VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

o

SUMYARY,

" The adsorplion of non-lonic and lonic solutes from aqueous Solubio

o ak aeléctad biolagiéa;jéurfaééé has. been inveStigsted.by,direqﬁfqnd.?j
’indirecb mabhodq....1n'prelimihary:éxperimentﬂ, T‘Aélééhfﬁn compléx-x
'format&on which mlght operab@ in the udsorptlon, haq heen investigated;
- also. Lhe “mauhod of ccntinuous variations! wibh refraetlve 1ndax a% the

"andependent variable has been'ahown 50 be sathfaedory t o1 determmning~

¢ntermoleoular«complex iormablon ln blnary nixbures of 901utee dissolva

in hydrogen-bonding and nonpbondlng solventQ.
-~ Parl I of thjﬁ thealﬁ l% concerned with uh@ adsorphmcn of non~

Aionlc.aolutes on-prutein Substrames. The refractive index‘method_has

. been used with diiute aqueons golutions of a variety of'simple ﬁonOQr
| maaehazides and disaccharides many Ain De and P con$1guratiena on bhe
" one hand, snd several proteins, and varioua nodel compounda, ‘on the

. other, The reswll ;0 ghow thabs aLJ pentoses, and also masa—inositol

and mannitol appaar ) rewau with each probein teg Led- no diﬁeccharlde

«re&cb%, hexoses nay or mqy noh rcacb, aceording Lo the particular

' atereouleomer used and the nature of the ‘protein, Ib is suggested tha

PR molecular‘ﬂieve progeﬂs igin opeTatlon, sueh that only earbohydrate

rrmoleoﬁleﬁ below a limiting,siga can.panetrabe the diaaolved protein :
L aggfggat@s'andkéhﬁé'%orm aﬂhyﬂrqgenpband oémplex; Hoxose molgculesagr

~nearﬂﬁheieritidai size for,entry aﬁd whether ﬁheytcbmbine or not is

dabarminad by steric facto?a‘ It i also suggesbed that Lweorbome _*

‘ exisbs in wsuer, and combinea with othor golubed, as an apgregabe of

.;ﬁamght maleculas.
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(v)
Part Il is doneerﬂsd.with'tha adsorption of lonic solutes on actu
biological cells, The machaniem of adsorption of cationic_dyés on de

yeast cells is first investigated, The adsorption is oxbremely rapid

7although it varies with temperature and the coneentration of the yeast

auSPénéion used, the ahaﬁes of the isotherms for each dye are hhé.aame
under.all«ﬁhé conditionﬁyus@d. Formalin-fixed cells have boen shown -
be & gtandard substrate in bthat thelr adso$pt10ﬁ properties‘appear ﬁo;
;epfoducible and remain unaltered over long periods,

| :Adsorption of cationic dye micelles appars to Qecuf in the ease

all the dyés with symmetrically cherged cations, It is suggested tha:

' thie micellar adsorpbion may be importent in the mechanism of the Gram

staln reaction, Rhodemine B, which 1s an unsymmetrical dye, appeors b

be adsorbed as o monolayer of dye cabions slacked edge~on, and inter-

Linked by hydrogen bondss on protein fibres and on graphite however,

vhich were included for comparison, this dye appears o be adorbed. £l
wiéé; It is therefore suggested that the protein of the yeast cells :
not the gite of adsﬁrpﬁian; bub thel some other ionic substences, perhe
aacledc seids, are the adsorption eites, This suggestion is supporte
by resulls of tests which Show'tﬁa sinilevity of the ad&érpﬁion.iﬁoth@:
of Rhndaminé B on DNA and.dnfyéaatg | |

- Thgf@ ig a linaér relationship betﬁeen the size of the dye molecu

and«&imple'functions of the degree of aggregation at the surface. In

" fact for three such chenically différant materials as chroﬁatographic'

alumina, graphite and yoéast, theore appears Lo be an ldentical linear

relationship /iv.



(vi)

: _relamionship bebween the lawarithm of the &egree of aggvepaﬁion anl kﬁ

: logavlthm of the dye cationlc weight. '

The meehanlsm oP hheeadsorptxon of the anionie dyes Mbbhyl Blue ar

-‘Anillne Blua on aecbions of the testis of thc mouge is also investigate

These dyas, bhough an¢onmc, ‘have ﬁhe anomalous ability ﬁc qﬁain sbrong}

bha baaiph;l (i.a. aaﬁ¢on attraoting) chromatin of ‘he sparmmtugenetic

. cells, Ex&ract&on of bhﬁ baaiphll nuclele acid eonstituanxa from tha

‘chromltln couaes 1053 of thjs property, wheresas destruetlon of ac;dophi

in the prateln comqt tuenms does not, It has boen concluded that tha

4.dyea 1nteraet ulth the nuclaic acids, Further, they appear to reaat
- with both DA and RNA in the chromabin, aluheugh they show no affiniuy
'ffor the cytoplasm of uhe exncrine eells in gecbions of pwncvaaa, which

”rieh Jn RUNA,

The nmechanism- af “he ?eacblon has not been fully ejucldabed, althc

 Lha dye% do nob behava as basic dyes towards the nucleic aalda, and  the

¥1nterdctloa 1s nonwlonle,A It is uggested that interaction involves

dondtlon of‘Tralecbrons hy the dye molecuies o e)ectronydeficlent site

dn the nucle&c aaids.r
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SUNMARY. |

The adsoxpbion of non~ionic eid ionic eolutes from agueons, solution:

