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Absorption spectra of suspensions of micro=organisms are of considerable 

interest in a wide variet,r of biological e~periments. Although many measure

ments are reported» they generally suffer from serious broadening of the 

absorptio~ bands» lack of definition in the fine structure and raising of the 

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

is no ~bsorption band. The difficulty lies in the great light scattering p.y 

the cell suspension. 

In determining the absorbance (optical density) of suspensionsj) the trans-

mitted light is usually measured without consideration as to whether it repre= 

sents all or only a part of the light emerging from the suspension.. Let us con-. . . . . . 

sider two extreme cases8 1) in which all transmitted light passing through the 

suspension is detected by the measurin~ procedure» and 2) in which only that 

part of the transmitted light that proceeds in the same direction as the inci-
• ' '· - i 

dent l~ght is measured.. We shall.,~esignate these two kinds of tran.~mi~ted light 

by 11 total transmitted lightn and 11 specularly transmitted light,Bt and th~'c-orres= 
; ~ . ' I 

ponding absorbance by •1 totai absorbancett .(Et) an:i 11 specular absorbance11 (E
8

) j) 

respectively • 

(it:·) The work described in this paper was sponsored in part by the U.S~· .Atomi!C'J 
Energy Commission and in part by O.N.ReContract N-onr-222(19)o 



In the instrument oommonl1 emP1o1ed for these measurements, a part of the 

total transmitted light escapes the detector. Oonsequent]Jr, the measured absor

bance is intermediate betwen Be anti Et, and depends on the optical arrangement 

of the inStrument used. NaturalJ.11 .It and Ea hav. different physical implica ... 

tions. Almost all of the specularly transmitted light is composed of the light 

which does not hit the cells,.!in suspension since tbs.t light which does is scat

tered out of the direct beam. Therefore, specular absorbance will not depend 

markedly on wavelength. Total absorbance will depend markedly on wavelength 

according to the absorpti9n spectrum of each cell in the suspension because 

total transmitted light contains all light (~efrac~ed, reflected and sca.ttere<i) 

other than the light absorbed in the cella. 

Be can be measured by using the device recent]\y reported by R.ose 1
1 in which 

only the fraction of transmitted light that goes through a long collimator with 

small slits was caught by the detector. To measure Et, w considered using a 
. . . . . 

light detector with a. sufficiently' large wi~ow associated with a relatively 

short path length to catch all scattered light. Howeyer, such a detector is not 

available incorporated in a spectrophotometer.· The purpose of the present paper 

is to <iescribe a new technique which enables us· tc>' measure Et iecy simply< and to 

demonstrate that the spectrum of the suspension of micro-organisms measured by 

Et gives well-defined absorption bands. 

METHOJl 

In ana.ls'zing growth curves of algae 1 Tam:tra, Shibata, et a1.2 obtained 

improved. average absorbance measurements in the visible region u~ing opal glass 

(1) H. r-. Rose, Nature, 169 (1952) 287. 

(2) H. T~a., E. Base, K. Shibata, JA. Hiteya, T. Iwamura, T. lihei and 
T. Sasa, "Algal Culture, from taborato:ey to Pilot Plant, 11 Carnegie 
Institution of Washington Publication 600 (1953) 219-220~ 

- ,.) 
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to diffuse uniformly both the specularly transmitted and scattered emergent 

