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INIRODUCTIOBI; 

Absorption spectra of suspensions of micro-organisms are of considerable 

in t e res t  i n  a wide variety of biological experinents. Although many measure- 

rnents are reported, they generally suffer from serious broadening of the 

absorption bands, lack of defini t ion i n  the f ine  s tPuetu~e  and rais ing of the 

apparent absorption curve over the whole range of wavelength, even where there 

is  no qbbsorption band, The d i f f icu l ty  l i e s  i n  the great Light scattering by 

the ee l1  suspension, 

I n  determining the absorbance (optieal density) of suspensions, the trams- 

mitted l i g h t  i s  u ~ u a l l y  measured without consideration as  t o  whether it repre- 

sents all or only a part  of the l i g h t  emerging fpom the suspension, Let us eon- 

sfder two extreme easess 1 )  i n  which all t rmardt ted l i g h t  passing th~ough the 

suspension i s  detected by the measuring procedure, and 2) i n  which only tha t  

p u t  s f  the transmitted l i g h t  that proceeds i n  the same direction as the b e i -  

dent l i g h t  i s  measured, We shall designate these two kinds of transmitted l i g h t  

by " t o t a l  transmitted l ightw and nspecularply transmitted and the corres- 

ponding absorbance by t o t a l  absorbanceLt (E+) ard specular absorbance" ( E ~  ) , 

(* ) The wmk dese~ibed i n  this paper was sponsored i n  part  by the U*S. Atoxds 
Energy C d s s i o n  and in p u t  by O,N,B.Contraet M=om422(19), 



bum LB Intemedlate behreen 3 uut Et, md d e p d g  on the optical mmgemant 

of the i n s h v a n t  u8ed. RatwaLZy, S+ and b.n different pbyeical inpUca- 

tions. Almost LU of the rspecawu immsslt*d l i g h t  Ss composed of the light 

whiah doee a& hit fhe ceUe In snrspenslton sinae that Ught which doee is mat- 

b r e d  out of the di r rot  ban. Therefore, apeetalar abecurbme w i l l  not depend 

markedly on wavelengthm Tota l  sbtaorbanoe wbU depend markedly on wavelength 

according t o  the abeorption e p c h  af esch oeU in  the suepeasion bemuse 

total tranmf tted Ught oontdne a1.l Ught (refracted, re fleckrd and mattered) 

4 can be m a ~ w d  & using the de~3.o. reoently reported by ROB~, '  in whioh 

only the fraction of trknsmitted Sight tkst goes l&rough a long c o ~ t o r  with 

light detector with a sufficiently large Wow aasocilated with a relativefy 

short path length to  astuh all mattered U&t. However, m h  a detector i s  not 

available fncorgorated i n  a apeotrophotometer. The purpose, of the present paper 

is t o  deslcribe a new technique which enables w to mesaure very sImp3.y and to 

demonekrate that We rapectm~ of the euspneioa. of aiero-organisms mamured by 

Et gives well-defined ~ b o r p t i o n  banda. 

I n  . n a l y z l n g  growth c u n e ~  of algm, Tmlya, Shlbats, et ale2 obtained 
-LI- 

fmproved aver* absorbance measurements i n  *he visible region using opt& g3.asfs 

( 2 )  EL TFLaLiya, E. Base, It. ShUsta, A. ELtuya, T. IwLL~~~~xT~,  T. IShei and 
T. &&8&, "Alga  C u l t #  , f"r= b b O r & % 0 ~  to P f i ~ t  a&Ilt, a CU'XB@A3 
Institution of Pashington PubUcsaLion 600 (1953) 219-220. 



t o  diffuse uadifoPm$y both the speculw3.y $rmsmitted a d  ecattered emergent 

Ugh% regardless of incident direction, A limited absorption spectrum of 

ChloreUa was reported, This application i s  now extended t o  the measurement 

of complete absorption spectra of suspnsfons and %ranahcent substances i n  

a physically def in i t ive  mannero 

The principle of the method is i l l u s t r a t ed  im Figme Po The sample and 

blank c e l l  oompartmsnts m e  both provided = on the s ides  of l i g h t  transsmission - 
wit31 ident ical  opalesoent plates (A i n  Figure P) which diffuses unifoPm%y all 

