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INTRODUCTION

Abscrbtion spectra of suspensiéns of ﬁicro»créénisms a;é‘pf cpnsiderablé |
interest in a wide variety of biological experimentso Aithough many measuréw
ments are reported, . they generally suffer from serious broadening of the
absarptlon bands, lack of definition in the fine structure and ralsing of the
apparent absorpt;on curve over the whole ‘range of wavelength even where there
is no gbsorptlon band. The dlfficulty lies in the great llght scatterlng by
the cell suspen81on.

In determining the absorbance (optical den81ty) of suspen51ons, the trans—
mitted light is usually measured without con31deratlon as to whether it repre-
sents all or only a part of the llght emerglng fron the suspens:Lon° Let us con-
sider two extreme cases: 1) in which all transmlpted 11ght pass;ng_throﬁgh the
suspension is detected by the measuring“procedufeg ana 2) in which only ﬁhat |
part of the transmltted light that proceeds in the same dlrectlon as the 1nci~
dent llght is measurede We shall des1gnate these two kinds of tranSmltted llght
by Imtotal transmitted llght" and "specularly transmltted light,“ and the ccrres=
ponding absorban¢e by "total absorbance" (Et) and Fspecular absprbance" (Es)p

respectively. -

(#) The work described in this paper was sponsored in part by the U.S. Atomic
Energy Commission and in part by O.NeR.Contract Neonr—222(19).
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In the instrument commonly employed for these measurements, a part of the N ‘
total tranemitted'light esoapee'the detector. :c_onsequently,: the me_é,eured absor= '
bance is intermediate. between By and 'Et, and dépoﬁda on the optieal arrangement
of the instrument used. N‘aturaiiy, By a'nd:E_, he.ir,e different physical inplica~
tions. Almost all of the specularly transmitted light ie composed of the light
which does not hit the cells in susPension since that 1:!.ght which does 1s scat-
tered out of the direct beam., Therefore, spec\_zlar absorbance will not depend
narkedly on vavelength, Total absorbance will depend markedly on wavelength
according to the a‘bsoz‘ﬁtion azieotrum of eaoh. cell in the suspension ‘beoauee
total transmitted light oonta.ins all light (refracted , reflected and scattered)
other than the light abaorbed in the cellse | | '

B, can be measured by using the devioe reoent]y reported by Roee ,1 in which
only the fraction of transmitted light that goes through a long ecollimator with
small slits we.s caught by the deteotor. To measure Et, we considered using a
light detector with & sufficlently large window essoeiated with a relatively
short path length to cateh all _ecette,red lights However, such a deteotor is not
available inooi'poreteé in a sj:eetrophotometer. The purpose of the preeent paper
ie to describe a new technique whioh enables us ‘to meeaure Et very simply and to
demonstrate that the spectrum of the suepension of micf-o'-organiems measured by
Ey gives well-defined absorption bands .

iﬁ analyzing 'g’r.owth curves of algae, Te.miya; "S'hibata,. et 5162 obtaine&

improved average a‘bsor‘banoe measurements in the vieible region using opﬂ glass

(1) He F. Rose, Nature, 169 (1952) 87, . | N

(2) H. Tamiya, E. Hase, K. Shibata, As Mituya, T, Iwa.mura, T. Nihei and
' T. Sasa, "Algal Culture, from Laboratory to Pilot Plant," Carnegie - Y
inetitution of Waehington Publication 600 (1953) 219-220. : ' B
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to diffuse uniformly both the specularly transmitted and scattered emergent
light regardless of incident direction. A limited absorption spectrum of
Chlorella was reported. This application is now extended to the measurement
of complete absorption spectra of suspensions'and translucent substances in
a physically definitive manmere.