light regardless of incident directiono A limited absorption spectrum of 

Chlorella was reportedo T~is application is now extended to the measurement 

of complete absorption spectra of suspensions and translucent substances in 

a physically definitive mannero 

The principle of the method is illustrated in Figure lo The sample and 

blank cell compartments are both provided = on the sides of light transmission = 

with identical opalescent plates (A in Figure 1) which diffuses uniformly all 

the light as it leaves the cuvette. If the scattered light emerging from the 

qpalescent plate used with the cell containing solvent alone has the same 

angular distribution functions as the light from the opalescent plate used 

with the suspension (irrespective of whether or not light is scattered in the 

cuvettes) 9 the quantities of light from the two opalescent plates in each case 

must be proportional to the light intensities emerging from the cuvettes at 

corresponding solid angleso ~e can8 therefore~ measure Et~ provided that the 

diameters of the windows of the detectors for solvent light beam and suspen~ 

sion light beam and also the distances bet~en the cell and the detector are 

kept identi©alo** 

The required properties of the opalescent plate are uniform~ moderate and 

constant opalescency over $ wide range of wavelengthse Too much opalescency 

makes the wavelength range of observation narrower because of the low light 

int..ens.i ty beyond the opalescent plate and causes a broadening of a.bosrption 

(**) More precisely, the intensity of total transmitted light through the 
suspension with the opalescent plate is different from the intensity of 
the light without the opalescent pla.teo .~ part of light reflected from 
the opalescent plate will go back and forth between suspension and opales= 
cent platel> and this effect will cause the increase of total transmitted 
light~ which gives the decrease of Et~ however~ this effect was found to 
be very small compared with the height of the absorption bande The detail 
of this effect will be published in another reporto 
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bands owing to the wide slit requirement of the monochromatoro An opalescent 

material having these properties was found to be an oil=impregnated filter 

paper made by the following pro~edure& A thick piece of filter paper 

(Whatman .3 MM) was dipped into pure paraffin oil and was allowed to drain 

overnight, after which the excess of paraffin oil was removed by blottingo 

The oil=impregnated filter paper was sandwiched between two quartz plates for 

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

the high opalescency of the paper to a suitable valueo We may consider using 

thinner and less opalescent filter paper without treatment 9 but 9 usually~ 

thin filter paper has holes in ito 

By using this oiled paper 9 we can measure the absorption spectra of, a. 

sus pension of micre=organisms from 220 IIJU., to 1:300 IlJU"" which is the limit 

due to the strong absorption band of watero For observation in the visible. 

region, the commercial opal glass9 one side of which has an opalescent coating, 

gave a result slightly better than that obtained with oiled papero 

For the ultraviolet and visible regions 9 the measurements were made 

with a Cary Recording Spectrophotometer (Modi!'Jl 11) 9 and for the near infrared 

region9 with a Beckman Recording Spectrophotometer (Model DK)o The positions 

of 1 cmo quartz cells for solvent and suspension were carefully adjusted to 

make the distances between cell and detector the sameo 

RESULTS AND DISCUSSIOM 

' A unicellular algae~ Chlorella p,yrenoidosa was used as the sample testing 

the tech..'liqueo The data of the test are shown in Figure 2 9 in which curve /A is 

the absorption spectrum with no opalescent plate and curve B is the spectrum 

with oiled paper 9 using the same suspension of ~hlo.rella for both experimentso 

For comparison9 an aliquot of the same suspension of Chlorella was centrifuged 

. ~· 
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and extracted with a volume of hot ethanol equal to twice the original volume 

of suspension» and the absorption spectrum of the extract was observed in the 

usual way (C in Figure 2)., The concentration of cell extract is expressed in 

terms of the original algal suspension b.1 considering the concentration of the 

extract to be equal to that of the cell suapension» when the same total volume 

of packed cells was used in each case~ and when the volume of ethanol used in 

making the extract was equal to the total volume of the cell suspension& 

It will be clear from these data that curve B shows every detail of the 

absorption spectrum of the extract» while curve A shows only the existence of 
• 

the main peak of chlorophyll. We cannot estimate the exact position of even 

the main peak from data obtained without the oiled papers~ because~ in curve 

A» the absorption curve is superimposed on the high scattering curve and is 

greatlY deformed., On the other handp it is possible to consider the differences 

between the position of the absorption maxima in vivo and in vitro b.r using 

the data obtained with oiled paper.. The shift of the chlor.ophyll band in the 

red region was estimated to be 1.3 IIJUo (665 IIJUo in vitro ----7) 678 IIJU in vivo) 

in Chlorellao Five values have been given for this peak in vivog 6809 668» 

672l> 675 and again 680 IIJUo JJ.3 the average value of which is 675 zqu.. A similar 

shift to longer wave lengths is observed in the other bands of chlorophyll., 

The possible significance qf this shift has been discussed in the light of a 

similar shift observed with pure chlorophyll microcrystals.4 The band at 

(.3) E .. Katz and E. c .. Wassink.., EnzMologia» 7 (19.39) 108$ w .. Noddack and Ho J. 
Eichhoff» z .. Physik, Chem .. » Al 5 (19.39) 241; R .. Emerson and 0. M. Lewis, 
Gibson Island A.A.AoSo Symposium on Fhytosynthesis (unpublished) (1941); 
E .. c .. Wassink and J. A .. H. Kersten, Enzmologia» 12 (1946) .3; A. Seybold 
and A .. Weissweiler)l Botan .. Arch. J) 4.3 (1942) 252. 

