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INTROOUCT1QI

Absorption spaotra of auapanalona of micro-organisms ara of considerably 

in te re s t in a vide variety  of biological experiments. Although many BMasura- 

menta are reported, they generally suffer froa serious broadening of the 

absorption bands, lack of definition In tbs fins structure and ra is ing  of tha 

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

la  no absorption band. The d ifficu lty  l ie s  in  the great lig h t scattering  hj 

the o e ll  suspension.

In determining the absorbance (optical density) of suspensions, the trans

mitted lig h t is usually measured without consideration a t to whether i t  repre

sents a l l  or only a p a rt o f the lig h t emerging from the suspension. Let us con

sider two extreme oasest 1) In which a l l  transmitted ligh t passing through the 

suspension i s  detected by the measuring procedure, and 2) in which only that 

part of the trsubmitted lig h t that proceeds in the same d irection  as the inci

dent lig h t i s  measured. Us shall designate these two kiMs of transmitted light 

by " to ta l transmitted ligh t"  and "specularly transmitted ligh t,"  and the corres

ponding abeorbanee by " to ta l  abeorbanoe" (Rt ) and "specular abeorbanoe" (B# ), 

respectively.

(• ) The work described in  th is  paper was sponsored in  part by the U.S. Atomlo 
Energy Commission and in  part by O.N.R.Contract V-onr-£22(19)«
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In tha in a tru s t nt cownnAjr tfilngari for ib»M a M f u n a n t i ,  a part of tha 

to ta l  tranasitted  ligh t u o tp i i  the da tec to r. ContaquaoUy, tha saaaurtd abeor- 

banoe la inU rsad lata  batvoan and » t , and dapanda on tha optloal arrangewnt 

of tha ins tru s t  n t  uead. Naturally, 1^ and ^  hate d iffa ran t physical lap! ion* 

ticna. iln o a t a l l  of tha apacui^rly tranasitted  lig h t la  oospoaad of tha lig h t 

which doaa not h i t  tha o a llt  in  auapanslon tinea that l ig h t  which doaa L  aoaU 

tarad out of tha d lrao t bean* Tharafora, apaoular abaarbanoa w ill not da pond 

markedly on wavelength* Total abaorha&ea w ill dapand aarkadly on wavelength 

according to tha abaorptlon apactrun of aaeh ca ll in tha autpanalon baoauaa 

to ta l tran aslttad  lig h t o on ta in t a l l  l ig h t  (rafraotad, raflactad  and aoattarad) 

othar than tha l ig h t  aba or bad in  tha oella*

Ig can ba naaaurad bjr ualng tha device reoently raportad to r  Root,1 2 in vfaioh 

only tha frac tio n  of tranaaittad l ig h t  that goat through a long oo llisa to r with 

w a ll  s l i ta  was caught tor tha detector* To statura 1^, wa oonaldarad using a 

lig h t daUotor with a sufficiently  larga window awoclatad with a relatively  

abort path langth to oatoh a l l  aoattarad light* However, ruoh a datactor la  not 

avail *ble inoorporatad in  a spectrophotometer. Tha purpoaa of tha pratant papar 

la  to daaoriba a nav taohniqua which aaahlta ua to saaaura I t  very eiaply and to 

dasonatrata th a t tha apaotrua of tha auapanclon of m icro-organim  staaurad by 

gives wall-dafinad abaorptlon bands*

m u
In analysing growth ourraa of algaa9 Taaiya, Shibata, a t  ale* obtained 

laprorad average abaorbanoa naasurasanta in tha v isib le  region ualng opal glaaa

(1) H. r .  Row9 Nature, 169 (1952) 287.

