [he biologicslly sctive producis were isolated

chromatograghycally.



MITHODS AKD MATTRIALS.

Taka~-Amyiase f.~ - ~ Orystalline Teke-smylase A was prepared

from ¥ Tekadisstaee 3ankyo ™ by the method of Akabori et

ale { 12 ) and recrystallized two or three times from squecus
scetone. The crystalline TAA wps further npurilisd by DipE-
cellulose colusn chromstography ( 13 ). The purified TAL was
dialyzed ageinst o large volume of delonized water and stocked
asfter iyophilization. The molsoular weizht of TAA wes pssumed
a8 51,000 ( 14 ).

Reduction and Corboxymethylation of Tske-amylase 4 ( R-UM-TAA )

The reduction of 4 disulfide bonds was carrisd out in the
following procedures { 15 ) : 1.5 % of the pative TAA in tris
buffer of pil 8.6 wes reduced with U3 U Bemercaptethanol in
8 M urca ard 0.01 ¥ DTA at 40° C for 8 hours. The p of this
reaction mixture was adjusted to and meintoined 2% &3 and
1.3 molar excess monolodoacetic scid fo total sulflydryl groups
wae added and the solution was left at room temperasture for
2 minutes. The solution wss dyslyzed sgairst ruming-tap
water and then ageinst deionized water ip the dark place.

After dialysis for about 48 hours at 5° O, it was lyophlized

ard stocked. In this sample, 9 moles of S~Carboxymethyle-



cyatoire ( 3-0i~oysteine ) which corresponds to the total
sulfhydryl groups in TAA, were detected by amino acid ansly-
sis with an sutometic amino scid eralyzer ( Beckman Soirco Je

sonde oscillatione.- - = Uscillator used wes ™ Kubota, type

K5 100 " of 10 £Ge» 10 U Fiftesn to twenty zle of the
protein solution was subjected to sonic oseillation at G -
37 Ce

Ustermination of Bond Splitting.~ - ~ Bond splittirg by

sonic osscillation wes determined by the ordinary nirhydrine
eolorimetric method { 16 ) and the newly formed N-terminal
anino groups were characterized and estimated by the Senger’s
IXFB method ( 17 Je |

Viscosity Jeasurcment.~ - - Changea of viscosity of protein

solution durlng eonic oscillation were measured by Detwald
type visocomatars

Activity of ‘nzyme.~ = = Amylase activitywas messured by

determining its sscharifing powsr by the method of Fuwa ( 18 )
using emylosc as a substrate. idaltosidase sotivity wus measuresd
by determining the quantity of liberated shenol from o=

shenyl maltoside of mep. 190° &, which was prepared ageording

to the method of inteubers et al. ( 19 ). The £, and V



values were estimated from the Lineweaver-Burk®s plot { 20 ).

IBAr~gellulose Chramstograzhy.= - = [EAf~cellulose ( Serva )

wes waahed with a large volume of 1 B HOL and thern with
deionized water until the washings becamz %o neutral .
Hydrochloride of the cellulose derivative wee converted to
free base with Na M and it wes washed with largs amounts of
water to neutral. It was packed to sn appropriste glass
tube under elight pressure. The colwmm thus prepared was
bufferized with the sterting buffer and ssmple sslution
vag niasced. The slulion was started with the same bulfer.
The salt osnceniration was iporzased gradiently with nal
by a constent volume mixing chember of 400 ml.

Gel Filtratione.=- - - Sephadex G 79 and 100 wes washed with

large volume of deionized water and fine particlss were
discarded by decantation. Column of Sephmdex was ;gmme@ar@&
g«it;*mu% LY DUeSSrt.

fmino Terminal Anslysisg. - - - fmino terminal groups of
the soniceted products were determined by the [3F3 method

{ 17 )o Guantitative cstimstion of the Hlesmino acids was
sarried out by two dimenmsionmsl paper chromatography { 21 Yo

Sedimentation fnalysis.~ - = Sedimentation measurcment was




performed wita Hitschi, model UCA-T ultrz centrifuge. The

run was carried out at 60,000 Fepems and 20° Co Holecular
weizht of the sonicated nroduct was determined by sedimentation
equiribrium method ( 22 ). The run wes perforamed at

Teletie and ésﬁa Ce

Zlectrophoretic Analysig.- - - Tleetrophoresis experiments

wore performed at 12° ¢ by a mov-m boundary method using

Hitachi’s eleotrophorstic Apperstus, Model HI-B.



SXPSRIMERTS AND RUSULLS

The Time Courses of Sonig Oscillation.
In the course of sonie Milhtim on the intact TAA
at pH 47 and H-OM-TAA at pff 740, the increment of the nunmber
of bord splitting estimated by the nirhydrin colorimeiry,
the charnges of viscosity and the remsimning sctivities are
. plotted a3 a function of time as shown in Figs. 1 and 2.
In the iniact TAA, the increment of tim bord crsavage at
P fe2 in 3523 gas and In alir are 7.0 axd 2.5 leucline squivalents
par mole of TAA, respectively. In the case of R-0U-TAA at

o 7.0 in zir, its punber wes 4.0 leucine equivalents per

mole of BeJi~T44.

W M T W B AR e W W T e AR W PR o e e

Pige Te The Time Courses of Sondlc Uscillation of the Intsetl

TAA.
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In grobular state, the intact TAA, the reduced viscosity
increassed during sonicstion. Fhile in #=0=TaA, the linsar
g%ate, it decreased. Its final values are spproximetely

7.0 axmd 5.0, respeatively. During sonie treatment of the intact
TAA, axylase activity remsined nearly constani but malto-

sidase activity decressed through two steps to about 70 %.

MR W B B A MR R N MR SR mn ap WR O W M W o

FigeZe The Time Course of Somic Oscillation of 3=0i-Ta%.

GO An G TS WE A W R B WD an oy B W e W W W

However an unexpected phenomenon was observed in the case
of R=Cif=TAA. The once dinirished amylase activity, after the
reduction of the disulfide groups arnd subseguent alkylation
of the sulfhydryl groups *m;ducead. #lightly revived and

its final speoific activity wes 1 - 3 % of the intact Tal.

—(}u



Bond splitting of the intact TAA was measured by two
methods, the nizhydrive colorimetry and the LIFH method, as g
function of pile In the case of R-JIE-TAA, its bord cleavage
was glec examined by the two methods et one i of 7.0, as
shown in Pige3 A. The numbers of the cleaved peptide bonds
estinated hy the two methods ere remerkably different from
sach other as showm in Pige. 2 A and 7 B.

In the determiration of the splitting of ventide bonds
due to sonic osscillation by the ninhydrir colorimetry ,
remarkably different values were observed between sonication
sxperiments in Eg gag and dn air at il 4.2, Dut such &
difference was not cbserved in the ecstimation of newly formed

Eetorminel amino groups by the IMNFE method.

W AR e B R G BB N M ON R wR TR AR R AR N A ey ol

Fige 3« The Time Uoursss of Peptide Bord Splitting es o

Function of pni, Zstimated by the Nirhydrin Colori-

metry ( A ) and the LIPS sethod ( B Je

G W wie WF TR e G s R GG Wk D S TR wE O e e W Wy
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At any rats, thess time curves srs of total of newly
formed several N-terminal [ -amino acids, ther the ratio
of ir-smine acids estimated to the toral amounts of D

derivatives wes 1listed in Table I.

Table 1. The Eatis of lLewly Formed Imp-smino scids.

The differcnce between the bond splitting nuxbers estimated
by the two methods, might suggest that deamination of of~
amino group has occurred by the action of sonic oscillation.
In order to examine the above possibility, a solution of
suthentic mixture of scveral amirno scide was subjected to
8onic oscillation under the same cornditions aa for the
proteins, The loss of several amino acids by sonic ssciliation
wes obssrved by the DNP-method. The extent of loss was re-
srescnted as degradation conmstant, X ( 1 / min. ) ard listed

at Table Il.



Table II. The Degradation Constants of Amino Acidas in

Soniec field at Various pH.

the results show that scidic amine scids, aspartic scid
and glutamic acid,were considerably destroyed by sonic vibration
st a wide ramge of o, aé,pecially, in alkaline pH, ’w&ere the
other axino scide were alss €lightly decomposed,

The Products of Soniec Jscillation.

The purification of the somicated proteins was carried
out by DEAZ-cellulose column chromatography and by gel
filtretion. The scnicated TAA ( S-~T4A ) for 180 min. at o
4.2 was neutralized with ¥/5 Na,gf;‘&f’ ard dialized against
1/25 borate buffer of pH 7.2 for 48 hours. During the diaslysis
sbout 25 % of the total &,

280
lost arnd the remalmning irmer solution in the dislysis bag

of the starting solution was

was applied to a DEA¥-cellulose golumn. The chromatogram is

ghown in Figo 4

- 12 -
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Figed DiAn-cellulose (oluamn Chromatography of S~TAA Ubtained

bysonication for 180 min.

- AR R R WD M D R W AP Wm OGP OB W TR e R e

The main frection, which was eluted out at the concentration
of Je3 = Ue35 ¥ Nell, was lyophilized after dislysis azeinst
deionized water and was further f‘racti\;xated by gel filtration

o

( Sephadex G 75 )o The chrometogram is shown in Fig. 5.