%he Pight as it leaves the cuvet%eo I f  the scattered Pight emerging from the 

opalescent plate used with the s e U  containing solvent, alone has the same 

angular dfs tr ibutfon functions as the l i g h t  from the opalescent plate used 

with the suspension (irrespective of whether or not Ugh% i s  scattered in the 

~ u v e t t e s ) ,  the quant i t ies  of l i g h t  from the two opalescent plates i n  each case 

mst be proportional t o  the l i g h t  intensitieh; emerging from the cum%tes a t  

oomesponding solid angles. %k~ em,  therefore, measure E%, p~ovided tha t  the 

d f a m k r s  of the window of the detectors fo r  solvent l i g h t  beam and euspn- 

sion Ugh% beam and a l so  the distances between the c e l l  and the detector ape 

The required properties of %he op leseen t  plate m e  uniform, mdera%e and 

eonstant opalesoency over a wide r a g e  of wavelengths, Too much opalescency 

makes the wavelength range of obsemation w r o w b s  boause of the low Ugh% 

intensi ty  beyond the spaleseent plate and causes a broadexkng of abosrption 

* *  More precissly, the intensi ty  of t o t a l  t rasmit%ed l i g h t  through the 
suspension with %he o@es;cent plate  is di f ferent  from the intensi ty  of 
the Ugh% withou+i the opalescent pla%eo 1 part  of l i g h t  ref lected fr+m 
the opalescent plate  w i l l .  go back and fo r th  between suspension a d  opabs- 
cent plate, a d  this ef fec t  w i l l  cause tk increase of total. ~ ~ s m i t ~ d  
light, which gives the decrease of E$; however, t h i s  e f fec t  was fomd t o  
be very &l compared with the height of the absorption band, The d e t a i l  
of this effect, w i l l  be published in a o t h e r  r epmto  



gaper made by the following prcesd~e:  A thick piaae of f i l t e r  papa 

(Whatman 3 I@) was d i p p d  i n t o  pure p twaffh  o i l  m s  alllowed t o  dB.& 

overnight, after which the excess of paraffin o i l  was removed by blfatting, 

useo The purpose of dipping the filter paper into paraffin oil was t o  decrease 

%he high oplescency of the paper t o  a suitable valueo We may consider using 

thinner and l e s s  opleseent filter p p e r  without k ~ e a h e n t ,  but, usually, 

thin f i l t e r  paper has holes in it, 

By using this oiled paper, we ean measwe the abeo~ption sgecftra of a 

~uspnsicm of micro-organisnos, from 220 np. to 1300 we, which is the l i m i t  

due to the strong aborption barid of w t e r o  FOP observation in the visible 

region, the commercial opal glass, one side of which has an opalesoent coating, 

gave a r e s u l t  s l ight ly  better than that obtained w i t h  oiled pager, 

For the u l t r av io le t  and visible regions, the meamemera$s were mde 

with a Caw Recording Spestrophotometer ( ~ s d e B  U), and for the near infrared 

region, with a Beckman R%xx?ding Spetrophotome%er (M 

the %mk.afque0 The data of the t e a t  are shorn i n  Figure 2, in which @ m e  g i s s  

the absorption spectrum with no c~pdescent  plate and curve B is the specP;%.um 

witkz oiled paper, using t h e  same suspension sf Ch.2.meU.a for both experimentso 
- --  

Far @om~isc3np an aliquot of the same suspension sf ZUorella was centrifuged 



and extracted with a volume of hot ethanol equal to twioe the original v s 1 m  

of suspension, and the absorption spectrum of the extract  was observed in the. 

usual way (C in Figure 2), The eoncentratf on of c e l l  extract  i s  expreesed in 

terms of the or ig ina l  a lga l  suspension by considering the eoncen*at%sn of the 

extract  t o  be equal t o  tha t  of the c e l l  suspension, when the same t o t a l  volume 

of packed e e U s  was used i n  each case, and when the voPme of e thmolused  i n  

W i n g  the ext rac t  was equal t o  the t o t a l  volume of the @ e l l  suspension, 