The principle of the method is illustrated im Figure 1., The sample and
blark cell compartménts 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
opalescent plate used with the cgll containing solvent alone has the same .
angular distribution functions as the 1ight from tbe opalescent plate used
with the suspension (irrespective of whether or not light is scattered in’thg
cuvettes), the quantities of light from the two 0pélescent plates in each case

mst be proportional to the light intensities emerging from the cuvettes at
corresponding solid ahgleso We can, therefore, measure Ey, provided that the
diameters of the windows:ofvthe detectors for solvent light beam and suspen=
sion light beam and also the distances between the cell and the detector are
kept identical.®#

The required properties‘of the opaslescent plate are uniform; moderate and
constant opalescency over & wide range of wavelengths. Too much opalescency
makes the wavelengtﬁ range of observation narréwer because of the low light

intensity beyond the opalescent plate and causes a broadening of abosrption

(##) 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 plate. /A part of light reflected from
the opalescent plate will go back and forth between suspension and opale s-
cent plate, and this effect will cause the Increase of total transmitted
light, which gives the decrease of Ey; however, this effect was found to
be very small compared with the height of the absorption band. The detail
of this effect will be published in another report.
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bands owing to the wide slit requirement of the menochromator. An opalescent
material having these properties was found tc be an oil-immregnated filter
paper made by the following proccedure: A thick piece of filter paper

(Whatman 3 MM) was dipped into pure paﬁaffin oil and was allowed to drain
overnight, after which the excess of paraffin o0il was removed by bl@ttinge

The oil-impregnated filter paper was sandwiched between two gquartz plétes for
use. The purpose of dipping the filter paper into paraffin oil was to decrease
the high opalescency of the paper to a suitable value. We may consider using
thinner and less opalescent filter paper without treatment, but, uswally,

thin filter paper has holes iﬁ ite

By using this 6iled paper, we can measure . the abs@rptién spectra offat.
suspension of micro-organisms from 220 mu. to 1300 nmue, which is the 1limit
due to the strong absorption band of water. For observation in the visible.
region, the commercial opal glass, one side of which has an opalescent coating,
gave ﬁ result slightly better than that obtained with oiled paper,

For the ultraviolet and visible regions, the measurements were made
with a Cary Recording Spectrophotometer (Modsl 11), and for the near infrared
region, with a Beckman Recording Spectfophotometer (Model DK)OI The positions
of 1 em. quartz cells for solvent and suspension were carefully adjusted to

_mske the distances between cell and detector the saméo
RESULTS AND DISCUSSIOHN

i .
A unicellular algse, Chlorella pyrenocidosa was used as the sample testing

the technique. The data of the test are shown in Figure 2, in which curve /A is
the absorption spectrum with nc cpalescént plate and curve B is the spectrum .
with oiled paper, using the same suspension-of‘chlorella for both experimentse

For cdmparisong 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, éﬁd the absorptibn spectrum of the extract waé 6bserved in'the
usual way (C in Figure 2). The concentration of cell extract is eXpréssed in
terms of the originaltalgal éusﬁenéion ﬁyvconsidering the concentration of ﬁhe
extract to be equal to that of the cell suspension, when the same total volume
of packed cells was used in each caée; and vhen the volume of ethanol used in
making the eitract was equal to the total volume of the cell suspensiono’

It will be clear from these data that.cufve B shows every detail of the
absorption spectrum of thé ektractg while curve A shows only the exisﬁence.of
the main peak of chlorophyllo We cannot estimate thé exact position of even
the main peak from data obtained.without the oiledvpapersg because; in curve |
A, the absorption curve is superimposed on the high scéttering eurvevand is |
greatly deformed. On the other hand, it is possible to consider the differences
between ﬁhé position of the absorption maxima in vivo and in.vitfo by using

——

the date obtained with oiled paper. The shift of the chlorophyll band in the

B ]

red region was estimated to be 13 mu. (665 mu. in Vitro —> 678 me in vivo)

in Chlorella. Five values have been given for this peak in vivos 680, 668,

672, 675 and again 680 mua,B the average value of which is 675 mu. A similar
shift to longer wave lengths is observed in the other bands of chlorophyll.