(2) 1* Taaiya, E. Baaa, 1. Shibata, R* Kituya, T* Zwasura, T. libe l and 
T* Sata, "Algal Culture, fros Laboratory to P ilo t P lant," Caratgle 
In stitu tio n  of Washington Publication 600 (195)) 219-220*

i



U  diffuse uniformly both Um specularly transmitted and i M t u r ^  m r < u l  

lig h t r« |ird l« n  of incident direction. 4 lim ited absorption spectrum of 

C hicrtllo  um reported. Tbit application U  now extended to Um aaasuresest 

of complete absorption ip tc l r t  of suspensions and translucent aubataaoet in 

4  phyelcally defin itive  a m ir *

Tbo principle of Um method la lUvutroWd la  Figure 1. TtM •—pis and 

blank coll coapartnente ora both jrorldad -  on Um lido a of llfftit transmission -  

with identical opalescent piste* (4 la Figure 1) which diffuses uniformly o il 

Um l ig h t oo I t  leaves Um cuvette. I f  Um acattorod lig h t emerging from Um 

opaleeeeat plat# wood with Um oall containing solvent alono hoo Um m m  

angular dlotrlbution function* aa tha lig h t froa Um opalaacont p lat# uood 

with tha suspension (irrespective of whathor or not lig h t do M attered In Um 

cuvettes), tha quantities of lig h t froa tha two opalsaoent plat#a In oaoh com 

am t bn proportional to tho lig h t lnU naitina oaarglng fron Um e v ritta a  at 

corresponding solid angles. V* can, therefore, noaouro tx, provided tha t Um 

d loan to r t  of tha windows of ths dstsctors fo r solvent lig h t boon and suspen

sion lig h t bssa and also  tha dlstanoss bstwasn ths osll and ths dstso to r ars 

kapt identical.**

Tha required properties of ths opalsacsnt p lats ars uniform, aodsrats and 

constant opalsacency over a vlda range of wavelengths. Too much opalssooncgr 

aakss ths wavelength rangs of observation narrowsr bacause of ths low ligh t 

In tensity  beyond ths opalescent plats and oausss a broadening of abosrptlon

( • • )  Hors preolealy, ths Intensity of to ta l  transmitted lig h t through tbs 
suspension with ths opalsaoent piste i s  d ifferen t froa the in tensity  of 
ths ligh t without tbs opalsaoent p la te . A part of lig h t rsflooted  froa 
ths opalsaoent p la ts w ill go book and fo rth  botMsn suspension and opals s- 
osnt p la ts , and th is  e ffso t will oauss the increase of to ta l transmitted 
l ig h t, which glees the decrease of Kti however, th is  e ffso t was found to 
be eery snail compared with ths height of the absorption band. The de ta il 
o f th li  effect w ill be published in another report*
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bands outa* U  tbs wide A i t  roquireaoot of Um MMMefcraotcr. ha opaleoeent 

M W rU l bftvUi UiM  profM U it m i  found U  b» an d H a j n ^ i U d  f i l m  

paper aode by the foUowlac prooeduFM 4 thick pieoe of f i l te r  peptr 

(Vhetaea )  Nl) m i  dipped UVo j w i  paraffin a l l  ea& mm all* wad U  d ro it 

overnight, of tor which Um «k «m  A  perefflx o i l  m i  n w i d  by blottine* ■.■■

The cll-iatpreeseted f i l t e r  paper wti sandwiched W tween Wo quorU p lates for 

UM. The p r y m  of dlppln* tb t fU w r paper in to  paraffin o il wm to  dorreoat 

tho hl$h opals tctnqr of Um paper to * ouitable n lu e .  Vo wtq consider using 

thinner end let* opalescent f i l t e r  paptr without treetoent, but, usually, 

thin f i i t o r  pop*r boo bolot la  I t .

by us Inc thlo ollod popor, wo con m ature Um oboorptloo spectra of o 

suspension of alcr»-or genial* froo 220 «*• to DOO w «  which !• Um lim it 

duo to  Um strong oboorptloo bond of water. For oboermtloa la  tho t ia ih is  

ro llon , tho coMoroiel opal c lass , one old# of which has on opoloieont coating, 

Coro •  rooult slightly  bettor than that obtained with ollod paper*

For tho u ltro rio ie t ond A lib i.  re clous, tho Measursaonts wore oodo 

with a  Cary Recording ftpsotropbotooiter (Nodal U ) ,  and for the boot infrared 

racion, with o Btokaoa Recording IpsotrophotoMsU ;• (Nodal DR). Tho pooltiona 

of 1 o i .  quart* ooUi fo r toloont ond suspension wore ooreftUjr adjusted to 

aaka tha dlaWncoa between c a ll ond da too tor Um mum.