T W GRS NS R S W WD W o e WP N s W W e

Fige 5e Gel Filtretion ( Sepiadex G 75 ) of the Main esk

from DEAT~Cellulose Chrometography.

Thus obtained two pesks were lyophilized and stocked.

Thay were designated as S-TAA~I and =i, respectively.

-151:



These purification orocedures are summsrized in Table

i1i.

Table IIl. The Purification “rogedures of S-TAA Il.

Characterizetion of S~TAA~I1.

The properties of 3~TAA~-II, the main nroduct of somicatiosn
on the intect TAA, was studied from the poiuts of its physicos
chemicel, chemicsl snd engzymatic behaiviors.

To compare the chromatographic behavior of S3-Tas-II and
that of the intact TAA, the mixture of the {two proteins
was applied to & DiAZ-cellulose column. As shown in Fig. 6, the
intact TAA and $-TAA~II were eluted from the column at Q.1 -
0e2 and 0s25 - 0u35 N Kall, resgectivm,l

The chromstograghically hemogeneéﬁa S=TAA-II ﬁwa:a snalyzed

by ultra centrifuge and electrophoraysis, as shown in Figs.



7 and 8, respectively.

W W AR R S ER W W W NE AT ae WD B W W G W

Pig. 6. Hixed Chrometogram of the Intact TAA and S-TAA-II

on a [EAE=cellulose Columne

- an e W B em R S5 D S G e CE W ¥ W B W

Sedimentation constants of S~TAA~I and ~I1 were calculated
to be 4.1 S, and 3.8 3, respectively. Hlectrophoresis was
performed at ph 6.0, 7.0 ard 5.0, and in all cases , S-TAA

-1 and ~II behaved as homogeneous materials, respectively.

@ M OB ME WR AP W OB MR W M ae TR SR MR SN oe ow

PFige 7+ Sedimentation pattern of S~-TAA~Il.

- ep B VR W AR B R AR SR N G WD O SR %O aw  wn
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Fige 8e Electrophoretic pattern of S-TAA~II at pH 5.0

A M OB W TR D WD R GR G R W O W SR D 9 W

These anaslyses irdicate that 3-744~11 is homogeneous
not only chrometographically but also ultracentrifugecally
and electrophoretically. To exmine chemical purity of S-TAA
~1I molecule, the amide terminal group was anslyzed. The
I=-terminal and amide snalyses were performed om lyocphilized
specimen after drying in vaecuo to a constant weighi. The
DNP-nrotein was hydrolyzed for 8 hours at 105“ Ce Three
kinds of N-terminal smino acide, IKP-ila, DRP-Glu and DiP-

Asp, were obtained. These resultsz are shown ir Table IV.

Table IV, The F-terminsl DP-aming acids and amide Content

Qf S.TAA.II‘

- 16 =



The molecular weight of S5-TAA-II wes estimated from
the sedimentation equiribrium method as 42,000 t+ 2,000

The Archibsld pattern ia shown in Fig. J.

s Wy @ OB Wb WS AR W W G an O R e AR S W W

Pige9. The Pattern of Archibeld Run of S-TAA-II.

E WS AWM WD W W W AR AR e WE W U e W W ap W

The amounts of N~-terminal emino acids listed in Table
IV, were calculated assuming molecular weight of 42,000
for S~-TAA-II but the estimated molecular weight from the
found N~terminal DNP-Ala is about 35,000
These results suggest that the followimg two possibilities s

{ 1) S~TAA-II is conteminated with other sonicated produvts
N

or {( 2 ) hasa two N-termini and is consisted of at least two -
nolypeptides, which are crosslinked by disulfide linkages.
However, judging from the purity and the estimated molecular

weight from sedimentation equiribrium method, the foruer

-17 -



possibility may be ruled out. Then the letter posasibility was
examined by reducing the disulfide bridges in S~-TAA-II.
The reﬁuction was performed by u’sj.ng $wo klinas of reducing

agents, sodium borohydride and sodium thioglycolate. After

the reduction of S5-TAA-II with 1 % of sodium borohydride
at 25$ G, the resction mixture at zero time and three hours
were chromatographed on a DEAE-cellulose columm after the
blocking the relezsed sulfhydryl groups with PCB. The

chromatographic pattern is shown in PFig. 10

" N O R AP Om AR T W TR M o W T e R W O

Pige 10 DEAE-cellulose column Chromatography of the Reduced

S=-TAA~II with NeBi 4°

W YE WR WS G WB W sm WS W W A Wm W G e WD A

The breskthrough pesk increased as nroceeding the reduction.
The breakthrough pesk was further separated into at least

two parts by gel filtration on a Sevhadex G 25 column, a®

- 18 =



shown in Fig. 11.

- aE e G W G W R D WS Y W G TR GG W T

Fig. 11, Further Separstion of the Reduced S-TAA~II by

gel filtration ona Sephadex G 25 Colusm.

The appearance of sulfhydryl groups in S~-TAA~II by 24

NaBH, at 25” C are plotted in Fig. 12

W W ap W A P W W R YO W A R R N MR em W

Fige 12. The Time Course of S-TAA-II Reduction with 2 ¢

NeBH, at 252 ¢.

W D G Sk B G TS M5 N AR W e W e W W
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The results indicate that the reduction wes complete
at about one hour and that 5 moles of cystein residue per
mole of S~TAA=-II. were released. The resulted mixture of
90 min. reduction was also subjected to gel filtration
on a Sephadex G 25 column. The elution pattern is shown

in Pig. 13

W e A W OB M W G Ch MR AR N @ B s W W W

Pige 13e¢ Gel Filtration PPattern of Reduced S~TAA-IT

with W‘h-

In the case of sodium thioglycolate, the reduction was perform
formed at 25° C in 8 M urea of pH 8.6 for § hours. The mix-
ture was dialyzed egainst acetete buffer of pii 6.9 contein-

4

ning 10 © i silvernum acetate. The outer solution of dialysis

wa® also applied to gel filtration on a Sephadex G 25 column.



G G WS WP G L W GR W YR ey S OB NP AP NS AR N

Plg. 14. The Pattern of Gel Filtration, on a 3ephadex G25
Column, of the suter Solution of Dislysis of the

Reduced S=-TAA~II with Sodium Thioglycolate.

o WG G W U3 WS G5 S B W W @R TR W A W -

Finally, several phisicochemical snd enzymatic chsracters
of 3~TAA-1 and -II are listed in Table V, comparing with those

of the intact TAA.

PMg. 14 The Quantities reflecting the Characters of 3-TAA

and of the Intact TAA.




DISCUSSION

The Effects of Sonic Oscillation.

Considering the results of the degradation studies on
the effects of sonic oscillation on synthetic linear polymers,
it is obvious that its energy is enough to induce chemicsl
changes ( 10, 11 ). Therfore, it is expected that sonic wave
modifiea the intact TAA molecule, whieh is known to bYe relatively
resistant to the action of proteolytic enzymes and the thermal
agitation ( 8 ).

As shown in Flg. 1, the increment of bond splitting number
and the changes of reduced viscosity indicste that the alter-
ations of the primary and tertisry structures of T44 have
occurrede

The difference between the numbers of pegaiide bord split
’det@rmined by the ninhydrin colorimetry and those by the DNFB
method, sugpests that deamination of d=amino groups were in-
duced by the action of sonic oscillation irn aqueous solution.
Previously, it was reported that sonic oscillation has slight
oxidative action ( 23 ). But the precise oxidative mechentem
was not proposed, because oxidative sction was accelerated

I by the sonication under the stream of immert gas ( 1073



At any rate, to check this possibility, the loss of 4~
amino groups during sonication of the protein umder nitrogen
atmosphere was compared with that occurred under lasboratory
atmosphere. ( Fige 3 ). No remerkable difference between the
values estimated by the DINFSE method under nitroger snd aire
However, when the ninhydrin colorimetry was used, the increment
of the ninhydrin values extresmly depressed in the experiments
under nitrogen atmosphere. The degree of loss during sonication
depends on the natures of side chsin groups of amino seid
residues and interestingly acidic amino acids are easily
destroyed ( Table 11 ). These results suggest that the treatment
of sonic oscillation on protein solution mnmmay undesirable
gide resctions, especially aeaqtimtion. Asg ghown in Teble
I, the newly formed K.terminal @ino acids during sonicstion
of TAA are several and then it leads to the conclusion that
the ropdom splititing of the protein molecule accurred in the
field of sonic wave.

It is clear for the above described facts that sonic treat-
ment are not suitable to isolate s homogeneous sctive fragment.

The difference of sonic susceptibility on the two polymers, -
of which comformations are different, groblar and linepr, was

comparaed with one onother. The numbers of peptide bond cleaved



were nearly the same in the both csses, TAA and R-CH~TAA
( Pige. 1, 2 and 5 ). |

The pif deperdence of sonic susceptibllity was investigated
and cbviously pil dependence was cbserved ( Fig. 3 ). These
results might suggest the mechanisxm of peptide bond sg;\li;tting
by sonic weve but the precise zﬁeehaaniam is unknown in this
state.

The reverse pbenomena observed in viscosity changes kbetween
TAA ard R~Cil~T4A. These results appear to indicete thet the
increment of reduced viscosity of the intact TAA may be
due to unfolding of the seccondsry and tertiary structures
and that the increment of R-Ci~TAA seems to be mainly attri-
buted to destruction of piimarx structure and pertly to re-
formation of some ordered amtml structurs.