It w i l l  be clear  f r o m  these data tha t  curve B shows every d e t a i l  of the 

absorption spectrum of the extract,  while curve A shows only the existence of 

the main peak of chlorophylle We cannot estimate t he  exact position of even 

the main peak from data obtained without the oiled papers, because, i n  curve 

A, the absorption cusve is superimposed on the high scattering curve and i s  

greatly deformed. On the other hand, it i s  possible to  consider the differences 

between the position of the absorption maxima i n  givo and i n  v i t ro  by using -- -- 
the data obtained with oiled paper. The s h i f t  of the chlorophyll band i n  the 

red region was estimated t o  be 13 qu. (665 quo i n  v i t m  - 678 np i n  vivo) -- -- 
i n  Chlorella,, Five values have been given f OP t h i s  peak i n  viva: 680, bug -- 
672, 675 and again 680 quo ,3 the average value of which i s  675 quo .A sindlrtl. 

shift t o  longer wave lengths i s  observed i n  the other bands of ehlorophyl.le 

The possible significance of t h i s  sh i f t  has been d i s~ussed  i n  the l i g h t  of a 

similar s h i f t  observed with pure chlmcphyl l  microcrystalsa4 The band a t  

3 E. Kata and E. C. Wassink, E m  olo fa, 7 (1939) 108; We Paddack arzd Ha 3. 
Eichhoff, Z o  sik. Chem., +=-?- A 1  5 1939) 24L; Re Emerson and G. M e  Lewis, 
Gibson I s l a n d y A  &S. Symposium on Rxytosynthesis (uqmblisbed) (1941) ; 
E. C, Wassink and J. Ae H. Kersten, @xwmolonia, 12 (1946) 3; A. Seybold 
and A.  Weissweiler, Botan. Rreh., 43 (1942) 252@ 

( 4 )  E . E. Jacobs, A0 So Holt, J4 Chemo BXYS~ 20 (1952) 1.326; Ea Ia Rabinowiteh, 
E E. Jacobs, A. - S o  Holt .and Ro Krslmhout, Zeit ,  f'. mo, 133 (1952) 2610 



475 quo has been a tk fbu ted  t o  the absorption of lute015 and i s  also shif ted 

towards %he red i n  vivo. -- 
Recently, an attempt t o  get c lear  absorption spectra of the suspension~ 

of micro-organisms was made by Barer, e t  a L 6  by adding protein t o  the s u a p p  -- 
sions i n  order t o  adjust the refract ive index of the medium t o  the same value 

as; the refract ive index of the c e l l s  i n  suspension, Following this idea, the 

absorption spectrum of the same sanple of Chlorella was measured adding egg 

albumin t o  the suspension up t o  a coneentPatiora of 5%. The speetrwn obtained 

was f otznd t o  be improved compared with ewve A, but was l ees  s h p  and higher 

than the spectrum with opaPescen% oiled paper ( e r n e  ~ ) a  

The spectra of various rnioro-organism - 
Since aU previously published spectra of hiving micrc+orgmims suffered 

&om scattering effects ,  it seemed worth while t o  scrutinize the absorption 

spectra of the suspensions of several impo~tant  micro-organism b$ t h i s  new 

method. The suspensionas of 11 kinds of colored and colorless miaw-organisms 

=re chosen for  this purposeo These l iv ing  eeUs  were separated from culture 

medium by centrifugation (15 m h .  a t  3000 rp], resuspended i n  0,s NaGP aqe 

solution a t  a defini te  concentration and used f o r  measurement. Some of them 

were extracted by hot ethanol d the absorption spctpum of each extract  was 

mapwed w i t h  the spectrum of the oo~respondjing suspension, with pa~t icuPar  a%hn- 

t ion t o  the difference of the posbtions of the absorption maxima between i n  dtrs -- 
and i n  viva. The data  obtained ape shown i n  Figures 340e The positions of the -- 
p a k s  are l i s t e d  in Table 1 where parentheses indicate values for  l e s s  wU-. 

defined bands . 
( 6 )  Re Barer, I. F, A= Ross and So  Tkaozyk, Natwe, 171 (1953) 72.0. 



