
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Radiation Chemical Studies of Protein Reactions: Effect of Alkaline-Earth
Metals on Optical Rotation
Mezuho Ntsizawaa

a Department of Chemistry, Defense Academy, Yokosuka, Japan

To cite this Article Ntsizawa, Mezuho(1973) 'Radiation Chemical Studies of Protein Reactions: Effect of Alkaline-Earth
Metals on Optical Rotation', Journal of Macromolecular Science, Part A, 7: 3, 765 — 781
To link to this Article: DOI: 10.1080/00222337308061169
URL: http://dx.doi.org/10.1080/00222337308061169

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222337308061169
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. MACROMOL. SCL-CHEM., A7( 3 ) ,  pp. 765-781 (1973) 

Radiation Chemical Studies of Protein Reactions: 
Effect of Alkaline-Earth Metals 
on Optical Rotation 

MIZUHO W Z A W A  

Department of Chemistry 
Defense Academy 
Yokosuka, Japan 

A B S T R A C T  

Magnesium chloride, calciuxx chloride, strontium nitrate, 
and barium chloride were found to  protect against changes 
in the internal relationships of the atoms in the protein 
molecule from radiation damage. The optical rotation be- 
havior closely resembles th2t of amino acids by showing a 
'similar dependence on the concent;ation. 

I N T R O D U C T I O N  

It is well known that some alkaline-earth metals such as calcium, 
interact with some biological macromolecules, such as proteins [ l j ,  
and that they also protect some biological macromolecular membranes, 
such a s  cell membrane, against changes of permeability induced by 
radiation [ 2. 31. Since magnesium chloride, calcium chloride, 
strontium nitrate, and barium chloride a r e  well-known alkaline-earth 
metals, it was thought desirable to see 1) sohether they showed such a 
protective property and 2 )  what the effect of their concentration on 
changes in the internal relationships of the atoms in protein molecule 
would be. 
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766 NISIZAWA 

The urea denaturation of protein was selected as the change Ln the 
internal relationships of the atoms in the protein molecule because it 
has been described in previous papers [ 4, 51. The determination can 
be followed conveniently by measuring the optical rotation of the 
solution as a function of the concentration of the alkaline-earth metal. 

E X P E R I M E N T  -4 L 

M a t e r i a l s  

The albumin and urea used in this -xork v e r e  the same as those 

The magnesium chloride, lithium chloride, ferrous chloride, 
described in a previous paper [ 41. 

ferr ic  nitrate, nickel sulfate, and aluminum nitrate used were 
commercial products from the Kanto Chemical Co. 

The calcium chloride, strontium nitrate, and zinc sulfate used 
were commercial products from the Junsei Pure Chemical & Co. 

The barium chloride and potassium nitrate used were commerical 
products f rom Wako Pure Chemical Industries. 

The sodium chloride used was a commercial product from the Koso 
Chemical Co. 

- 4 p p a r a t u s  a n d  P r o c e d u r e  

An irradiation source containing about 1500 Ci of d°Co  as used. 
The dose rate vas 1.2 X 10' R/hr. The solid albumin was irradiated 
in air at room temperature. The irradiated solid albumin was dis- 
solved with distilled water and mixed 'Kfth the urea solution containing 
the salt of alkaline-earth metal or control metal. The optical rotation 
was then measured [ 31. 