RSSVHS AND DISCUSSION

A ualooUular alcoa, Qhlorello pyroaoldo— w u  uoad a« Um oaapla taatlnc 

tba technique. Tbt data of Um ta a t a r t  shown la  Fleur# 2, In which curt* a la 

Um absorption apactrua with ao opalescent p lots and curt# B la  the spsotrua 

with oiled paper, u iinc Um m m  tuapaaaloa of C hldtsllo for both experiments. 

For ooMporlooa, an aliquot of tho m m  put pane ion of Chi ora 11a wot cantrlfucad



•ad « U m U 4 with •  velum of hot athatol a^ual U  twi*• the triginal voIjm  

of euspeaetoa, and the absent l «  ip K tr a  >f Uw extract mm obeervad u  Uni 

usual Mgr (C la  figure 2)* The cMCMtr»iiM of coll extract i t  expreeeed la 

U m  of the original algal Mflpaasioft ty considering the concentration of the 

extract to bi *iuaJ to that of the co ll euepeMlda, when Um m m  toU l volum 

of (*ckol co l i t  mm used in each com, and wt»t Um volum cf • than cl u*ed la  

asking tho ax tract mm *iual to tho total velum of the ca ll autpaMioii.

I t  w ill l a  e lear tt<m thorn d*W that curve I  shays 0 0 0 1 7  d e ta il of the 

•beer plica spactrua of the extract while curve A ihowt ooljr the existence cf 

Um male peak of chlorophyll. Vo cannot ootlaoto the exact position cf toon 

the mill tMak froa deU obtained without the oiled papers, because, In curve 

A, the absorption curve lo eupsriapoead on the high scattering  curve and 10 

pVftUjr deformed. On the ether hand, i t  is  possible to consider the dlfferoaoaa 

between the position of the absorption aaxlaa in vivo sad in v itro  bp using 

the data obtained with oiled taper, the e h lf t of the chlorophyll band in the 

rod region mm estiaaU d  to be 13 (665 in v itro  ■■- ■■— »  678 in vivo)

in  ChloreUa< f iv e  values have bean given for th is  peak in  vivoi 680,  666,

672, 07) and again UJO * i.,*  the average value of which le  675 A e ia ila r 

sh if t  to longer wave lengths is  observed in the other bands of chlorophyll.

The poesible significance of th is  s h if t  has been dicouseed in  the lig h t of a 

eiailar e h lft observed with pure chlorophyll ntcrocry sta le .*  the band at

(3) K. hats and ! •  C. Vsssink, B sm olsaU * 7 (19)9) 108* V. Koddack sad I* fa  
Biohhoff 1 l .  J n l l i  Chea*. Aft) (1939) 24 l| R* Emerson and C. K. Uwia,
Gibe on Island AJL .1.5 •' Syxposiua on Fhytoaynthssle (unpublished) (1941)j 
I .  C. Was sink and 4 . A* H. Esrstan, tnivmalo.-la. 12 (1946) ) j  A. Seybold 
sad A* V sisrveiler, to tan. Arch. ,  43 (1942) 252*

(4) I* B. Jacobs, f a  S. Holt, J .  Chsa. Burs. .  20 (1952) 1326) S. Si Rabliiowitoh, 
I# B» Jacobs, A. S« Holt and R. kruahout, 2 e lt . f .  JPhyg . f 133 (1952) 261.

«4 »
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4 ^  h u  b**n a ttribu ted  V? th# absorption of iutocl* and I t  *1*3 th ifu d  

toward* th# rod in vivo*

M centi/, an aUMpt, to g it  clear absorption apsetr* of the auapiMioxtt 

of a lc ro -ertan ln *  v u  and* by Barer, o t *i*t  by addin* proto in to th* autpnt> 

aiom In order to adjust tM refractive  index of the and lux U th* i« »  valuo 

a t Um refractive index of tho to ll*  in euapanatoc. M Uovtftf th la  Id**, tba 

absorption ipectrux of th* oaaa taapl* of Chlorell* w u M anured fcy addin* egg 

albuain to th* tuapeaaioa up to a concentration of 3 9 •  ?ha *p*ctrux obtain*i 

vat found to bn improved cooparad with cur** 1, but m i  la« t *h*r p and higher 

than tho apectru* with opal*#o*at ollod pap»r ^curva 1).