(4) Eo E .. Jacobs, Ao S .. Holt, J., Chemo Pbys"» 20 (1952) 1.326; E .. Io RabinoWitch.ll 
Eo E .. Jacobs.? AooS:o Holt-and R .. Krumhout.\) Zeit., f, .fro:~"» 1.33 (1952) 261. 



475 ~o has been attributed to the absorption of luteol5 and is also shifted 

towards the red in vivo. 

Recently, an attempt to get clear absorption spectra of the suspensions 

of micro-organisms was made by Barer 9 et alo 6 by adding protein to the suspen-

sions in order to adjust the refractive index of the medium to the same value 

as the refractive index of the cells in suspension., Following this idea~ the 

absorption spectrum of the s~e sample of Chlorella was measured qy adding egg 

albumin to the suspension up to a concentration of 5~. The spectrum obtained 

was found to be improved compared with curve A$ but was less sharp and higher 

than the spectrum with opalescent oiled paper (curve B)o 

The spectra of various micro=organisms 

Since all previously published spectra of living micro=organisms suffered 

from scattering effects 9 it seemed worth while to scrutinize the absorption 

spectra of the suspensions of several important micro-organisms by this new 

method.. The suspensions of 11 kinds of colored and colorless micro-organisms 

were chosen for this purpose., ·These living cells were separated from culture 

medium by centrifugation (15 min., at 3000 rp.m) 9 resuspended in Oo'*' NaCl aq. 

solution at a definite concentration and used for measurement. Some of them 

were extracted by hot ethanol and the absorption spectrum of each extract was 

compared with the spectrum of the corresponding suspension9 with particular atten= 

tion to the difference of the positions of the absorption maxima between in vitro 

and in vivo. The data obtained are shown in Figures 3=10. The positions of the 

peaks are listed in Table I Where parentheses indicate values for less well= 

defined bands. 

(5.) E .. I., Rabino-witchll "Photosynthesisl>11 II 11 1 (1951) 706. 

(6) Ro Barer~ Ko Fo A .. Ross and So Tkaczyk9 Nature 9 171 (1953) 720e 

-. 
r 'oi 

• J 
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As will be seen from Figure ) 9 the absorption spectrum of Scenedesmus 

is quite similar in shape and posi t:ion of the peaks to that of Chlorella .. 

Euglena gracilis (Figure 4) has a little different absorption spectrum from 

these twoo The distinct difference is around 480 ~o 9 which may indicate 

that Euglena has a different kind or combination of carotenoids from that of 

Chlorophy:ceae. F.urther difference is observed in the spectra in vitro in the 

ultraviolet regions namely 9 Euglena has three bands from 260 ~G to 280 ~o» 

while Chlorella and Scenedesmus !'..ave only one weak bando 

One sample for which it is difficult to observe the absorption spectrum 

is the suspension of the streptomycin=bleached Euglena (Figure 5) because it has 

~~carotene in the tiny eyespot in the cell~ and much scattering b,y other parts 

of the cello Two different concentrations of the suspension were measured to 

see the peaks in the ultraviolet and visible regions~which are quite different 

in their height. Figure 5 shows the typicai absorption bands of carotene be= 

tween 420 ~o and 480 ~o in a streptonvcin~bleached Euglenao The absorption 

spectrum in the ultraviolet region bears a re:ma.rkable resemblance to that 

reported for eleostearic acide7 

There are several opinions regarding the variations in the positions of 

absorption peaks for different species of purple bacteria in the near infrared 

regiono Our measurements gave a difference of 2 IIJUo between the positions for 

Rhodospirillum rubrum and Rhodopseudomonas capsulatus (Figures 6 and ?)e More 

differences are observed for the peaks of carotenoids of these bacteriao The 

in vivo shift of the chlorophyll peak in the near infrared region was found to 

be about 100=102 liJUo toward the red. The extract of Rhodospirillum by hot 

ethanol has a sharp peak at 424 ~·~ which may be due to a decomposition product 

(7) Lo Jo No van der Hulst~ Rec., Travo Chime Pays=Bas~ 54 (19.35) 6.39~ 644o 
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of tr.r.e original pigmentso It is» however.\) interesting to note the close corres= 