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

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

(3} E. Katz and E. C. Wassink, Enz%gologiap 7 (1939) 1085 W. Noddack and Ho Jo
) Eichhgffy 2o PhySik_o Chem09 Al 5 1939) 241; R, Emerson and G. M. Iﬁ‘ds,
Gibson Island A.A.R.S. Symposium on FPhytosynthesis (unpublished) (1941);
E. C. Wassink and J. A. H. Kersten, Engymologia, 12 (1946) 35 A. Seybold
and A. Weissweiler, Botan. Arche, 43 (1942) 252. 3

(4’) E. Eo JaCOb39 A. S» HOlt, Jo Ghemo ;g!Soy 20 (1952) 1326§ Es 1o RabinOWitCh9
E. E. Jacobs, A.-S. Holt.and R. Krumhout, Zeit, £, Phys., 133 (1952) 261.
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475 mito has been attributed to the absorption of luteol® and is also shifted

towards the red in vivcev

Recently, an attempt to get clear absorption spectra of the suspensions
of micro-organisms was made by Barer, et al.6 by gdding 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., Followiﬁg_this idea, the
absorption épectrum of the same sample of Chlorella was measured by adding egg
albumin to the suspension up to a concentration of 50%. Thé 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).

The spectra of various micro-organisms

Sinqe all previously published spectra of living micro-organisms éuffered
from séattering effects, it seemed worth while to scrutinize the absorption
Spectrg of the suspensions of several important micro-organisms by thié new
method. The susPensions of 11 kinds of colered and colorless micro-organisms
were chosen for tﬁis‘purposee ‘These living cells were separated from culture
medium by centrifugation (15 min. at 3000 rpm), resuspended in 0.9% NaCl aée
solution at a definite concentration and used for measuremento“S§me of them
were extracted by hot ethanol and the absorption spectrum of each extract vas
compared with the spectrum of the corresponding suspen;iong with particular attena

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. Rabinowitch, "Photosynthesis," II, 1 (1951) 706.

(6é) R. Barer, K. Fo Ao Rqss and S. Tkaczyk, Nature, 171 (1953) 720.

N
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As will be seen from Figure 3» the absorptlon spectmum of Scenedesmus

e .

is quite similar in shape and position of the peaks to that of Chlorella.

—————

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

these two. The distinct difference is around 480 mu., which may indicate
that Euglena has a different kind or combination of carotenoids from that of

Chlorophyceae. Further difference is observed in the speetra in vitro in the

——

ultrav1olet reglons namely, Euglena has three bands from 260 o to 280 muo,

while Chlorella and Scenedesmus have only one weak band.

One sample for which it is difficult te observe the absorptlon spectrum
is the suspension of the strepbomyc;nmbleached Euglena (Figure 5) because 1t heas
P~carotene in the tiny eyespot in the cells and much scatterlng by other parts
of the cell. Two different concentrations of the suspension were meaeured to
see tbe‘peaks in the ultreviolet and visible regioneguhich are qu;te different
in theif height. Figure 5‘shewe the typical absorption bands of caretene be=
tween 420 mu. and 480 muo'in a_streptomycinubleaehed Euglena. Tﬁe absorption
spectrum in the ultraviolet regien beers a remarkable‘resemblance to that
reported for eleostearic aclde7

There are several oplnlons regardlng the variations in the p051t10ns of-
absorption peaks for dlfferent speciles of purple baeterla in the near 1nfrared

region. Our measurements gave a difference of 2 mu. between the pOSltlons for

Rhodospirillum rubrum and Rhodopseudomonas capsulatus (Flgures 6 and 7). More

differences are observed for the peaks of caroténcids of these bacteria. The

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

—

be about 100-102 mu. toward the red. The extract of Rhodespirillum by hot

ethanol has a sharp peak at 424 mu., which may be due to a decomposition product

(7) Lo Jo No van der Hulsfs Rec. Trav. Chim. Pays-Bas, 54 (1935) 639, 6449
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of the original pigments. It is, however, interesting to note the close corres-
pondence of this peak with the Soret band reported for cytochrome fog