Tba ipaotra of various nlcro-organl—|

SUc* a ll  previously publiahad spectra of iivm f *i?r.>»sr fan last raftered 

fro* neat tor in f e ffec t* , i t  MOMd worth whil* to •c ru U a ltt th* absorption 

aptetra of th* suspension* of etveral leper Unt micro-or f*nl**a by thla new 

■stood. Tba suspensions of U kind* of oolortd and color loan micro-organ‘sm  

war* chosen for th la  pur poet. Thant liv ing  call* war* •« pare ted free cuitur* 

medium by centrifugation (15 min. a t 3000 r j» ) , reauspended In 0.<4 MaCl aq* 

solution a t  a d a fin ite  concentration and ua*d for measurement. Scat of than 

war* extracted by hot athanol and th* absorption apactrua of aach extract wan 

ooxpaxad with th* apnotrui of th« eorreapoodlnt auapsnelon, with particular atten

tion to tha difference of tha poaltlona of tha abaorptlon maxim* bitwaaa in v itro  

and In vivo* TM data  obtalnod ar* ahown In figures 3-10• Tha poaltlona of tha 

pa aka ar* l la t td  la  Table I wh*r* par# n the at a Indicate valuta for lain well- 

defined bdhda*

(5) I .  1. Rablaotfltoh, •rhetogynthaaif/ I I ,  1 (1951) 706*

(6) h . Barer, 1 .  t .  A* Rons and 8* Tkaotyk, Batura, 171 (1933) 720.
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4 t will b* tear. froa Figure 3, the abaorptlon epectrux if Scesadetaue

i t  V-it* »i*Uar lb tha pa awl position of tfct i**kt to that i f  C hU relia .

tugiena g ra c illt  (Figure 4) hat a U U lt diffaran* abtarptlon tpactru* frsn

theca two. Tha d ltt in c t difference i t  around 0 %»., which aay indicate

that fcuglena hat a d iffe ren t k.nd or combination of carotenoid# froa that of

Chloroph/reae. Furihtr difference U observed In the spectre i t  v itro  In tht

u ltra v io le t ragionj nam l j , tug let* hat three band* froa 2b0 a*.. to 2fc0

while Chi oral la and Scant la  tau t ham rnl/ ora weak band.

one tu p le  for which I t  la d iff icu lt to  sbaerva tha sbtsrption apsotrua

i t  -ha tu* pent ion of tha ctraptowyeln-hleacbed Kjglena (Flyura 5) bacauaa i t  hat

pHraxotana la tha tiry  s /ssp o t In tha c a ll , and wacn scattering ty other part#

of tha c a l l .  Two d iffe ren t concentration# of tha suspension wart aaaturad to

ate th t pa aha in tha u ltra v io le t and v i ti t ia  regions,which art quit# d ifferent

In th e ir  height. Flyura 5 ahowt tha typical absorption band* of carotana b#-

twaan 4*0 %i. and 4*0 a*. in a ttreptocyc in-bleached ttuglena* Tha abeorption

•pac trust In tha ultraviolet ration  baart a rtmarkable rataablanca to  that
a

reported for alaoctaaric ac id .

Thera are etveral op in lea* regarding tha variation! in tha poaltion* of 

absorption paakt for d lffa ran t apaciet of purple bar taria  in the near infrared 

region. Cur Btnsureaeni# gave a difference of 2 between tha pot i t  Iona for 

Rhodoaplrillua rufarua and Hhodopseudoaonat ctpsulatus (Figure! 6 and ? ) . Kora 

differences are obaarvad for tha paakt of carotenoid# of theta bacteria . Tha 

in f iv e  s h if t  of tha chlorophyll ptak in tha near Infrared region waa found to 

be about 100-102 **. toward tha rad . Tha ex trac t of KhouotpirUlun toy hot 

ethanol hat a sharp ptak a t  424 sm<» ehicn nay be due to a decomposition product

(?) L* J .  K. van dar Mulct, Esc. Trtv. Chia. Ftys-Bat, 34 (1935) &39, 644*
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%: the crigi:.e' ~U is , hcwavar, in te resting  to  note the close eorret-

tK dance of t tU  peak v ith  th i Soret bond reported for cytxhrome f . 0

Three Undo of P vX phyrid ;-a cruentun »* J t£ , 552 and 502 *u. trad the banla 

: j/rechoc xcuj oedrcrua a*. w* %*• or* due to the absorption of phyr osry thrill 