RESULTS 

The changes, with time, in the optical rotation of albumin and a 
salt of an alkaline-earth meta l  (magnesium chloride, calcium cbloride, 
strontium nitrate, o r  barium chloride) or of a control meta l  (an 
alkali metal such as lithium chloride, s o d i m  chloride, o r  potassium 
nitrate; and a heavp metal such as ferrous chloride, ferric nitrate, 
nickel sulfate, aluminum nitrate, or  ziac sulfate) were studied with 2% 
albumin in 7 M area, lo' R, and 30'C. The alkaline-earth metal and 
the control m T b l  used were selected became their metals are well 
h0Wn 

The results are  shown in Figs. 1-12. The relationships between 
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FIG. 1. Specific rotation vs t ime of 2% albumin in 7 
and 30'C in the presence and in the absence of magnesium chloride. 
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FIG. 3. Specific rotation vs t ime of 2% albumin in 7 g urea, lO'R, 
and 30: C in the presence and in the absence o l  strontium nitrate. 
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FIG. 4. Specific rotation vs time of 2% albumin in 7 2 urea, lO'R, 
and 30'12 In the presence and in the absence of bar ium chloride. 
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FIG. 6. Specific rotation vs t ime of 2% albumin in 7 g urea,  lo3 R, 
and 30" C in the presence and in the absence of sodium chloride. 
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FIG. 7. Specific rotation vs t ime of 2% albumin in 7 11 urea, lO"R, 
and 30°C in the presence and in the absence of potasiumyitrate. 
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FIG. 8. Specific rotation vs t ime of 2 6  albumin in 7 2 urea, lO'R, 
and 36.' C in the presence and in the absence of ferrous sulfate. 
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FIG. 9. Specific rotation vs t ime of 2% albumin in 7 M urea,  lO'R, 
and 30" C in the presence 2nd in the absence of ferr ic  sdf-aze. 
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FIG. 10. Specific rotation vs t ime of 2% albumin in 7 g urea, lO'R, 
and 30'C in the presence and in the absence of nickel sulfate. 
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FIG 11. Specific rotation vs time of 2% aibumin in 7 2 urea, lo3 R, 
aid 30" C in the presence and in the absence of aluminum nitrate. 
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RADLATION CHEMICAL STUDIES 773 

the values of the final specific rotation anb the percentage of salt of 
the alkaline-earth metal o r  of the control metal  a r e  shown in 
Figs. 13-24. 

rotations of albumin solutions a r e  described in a linear fashion by 
adapting a logarithmic abscissa  for  the concentration of the salt of an 
alkaline-earth metal  (in '%J) as shown in Figs. 13-16. 

In the presence of the salt of a control metal, the.specific rotations 
of albumin solutions did not decrease (Figs.  17-24). 

From these resul ts  it is c lear  that the effect of the salt of an 
alkaline-earth metal on the optical rotation is apparently related its 
protective action on the changes in the internal relationships of the 
atoms in protein molecule. 

In the presence of the sal t  of an alkaline-earth metal, the specific 

D I S C U S S I O N  

As stated above, it is well known that some alkaline-earth metals,  
such as calcium interact with some biological macromolecules, such 
as protein [ I], and a lso  protect the changes of permeability of some 

t 

FIG. 13. Dependence of the protective effect on the concentration of 
magnesium chloride; 2%, albunin in 'i M urea,  lO'R, and 30°C. - 
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774 rUL3IZAWA 

biological macromolecular membrane, such as cell m e m b m e s ,  in- 
duced by radiarion ( 2 ,  31. 

Changes in the internai relationships of the atoms in protein 
molecule are estimated from the changes in optical rotation a s  
shown in Figs. 1-12. The relationship between the c a g e  in optical 
rotation and the concentration of the salt of an alkaline-earth metal 
is related to the change in the internal relationships of the atoms in 
protein molecule and to their inhibition. When the concentrafions of 
protein and urea and the radiation dose are all constant. a change in 
the concentration of salt of an alkaline-earth metal results in a 
change in optical rotation required for the internal relationships 
of the atoms in protein molecule; see Figs. 13-16. This behavior 
closely resembles that found with amino acids, as shown by a similar 
dependence on the concentration ( 5 1 .  The change in the internal re- 
lationships of the atoms in protein molecule by y-radiation may be 
shown by a change in the optical rotation. The activated group in the 
vicinity of the asymmetric carbon atom in protein molecule by 
y-radiation may be detected by a change in the optical rotation [ 41. 
Activated groups may be formed as a direct result of pradiation: 

hu P-P - P * + P *  

It may be that the groups activated in protein molecule by ./-radiation 

\ 
I '.I I O - ~  I IO+ I I tYi I 10. I 10' 1 

ConcWTPATlON ( PER car) 
0 

FIG. 14. Dependence of the protective effect on the concentration of 
- calcium chloride: 2% albumin in 7 31 urea, lo3 R, and 30" C. 
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775 