TAA meintained nearly constant enzymetic activity during
sonic vibration up to 180 min. ( Fig. 1 ) It seems that
configurational changes induced by sonication do not affect
or have no connection with the structure constituting active
center of this enzyme.

Vhile, fantastic results were obtained in the case of
R~Ci~TAA. It wns observed that the once diminished amylese

activity by the reduction and following alkylation, révived

- 2b »



by sonic oscillation ( Fig. 2 ). This suggests that sonic
wave rearranged the comformation of the lnactivated active site
contained in R-Ci~TAA. For the elucidation of this peculiar
phenocmenon , further investigations are regiured and it will
be discussed in the later paper in this series ( 24 ).

A3 a conclusion, it might be seid that the action of soniec h
wave causcs alteration of the spatial and primsry structures
of the protein molecule,

The Product of Sonie (Oscillations

The molecular weight of S=TAA~II estimeted from the sedimen~
tation equiriﬁrium method and the quantitetive N~terminal amino
acid anslysis suggest thet this derivative of the intect
TAA lost a part of molecul of a molecular weight of aproxi-
mately 10,000 or a amixture of peptides of which tatalbmclecular
weight is 10,000 from the originel TAA ( Fige 3 and Table
I11 ).

This chromatographically and elecirophoreticelly homogeneocus
products has at least two K~termini amd cuold be frogmentated
into two or three groups by the reduction of disulfide
bridges ( Table III., and Figs. 11 - 14 ). Thesec results
sgree with those of the viscosity studies. The intact Tal

has & disulfide bridges. The clesvage of the peptide bond

- 25~



induced by sonication does not accompsny remarkable fragmentation
without reduction of disulfide linkages and may induce only
unfolding or destruction the spatial structure by sonication.
Therfore, such uﬁf@lﬁiﬂg’ might lead to the increment of the
reduced viscosity.

In conclusion, considering the results of purity tests
end the sstimationmoleculsr weight by N-terminsl smalysis and
by physicochemicel analysis, it seemed that 3-TAA=-II is
consisted of at les®t two peptide chains , which sre liked
together with the disulfide bridges end that such comfor-
mation mey be a rather disordersd form than that of the intsct
TAke This was also supported by the fect of S-TAA~II was
hydrolysed by trypsin under the same conditions, under which

the intact TAA was not hydrolysed at all ( & ).

To degrade the intact TAA molecule, the energy of sonic
wave ( 10 KGe, 100 W. ) was applied to its aqueous sslution.
f.) The effects of sonic oscillation wes followed by
measuring the changes of iimsity. enzymatic asctivity and

the increment of peptide bond splitting. The bond eplitting



rumber wes estimated by the ninhydrin colorimetry and by

the DIFB method. The average mumber of cleavage of peptide
bonds under verious conditions was about 1| = 7 pre mole

of the intact TAA at 180 min. sonication. These were compared
with those of R-Ui=~TAA.

2.) Several kinds of K~terminal amino scids appesred
by sonic oscillation. Then, it was conclueded that sonic
wave 8plit protein molecule randomlye.

3¢} The final product of $-TAA-II holds nesrly the same
enzymatic activity as that of the intaet TAA. The molecular
weight estimated by the sedimentation equiribrium method wes
42,000 But, the molecular weight calculated onthe basis
of the estimated N-terminal Ala wes 35,000

Assuming it as 42,000, it wes conclueded that S5-TA4-II
was consisted of at least two peptide chains, of which K-
terminal groups were Ala. ( 1 ) and Aspe + Glus ( 1 ), and
that the two peptide chains are crosslinked by disulfide
borde with each other. The sbove considerations were supported
by the fragmentation studies with reduction of the disulfide
bridges.

4e) RE=C¥-TAA, which seems to have no definite secondary

and tertiary structures, was also split by sonicatiom with



nearly same extent as the intact TAA, accompaning decrement
of viscosity and the reappearance of the once diminished

amylase activity.
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Fige 9« The Pattern of Archibald Run of S~TAA-II.
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Table I.

The Ratio of NawlLFomed N~terminal Amino Acids by

Sonication of the Intact TAA a2t Several FH’s.

Amino Acids The Ratio of Newly Formed N-terminal Amino Acids ( % )

oH 7.0* PH 4e2  DH 4e2 PH 740 pH 940

( N,) () (air) (N) (N,)
Glu. 69 1329 11.2 502 1641
Aspe 1703 1843 2142 9e9 32,1
Alae Oatl 1541 52 1046 7e3
Glye 1647 1301 1765 649 1841
Thr, 2,6 8.3 1764 1143 10.2
Sere 22.4 246 9e3 2840 16.1
Leu. AVal. 342 14e7 562 1242 e
Lys. — ket 1546 —

* The values of R<CM«~TAAe



Table Il

The Degradation Constant of Amino Acids in

Sonic Field at Various PH’s.

P Degradation Constant for Several Amino Acids ( 1/mine X 102 )
Ala, Gly. Ser. Thre Asp. Glue
42 ( N, ) 0.0 Qe 0.0 Ouh 240 © 2.6
4e2 ( air ) 040 0.0 00 Oud 205 22
70 ( N, ) 02 00 05 0e8 0e7 Oe2
960 ( Q5 05 00 ek 1e2 242 245

These value were obtained from the results of 10 mine® soniscation
for a mixture of the authentic mixtureacids under the same conditions

as for the protein solutione.



Tsble IIL

Preparation Schedule of Sonicated TAA.

Take-Amylase A ¢ 10 g. )
Sonication ( O° C, D 4.2, 10 KCs for 180 min. )

Dialysis against M/25 Borate Buffer of pH 72

for 48 hours in a cold roome

Outre Solution. Inner Solution.

(25 % of totsl Eyy, )

IEAE-cellulose Column Chromatography,
M/25 Borate Buffer of FH 72 and NaCl

Gradient Elutions

Main Fraction.

Dialysis against Deiozized Waters

Gel Filtration ( Sephedex G 75 )

| 1
S=TAA=~T ( 1.5 e ) S=TAA=-IT ( 440 e )



Table IV.

N-Terminal Group Analysis of S-TAA~-II and

Its Amide Content.

Proteins, Moles of DNP Amino Acid per Amide Content

Mole of Protein.
° (%)
DNP-Alas DNP-Asp. DNP-Glu.

S=TAA=II 1e1h 076 016 1+49

Molecular weight of the intact TAA and of S—TA&-II were assumed

as 51,000 and 42,000, respectively.



Toble Ve

Several Properties of S5~TAA~-II end Their Comparison

 with of TAA.
TAL  S-TAA-I S-TAA-II
Molecular Weight 53,000 42,000
S hel S hok S 3.8 S
Intrinsic Viscosity 3e3 8.5 4e5
Nitrogen Content 1543 1he 1503
(%)
Extinction Coeff. 11,7 x 10/ —— 846 X 1of
Activity / mole 140 —_— 0.7
Activity / Ne 1.0 0e9 09
| - v
Km ( amylose ) 50 X 10".5 M o 166 x 107 4
2
5 /3300 2.6 % 10 /3300

K5 ( emylose ) 1.2 X 10

Molecular weight of the intact TA4A and of S-TAA-II were assumed
as 51,000 and 42,000, respectivelys

The measurement of intrinsic viscosity was performed at 20° ¢
by using M/5 borate buffer of fH 7.2 end extinction coefficient

at 280 mu was meesured in deignized water.



rffects of Sonic Uscillation on Teka-Asyylase A

and Its Derivatives.

ile Om the Orystallization of Sonicated Teke-Amylase A

and Its Some CharectersSe
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#ffects of 3onic Uscillation on Teka-Amylase A

And Its Derivatives,

II. On the Crystallizetion of Sonicated Take=-Amylase A

And Its Some Characters.

In the preceeding paper, it was reported that the intact
TAA was degraded by sonic oscillation of 10 KGCe, 100 Ve and
the main product ( S-TAA~II ) was isolated by chromastogrephy
on a IEAf-cellulose column and gel filtration or 2 Sephadex
G 75 column. The active derivetive thus obtained has molecular
weight of sbout 42,000 by the sedimentation equiribz:ium method
and was shown to be homogeneous chromatographically and
electrophoretically.( 1 )

However, judging from the N-terminsl anmslysis ( 1 ),
S~TAA-II has three kinds of N-terminel emino acids and this
active derivative supposcd to be =till not homogeneous.
Therefore, its crystallization was sttempted for further
purification.

The present paper represents its crystallization procedures,
some characters of the resuited crystslline S~TAA-IT and
its amino acid composition, comparing with those of the

intact TAA.