•**i pfcycocyaniDS, respectively , which do ro t appear tr. the ethanol ex tract 

(Jti&tm 8 and 9)#

To te s t  the app licab ility  of thi» technique to the u ltrav io le t region, 

M aiuraainta wart cade with colorleas aicro-orgaaiamet nan*ly £. co ll B, purified 

bacteria l Vlrua T2T+ end commercial Flaiskmas s jrtast (Figure 10). A strong absorp

tion band vai observed a t about 260 in these sanplas* The fact th a t both bac

te r ia l  F inis and a dstdqrptntoee cue laic acid solution (Figure 10) haa th i a 

band, indicate! that th is  band arises primarily from the absorption of nuclslc 

« :.d  in the ca ll. Tbs broadening or tbs absorption of E* coll and yeaat on tha 

teng wavs aids is to ba a ttribu ted  to tb» arooatic amine acids prassnt In tha 

protein . Tha greater part of tha absorption around 2b0 %*• by colored saaplas 

dascribad previously might alao ba dua to nuolaio acid.

Tha samt d if f ic u lt/  in  obtaining c lta r  absorption spectra occurs with 

try th r xyte suspensions* Hepariaiitd ra t  blood was diluted 2b5 U s s with 0*9)1 

KaCl (an.) solution. Without tbs opalvacant p la tes tha spectrum of tbs result** 

ing a us pension was too high to saa tha data! ted structure as Is apparent la 

Figure 11* Vith tha opalescent plates, wt can measure exeotly the difference 

between the absorption paths of e n tre a ted  and normal blood suspensions. in 

Table XI tha positions of those paths a rt l is te d . Tha sans ary throe/tea war* 

washed with a saline solution and tha hemoglobin wa« extracted with d is tille d  

water. Tha poaitions of the absorption paths of tha resu lting  •s tre e t of 

hemoglobin coincide nuite wall with that of the original suspension.

Id) H. E. Davenport and R* R ill, Free. Itqy* ftoe. B, D9 (1952) «T»
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Tho spectra of leave# and other translucent eubetances.

iic fa r , we have shown the application of th is technique tc suspensions 

of aiero-crganismj or blood• I t  should be noted th a t th is  technique can be 

used with other hinds of suspensions and also kith other fome of translucent 

aateria ls such as a piece of lea f or petal. The spectra of • preen leaf or ' 

Glycine eoja (soybean) and i ta  ethanol extract and o f  a red leaf of Fjruaae 
cerasifesa Tar. piseardii and i t s  hot water extract were obeerred in the 

visible region (Figure 12). The data  for Glycine soja without d ie d  paper 

show how d if f ic u l t  I t  is  to observe the epectrua without a device to over

coat the e ffe c ts  of scattering. The amount of the in  vivo red sh ift in these 

leaves i t  sim ilar to that of green algae. The shoulder around 5*0 a**, in the 

•pectrua of Prunue shows Urn presence of anthocyaninc # which is  clearly cbcor- 

ved in the hct water ex trac t. Obcunnticna were also made of the absorption 

bands of pigpeots in flower pe ta ls . Figure 1} shows the clear absorption 

bands of three Unde of petals i Kpiphyllun, SaU tpaulla and EschscholUta 

califo rn ica .
M n a * * a > u « a « »

Another type of organism studied wat a filamentue alga. The spectrum of 

a brown alga* Actocaipus e i l lc u l iu i . pressed between two sheets of quarto 

p la te , was observed using o lltd  papers. The difference between the spectra 

of the filaments and that of th e ir  ethanol extract around 500 v  suggests 

the pretence of protein-bound pigtwnts in the whole alga (Figure U ).

The technique with opalesoent plates can bo used not only with biological 

materials but alee In phyalce-chemieal investigation. A suspension of oryeta ls 

of iir.e te t r  a phenyl porphlne was selected as a sample and was prepared In the 

following wayi The crystals were suspended In water and subjected to 9 to . 

sujersonio vibration for *5 min. in order to reduce the partic le  s ite . After
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-15 a la . the remaining f la t  suspension was decanted for use. The observed data 

(Figure 15) indicate not only the sh ift of absorption peak between suspension 

and solution but also the g rea t change of the re la tiv e  in tensitie s of those 

peaks. I t  is  thus possible to  obtain sharply defined absorption spectra of 

powdered so lid s, Baking possible a  ouch broader scope for solid sta te  stud ies . 