Three bands of Porphyridium cruentum at 568, 552 and 502 mu. and the bands

~ of Synechococcus cedrorum at 624 mu. are due to the absorption of phycoerythrin

and phycocyanine, respectively, which do not appear in the ethanol extract
(Figures 8 and 9)o
To test the applicabiliﬁy of this technique to the ultraviolet region,

measurements were made with colorless micro-organisms; namely E. coli B, purified

bacterial Virus Tpp+ and commercial Fleishman's yeast (Figure 10). A strong absorp-
tion band was obser&éd ét about 260 my in these samples. The fact that both bac-
terial:Virus and a desoxypentose nucleic acid soluﬁion'(Figure 10) has this

band, indicates that this band arises primarily from the absorption of nucleic

acid in the cell. The broadening or the absorption of E. coli and yeast on the

long wave side is to be attributed to the aromatic amino acids present in the
proteins Thé greater part.of the absorption arouéd 260 mu. by colored sgmples A
deseribed previously might also be due to‘nuglei@ acid.

The saﬁé difficulty in obtaining clear absorption spectra occurg with
erythrocyte suspensions. Hepaﬁinizedlfat blood was diluted 265 times with 0.9%
Nagl (ag.) solution. Without the opalescent plates the spectrum of the result-
ing suspension was too high to see the detailed strpcture as is apparent in
Figure 11l. With the opalescent plates; we can measure exactly the diffe:ence
between the absorption peaks of.00=tre#ted and normal blood suspensiogso In
‘Table II the positions of those peaks are listedoanheAsame ;rythrocytes were
washed with a saline solution and the hém@globin was extracted with distilled
water. The“positions of the gbsorption peaks of the resulting-extract of

hemoglobin coincide quite weli with that of the original suspénsiono

(8) H. E. Davenport and R. Hill, Proc. Réyo Soc. B, 139 (1952) 327,




~10~ UCRL-2635

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 technigue caﬁ be .
used with other kinds of suspensioné and also with other forms of translucent
materials such as a piece of leaf or petal. The Speetra of a green leaf or

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

cerasifesa var. 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 without a device to over- .

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

“w—

leaves is similar to that of green algae. The shoulder around 540 mu. 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 flower petals. Figure 13 shows the clear absorption

bands of three kinds of petals: Epiphyllum, Saintpaulla and Eschscholtzea

californica.

e e et e

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

a brown alga, Ectocarpus siliculsus, pressed between two sheels of quartz

plate; was observed using oiled papers. The difference between the spectra

of thg filaments and that of their ethanol extract around 500 mu. suggests.
the presence of protein-bound pigments in the whole alga (Figure 14).

The technique_with opalescent plates can be used-not only with biolpgica;
materials but also in physico=-chemical investigation. A suspension of crystals
of zinc tetraphenyl porphine was selected as a sample'and was prepared in the
following ways The crystals were suspended in water and subjected to 9 Ke.

supersonic vibration for 45 min, in order to reduce the particle size. After
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:15 min. the remaining fipe-suspensiop;Wasfdecanted_for_useo ‘The observed data
(Figure 15) indicate not only the shift of absorption peak between suspension
and solution but also the greét change of the relatijﬁ intensities of those
peaksa It is thus possible to obtain sharply défine&~absorption spectra of
powdered solids, making possible a much broader scope for solid state studies.
Another curve, shown-in Figure 12, was 6btained to see the phenomenon of meta=
chromacy. A piece of filter paper (Whatman No. 4) was dipped into the benzene
solution of zinc tetraphenyl porphine, dried in the air and the absorption
spectrum was observed using an untreated.white paper as the control. If was
found that we can measure precisely thé positions of the absorption maxima in
this base_alSO‘and; therefore, the estimated value is accurate enough to per-
mit discussion of the'smallycolor shift induced by adsorption of the dye.
SUMMARY |