A s  w i l l  be seen fron! Figure 3, the absorption s p c & m  of S~enedesmus --- 
i s  quite similar i n  shape and posit5 on of the: peaks t o  t ha t  of CblazpePBa. -- 
Euglena g rae i l i s  (Figwe 4 )  has a l i t t l e  d i f fe rent  absorption speckurn f r ~ m  

these %woo The d i s t i n c t  difference i s  around 480 quo, which nay indicate 

that Euglena has a different  kind or combination of  moten no ids from tha t  of 

ChPorophpeae. Further difference is  observsd in Onhe spectra i n  v i t r a  i n  the 
p- 

ultrasriole t region; 

while CUoreUa and 

One sample for 

- -- 
namely, Euglena has three bands from 260 quo t o  280 quo, 

Scenedesmus, have only one weak band. 

which it 2s d i f f i cu l t  t o  observe the absorption spectrum 

is the suspension of the streptomycin-bleached Euglena (Figure 5)  because i t  has 

p-carotene i n  the t iny  eyespot i n  the c e l l ,  and much scattering by other par ts  

of the ee l l .  Two d i f fe rent  eoncentratio& of the suspension were measured to  

see the peaks i n  the u l t rav io le t  and vis ible  regians,which are  quite different  

i n  the i r  height, Figure 5 shows the typical absorption bands of carotene be- 

tween 42.0 qua and 480 quo i n  a streptonycin-bleached Euglemo The absorption - 
spectrum i n  the u l t rav io le t  region bears a remarkable resemblance t o  tha t  

reported f o r  eleostearie acid, 7 

There are several opinions regarding the variations i n  the positions of 

absorption peaks f o r  d i f fe rent  species of purple bacteria i o  the near infrared 

region, OUP measurements gave a difference of 2 3 q ~ . 0  between the positions for  

Rhodospirillum rubrum and Rhodopseudomonas caps-fiatus (Figmes 6 and 7 ) *  More 

differences are  observed for  the peaks of ewoi~msids  8% these bacteria, The 

in v i m  s h i f t  of the chlorophyll peak in the near infrared region was found to -- 
be about 100-102 np, towad the r ed ,  The extract  of Rhcdospirillum by hot 

ethanol has a sharp pals a t  424 qua, which my be due to a decomposition product 

(7) L. J. N o  van der H~.lst, Rec, T P ~ F - ~  Chima Pap-Bas9 54 (1935)  639, &.40 



of migina2 ~ @ n e w t s D  It isp however9 interesting %st note the close comes- 

ps:?den@e of t h i s  peak with the Sore% barxi reported fo r  eytoekome f 8 

T h e e  bands of PorphpfdPa cruentum at 5&, 552 and 582 quo and the bands 

03'1 Syneehococ~us e e d r 6 m  at 6% ripo are due 8.0 the absorption of phycoeryth??iw 

and ghycocyanine, r e s p o t i ~ e ~ ,  which do na t  appear i n  the ethanol extract 

Ts t e s t  the applicabili ty of t h i s  bdmique to the u l t ravio le t  region, 

measurements were made with c o l o ~ l e s s  mbcro-~rgmisme; namely E, co l i  3, purified - -- 
bacter ia l  Virus Tzr+ and commercial FleishmanQ s yeast ( ~ i g u r e  10). A strong absorp- 

t ion  band was observed a t  about 260 i n  these samples. The fac t  that  both bac- 

t e r i a l  Virus and a dsso pentose n w l e i c  acid solution ( ~ i g u r e  PO) has t h i s  

band, indicates that  this band a r i ses  primarily from the absorption of nucleic 

acid i n  the celle The broadening or the absorption of  Ea coPi - - 
long wave side i s  t o  be at t r ibuted t o  the aromatic d n o  acids 

p o t e i n ,  The greater pm$ of the absorption around 260 quo by 

desoribed peviously might also be due t o  nuclefc acidD 

The same d i f f i cu l ty  i n  obtaining elear  absorption spa%ra  

and yeast on the 

present i n  the 

colored samples 

- - -- . -- 
erythrocyte suspeasisnso Heparhized rat blood was di luted 265 times with OD% 

N a C l  (aq. ) solution, Without the opalescent plates the spectrum sf the resul& 

ing suspension was too high t o  see the detailed stmetupe as  is apparent i n  

Figure 11. With the opalescent plates,  we e m  measure exactly %he difference 

between the absorption peaks of CO-treated and normal blood suspensiops, In 

Table I1 the positions of those pe& are l i s t ed ,  The same e.y%hscytss were 

washed with a saline solution and the hemoglobin was extracted with d i s t i l l ed  

water. The positions of the absorption peaks of the resulking e d r a e t  of 

hemoglobin c~ins ide .  quite well with tha t  of the o s i g i m l  suspension, 

( 8 )  H. Ee Davenport and RO Hill, BOG, Roy, Soco B, 139 (1952) 32y0 



The spec t ra  of leaves and other  translucent substances. 