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

chrooacy. A piece of f i l t e r  paper (Whatman Mo. A) was dipped into the benzene 

solution of sine tetraphenyl porphine, dried in the a ir  and the absorption 

spectrum was observed using an untreated white paper as the control. I t  was 

found th a t we can measure precisely the positions of the absorption maxima in 

th is  case also and, therefore, the estimated value is  accurate enough to  per

mit discussion of the small color sh ift induced by adsorption of the dye.

SUMMARY

A new method is  described fo r obtaining sharp absorption spectra from 

suspensions of micro-organisms. The,principle of th is  technique Is  to measure 

the to ta l  absorbance of the suspensions by attaching opalescent plates to 

cuvettes for both solvent and suspension. I t  most be emphasized th a t th is  

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

the op tica l system of the spectrophotometer fo r measurement. Ve can obtain

a c lear absorption spectrum of liv ing  micro-organisms with the commonly-used
%

spectrophotometer ju s t by attaching opalescent plates to the cuvettes. The 

applications to the other translucent m aterials such as suspensions of blood 

and cry sta ls  and a piece of le a f  or petal have been shown.
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Table I

A my in w*

Organien in in
(In ©than:*, 
s o lu t io n )

678 ------- ------ 665
(626)»-------
( 5 9 2 ) -------

--------  618
-------- (586)

(540)
Scor.odeonrap (475) ------ --------  468
end Qhlorelia 438 --------------- 435

(418) ------ -------- (418)
(382) ------ -------- (378^
340 --------------- 336
262 -  -  -

228

6 7 6 ------- 666
(626) ---------------  620
(590) --------------- (586)

(538)
4 8 4 ------ ---------475
435 ---------------43$

Buglona (416) ---------------  (416)
\.Jo4 * —  
(338) ------

U 7®.)
---------338

(295)
280
269

260 ----- --------- 260

280
Astasia 269

253 258

490 ----- ---------- 478
460 ----- ----------448

Streptcnycin- 432 --------------- i j l
bleached Euglena (295)

270 -  - --------- 269
(250)
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Table I-b

S62 -------- --------  780
(800) ----------------  (700)
588 602
550 ----------------  528
5U  ----------------  496

R hodo«pirillun 486 ---------------- 468
424

376 ------- --------  366
338

323 ------- ---------318
(312) ------- --------- (306)
272 ------- ------- 272

880 ------- ----------780
(800) ------- p
588 ------- ---------  (586)

Rhodopeeudamonae 506 ------- ---------  486
476 ----------------  458

(448) ----------------  (428)
374 ----------------  365
262 -------

680 ---------------- 666
630 ---------------- 618
568 588
552
502 ------ ---------- 482

Porphyridium (466) •

438 ------ ---------- 434
(420) ------ ----------(as)
(384) ------ ----------  (380)
340 ------ ----------  336

(310)
270 ------ ---------- 266

676 ------ ---------- 666
624 620
496 588

Syne choc occue 476
438 ----------------  434

(420) ----------------  (418)
(384) ----------------  (380)
340 ----- ----------  336
262 -  - ---------- 266
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Tablo 2-o

le a s t 261

Coli B 261

Bacterial virus T ^* 260

Deoxy pentose nucleio 258»*e
acid

676 -------- ------- 665
(626) -------- -------618

Glycine soja ( 5 « 3 -------- -------  (584)
(540)

(470) -------- -------468
436 ---------------  435

676
Prunus CCITMlfflXft 624
v ar. B ja a td ll (544) --------------- 53CMM

490
438

( • )  Parentheeea ihov the values of the ra ther
obscure bands •

(•*) The solid lin e s  ( ----- ) indicate the corres
ponding absorption maxima* The dotted lines 
(-  -  - )  show ra th e r doubtful correspondency* 

(«**) in phosphate buffer solution.
(•••« ) The data fo r water extract*
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Table I I

Original blood CO-treated blood

568
540
420
342
273

578
544
414
342
271
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d tttc lo r