Crystallization of S~TAA-Il.~ = = All procedures were per=

formed at 3 - 5° Ce

?électromoresis. =- = = Ylectrophoresis was performed by
using an electrophoretic spparatus of Hitechi model HIB.
at 20° Ce

N= terminsl Analysis.- - - Amino terminal groups were deter-

mined quantitstively bt the method of INFB ( 2 end 3 )

Amino Acids Analysis.~ = - Hydrolysis of protein was carried

out in the following procedures ; 10 mge of the crystalline
S=TAA=I] was hydrolyzed with twice distilled HCl in e sealed
evacuated tube for 24 hours at 100° C. After removal of the
excess HO1l under reduced pressure on an evaporstor st 5{39 G,
the hydrolysate was transfered gquantitatively intoe a volume
etric flask with Q.2 N citrate pbutter of pil 2.2 Aliquates
were applied to the column of Amberlite IR =120, 150X U9
cme and 15 X 0s9 cme of Beckman Spinco Amino Acid Analyser,
respectively

Tryptophane was determined afsc‘,:prﬁi% to the f*:rpm'h;mz;hoto-
metric method of Goodwin end Mortom { 4 )

Gystine and qystein were determened by ém:gerame:tri:c

titration according to Benesh et al. ( 5 ) after reduction



of the proteim with MHA.
Archibald Rune.~ ~ = This we.s performed by using an analytical
ultracentrifuge of Hitachi Model ® equipped Schlieren Jptics.
The run was cerried out at 5,570 repem. and 20° ¢,

The moloular weight was calculated from the following
equation ( 6 ) ;

M=RP/(1-v) ke do/ar

The density of the selutioﬁ ( v ) and of the solvent
wer: messured at 2{‘)0 C using the pycnometer of Ostwald type
of the capacity of about 1 ml.
nzymatic Activity.~ - = Amylase sotivity was assayed by
estimoting its sacharifing power for amylose ( Kagase )
in ¥/ 5 acetate buffer of pH 5.3 according to the method



EXPERTMENTS AND RESULTS.

Crystallization of S~TAA=II.~ = ~ (One per cent solution of

S~TAA-II in M3/ 40 calcium acetate of pH 6.5 was kept at 2
- 30 € in an ice bath and cold wetaﬁe was slowly sdded to
the solution with constant stiring to the final concentration
of about 20 %. The resulted cloudy solution wes left over
night in a cold room at 3 =5° C, then it wes centrifuged.
The supernatant was again allowed to stand for 1 - 3 days
in a cold room by addeng cold acetone to the concentration
of 304 ( VA ) of the original protein solution.

By this procedures, crystallization proceeded and the

yield was 50 - 60 Z. The crystalline form is shown in Pig. 1.
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Pige 1. Photograph of the Crystalline S~-TAA-II.
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As shown in Fig. 1, the form of crystal was similar to



Table I The N-terminal Analysis of COrystalline SeTAA«II
]

The results indicete that the crystalline SeTAA=II was
& Sole Neterminal alanine and Ne-terminal aspartic scid
and glutamic acid which were found in the crude S-TAA-II
( 1 ) dissppesred. The molecular weight of crystalline SeTAA=-
II based on the N-terminal alenine was estimsted to be
36,000 T 2,000

Wb&l& Rune

Previously, the molecular weight of the amorphous Se
TAA-II wes estimated as 42,000 from the sedimentotion
equiribrium method ( 6 ) Then it wes again measured on
the crystalline S~TAA=II., At the present time, it wes
estimated to be 37,000 # 1,000. The patiern was shown

in Fige 3o
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Pige The Pattern of Archibald Run of Crystelline S=TAA=II

Amino Acid Composition of Crystelline S=TAAwII,
Judging from the results of electrophoretic and Netermi-

nsl snalyses, the corystalline S-TAA=1I seems to be uniforme
Then ite amino acid enalysis was performed and the results

were compered with those of the intact TAA ( 9 e

Teble II. Amino Acid Composition of the Crystalline S«TAA-II

The molecular weight estimsted from the physicochemical

measurement, 37,000, was used to caloulate the number of



amino acid residues present in the enzyme. These dats are
presented in Teble II. With use of the average of the mol-
ecular weights calculated from esch smino acids, a Value
36,918 was obtained for the meen moleculer weight of ory-
talline S5-TAA~II.

In Table III, tentetive clessification of side chains
of amono acid residues which were containd in the enzyme
is presenteds Comparing it with that of theb intact TaA

{ 9 ), no remarksble difference is observed.

Table I1l. Calculation of Side Chains in the Crystslline
S=TAA=11 and their Comparison with those of

the Intact TAAe

Enzymetic Properties for Amyloses
The enzymatic cheracter of crystéll:ine S~TAA~1] was



examined comparing with that of the intasct TAA. The kinetic
constants of the enzyme fragment and the intact TAA sre

listed in Table IV,

Table IV. Kinetic Constants of Crystelline SeT4A=II ard

the Intact TAA.

These data show that the molar specific amylase sctivity of
the enzyme was 60 % of the originsl TAA. However, such
overall rate does mot indicate the precise enzymatic charac~
ter, and X and V_were obtained from the Line%veaﬁer—ﬁurk's
plot ( 10 ) as represented in Table IV. The value of Km

of S=TAA=1I was the same order with that of the intact TAA,
but ‘Vm remerkable differed from of TAA. Elucidating further
evident character of S=TAA~II, temperature effect on the rate .

was studied and thermodynsmic constents were calculateds



In Fig. 4, temperature effect on the rate for amylose wes shown.
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Fige 4e The Plott of Log K/T versus 1/D of the Qrystelline

8=-TAA=II and the Intact TAA for Amylose.
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The thermodynamic constants ewere calculated from the
date in Fig. 4. According to the theory of " Absolute rate
process " ( 11 ), the values were estimeted as shown in
Table V. Comparing the values of H and S for amylose
of S-TAA=II with those of the intact TA4, it is evident
that bothe values of the former are a little higher than
those of the latter.

Trypsin Susceptibility of Jrystalline -TAA-II.

To exsmine the molecular weight of the crystalline
S-TAA=II, trypsin susceptibility wae studied at 28 7.4 ,

8.1 and 5.9 et 20° C. The time ourves followed by the

Q’Qo



Table V. Thermodynemic Quantities of Orystalline S-TAA-II

‘anﬁ the Intect TAA for Amylose.

ninhydrin colorimetry were represented in Fig. 5. Trypsin
used was 5 4 ( W/W ) of the crystalline S-TAA=II,
The changes of amylase activity, was also followed but

no detectable loss was observed at the three pH’s.

Pige 50 The Time Curves of Tryptic Digestion of Crystalline

S~TAA=II at three pH's.
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The resulted product at 5 hours® tryptic digestion at
pH 8.1 was applied to gel filtration on a Sephadex G 100

column and its pattern is shown in Fige V1.

ww O W SR A A W W@ W W S G WGP T WS AP B e @

Fige V1. Gel Filtration of Tryptic Digestion product of

Srystalline S-Tak=I1.
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DISCUSSICN.

grystallization.

A3 described before, an attempt to crystallize S-TAA-II
was successful. Therfore it is evident that sonic treatment
has not greatly changed the spatial configulation of the
intest TAA and that S-TAA=-II contains partly rather rigid
structure, Toda et ale ( 12 = 14 ) have also obtained a

crystelline active derivative of TAA, of which molecular

- 12 -



weight was 35,000, by proteolytic digestion. eansidering their
data in combination with owr results, it is supposed that

TAA has & structure heving a highly regenerating potency or a
strikingly stable conform:tion and steble sctive center.

By the ccystallization of amorphous S-TAA=-II, its hetero-
genity on the N-terminel amino scids diminished ( Table I )e
The above results lead to the comclusion that K-termingl
giutamic acid and aspartic acid, which were formed in the
amorphous S~TAA=-II, are derived from the miner components
and that the S=TAA-II beceme crystalline by removel of the
contaminated minor components. ( 1 ).

Amino Acid Composition.

The data of amino acid compesition ( Tsble II. and IIX. )
indicate that the peptides consisting of about 120 residues
are reieases from the intect TAA by somie action leading
to the SeTAA-11, of wﬁich amino scid composition is similer
to that of the intact TAA. |

Holecular weight of Crystalline S~TAA-II,

The molecular weight of crystalline S5-TA4=II based on
the amount of the K-terminal alanine and on the results of
the physicochemical method are essentially agreement with

the calculated molecular weight for each amino acid from

- 13-



the most probable integer ( vTahles I=~1II).
Inzymetic Chavacters

Judging from the overall rate for amylose ( Teble IV ),
the enzymatic activity of the modified enzyme aere aproximste~
ly the same a8 that of the original TAA and loss of sbout
120 amino acid residues did not change appaerently the enzy-
matic activity. However, comparing the thermodynamic quanti-
ties of the 3-TAA~II with that of the intsct TAA, the cataly~-
tic efficiency are considersbly decressed ( Tabls V ). Such
changes induced by the present modification sre similar to
those for pepsin reported by Funatsu ( 15 ) and Toda ( 13 ).

According to Iyring ( 11 ), 2 reaction rats depends on
two quantities, aH¥and &SI When compared with of the intact
TAA, the increment at‘ both quantities was induced by the
modification. Therfore, the overall enzymatic activity remains
as nearly constent owing to the balance of the two quantities,
o EYend 55¥, These quentities were calculated from the over-
all rate , not from elementary rate constant. S0, what part
of rate prosecc contribute to thermodynamlc quantities obtained
could not be understood.

Vhen X - and Vm values were considered, Km %as not changed

and Vm obviously decreased by this modificetion. It indicates

- 14 =



that K‘i and K§ were decreased with the same proportion,
if an assumption of K, = f:i’%/i%{1 was mades
Tryptic 3uscceptibility.