So far, we have shown the  appl icat ion of t h i s  technique t o  suspns ions  

of micro-organisms o r  53Pood. It should be noted t h a t  t h i s  teehniqae e m  b 

used with other kinds of suspensians and a l so  ~ i t h  other forms of translucent 

materials  such as a piece of l e a f  or  pe ta l*  The spectra of a g e e n  lea2 or 

Glycine sods (soyban)  a d  i t s  ethanol  e x t ~ a c t  and of a red lea f  of Pi"u977u 
7 

ceras i fesa  var. p i s sa rd i i  and its hot water e x t r a c t  were observed i n  the 

visibLe region (F'igwe 121. The da t a  f w  Glycine soja  without oiled pzper - 
show how d i f f i c u l t  it i s  t o  o b s e ~ v e  the  spectrum without a device t o  over- 

come the  e f f ec t s  of sca t te r ing ,  The amount of  t he  i n  vivo red s h i f t  i n  these -- 
leaves i s  similar t o  t h a t  cf green a lgaeD The shoulder around 540 quo i n  tho 

speckurn of IYunus shows the  presence of mthoeyanine, which i s  clearly obser- 

ved i n  the  hot  water extract, Observations .were a l s o  made of the absorptior, 

bands of pigments in flower p ta ls .  Figxre 13 shows the c l ea r  absorption 

bands of three kinds of peta ls :  Epiphylim, Saintpaul la  and Eschscholtzea 

calif  ornica, --- 
Another t y p  of organism studied was a filamentus alga.  The spectrum of 

a brown alga,  Ectocarpus s i l i c u l s u s ,  pressed between two sheets of quartz 

p la te ,  was observed using oiled papers. The dif ference between the spectra  

of the  f i laments and t h a t  of t h e i r  ethanol e x t r a c t  around 500 np. suggests 

the  presence of protein-bom6 pigments i n  the whole a lga  ( ~ i g u r e  l.4). 

The technique with opalescent p la tes  can be used no t  only with biological  

mater ia ls  but  a l so  i n  physico-chemical invest igat ion.  A suspension of c ry s t a l s  

of zinc tetraphenyl porphine was selected as a sample and was p rep red  i n  the 

following way: The c r y s t a l s  were suspended i n  water and subJected t o  9 Kc. 

supersonic vibrat ion f o r  4.5 min., i n  order t o  reduce the pa r t i c l e  s i z e0  After 



-15 min. the remaining f ine  suspension was decanted for  use, The observed data 

( ~ i g u r e  15) indieate not only the s h i f t  of absorption peak be tween suspensf on 

and solution but also the g rea t  change of the r e l a t ive  in tens i t ies  of those 
I 

peaks. It i s  thus possibPe t o  obtain sharply defined absorptfoo specka  of 

powdered solids,  making possible a much broader soope fo r  solid s t a t e  studies. 

Another curve, shown i n  Figure X ,  was obtained t o  see the phenomenon of mta- 

chromacyo A piece of filter paper @hatman Noo 4 )  was dipped into the benzene 

solution of zinc tetraphenyl porphine, dried in %he air and the absorption 

spectrum was observed using an untreated w h i t e  paper as the contpol. It was 

found tha t  we can measure precisely the positions of the absorption maxima i n  

t h i s  case a lso  azd, therefore, the estimated value is accurate enough t o  per- 

m i t  discussion of the small color sh i f t  imdueed by adsorption of the dyee 

A new method i s  described for  obtaining sharp absorption spectra from 

suspensions of micro-organismse The principle of t h i s  b W q u e  i s  t o  measure 

the t o t d  absorbance of the suspensions by attaching opalescent plates t o  

cuvettes for  both solvent and suspension, It nus% be emphasized tha t  this 

technique does not involve any tPeatment of the suspnsion OP any change of 

the optical system of t he  speetrophotometer f o r  measurement, %e can obtain 

a c lea r  absorption $potman of l iv ing  miaro=-organisms3 with the ~hrm~no~-used  

spectrophotometer jwt by attaching opalesoent plates t o  the euvettes. The 

applications t o  the other translucent materials ?uch as suspensions of blood 

and crys ta ls  and a piece of l ea f  o r  petal  have .&en shown, 

0 
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Table 1 

in. KIKO -- 
solution) 

Seenedesw 
and ChlorelHa 



Table I-b 

Syne chococcus 



Table I-c 

Deoxy pentose nucleie 258"** 
acid . .  

