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PERS I STENT SPECTRAL HOLES AND I NHOMOCENEOUS BROADEN I NC OBSERVED 
I N B I OLOC I CAL SYSTEMS U I TH MESOSCOP I C STRUCTURES 

TOSH I RO TAN I , YOU I CH I SAKAK I BARA and KYONOSUKE YAMAMOTO* 
Electrotechnical  Laboratory, Umezono 1-1-4,  Tsukuba, I baraki 305, 
Japan 
* M i  tsubishi  Paper M i  I Is Ltd., Wadai 46, Tsukuba, I baraki 300-42, 
Japan 

Abstract Persistent spectral  holes and absorption spectra are 
observed i n  two b io log i ca l  systems; daunomycin/adriamycin in terca-  
lated i n  DNA and DNA-oligomer and protonated cytochrome-c both are 
doped i n  bu f fe r  glass. They possess s im i la r  mesoscopic s t ruc -  
tures. Their  re la t i ons  t o  the hole widths and inhomogeneous band 
widths are d i scussed . 

I NTRODUCT I ON 

For the formation of  pers is tent  holes, the existence of  photoactive ten- 

te rs  and s o l i d  matr ix suspending them i s  both s ign i f i can t .  Thus, t o  
make c lear  the r o l e  o f  electron-phonon coupling i s  essent ia l  not only 
f o r  the comprehension of  phenomena b u t  a lso f o r  the construct ion o f  

guiding p r i n c i p l e  f o r  designing fu tu re  op t i ca l  memory mater ia ls.  

invest igat ing various spectroscopic propert ies o f  pers is tent  ho I es i n 
dye-doped glass systems by modifying the s t ructures o f  matr ix  and dye 
molecules.1 
modified polymers t o  inorganic so l -ge l  glasses.293 
t o  c l a s s i f y  and understand the observed spectroscopic and pe rs i s ten t  
hole proper t ies and also photochemical ones i n  r e l a t i o n  to  the local  
s t ructures o f   material^.^,^ Our tentat ive vjewpoint obtained i n  the 

course o f  these invest igat ions i s  that  the possible formation o f  guest- 
host complex which includes some intermediate range o f  matr ix  molecules 
around the photoactive center should be consciously taken i n t o  con- 
s iderat ion.  This range or s i ze  of  the complex has multiplexed s t ruc tu re  
and should depend upon the nature o f  the in teract ion which dominates the 
phenomena. We would l i k e  to  propose t h i s  viewpoint, a p o s s i b i l i t y  of  

Using qu in i za r in  and free-base porphyrin der ivat ives,  we have heen 

Glass matrices are surveyed f rom organic solvents through 
We have been t r y i n g  
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cont ro l  1 ing t h e i r  mesoscopic s t ruc tu res  o f  matters, as a working 

hypothesis f o r  opt imizing the mater ia ls.  

prototypes o f  such inesoscopic systems stated above. Mater ia ls  t o  be 
discussed are daunomycin/adriamycin doped i n  glassy solvents and 

polymers. 
t i b i o t i c s  and can be considered as q u i n i z a r i n  der ivat ives.  

t ha t  t h e i r  physiological  a c t i v i t y  appears through i n t e r c a l a t i o n  between 

base p a i r s  o f  DNAs. Therefore, Da in terca lated i n  DNA and oligo-DNA/ 

bu f fe r  g I ass systems have a I so be exam i ned and compared. 

cytochrome c i n  bu f fe r  glass. Cytochrome c (Cyt-c) contains a heme 

moiety, held through two th ioether  l inkages to  cysteines 14 and 17, 

which is surrounded by the folded polypept ide chain. Local s t ruc tu re  o f  

i r on - f ree  Cyt-c  doped i n  bu f fe r  glass possesses a t  least  t h r e e - f o l d  

hierarchy; cen t ra l  free-base porphyr in der ivat ive,  p ro te in  cage next and 

buffer molecules, which should be d i f f e r e n t  f rom the porphyr in simply 

doped i n  buf fer  glass. I t  is expected f o r  example the p r o t e i n  cage 

should provide f a i r l y  ordered surrounding f o r  the porphyr in molecule i n  

comparison w i t h  otherwise. The observed r e s u l t s  seem t o  support these 

pred i c t  ions. 

We present our recent r e s u l t s  o f  some b io log i ca l  mater ia ls  as 

Daunomycin(Da) o r  adriamycin(Ad1 i s  known as ant icancer an- 

I t i s  sa id 

Another mater ia l  t o  be described i s  re la ted t o  porphyrin; i r o n - f r e e  

EXPERIMENTS and RESULTS 

DNA from salmon testes (Wako) was used as purchased without f u r t h e r  

treatments. The form of  the oligo-DNA i s  the double h e l i x  o f  5’-CCTACC- 

3’6 (Toray Res). DNA and oligo-DNA were solved i n  T r i s  bu f fe r ,  pH 7.5. 
Da and Ad were also solved i n  the same bu f fe r  so lu t i on  and then mixed 

w i th  the DNA o r  oligo-DNA so lu t i on  to  form in terca lated complex a t  room 

temperature. The r a t i o  o f  Da o r  Ad/DNA is 0.2mM/4mM-nucleotide and tha t  

o f  Da/ol igo-DNA i s  0.4~M/81nM-nucleotide.~ Glycerol and methanol were 

then mixed w i t h  the s o l u t i o n  t o  form g lass a t  low temperatures. F ina l  

volume r a t i o  o f  T r i s  bu f fe r  : glycero l  : methanol is 1:1:2. 