The intact TAA was not hydrolysed by trypsm ( 16 ),
but the present modified enzyme is succeptible as presented
in Fig. 5. This phenomenon suggests that the crystalline
S=TAA=II have a partly loosed structure.

#ffects of Sonic Dscillation.

Grebar and XKaminsky ( 17 ) have observed that ewei; if .
chemical changes, the loes of E’éﬁi) and its fregmentation, . -
were induced by ultrasonic oscillation, the antigenecy of
egg alubmine was not lost.

- As desgerived, in the case of TAA, it hclds nearly the
same enzymatic activity. Considering these results, it

might be concluded that sonic wave has g limitted destructing
function of & molscﬁle;

A8 a conclusion, it 2eems that the finelly purifisd
product of the crystelline S-TAd~I1 is a uniform moleculs,
which wes ;a‘ro&uce& from the intact I‘AA miasing peptides -
of molecular, weight of 10,000 « 15,000, Such modification
does not induce the altsration of an essantisl structure

snd the enzymatic character of the original TAA.



SUMMARY

1.) STAA-II, wich is a sonicated main produst derived
from the intact TAA, was crystallized from agueous acetone.
The crystalline S-TAA=-II was examined on its purity by
moving boundary electrophoresis and N-terminal analysis.
It was observed to be homogeneous. The observed K-termi-
nal was only alanine and the molecular weight calculated
on the basie of the N-terminal wes 35,000. The molecular
weight calculated from the sedimentation equiribrium
method was 37,000 + 1,000

2e)  About 320 residues were cbtained by using the molecular
weight of 37,000, and the amino acid composition was
not remarksbly changed, when compsred it with that of

the intact TAA.
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Fige 2» The Electrophoretic Pattern of the {rystalline

SeTAA=ILe

tH 540, p = Ot and 2t 12° C.
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Fig. 3. The Pattern of Archibald Run of the Crystalline

‘S~TAA-II.

I%aqmoulaoln.}ttodmiatzfco



€.5 |-

Log k/T

6.0 |

3l

t/T 10

Pige 4o The Plot of Log K/T versus 1/T of the Crystslline
S-TAL~1II 2nd the Intsct TAA for Amylosc.
Assay was perf‘brmed at pH 5¢3, 4/5 acetete buffer

and 0.3 % samylose.
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Pige He Time Curves of the Tryptic Digestion of the QOrystslline
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Fige 6s The Pettern of Gel Filtration of the Trypticelly
Digested Crystalline S-TAA~II on s 3ephadex & 100
Columne.
Applied sample was the digest for 3 hours.
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Table I.

N-Terminsl Group of the Crystalline S=TAA-II.

ioles of Di*=Alanine per iiclee

Lot Number
of Crystalline S~TAA~II.
o Qo9
24 | 1o 18
3, 1020

Above velues were cbtained assuming its

mleeular weight as 57,009.



Table 11 ( 4 )

Amino Acid Composition of the Crystelline STAA-II

Amino Acid Amine Acid Anino Acid Minimal Molecular
per residue per weight
100 ge Protein 100 geo ?rotei;n

Lysine 550 he83 2652
Histidine 2019 1294 7065
Arginine 3021 2.88 5421
Tryptophane

Helf-cystine 1.29 110 9317
Aspartic acid 1751 15,13 760
iéethionine 2452 2.21 5934
Threonine 9o 02 7.65 1321
Serine 6.8 5.78 1506
Glutemic acid 6.74 5091 2184
froline 4e72 3498 2439
Glycine 6e13 4e66 1224
Alanine 604y 517 1374
Valine 577 4o88 2030
Isoleucine 6e12 5028 2142
Leucine 797 6.87 1646
Tyrosine Ge 91 8e92 1828
Fhenylalanine he 35 3087 3800

Ammonia 1.47 1.38



Table 11 ( B )

dmino Acid Composition of the Orystalline S-TAA-IT

Amino Acid Caloulated Ho. of Ko. of residues Galculated
residues/nolecule, to nearest molecular weight
HeWe = 37,000 integer

Lysine 13495 14 37,128
Histidine Se24 5 35325
Arginine 6083 7 370947
Tryptophane 7.18 7

Half-cystine 348 4 37,268
Aspartic acid | 48,68 49 37,240
ifethionine 6024 ) 354604
Threonine 28.01 28 36,968
Serine 2446 25 57,650
Glutsmic acid 16694 17 37,128
Proline 15017 15 36,585
Glycine 30e22 30 36,720
Alanine 26452 27 37,098
Valine 18423 18 36,540
Isoleucine | 1725 17 36,414
Leucine 22.48 22 36,212
Tyrosine 20022 20 36,560
Phenylelanine e T4 10 38,000
Ammonis 32403 32

Total 36,916 ( Average )



Table IiI ( A )

Bomparison of Side Chain Groups in the Crystalline $~TAA 11 snd TAle

Type of group, Amino scid S-TAA=I1 TAA

I. Ionizable side chains

A. OCationic
Guanido, arginine 7 9
~fmino, lysine . 14 2%
Imidszole, histidine 5 7
Total cationic side cheins 26 37
Be Anionic

Carboxyl, aspartic +
glutamic acid 34 42
1l. Hydrophilic side chanis
Ae Amide, Asparagine +
glutamine 32 20

Total cerboxyl + amide

groups 66 92
B. Hydroxyl
Alipnatic, serine 25 35
threonine 28 56
Aromatic, tyrosine 20 30
Total hydroxyl groups 73 79
Totel nonhydroxyl

groups 165 228



Table 11I ( B )

Comparison of Side Chain Groups in the Crystalline S-TAA-II and TAd.

Type of group, Amino acid S=-TAA=11 TAL

11l. Hydrophobic side chains

Hydrogen, glycine 3 58
Paraffin
alenine 27 34
valine 18 26
leucine 22 30
isoleucine 17 2h
Pyrrolidine, proline 15 20
Aromatic
phenylalanine 10 13
tryptophane 7 10
Sulfureconteining
| methoinine | 6 8
half-cystine 4 9
Totsl hydrephobic groups 156 212

Total number of amino acid

residues per molecule 321 440



Table IV

Kinetic Constants of S5-TAA~I1 and TAA for Amylose

Kinetic Conatants S=TAA=IL TAA
Km 11e4 m./ ml. 52.0 nge /ml.
Vm ) 08 0OuDe /min- fe Qe Do / mine
4 1e6 X 106 DeDe fine¥ he2 X 106 OeDe /minei




Table ¥

Thermodynamic Quantities of the Crystalline S-TAA=II and TAAs
Thermodynamic quantities SeTAA=IL TAA

A H ( at low tempe ) 3143 K eale / mole 17+4 K cale / mole
A H'( at high tempe ) 10e4 6e3

A s%( at low tempe. ) 79¢9 cale/mole dege 3148 cale/mole dege
A S¥( at high temp. ) Be8 ~bob

A 6¥( et low temp. ) 7+6 Koale/mole 8e4 Koele/mole

A 6¢T( at high temp. )  6e3 747

These values were obtained from the temperature studies of smylase
activitye Cryticsl temperature for thg intact TAA and orystalline Se
TAA=II were sbout 30° C end 25° C, respectively. In this Table, high
temp. ond low temp. are correspondsng to above and below crytical

temperature, respectively.



Effects of Sonic Oscilliation on TakewAmylese A

and Its Derivatives.
I1l, Resppearsnce of Amylese Activity of the Reduced-

Carboxymethylated Take-Amylese A and Its Tryptie

Digests by Sonic Oscillstion.

By Ikunoshin Xato



nffects of Somic Oscillation on Teka-amylase A
and Its Derivatives

I1i. Reappearance of Axylass Aotivity of the Reduced-
Carboxymethyleted Taka-Amylase A and Its Tryptic

Digests by Somnic Oseclllation.

in the previous papers ( 1 ) and ( 2 ), it was reported
that the intact TAA { Teke-amylase A } was degraded by sunie
oscillation and the crystalline astive derivative of moleculsr
weight about 37,000 was lsolated as a main product by chrometo~
graphy on a DifEecellulose column ard gel filtration on a
Sephadex ¢ 75 colurmne. To examine the effects of sonic osci-
llation on the reduced-carboxymethylated TAA ( A-OM=Ta2 ),
as a control experiment, is the main subject of the nresent
investigation. It was alresdy reported that R=Cié~TAA was
aleo degraded in the sonic fleld and that, the amylase activi
ty, which had once diminished by the reduction of all of
the disulfide Dridges ir the intact TAA and subseguent
their carboxymethylation, wes revived during sonication
{1 )es In this naper, the results of further studiass orn the
revivebility of amylase activity of i-0Uu~TAR and of its

tryptic digests will be described.



UETHODS AND MATERIALS.

R=CileTAfs =~ = = R=(if=TAA was prepared by the method es des-
cribed in the previous peper ( 1 ).
Trifluorcacetylation of Re=Cii~TAAe~ = ~ The material was

prepared by the method of Anfinsen et al.( 3 )e One per
cent of R-Cif=TAA and thiocethyl tri-fluorcacetate were incu~
bated for 40 min. at pH 9 and room temperature. Resulted
trifluorcacetylated derivetive was precipitated by eold
methanol, of which final concentration wees 60 %. The pre=
cipitate was collected by cemtrifuge and dissolved in
small volume of deionized wataer for 2 « 3 deys in a ecold N
room and the dialysate wos lyophilised ( R-Ci=TF-TAA )
Irypsine= - - Three times recrystallized trypsin was kind.-
1y supplied by Ir. Vanecek. Chymotrypsin conteminasting
in this trypsin was less than 0.2 %
Iryptic Digestion of ReCli= and R-Cii=TF=TAA.