(*) PaPen%heaes show the values of the ra ther  
b ~ ~ ~ d s .  

(**I The solid lines (--I indicate the comes- 
p n d i  absorption maxima. The dotted Unes 
(- - 3 show rather doubtful correspondency. * I n  phosphate buffer solu%i on. 

(=**) The data f o r  water exkac t .  



Table I1 

- - - - - - - - - - 

Original blood GO-treated blood 
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__L 

I 
1 
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Fig. 1 Diagram showing relation of opalescent plates (A) t o  
optical system in spectrophotometer . 



Fig. 2 Absorption spectra  of Chlorella suspension and extract  
A,  cel l  suspension (0. 510/0), without opalescent plate. 
By cel l  suspension (0. 5 170)~ with opalescent plate. 
C, alcohol extract.  



Scenedesmus 

Fig. 3 Absorption spectra  of Scenedesmus suspension and 
extract . cell  s u s ~ e n s i o n  (0. 25%) - - - -S ~ 

alcohol extract (0. 125%). * 



Fig .  4 Absorption spectra  of Euglena suspension and extract.  
, cel l  suspension. - - - -, alcohol extract. 



Bleached Euglena 

Fig.  5 Absorption spectra  of streptomycin-bleached Euglena. 
, cell  suspension. - - - -, alcohol extract. 

The cel l  concentration was changed a t  350 mp to 
increase the relative height of the visible absorption 
bands. 



Fig. 6 Absorption spectra of Rhodospirillum suspension and 
extract. , cel l  suspension (0.570). 
- - - -, alcohol extract (0.570). 



Rhodopseudomonus 

Fig. 7 Absorption svectra  of Rhodo~seudomonas s u s ~ e n s i o n  * L 

and extract.  , cel l  suspension (I. OC/b). 
- - -  -, alcohol extract  (4. 0''~). 



Fig. 8 Absorption spectra of Porphyridium suspension and 
extract.  , cel l  suspension (8%). 
- - - -, alcohol extract (8%). 



Fig .  9 Absorption spectra  of Synechococcus suspension 
and extract .  cel l  suspension (4%). - 
- - - , alcohoI extract (4%). 



Fig .  10 Absorption spec t ra  of E. Coli, bacterial  virus and 
yeast suspension, and b ~ A l u t i o n .  



Fig .  11 Absorption spectra  of r a t  blood suspension. 
, blood suspension, HbOZ (dil. 1:256). 

- - - -, water extract (HbO ). . . . * 
blood suspension, HbO (dl. 1 m 6 )  ~ h o ~ o i l ; d  
paper.  , b3ood suspension saturated 
with C O , + ~ ~ X  1 : 2 5 6 ) .  



LEAVES 

Fig. 12 Absorption spectra  of leaves with opalescent plate - . . . . - - -  , Glycine soja leaf-without oiled 
paper. , Clycine s-eaf. 
- - - -, alcohol e x t ~ r o ~ l v c i n e  soia. 

--- , Prunus cerasifesa var .  Pissardi i  leaf. 
- - -. ---. - - - a ,  water extract f rom Prunus cerasifesa.  



PETALS 

Fig.  13 Absorption spectra  of petals with opalescent plate. 
Epiphyllum petal. ---- , Saintpaulla petal 

violet). -- , Eschscholtzea 
calif ornica (Calif or nia poppy)petal. 



Fig .  14 Absorption spectra of Ectocarpus siliculosus 
, filaments. - - - -, alcohol extract. 



ZINC TETRAPHENYL 
PORPHIN 

Fig.  15 Absorption spec t ra  of zinc tetraphenyl porphin. 
, suspension in water .  - - - -, solutbn in 

benzene (0.000368%). , solution in --- 
benzene (0. OO92'yo). - - -. - - -O - - - , zinc 
te t raphenyl  porphin adsorbed on f i l t e r  paper.  