po:1.dence of this peak with the Soret band reported for cytochrome f o 8 

Three bands of l?orphyridiu'll cruentum at ~68.j) 552 and 502 IJlUo and the bands 

o.f' Synechococcus cedrorum at 624 lJlUo are due to the absorption of phycoerythrin 

and phycocyanine.l) respectively9 which do not appear in the ethanol extract 

(Figures 8 and 9)o 

To test the applicability of this .technique to the ultraviolet region» 

measurements were made with colorless micro=orga.nisms; namely Eo coli B» purified 

bacterial Virus T2r+ and commercial Fleishman 3 s yeast (Figure lO)o A strong absorp~ 

tion band was observed at about 260 IljUP in these samples o The fact that both bac= 

terial Virus and a deso~pentose nucleic acid solution (Figure 10) has this 

band, indicates that this band arises pr.ilnarily from the absorption of nucleic 

acid in the cello The broadening or the absorption of Eo coli and yeast on the 

long wave side is to be attributed to the aromatic amino acids present in the 

proteinG The greater part of the absorption around 260 ~o by colored samples 

described previously might also be due to nucleic acido 

The same difficulty in obtaining clear absorption spectra occurs with 

erythrocyte suspensionso Heparinized rat blood was dilu~ed 265 times with Oo9% 

Na.Cl (aqo) solutiono Without the opalescent pia.tes the .s.pectrum of the result= 

ing suspension was too high to see the detailed structure_ as is apparent in 

Figure lls ~ith the opalescent plates, we can measure exactly the difference 

between the absorption peaks of CQ.=treated and normal blood suspensio\lso In 

Table II the positions of those peaks are listedo The same erythrocytes were 

washed with a saline solution and the hemoglobin was extracted with distilled 

watero The positions of the absorption peaks of the resulting extract of 

hemoglobin coincide quite well with that of the original suspensiono 

(8) H& EG Davenport and Ro Hill~ Pr©Co Royo Soco B, 139 (1952) 327o 

'-• 
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The spectra of leaves and other translucent substances. 

So far, we have shown the application of this technique to suspensions 

of micro=organisms or blood. It should be noted that this. technique can be. 

used with other kinds of suspensionS and also with other forms of translucent 

materials such as a piece of leaf or petalo The spectra of a green leaf or 

Glycine soja (soybean) and its ethanol extract and of a red leaf of Prunus 

cerasifesa varo pissardii and its hot water extract were observed in the 

visible region (Figure 12}. The data for Glycine soja without oiled paper 

show how difficult it is to observe the spectrum ~~thout a device to over-

come the effects of scattering. The amount of the in vivo red shift in these 

leaves is similar to that of green algae. The shoulder around 540 ~o in the 

spectrum of Prunus shows the presence of anthocyanine,. which is clearly obser-

ved in the hot water extract. Observations were also made of the absorption 

bands of pigments in flov1er petals. Figure 13 shows the clear absorption 

bands of three kinds of petals~ Epiphyllum~ Saintpaulla and Eschscholtzea 

californicao 

Another type of organism studied was a filamentus alga. The spectrum of 

a brown alga~ Ectocarpus silicu1sus, pressed between two sheets of quartz 
' ~ . 

plate, ~~s observed using oiled papers$ The difference betvmen the spectra 

of the filaments and that of their ethanol extract around 500 ~· suggests 

the presence of protein=bound pigments in the whole alga (Figttr·e 14)o 

The technique with opalescent plates can be used·not only with biological 

materials but also in physico=chemical investigationo A suspension of crystals 

of zinc tetraphenyl porphine was selected as a sample and was prepared in the 

following way? The crystals were suspended in water and subjected to 9 Kc. 

supersonic vibration for 45 min. in order to reduce the particle size. After 
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... 15 min. the remaining fil1e suspensioz:t was decanted for useo The observed data 