Tryptic digestions of the both proteins were earriedk
out at pH 8.0 and room temperature following the resction
with NaCH by using a pH stat, Radiometer, for & - 10 hmzré.

Two per cent ( ¥/7 ) of trypsin for protein wes used.



Sonic Oscillation.« = « Sonic oscillation was performed by sonic
sonic oscillater, Xubota type K3 100 of }0 KCe,and 100 W.

fha applied volume wgs® kept as 15 ml. and the orotein solu~
tion was always kept at 0 = 30 ¢ by circulating ice water.
Amylase Activitye~ « « The activity was measured by sacharie
fing power for amylose ( Nagase ), aceording to the Fuwa’s
method ( 4 )e

Amino Acid AnolysiSe~ « = The analysis wes carried out by

using en automatic amino acid enalyzer, Beckman Spinco.
The estimation of Secarboxymethylecysteine was performed

according to the lioore’s method ( 5 ).



EXPERIMENTS AND RESULTS

Time curves of Sonic Oscillation on R~CM~TAAe

A8 described in the previous paper ( k1 Js R=-CM~TAA was
degraded by sonic Qsecillation and the number of peptide
bond cleaved was about 7 per mole of R-Ci=TAA. The reduead‘
viscosity decreased by sonication. Hgmever. the once diminished
amylagse activity was revivede The results are presented

in Fige 1e

Pige 1 o Time Curves of Sonic Oscillation on R-CM~TAAe

To discard enzymatically inactive products, sonicated
product of R-CM~TAA was subjected to gel filtration on
2 column of Sephadex G 100, as shown in Fige 2e

The first enzymatically active peak in the ohrcmtogra?n

was eluted out at the position of the oribinal R~-CH~TAA



and this was collected to use for the sedimentation analy-
8is, As shown in Fige 3, two main peasks were observed in

the sedimentation pattern.

W W eh GE A GRS D I Ep R TR GRS e A A

Pige 24 tlution Ourves of the Sonicated R=C¥=-TAA for

180 mine from a column of Sephadex G 100.
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Pige 3¢ Sedimentation Pattern of the Sonicated enzymati-

cally active derivativee.



Thus the observed revivability of amylese asctivity leads
to the following two posibilityes ; ( 1 ) The formation
of the disulfide bridges in R-CM~TAA by the sonication
occurred, or ( 2 ) some other comformations were formeds
. Eherfore. the former possiblility, reformstion of the disu.‘lfide
b@n&s. was examined. The above active material abtained o
was subjected to an automatic smino acid analyzer to esti-
mate the amount of S=Ci-cysteine residues. The :esults were

sunmarized in Table 1.

Table I. The Anal)"lsis of S=0i=cysteine in the inzymetically

Active Derivative of Sonicated Re(i=TAd.

The results showsd that this active material contained
all of the S«-Cl~cysteine and no disulfide bridges were

formed by sonic oscillation.



The enzymatic activities for amylose of the sonicated
R=Ci~TAA and of its purified fraction were compared with
that of the intact TAA, as listed in Table IX. The velues
of before and after purification were aproximately 2 and

15 % of the intact TAA, respectively.

Table II. Comparison of Amylase Activity of the Sonicated

ReCid=~TAA with that of the Intact TAd.

Requirements for the Revival of Amylase Activity of R-Ci=-TAl.

It is well established that Ce'  is necessary for the
amylase activity ( 6 ), but, it is not known yet whether
ca’’ ion is required or not for the revival of amylese
activity from R-CH~TAA. Then, the effect of concentration
of ca,ﬂ ion was exemined by using calcium acetate and the

results are shown in Figed.



Fige 4e uffect of Celcium Ion on the Revivability of

the Amylase Activity.
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The ontimal concentration of ca't ion for this reactioﬁ
scems to bs about 12’).5 ﬁ.‘

At the second, the pi dependence was examined with the
system of 10.5 ¥ Ga“ and Qe2 % R=-ClM~TAAs The pH of the
aolution was adjusted at the desired pH with 0.1 X EC1 and

Nalli and the results are presented in srige 5e

Fige9e The pH Dependence of the Revivability of Amylase

Activity.



The results indicate that the optimum pH for this resce

tion was about 7.

As o third factor, thne effect of concentration of ReCif-
TAA was examined at pl 7.0 and in the presence of 1077 if
Ca** ion. The resulte showed that dilute solution of Oel =
002 % were the most suitable for the revivality of the engyme

activity as presented in Fig. 6.

- W e oy W G e W W W @ v B oo W -

Figes 6o The uffect of the (oncentration of R-Ci=TAA for

the revivability of the Activity.
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Pinally, the effect af 1bnie strength was examined by
using potessium chloride. & remsrkable effect was obServed
at the region of high ionic stremgth, p = 1.0, and was

shown in Fige 7.
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Pige 7+ The uffect of Ionic Strength.
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The Revivebility of Amylase Activity of the Tryptic Digests

of R=Cif=TAAe and ReCif=TF-TAAs

A8 previuosly described, E~Ci=TAA became to have amylase
activity by sonic oscillation under the comditions used,
namely at pH 7.0, in the presence of 1@3’3 M Ca'® ion snd the
use of Qel = Qe2 % of R=Cil=TAle It was also shown that the
revived amylase activity was not due to the regeneration
of some disulfide bridges.

Therfore, similar resulte were expected oven in the case
of the tryptic digests of ’-UieTAA which have no disulfide
bridges ard which lost the original prismsry structure in
considerable extent. Then, the revivability of the activity
of the two t{ryptic digests of R-Ci~TAA and R-CH=TF-TAA

were exsmined under the optimum conditions f‘mé R=Ci=TAA

- 0=



respectivelye. The results 'for the both é.igéats weré met for
the expectation, but the extent of the revived activity wes
different from that of the enicated R=Cil=TAAe The former

" wes aproximately one tenth of the sonicated A-Cif=TAA and the
latter was close to the same. These results were preaented

in Pige8e

M O W W W@ * W W™ W s s W @ w e =

Fig. 8¢ The Revived Activities of R=(Cife and R-Ci=TFeTAA
snd their tryptic digests by Sonic Vibration ss 8

Function of Time.
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Thesc two kinds of tryptic digests, designated os R~Cif
TD and ReTF-TD, were examined on the chromatogresphic bscha=
viors in gel filtration on a Sephadex G 100 column, before
and after sonication, respectively, ard the chromatograms

are shown in Figs. 9 and 10

- {1l -
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Pige 9o Chromatogrsm of R-Ci=TD before and after Sonication
on s column of Sephadex G 100

Fige10s Chromatogram of R-TF-TD before and after Sonication

on & Column of Sephdex G 100.
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In the case of R-TF-TD, the main peak from a Sephadex . .
column of the sonicated ssmple eluted remerksbly fast
comprring the podition of the peak of the sample before

sonication. The breakthrough pnesk have amylase activity

e 12 =



'but the slow moving peasks have note. The position of first
active peak nearly correspords to that of the originel r-
TF*‘I'AA. |

nn the other hends, one third of the mein pesk of R-{i=
TD migrated to forwerd position at elution volume by soni-
cation. The asctivity wes observed in the forward parts of
elution disgram.

Group Separation of Two Tryptic Digests, R=CM=TD and R-TF

1D, end Thier Reconstitution by Sonie Useillstion.

It is not known from the above experiments mentioned
whether the revivability of amylase ection of the two tryp-
tic digests are due to the structural reorganization of
one peptide or a,vassociate of the se#eral peptidess Ther=-
fore, at first the group separstions of two kinds of tryp=-
tic digests were performed by gel filtration on columns

of Sephadex G295 and 50

Fige 11 ( & )e The Group Sepsration of R-C#~-TD om s

Sephadex G 25 Columr.

- s ar B M W @ P e G S W e A a e W
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ReCH-TD was placed on the top of a Sephadex G 25 column
and was separate into two groups es shown in Fige. 11 ( a )e
The first pesk was further frectionated into three peaks
by gel filtration on a column of Sephadex G 50 a8 represen-
ted in Pige 11 ( b )o In order of the éluti.on of the four
pesks, they were designoted as P 1, 2 2, P 3, and 2 4,

respectively.

- W an W e S A O W S W & W s e W

Pige 11 ( b )eo Purther Fractionstion of the First Fesk
Separated by a Sephadex G 25 Column ( Fige

11 (2 ) ) onca Sephdex G 50 Column.