(p>-

MU-7328

D ia g ra m  showing re la t io n  of opalescent p la te s  (A) to  
op tica l sy s tem  in sp ec tro p h o to m ete r .
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F ig . I  A bsorption s p e c tra  of C h lo re lla  su sp en sio n  and e x tra c t
A, ce il su sp en sio n  (0. 5 1%), w ithout opalescen t p la te .
B, c e ll su sp en sio n  (0.51%), w ith o p a lescen t p la te .
C, alcohol e x tr a c t .
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F ig .  3 A bsorption  s p e c t ra  of Scencdenm us suspension and
e x t r a c t ________ , ce ll  su spension  (0. 25 '«) ------- ,
alcohol e x t r a c t  (0. 125%.). •
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A

Fig,  4 Absorption spec tra  of Euglena suspension and  extract .  
________. cel l  suspension . - - - -> alcohol e x t r a c t .
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X IN MU
*U-TT»?

Fig.  5 Absorption spec t ra  of st reptomycin-b leached Cuglena.
, cell  suspens ion .  - - - alcohol e x t rac t .

The cell concentra tion  was changed at 350 mp to 
i n c re a se  the relative height of the vis ible absorption 
bands .
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F ig .  6 Absorption s p e c t r a  of Rhodospir i l lum suspension and 
ex t rac t .  , cell  suspens ion  (0 .5  To).
- - - a lcohol  ex t rac t  (0. 5 !o).
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F ig .  7 Absorption sp ec t ra  of RhodopseudomonaB suspension
and e x t rac t .  _______ , cell  suspension  (1.0 o).
----- alcohol e x t r a c t  (4.0\u).
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Fig . 8 A bsorp tion  sp ec tra  of Porphyrid ium  suspension  and 
e x t r a c t .  , c e l l  suspension (8'i©).
-  - * -» alcohol e x tra c t  (8'7o).
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5 , r  e :r coci jt

300 *00
A tN  ¥ u

n u f to i  .

Absorption spec t ra  of Synechococcus suspension
and ex t rac t .  ________ cel l  suspension (4 >).
----- alcohol ex t rac t  (4 v).
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—  E. Coli
- •  Bacterial virus 
—• Yeast
—  D N A  .

F ig .  10 A b s o rp tio n  spec tra  of E. C o li,  b a c te r ia l v iru s  and 
yeast suspension, and *D N Srso lu tion .
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BLOOD

Fig .  11 Absorption spectra  of ra t  blood suspension.
blood suspension, HbO,  (dil. 1:256).

--------, w a te r  extract  (HbO,). . .  ,
blood suspension , HbO, (dll. f-TTb) ^utbouToiled
Pa Pe r * ___ •___ . ___. olood suspension sa tu ra ted
with CO,“TTbCTT((ni7 1:256).
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L E A V E S

Fig . 12 A bsorption  sp ec tra  of leaves  with opalescent p la te
___ . .  . . ___  , G lycine soja leaf without o iled
p a p e r .  , G lycine  s o j a le a l .
- - - alcohol e x tra c t  f ro m  Glycine s o ia,
___ . ___ . ___ , P ru n u s  c e r a s i f e s a  v a r .  PT asard ii  leaf.
- - —, - - , w a te r  e x tra c t  from P ru n u s  c e ra s ife aa .

a*
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\ \

Fig . 13 A bsorp tion  spec tra  of p e ta ls  with opalescent p la te .
________ . Epiphylltina p e ta l .  — , Saintpaulla pe ta l
(A frican  violet). . . t E sc lsch o ltzea
c a l i fo rn ic a  (California poppy) p e ta l
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Fig .  14 Absorpt ion  spec tra  of E c to ca rp u s  si liculosus 
, f i laments .  - - - a lcohol  ex t rac t .
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ZINC TETRAPHENYL 
PORPHIN

A IN Mil
iw - r t o r

F ig .  15 A b s o rp t io n  s p e c t r a  of zinc t e t r a p h e n y l  porphin.
________ . s u sp e n s io n  in w a t e r .  - - - sdlutbn in
b e n z e n e  (0.000368!-) .  . . , solut ion in
b e n z e n e  (0 .0092 ) . ----- . ------. - - - , z inc
t e t r a p h e n y l  porphin a d s o r b e d  on f i l t e r  p ape r .