(Figure 15} indicate not only the· shift· <;>f absorption peak between suspension 

and solution but also the great change of the relativ~ intensities of those 
( 

peaks., It is thus possible to obtain sharply defined absorption spectra of 

powdered solids, making possible a much broader scope for solid state studieso 

Another curve~ shown in Figure 12~ was obtained to see the phenomenon of meta-

chromacyo A piece of filter paper (Wbatman Noo 4) was dipped into the benzene 

solution of zinc tetraphenyl porphinep dried in the air and the absorption 

spectrum was observed using an untreated white paper as the controL. It was 

found that we can measure precisely the positions of the absorption maxima in 

this case also and~ therefore, the estimated value is accurate enough to per-

mit discussion of the small color shift induced b,r adsorption of the dyee 

SUMMARY 

A new method is described for obtaining. sharp absorption spectra from 

suspensions of micro-organismso The principle of this teahnique is to measure 

the total absorbance of the suspensions by attaching OP8rlescent plates to 

cuvettes for both solvent and suspensiono It must be emphasized that this 

technique does not involve any treatment of the suspension or any change of 

the optical system of the ·spectrophotometer for measuremento \We can obtain 

a clear absorption spectrum of living micre=organisms with the commonly-used 

spectrophotometer just b.1 attaching opalescent plates to the cuvetteso The 

applications to the other translucent materials such as suspensions of blood . 
and crystals and a piece of leaf or petal have been showno 

- . 
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Organism 

Scenedesmus 
and Chlorella. 

Euglena 

Astasia 

Streptomycin
bleached Euglena 

Table I 

ia vivo ill vitro·. 
(in .ethanol 
solution) 

678 --~~-----** 665 
(626}!--------- 618 
(592) -------~ (586) 

(540) . (4 75) _______ .._= 468 

438 =---------- 435 
(418) ==-~--=---= (418) 
(382) =--------=- (378) 
340 ----------- 336 
262 - - - = - iH 264 

228 

676 =----=--=~- 666 
( 626) =--=------- 620 
(590) =~------ (586) 

(538) 
. :484 -~-------- 4 75 
435 --------- 435 

(416} ~=------- (416) 
(384) ===-=------ (378) 
(338) ===-------= 338 

(295) 
280 
269 

260 - - - - - - 260 

253 

:280 
269 
258 

490 =---------- 478 
460 ~------ 448 
432 -====---=-= 422 

(295) 
(282) =~==-== i28l. 
270 = = - = = = 269 

(250) 
-·v 



Table t~b 

.. 
(, 882 ...... - ... -.aCE>-~ 780 
.(800) a:ogg_,_,_,_C.:Oall~ (700) 
588 '602. 
550 -.ao:t ... --.aa .... -.-..:..cao 528 

' 514. ~go::o(-.CIICI~c:.t....._cz:ll 496 
Rhodospirillum 486 ~---.... --~-c;.,Qtol 468 

42.4 
376 -----... ---- 366 

jJ8 
32.3 -GCic:.liCII:>c:;:Q=:Jaoo;J-~<-=:IGCI' 318 

(312) ~-~------ (306) 
272 ~- - - ~ =. 272 

880 ~CIDQID-...... --g::J 780 
(800) -~---c-.-- (700) 

(602) 
588 ---... ----- (586) 

Rhodopseudomonas 506 
_.,. ____ 

486 
. 476 ~~----..;= ' 458 
'(448) ~--- (428) 

374 a=t-.:...'-= _____ ....,~ 365 
262 QI;ICC>~--1:.1 268 

680 ~-------_, 666 
'630 ' ------~--i- ' 618 
568 588 

.·,_· '552 
.· 502 ' 482 ~o=tgp~=-CQ-

Porphyridium ,. (466) '. 

438 ~-ca-.aa-.- 434 
(420) -~------ (418) 
(384) -CDCI:ot&:a ___ _,_c::. (380) 
340 ~-~-- 336 

(310), 
270 - o;.=- ... - Ci:l 266 

676 -C.:.D!':Oca!l_._.- ...... - 666 
624 620 
496 588 

Synechococcus ,476 
438 --~~~---=- '434 

(420) ~----~ (418) 
(384) -~------- (380) 
340 ~---_,_ 336 
262 -~-G:I:I~- 266 

' •. 