i n  accordance w i th  the method by Vanderkooi and Erecinska.* 

tained as the so lu t i on  w i th  0.5M PO4 bu f fe r ,  pH 7.4. 
g lycero l  i n  volume was mixed. They were degassed and sealed i n  the 

I r o n - f r e e  porphyrin Cyt-c from t h a t  f rom bovine hear t  was prepared 

I t i s  ob- 
Three times o f  
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glass c e l l s  w i th  1 t o  3 mm op t i ca l  path length. 
holes i n  the l a t t e r  case, l i g h t  f rom single-mode dye laser were i r -  
radiated i n to  the Qx(O-O) band. Hole spectra were observed both by 

scanning the dye laser and by high resolut ion monochromator (0.04 cm-l). 
Fig. 1 shows the observed absorption spectra o f  Da, Da/DNA and 

Da/ol igo-DNA doped i n  the buf fer  glasses. 

lowest 0-0 t rans i t ion,  zero-phonon hole widths and quantum y i e l d s  of 
hole burning i n  these systems are summarized i n  Table I .  

Fig.  2(a) shows the absorption spectrum of Qx(O-O) band i n  Cyt-  

For the format ion o f  

Inhomogeneous band widths o f  

c:H2. By i r r a d i a t i n g  the laser l i g h t  (615.3 nm, 0.03 mW/cm2, 60”), we 
obtained deep 0-phonon hole of  FWHM=0.043 cm‘l a t  4.4 K. 
o f  hole formation i s  about 0.005, which i s  roughly equal t o  other p o r -  

phyr in der ivat ives.  Burning p r o f i l e s  o f  width, depth and area o f  0- 

phonon hole and t h e i r  temperature propert ies are also observed. I n  
Figs. 3 and 4 ,  the burning dose dependence o f  the hole width and the 
cycle temperature dependence o f  the hole area are shown, respect ively.  
The behavior o f  the hole area indicates that  Cyt -c :H~/buf fer  glass sys- 
tem possesses f a i r l y  ordered structures around each porphr in moiety; i t  
i s  qu i te  d i f f e r e n t  from the l -J(T/T*)  dependence9 observed i n  more ran- 
domized system. To compare the e f f e c t  o f  the ordered s t ruc tu res  w i th  

the disordered one, we a lso measured H2-octaethylporphyrin(OEP) doped i n  
PMMA system as a randomized case. I n  Figs. 2, 3 and 4, the r e s u l t s  of 
OEP/PMMA are a lso shown, respectively. The behavior o f  the area of OEP 
/PMMA resembles the l - \ T ( T / T * )  dependence, ind icat ing rather  strong coil- 
p l i n g  between the dye and the two-level systems (TLS) i n  the bu f fe r  
glass. I n  the case o f  Cyt-c:H2/glass system, t h i s  coupl ing seems t o  be- 
come weak because TLSs are kept away f rom the dye by ”introducing” the 

Quantum y i e l d  

armor o f  the Cyt-protain. As can be seen i n  Fig. 3, the hole width 

comes smaller and hard t o  be broadened i n  Cyt-czH2. We consider th  
due t o  the decrease o f  spectral  d i f f u s i o n  or ig inated from the TLSs. 
The inhomogeneous width A w i  i s  mainly dominated by the nearest ne 

bor s t ructures and the decrease o f  t h e i r  f l uc tua t i on  ui  I I r e f l e c t  i 
t o  the decrease o f  A w i  as can be seen i n  Fig. 2. 

be - 
s i s  

gh - 
s e l f  

The behaviors o f  both Da/DNA systems and C y t - c : H ~  re la ted  are con- 
s i s ten t  w i th  each other. 
dominated by the nearest structures of  moiety and the hole width should 
be or ig inated f rom the d i s tan t  TLSs i n  the glass. 

Therefore, we conclude that  d w  i should be 
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- OalDNA 

FIGURE 1 Absorption spectra o f  
Da, Da/DNA and Da/ol igo-DNA 
doped i n  b u f f e r  glasses. 

a 

400 500 600 
WAVELENGTH / nm 

TABLE I 0-0 band widths, hole  widths and burning y i e l d s  
of  Ad and Da systems. 

SAMPLES nu i(cm-1) r h ( c r n - ’ )  9 

Ad/DNA 950 1 . 3  4 .9X lo-’  
1.5X lo-’  Ad 1150 - 3  

Da/DNA 800 1.45 2 . 0 ~  10-7 
Da 1050 - 3.7 < 10-8 

D a / o l i g o - D N A  400 1.25 9. I x 10-8 

N 

30 Cytochrome-c 

FIGURE 2 Absorption spectra o f  Qx(0-0) band observed i n  
H2 cytochrome-c/buffer g lass and OEPIPMMA systems. 
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1 
OEPIPUMA. 16pWIcm2 

A . a 

" b 

.- 
3 

a. 6152 nm. 30flIcrn2 
b. 617.5 

0 20 40 60 
Dose ( mJlcm2) 
FIGURE 3 Dose dependences o f  hole w id th  i n  

Cyt-c:H2/glass (a, b) and OEP/PMMA 
"."L 

& 4 w / c m l .  LO 

' '. \ .  
'\. b. - 

3 0. % 

-0. 
-- Y 

m o o 1  - 
? '  
4 

'\ OEPIPMMA 

b-., 
\o. 

l.-.IU. C*lUrp 

0 50 100 
T ( K )  

FIGURE 4 Cycle temperature dependences o f  hole area i n  
Cyt-c:H2/giass(O) and OEP/PMMA(O, smal l e r  
ones were burn t  by single-mode laser)  
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