FIG. 15. Dependence of the protective effect on the concentration 
of strontium nitrate; 2% albumin ir, 'i M urea, 103R, and 30'C. - 
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CONC'CE~TRATWJ C p r S  <Em) 
FIG. 16. Dependence of the protective effect on the concentration 

of barium chloride; 2% albumin in 'i urea, 103R, Lid 30°C. 
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FIG. 17. Dependence of the protective effect on the concentration 
of lithium chloride: 2% albumin in 7 31 urea, Ida, and 30°C. - 
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FIG. 18. Dependence of the protective effect on the concentration 
- 

iit, I I I  I 1 1 

of sodium chloride; 2'3 albumin in 7 M urea,  lO'R, and 30°C. 
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RADL4TION CHEMICAL STUDIES 777 

FIG. 19. Dependence of the protective effect on the concentration 
of potasium nitrate: 2% albumin in 7 - M urea,  Id R, and 30'C. 

FIG. 20. Dependence of the protective effect-on rhe concentration 
of ferrous chloride; 2% albumin in 7 ,M urea, 10' R, and 30'C. 
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FTG. 21. Dependence of the protective effecz on the concentxation 
of ferric nitrate; 2% albumin in 7 urea, lO'R, and 30°C. 

0 I 10- C~wcavtRArroY C PER CMT) 10" I o* 

FIG. 22. Cependence of the protective effect on the concentration 
of nickel sulfate; 2% albumin in 7 g urea, l@ R, and 30" C. 
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n n n 

FIG. 23. Dependence of the protective effect on the concentration 
of aluminum nitrate; 25 albumin in 'i urea, 103R, and 30°C. 

FIG. 24. Depen&nce of the protective effect on the concentration 
of zinc suifatc: 2 5  albumin in 7 M urea, 10' R, and 30°C. - 
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could be moderated by the protective action of an alkaline-earth metal 
after irradiation, thereby reducing the number of activated groups 
formed in protein molecule before a change in the internal relationships 
of the atoms can occur. Since an increase in the concentration of the 
salt of an alkaline-earth metal (in 5 )  decreases the change in specific 
rotation of a protein, protection against change or’ the i n t e r d  relation- 
ships of the atoms in protein molecule as caused by r-radiation must 
be due to the presence of the salt of the alkaline-earth metal. At the 
concentration stxdied, the protection may be due to the intenct ion of 
the alkaline-earth metal with the activated groups before they can 
attack the  urea  o r  interact ‘;pith other groups in the protein molecules. 
The process assumed for the protective reaction :vas 

P ’ + S  - P-s-P 

P-s-P - P-P + s 

where P-P is the group in the initial position in the vicinity of the 
asymmetric carbon, Pa is  the activated s o u p ,  9 is the alkaline-earth 
metal, and P-S-P is the alkaline-earth metal group in the protein 
linkage. 

For the present system, the observed specific rotation is expressed 
in l inear fashion by adapting a logarithmic abscissa tor the concentra- 
tion of the salt  of the zlkaline-earth metal in percent; 

[ a ] f = b - a l o g X  

This formula agrees  with the experimental data plctted in Figs. 13-16. 
The alkaline-earth metal ion may be bound at the imidazole, car- 

bowl groups, or peptide 0,N of protein molecule, and they protect . 

against changes in the internal relationships of the atoms in the 
protein molecule from the radiation damage. 
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