Similarly, ReTF-TD wes also subjected to gel filtration
on & Sephadex ¢ 2% column but only one peak was obtained as
shown in Pige 12 ( & ). Therfore, it was agin frectionsted

on 2 3ephadex G 50 column and four pesks were obtained as

- 14 =



’represented in Pige 12 ( ® )o These four peaks were also

designeted as P 1, P 2, P 3 and P 4, respectively.
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Fige 12 ( 2 )o The Pattern of Gel Filtrotion of ReTF<TD

on & Sephadex G 25 Column. '
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Fige 12 ( b )e The Pattern of Gel Filtration of R-TF-

TD on a Sephadex G 50 Column.
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As the second, to determimne the essential pepiide group

-15«



far the revival of amylsse activity, possible combinations
of three groups were sonicated for the two kind of tryptic
digests, respectively. The possible all three group combi-
nations are as follows ; 1=Z=3, ZeZ=d, 3ei=1 and 4=1-2,
Delonized water was substituted for the defect fraction in
sach combination end three groups were mixed 28 become of
D02 % system of full TD solution. The sonic oscillation was
performed under the previously determined optimal conditions.

The results of RA-C¥~TL combination are shown in Fig. 13

- e ay A G W W A A W TR D @ W @ W

Fig. 13e The Activity Time Curves of four Combinations

of Peptide Groups of ReCi~ID.

The positive combinations to produce amylase activity
were the combinations of 1-2-3 snd Z-3-4 except complete

system. Therfore the combination of the peptide fractions

- 16 =



of 2 and 3 appears to be essential for revival of the amylase
activity by sonic oscillation.

In turn, all combinations of three groups out of the
four peptide fractions were negative in the case of R=TF=TD
éxcept the complete systiem as represented in Fige. 1‘1«. There-
fore it is evident in this case that the four peptide fract-

ions are required for the revival of anwlaée activitye |
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Fige 14 The Activity Time Curves of Combinstions of Peptide

Groups of R-TF-TD.
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DISCUSSTON.

In 1963, Asakura et 2le ( 7 ) reported that sonic wave
has some brganiz:lng action on actin molecule and they indicae
ted that the eff'ects of sonic oscillation are the induction
of intermolecular interaction among actin molecules.

48 described in proceeding paper ( 1, 2 ), we also applied
the energy of sonic oscillation to the degradation of the
intact TAA moleculee AS the second sStep, R=Ci=TAA, which
does not posess any high organized conformation, wss also
subjected to sonic oscillation as a control experiment and
some unexpected results could be obtained.

ReCi=~TAA wos degraded as was expected on the basis of the
proceeding studies on the intact TAA ( 1 ), but astonishingly
once diminished amyvlsse activity has appeared by sonic vibration
a8 represented in Fige ie A8 shown in Figs. ] ond 2, the
results of purification of the sonicated R-CM~TAA by gel
filtration suggest that the active product seems to have
nearly the same molecular size as the original R-Ci~-TAAe
This result was also supported by the sedimentation snaly-
sis as shown in Pig. 3. Assuming the active product has
about the seme molecular weight, the amino acid analysis

indicate that it conteined approximately entire S-CM-cysteine



‘reisdues of the original R-Cif~TAA. This fact ( Table I )
ruled out the pessibility that the revived amylase activity
are due to the reformetion of the disulfide linkages of
the intact TAA as studied by Isemura et ale ( 8 ).

Although the estimation of Caﬁ ion content was not
carried out , it seems that starting material of R-CU~TAA
does not contein sny C‘a“ ion considering the preparation
procedures of R-CiM~TAA. Therefore it is expected that the
revaivebility of the enzymatic activity depends on Ca” ion
content as studied by Oikawe et ale. ( 5 ) with the intact
TAle The above considerations were proved to be probsble
a8 shown in Fige. 4.

Thus we propose the following mechanism for the pheno-
menon of the revival of the enzymeatic activity from the
denatgred enzyme, R-0H¥=TAA. Ca“ will play the central
role to attract the essential p&rta inthe polypeptide chain
to form an active site and sonic vibration will provide
energy to produce secondary linkages between amino acid
residues in the peptide leading to stabilization of the
active site. Thus it will be supposed that the pH dependen-
gy of the revival reaction will be remarkable since the

pH will affect both the state of calcium ion and of the

-19-



functional dissociable groups which will act as conbinders
with other parts im the peptide chain.

The effect of concentration suggesta that the revivability
are due to the intra peptide reaction end threfore it was
supposed that undesired rsaction, intermoleculsr interaction,
will be occurred in high concentration.

Judging from the above experiments and from the probable
mechanism for the revivability of the amylase activity of
R=Ci~TAA, it is considered that if the residues constituting
catalytic site of active center remsins unchanged even after
sonic oscillation, similar results can be expected by using
the trystic digests of R-Ci=TAA and E-Cif=TF-TAA under the same
conéentration those for sonication of the R=-(Cif~TAAe As might
have been expected, the revival of amylase activity of the
two kinds of tryptic digests were observed as represented
in Pige 8o

Comparing with the control pattern of gel filtration of
R=Ci=TD and R-TF~ID, the patterns of their sonicated products
of 30 min.’ sonication show that the association among seve-
ral peptides have occurred by the sonication and the resulted
associates have amplase activity. However, the extent of

revivability for two kinds of tryptic digests, R-Ci~TD and
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kR—TF-TD. was different from each other.

Theoretically, R-TF-TAA, which have nine arginine residues,

are fragmentated into ten peptides, and R-Ci~TAA, which

have susceptible nine arginine + twenty one lysine residues,
are degradeé into thirty ome pept;dea by the complete trype
tic digestion.

Then, it may be considered that the encountering proba=
bility of the peptides, which construct the active center,
are tightly related to the numbers of fragmentated peptides
and to the extent of revived amylese activity.

However, it is almost unkown whether the revivebility
of the tryntic peptides of the both modified amylase will
depends on the association of several peptides or will
depend on the reconstruction of the active comformation
of only one peptides

The results ( Fige 13 and 14 ) indicated thet the revivae
bility of amylase activity wes attributed to at least two
peptides, 2 and 3 groups in R-CMeTD, end four peptides in
ReTF=TD, respectively.

As a conclusion, by sonic oscillation, the peptides
which constitute an active center of the intact TAA, re~

constituted en active fragment possessing some comformations.

AR



| However, whether the conformation of the reconstituted
active site is similar to that of the intsct TAA or not
end what kinds of linkages have for,%nea without the disul-
fide bridges are beyond our speculation at this state of
the studies. These will be discussed in the subsequent
Papers

Finally, from the above experiments, a probable scheme
for the sction of sonic vibration on the modified enzymes

and thelr {ryptic digests are shown in Scheme Ie

Scheme Is A Probable Scheme for the Hechaniam of ths
Revivability of Amylase Activity by Sonic

Usclllation.
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SUMMARY .

1e) Re~C¥~TAA which possesses no disulfide bridges revived
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'its emylase activity by the sonio oscillation under the
conditions of 10 KCe, Q° C, pil 7.0, 10a5 M Ca& ion and

0e2 % of R-CM~TAA. The revived specific amylese activity

was about 15 % of that of the intact TAA.

2s) . The two kinds of tryptic digests, R~CM~TD and R~TF= ;
TD.’ were also shown to revive their amylase activitiqs |
under the same conditions as for R-CM~TAA. ‘
3,) It was indicated that the revived amylase ag.tivitieéf‘ of
the two tryptic digests are due to the assoociation emong
several peptides fractionated by gel filtration ona Sephadex

G 190 columne
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Teble 1

Amino Acid Composition of the Active Fraction of S5~Cif=TAA

for 180 min.’ Sonication.

Amino Acid Amino acid minimel moleculsr Calculated No. of
residues per weight residues/moleculs,
100 g. protein HoWe = 51,000

Lysine 4e54 2,821 1843
Histidine 1.8y 7,252 69
Arginine 3,10 50036 106 1
Secarboxymethyl-

| cystei_ne 220 7318 T30
Aspartic acid 15476 730 699
Threonine 8427 1,222 4241
Serine 4.83 1,802 2843
Glutamic acid 8e 51 1,553 328
plroline 3.9% 2,470 20.6
Glycine 5608 1,123 453
Alenine 5e53 1285 397
Half-cystine —— —— —
Valine 5006 1,958 264 1
dethionine 1.95 6724 7¢5
Iseleucine 5e62 2,012 2543
Leucine 6439 1,779 2847
Tyrosine 8.64 1,887 270



Teble II

Comperison of Amylase Activity of the semicated R-Cli-
TAA with thet of the Intact TAA.

:?rstein Time of Sonicne Specific Activity Relativity
( min. ) ( liter/min. ) (%)
TAA 0 7he0 X 107 100
Crude Sonicated |
BeCheTAL 60 1.4 x 10" 2.2
Purified
S-R-CHTAA 180 11,2 X 107 1501

Sonifetion was performed st the conditions of the presenée of

1077 i Ca**, at neutral and 0.2 % of ReCM=TAA
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Pige 3, Sedimentation Pattern of the Senicated Derivative

of R=Cli=TAA.
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Pige 4, nffect of Calcium Ion on the Revivelility of Amylase
Activity.
Sonication conditions s 0.2 % of ReCi=TaA, ¥ 7,

and 30 mine sonication.
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Effects of Jonic Oscillstion on Teka-Amylase A

snd Its Derivatives,

Ve The Some Characters of the Active Derivatives of Reduced
Carboxymethylated Teka~Amylase A and of Its Tryptic

Digeats Produced by Sonic Osciliation.

By Ikunoshin Ksto



wffects of Sonic Jscillstion on Teka-Amylase

& and its Derivatives.