Yeast 

Bacterial virus T 2r + 

Deoxy pentose nucleic 
acid 

Glycine soja 

-15-

Table I-c 

261 

;261 

260 

676 ----------= 66; 
(626) ----- 618 
(592) ---- (584) 

(540) 
(470) -------- 468 
4.36 ----- 4.35 

UCR.L...26.35 

Prunus ceras~fara 
var.. .P.issardii. 

676 
624 

(544) ------- 5.3&A***- -
490 
438-

(*) Parentheses show the values of the rather 
obscure bands .. 

(**) The solid lines (--) indicate the corres
pondi~ absorption maxima. The dotted lines 
(- - -) show rather doubtful correspondenc.y. 

(***) In phosphate buffer solution., '" 
(****) The data for water extract. 

-. 



Original blood 

578 
544 
414 
342 
271 

-16-

Table II 

CO-treated blood 

568 
540 
420 
342 
273 

UCRL-2'635' 
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Diagram showing relation of opalescent plates (A) to 
optical system in spectrophotometer. 
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Absorption spectra of Chlorella suspension and extract 
A, cell suspension (0. 51%), without opalescent plate. 
B, cell suspension (0. 5lo/o), with opalescent plate. 
C, alcohol extract. 
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Absorption spectra of Scenedesmus suspension and 
extract , cell suspension (0. 25o/o) - - - -, 
alcohol extract (0. 125%). 
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Fig. 4 Absorption spectra of Euglena suspension and extract. 
cell suspension. -, alcohol extract. 
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Bleached Euglena 
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Absorption spectra of streptomycin-bleached Euglena, 
, cell suspension. - - - -, alcohol extract. 

=T"h_e_c-e"""'1"1 concentration was changed at 350 Infl to 
increase the relative height of the visible absorption 
bands. 
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Absorption spectra of Rhodospirillum suspension and 
extract. , cell suspension (0. 5%). 
- -- -, alcohol extract (0. 5%). 
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Rhodopseudornonos 
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Absorption spectra of Rhodopseudomonas suspension 
and extract. , cell suspension (1. 0%). 
- - - -, alcohol extract (4. 0%). 
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Fig. 8 Absorption spectra of Porphyridium suspension and 
extract. , cell suspension (8fJ'o). 
- - - -, alcohol extract (8%). 
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2.0 

Fig, 9 Absorption &p€Ctra of Synechococcus suspension 
and extract, , cell suspension (4%). 
- - - -, ale ohol extract ( 4'1o), 
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Absorption spectra of E. Coli, bacterial virus and 
yeast suspension, and DNAsolution. 
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BLOOD 

! i \., (\ 1\ 
I "-..__,.: ·- \ . 

\ ----
....__ ____ _ 

300 400 500 600 700 780 
A IN Mj.l 

MU-7803 

UCRL-2635 

Absorption spectra of rat blood suspension, 
----' blood suspension, Hb02 (dil. 1 :256). 
--- -, water extract (Hb0

2
). • . • • , 

blood suspension, Hb02.(dil. f!25"6) withoutoiled 
paper. . . , b!ood suspension saturated 
with CO,"HbC<J(~ 1:256 ). 
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Absorption spectra of leaves with opalescent plate 
, Glycine soja leaf without oiled 

paper. -- , Glycine soja leaf. 
-- - -, alcohol extract frOiii"Glycine soja. 

URCL-263.5 

. . , Prunus cerasifesa var. Pissardii leaf. 
:-:--.-=: -=-=--., water extract from Prunus cerasifesa. 
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Absorption spectra of petals with opalescent plate. 
, Epiphyllum petal. ----, Saintpaulla petal 

T"(A:r-f,...r-.i_c_a_n. violet). . . , Eschscholtzea 
californica (Califorrua poppYf'petal. 
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Absorption spectra of Ectocarpus siliculosus 
, filaments. - - - -, alcohol extract. ____ __; 
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ZINC TETRAPHENYL 
PORPHIN 
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Fig. 15 Absorption spectra of zinc tetraphenyl porphin. 
, suspension in water, --- -, solutbn in 

b.--en-ze_n_e_ {0. 000368%). . , , solution in 
benzene {0. 0092%). - --:::---=-=:- ---:--=- ~-, zinc 
tetra phenyl porphin adsorbed on filter paper. 
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