A hew’method is describéd'for'obfaining_sharp absorption spectra ffém
suspensions of micro-organisms. The_principlé of this teshnique is to measure
the total absorbahce of the suspensions by attaching opalescent plates to
cuvettes for both solvent and suspension. It must be emphasized that this
techniQuefdoes”not involve any treatment of the suspension or any change of
the optical sYSteonf_the'spéctrophotometer for measurement. We can obtain
a clear absorption spectrum of living micro=organisms with the commonly-used
spectrophotometef just by attaching opalescent plates to the cuvettes. The
apblications to the other transliicent materials such as suspensions of blood
and crystals and a piece of leaf or petél have been shown.

o

Y
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Table I
. - “°‘n. o
A]mxx%§ U
Organism - in vive © 7 in vitro
: . (In ethanol
- solution)
/- J A 665
(626 ) cmmaceae 618
£2%) J— — (586)
| (540) .
Scenedesmus (475) —=mmemmmmm— 468
and Chlorella 438 swmemmome - 435
. (418) —mmmmemm—e (418)
(382) —mmmmmemecen (378)
340 emmemmcm———— 336
262 === == w26/,
- 228

676 cmmmmmmemm 666
(626) wmmmmmmmmms 620
(590) =m==mmmmm—~ (586)

(538)
ABl e m—— 475
435  mmmmmemmmm——

'Euglena (416) —memmmmmmeen (416)
o (3845 e (378)

(338) =~=w=—=m—=—= 338

o (295)

280

269

260 = = = - - = 260

' ~280

Astasia v ' 1269
———— ‘ 253 258
490  emmmmmmmmme 478

1% R 448

Streptomycin- U432 emmemmmmeee (22
bleached Euglena (295)
(@212 7)) [ —— 281

270 === === 269

(250)
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Table I-=b

" 882 mmmmmmme | 780

(800) =mmmmmmemme (700)

CRL-2635

588 . 602
550 =em—mcmee—- 528
o Bl e 496
Rhodospirillum 486 —mmmmmmmmee 468
376 —memmmmmeme 366
338
' 323 mmmmcmmmm—— 318
T (312) —mmmemem (306)
RTR = = == = = ‘R72
7880 cemmmm————— 780
(800) =emmmmmmmem (700)
(602)
568 —mmmmmmmnm (586
Rhodopseudomones 1506 mmemmmeme—= 486
— o T LT memmmmmm—ee . [58
(4l8) e (428)
374 ——mm—m———— 365
R2 = = = = = = 268
680 —mmemmm———= 666
L6030 - e e 618
568 588
o852 o & .
S B0R  emememcsmecee 4,82
Porphyridium o {466) -
438  emmmmmemmme 434,
(4R0) =ecmmema——= (418)
(384) ~—ecmmmmm—— (380)
340 cwmmecwmee= 336
(310)
R0 = = =@ = = = 266
676 —=ccmmmme—e 666
624 620
496 588
Synechococcus 476
‘ 438 i 434
(420) ——mmmmmee (418)
(384) ——=—==m=mm= (380)
340  =memmcemeae 330

202 = = == = = 266
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Table I-c
Yéasﬁ | o _ 261
E- Coli B 261
Bacterial virus Tyt 260
Deoxy pentose nucleic | 25gEus.
aeid ' '
676 wwmmmmmm——= 665

_ _ (626) wommmmmmae 618
Glycine soja (59R) =e—mmmmem=e (584)

_— : (540)

L) R—
436" momme 435

- 676

var. Rissardil (544) mm——mm——m—m— 536k -
| 490
438

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

(##) The solid lines (~-~-) indicate the corres-
ponding absorption maxima. The dotted lines
(= - E% show rather doubtful correspondency.