I¥s The Some Characters of The Active Derivatives of
Beduced Barbaxﬂmthﬂamﬁ Taka-Anylase 4 and of Ite

Tryptic Digests “roduced by Sonic Uscillation.

in the previous paper, it was shown that the reduced~corboxye
methylated Teke-amylese A ( R=UH-TAA ), trifiuorcacetyl derivs-
tive { {=Ci=TP=-T44 ) and their tryptic digests revived their -
amylase activities by the sction of sonic osciilation ( 1 ).
However, itwas not made clear how the activity revived ard
whet kind of lirkeges and corformation have forwmed by sonication.

For the elucidation of the question, some physicochenical
experiments corcerning the conformation of the revived enzyme
derivetives were performed mainly using ReOii=TAfe

The present paper #‘i&mra‘.bm the results of osptiesl rotatory
dispersion, of the o effect on reduced viscosity, of difference
spectral studies ard of the ¥ stability of ective derivatives
produced by sonic oscilletion. Un the basis of the mwlta
of the pressnt studies, & probable conformstion o»f the revived
nrotein molecule and the pestide associates by the sonic

treatment is nroposed.



dSorndcated ';:-"mtei_gg.— =« = For the physicochemicsl messurement

and pHi stability of amylaese a&tivity.v the tollowimg three

kinds of proteins were used ; l.) Sonicated Relu=TAle = = =

the reduced carboxjgmethylated Tska-amylsse A ( R~0i=TAA ) was
gubjected to sonication for 30 min. under the ootimsl condi-
tions es described in the previous paper. 2.) Sonicated ReCU~TD
= = = The tryptic digest of R-Jiu=Ta4, ( #=0i=7D ) was sonica-
ted fﬂr‘ 30 mine. under the same conditions as those used

for R=Ji=TAAe 3.) Soniczted R-TFeTD = - = The tryptic digests
of trifluoroacetylated R-0/~TA: wos sonicated under the

same conditioms gs for A=-0u=Tile

Viscosity dessurements.- = - The messurenept wes performed

by using Ostwsld type viscometer and the flow time was 60
sec by using deionized water. In the studies of i effect
on viscosity, the pil was edjusted with I NalH or HZ1 by
Beckmar D4 meter.

Botetory Disperaion JtudicS.~ = - Optical rotatory disper-

sion wes measured by Rudolf Jrecision Polsrimeter with
Heg lumpe lmployed sample was 1 £ squeous solution of the

soniceted ReU=754 ard the cell of 10 ome woe ussd.



The 5tebility of Activity. = = = Jomples wers exposed

on the various pi'"s of Hescllvain buffer st &b’“ﬁ C ard it

was pipetted out into 4/° acetate buff&r of pH 53 et eppro-
priate time interval. Then the solution was kept st a cold
room for 24 hours and the assay wos performed.

Differonce Spectral Studies. - - - Difference spectrs were

msseured by using Shimsdou W. spsctrophotometer with 1

ame cubet at room temperaturce

Ayisse Activity.- - = The sctivity was assayed by measuring U

its secharifing power for emylose ( Kagsse } according to

the Puwa’s method { 2 e



EXPERIMENTS AND RESULTS

Viscositz Studies As a Function of @.

It is supp@se;l that the conformation chenges induced by |
sonic oscillation will be detected as a2 viscosity changes. |
It is expected that if random linear polymer is the producté.
the pH dependence of viscosity will be observed. On the
other hands, no pH dependence will be observed, if the pro-
ducts have rigidly ordered structures. Therefore, the effect
of tH on the reduced viscosities of R-CM-TAA snd the soni=
cated R=-CM~TAA ( S~R~CM-TAA ) were compared with those of |

the intact TAA, a8 shwon in Fige. 1.

- e W W W e A S e G oW e A o S W

Fige Ve The il Dependence of Viscosity.

e MD mh W MR Am A M W R SR ew m ee

The data show that pH dependence of R~Cif~TAA are remarks-

ble compared with that of S<~R~CM~TAA of 30 min.’ sonicstions



The value for S-R-CM~TAA sre closely identical with that

of the intact TAA.

Optical Rotatory Dispersion.
The results of pH dependence of the reduced viscosity

of S-R-~CM-TAA suggests that some structursl organization
were induced by sonic oscillation but it can bot be seen
what kind of organization occcurred, Then, its optical rotatoxy
dispersion of 3-R~Cii~TAA was studied camparing with that

of R-CM~TAA a8 represented in Fig.2.

Fig. 24 The Qptical Rotatory Dispersion Curvese

W W W G we e M A e R W W o S A

It waw observed that about 20° of levo rotation wae de-
creased by sonication for 30 min. The values of 7\0 for R-CM
TAL and S~R-CM~-TAA were 210 and 245 mp, respectively. The

data shown in Fige 2o were replotted by Moffittisplot ( 3 ),



in Pig. 3.

In both cases, R-CH-TAA and S-R-CM-TAA, the slope are
close to zero but the heigh: :plot differ from each other,
Ubviously, these results mean that the both do not have.

any helical structure.

- e we WS Gw GR mi W SR W e em B W

Fige 3. Moffitt®s Plot of R-CM-TAA and S=R=-CM~TAAe

- i A NS MR WE G s e WS W we WD e e

If some organizations of denstured conformetion of R~
CM-TAA have induced by sonic oscillation, the difference
spectral changes may be expected ( 4 ) Then the differentisl
spectrs of TAA, R~CM~TAA and S-R-CM~TAA in acidic solution
.( pH 18 = 1.9 ) sgainst their neutral solution were measured, '
ag shown in Fige 4s

AS repressnted in Fige 4p the blue shift, owing to the

denaturastion ( 4 ) was observed in both: cases, R-CM~TAA end



S~R-CM~TAA, but the definite changes can not be analyzed

by the interferehce of indole chromogens

Pigs 4e Acidificating Differentinl Spectra.

N e W W e me W s B we e W sm e e -

The difference spectra, R-CM~TAA versus S-R-CM-TAA at

neutral pi, was also obtained as shown in Fig. De

Fige 5« The Difference Spectra of R~CM~TAA versus S-R=-CM-

TAAs



The data of Pige 5 indicate the red shift of indole
groups but the fine structural analysis is impossibles
Finally, The pH stablities of the revived amylase acti~- N
vities were compared with that of the intact TAA as shown

in Pige 6.

MR G wd SR wWm A G MR om e e W WS e e W

Fig. 6. The pH Stabilities of amylase Activities revived

by Sonic Oscillstions

- N EE Ew e B G B D G M el G e G e

The results show that revived amylase sctivities sre as
stable 8 the intaot TAA in every case and pH dependence

is also quite similar to that of the intact TAA.

DISCUSSIONs

Considering the results of viscosity measuerment as

shown in Figs 1, the low value of reduced viscosity of



S-R-CM~TAA suggests that some reorganization of the struce
ture of R~CM-TAA was induced by sonic oséillaticn- The pH
dependence of the reduced friscosity suggests fhhat the soniééa
ted product has the similsr hydrodynsmic conformstion to
the groblar intact TAAe If S<R=CM-TAA :I'$ a linear polymer,
the pH effect should be observed. However the results of
viscosity studies do not indicate what kind of ordered
structure hes reproduced by the sonication.

The results of Qptical rotatory dispersion experiments
also indicate the possibility that structural reorganizafibn
occurred ( Fige 2 and 3 }e According to the concept of
Shelmann et ale {( 5 ), the value of 7c\’ of S<R-CM-TAA indi-
cate the increase of helical contebt by sonic oscillation
scomparing with the value of the originsl R-CM-TAAe

However the Moffitt’s plot, as shown in Fige 3, showed
that be was closed to zero but ao have incressed, comparing
with those values for the original R-CH=~TAAe According to
the theory of Moffitt { 3 ), these results could not pre-
cisely be anslyzeds

Recently Imshori ( 6 ) proposed a new concept to explain
such results of optical rotatory dispersion. He showed that

u
¥ -globhline does not have contain any helicsl structure



but it could be denstured by dematurating sgents and by
heatinge The Value of bo does not ehangev and remain consiant
even after denaturating treatment, while a value changed.
He named such structure, a8 cross B structure.

Teking into consideration his results, the transfomatien
from‘ the structure of R~CM~TAA into that of S-R-CM-TAA
is quite similar to the case of )-globuline. Therefore, it
might besupposed that cross § structure was formed by action
of sonic oscillatione

Assuming thet the sonicated R~CM-TAA has Cross 8 struc-
ture, the pH stability of the revived asctivities, as shown in
in Pige 6, suggest that the structure of active center |
of sonicated products are quite similar with of the inta.cf
T4Ae Then, it leads to a possible consideration that even
the structure of active center of the intact TAA are con-

sisted of cross B structure in intrepeptide chain.

SUMMARY

1s) Viscosity studies were performed by using ReCM~TAA
and the sonicated R-(JM~-TAA. The pH dependence on re-
duced viscosity of R-CM~TAA was clearly observed but
of sonicated R-CM-TAA wes not obsérved like the intact |

TAle

- 10 =



2.)  Optical rotatory studies show that ) value of R-Cit-
TAA snd scnicated R-CM-TAA were 210 and 245 oy, respect-
ively. From the Moffitt’s plot, bo was estimated to be
ciose to zero for both proteins. Then itwas proposed
that cross @ structure might be formed by sonic osci-

1lation.
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