(##%) 1In phosphate buffer solution.

(##%%) The data for water extracts, -

N
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Table II

Original blood CO=-treated blood

578 568
Shd 540
414 420
342 342

271 273
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e —————g
?_ ? -
| suspension i
monochromatic A detector
light :
] [}
|
RN, .
—_— —_—
// \
water
MU -7328
Fig. 1 Diagfam showing relation of opalescent plates (A) to

optical system in spectrophotometer.
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ABSORBANCE

200 300 700 ~500 800 700 800
N IN My
MU-7238
Fig. 2 Absorption spectra of Chlorella suspension and extract

A, cell suspension (0.5I%), without opalescent plate.
B, cell suspension (0.51%), with opalescent plate.
C, alcohol extract.
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1.OF
O 5
1 ) 1 L > 1
200 300 400 500 600 700 800
A IN MU
MU-T795
Fig. 3 Absorption spectra of Scenedesmus suspension and
extract , cell suspension (0.25%) - - - -

alcohol extract (0.125%).
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400

300

3ONVEY0SEY

200

MU-7796

Absorption spectra of Euglena suspension and extract.

Fig, 4

, cell susp_ension. -~ - - -, alcohol extract.
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Bleached £uglena
2.0
|.5F
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L
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1 ISR
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\ ! \
e
0.5¢ v !
£ \
1
\ FAR N
\\ ,’/ \
" J \
v \\\ e \\
\\\ Rt AN
N \\\ \
200 300 400 500 600
IN ML :
MU-7797
Fig. 5

Absorption spectra of streptomycin-bleached Euglena,

» cell suspension,

, alcohol extract,.
The cell concentration was changed at 350 myu to

increase the relative height of the visible absorption
bands.
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Rhodospirillum

200

300

Fig. 6

4(I')0 52)0 600 700 800 900 1000

A IN MU
MU-7798

Absorption spectra of Rhodospirillum su'spension and
extract, , cell suspension (0.5%).

- - - -, alcohol extract (0.5%).
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!
|
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|
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|
tSE |
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! Rhodopseudormnonas
o |
Q 1
=z i
<I \
2o
&
[s2]
<T
0.5¢
200 300 300 500 500 700 860 900 1000
AN MU
MU-7799
Fig. 7 Absorption spectra of Rhodopseudomonas sﬁspension
and extract. , cell suspension (I.0%). g
- - - -, alcohol extract (4.0%).
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2.0F

A Porphyridium

ABSORBANCE
o

ost
1 \h i
200 ~300 400 500 600 700 800
N IN Mp
MU-7800
Fig. 8

Absorption spectra of Porphyridium suspension and

extract. » cell suspension (8%).
- - - -, alcohol extract (8%).
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2.0}
15t
ioF
0.5}
L i L " A "
200 300 400 500 600 700 800
AIN MU '
‘MU-7801
Fig. 9 Absorption spectra of Synechococcus suspension

and extract. , cell suspension (4%).

- - - -, alcohol extract (4%).
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o Fig. 12 Absorption spectra of leaves with opalescent plate
.o .. . » Glycine soja leaf without oiled
’ paper. , Glycine soja leaf,
- - - - alcohol extract from Glycine soja.
. . , Prunus cerasifesa var. Pissardii leaf.

- - = === ---, water extract from Prunus cerasifesa.
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Absorption spectra' of petals with opalescent plate.

» Epiphyllum petal. ----, 8aintpaulla petal

(African violet). . . , Eschscholtzea
californica (California poppy) petal.
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Absorption spectra of zinc tetraphenyl porphin,

, suspension in water, - - - - soluton in
benzene (0.000368%). , solution in

benzene (0.0092%). --- --- ---, zinc
tetraphenyl porphin adsorbed on filter paper.
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