. ’»l N

: inﬂim}:’b 'met}mé{s.» 131 pl*eliminm‘y @xg@mmenw,’fr ~eloabron mmg‘i e:;., T
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3?#:3‘. t m‘.‘ this ‘Lhwiea s mmemaé wi‘l;h "i;he admrpﬁ m of noy=
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“Lhms:s miae'll:zr m&fmmﬁ;mm nay ‘ba ampo'af'brmt in the machanj,”m 0£' ﬁh& (}:fsam
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'Wisa. B ‘I“L *ua themfo:m f;tz&_,asted 'bhat Lhe @mhc}ia of the ;yeaamt ecalla m
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‘ ‘Lﬁeﬂﬁtionqhip beLween.{he ?anvi%hu af uh@ ﬂegroe 0? awyregation Hna the
:lowaxjthm of the.dye ?duiﬁniﬁ Wh >ﬁt; oy

b “h@ mochanism of the aasorption of the anLonmc dye&iMethy1 Bluc ¢na
fAnilins Blue on fectlonq of the ta%ﬁig oF The mouse la also lﬂvahtigacedwf
Thuﬁ@ dyam, thoug ¢an10nic, the Lbe anonaﬂoua ablllﬁy to stain ﬁuIOndLVS
the' baﬁxphil (i.e. cabion axbwwct1ng§ dhtmmaﬁmn of the e emmatogeu@tzeﬁpf
cellss  BEatraction of qhefbaﬂiphilinucleic acld conﬁtituenﬁs frOm'the-
chromatin causes losp of %hiaAfrdpéiﬁy} whereas deétruéfion ofAﬁeiﬂo~f
'phﬁlla in the prohemn cnnat'Auenb &eeé notse It hag heeﬁzcéngluded'
that the. dyvﬁ inLcraat wi%h the nualsic acids. TFurther, they appbér

to veaet with hoth DNA ond, RNA 1n.Lho chromating, althouﬂh thqy ahow no
é@f#m@ﬁy for the oytoplam Qf‘ﬁhg‘axpgxin@ eellg inMaecﬁibns’qf

ﬁmﬁc?&a&, which iﬂffi@h in RIA, {;;j’ .

- Tha mcahan&am of uhv x@aeuion h&ﬁ 1ot been, fully aluom&aieﬂ, ;‘
gl hhfmeh the dyes do nob hen‘axfe‘ ma ba,s:a,g dyes towards .the mmle:l.c: a.c:ida,
and the inseraction is hcm;-ien.:i;é. R T seested that intevection . f‘
‘1HV01VGQ donation of T electrong by‘the dye mo]ecvﬂaﬂ o eleeﬁ%aﬂ- |

'”d&fiqient sites in the nucjexc uOlﬁd.
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The broad aim of the anthor's work was to lnmﬁ¢aﬁe a reaearch

_iprogramms deﬁigned to threw llght on gome of the chemiaal mechanlsm% Qf )
| ;&dﬂorptlon at blolngleal surfaces, of whleh twc aspacts are d@alt with here.
Tha chemlcal mechamism of cell a%a;n&n&, in particulqm, has nm& pr@vlously
| _haan exhauthvaly ;nveahnﬁataa and it was hoped that techniques uaed in ﬁhis
" laboratory ho inveatigaﬁe adsarpﬁ&an at nnnnbiologlaal surfaces wuuld prove
1 useful.:l In prel;mmnary wnrk,‘PFelﬂctran.eompleﬁ fbrmabzon,_wh¢ch mzphb .

ﬂ‘uperdte 1n the adsorpticn, wag lnveatlgated, . The results are amsaussed 1n

’thiswlnmraduabion.' In addihlan, the reliabill y of ﬁhe method of contlnuous

”fvarlaticna wiﬁh refractnve Judex a8 bhe 1ndepandeﬂt variable ta investigate |

'%antermalecular cwmplem-formatien in polar and nﬁn»polax solventS' i

' canfirmed.“ This aquct ig pwaaenbed in Parb I Saeﬁion L 5
Blalogiaal subsbratem nay b@ regarded ag hetarogeneous aystems, whlah |

.Gﬂhﬁlsﬁ of several qwlié phasoa, ‘the physiaal and chemieal prcperﬁiea af /

which may vary’W1dely. : Infarmqtlon abaux the actual mechanmam of adsorpn

'jgtlﬁn,§wheny7he acﬁive cenairﬁu;nt of th@ Submtrata 13 known, can be ebtained

, This
,teahniqu& ¢a used in Part I ta 1nVGstlgate th@ adsorpﬁicn Qf nan-ianie
solutea. Much infbrmaulan about the location of’ the - 8ites of adsorption _5;
ean be obtained hy Qhﬁ&??iﬂg ‘the effeut produced.. by the remaval or deactlu
;vahlan of a constituent phaae. Thlﬁ Lechnique is employeﬂ 1n ?art IZ |
ueatlon 2, b lnveﬁtmgate the adsorptlon of anionic solutes. nf*, y

\ The adsarption of catianlc 3alutes hag bean inveatigaﬁed quanﬁiﬁatlvely
by deﬁermlnmnﬁ adscrptlcn isotherms, and 13 de&eribed in Part II, &action 1

All./gu_e



R

All blologlaal procaﬁses, and tha sbainlng processem wa%h‘whieh this
thesis 1s concerna& take place in aqueoua mad&a. The ‘present ueries of
. inveﬁt¢gatlons is therehy eoncerned wmth addgorption from dllume aqueouﬁ

o1

"%olution.

RS . ﬁDSD TIG
Adserg 1an.ah tha 3011@~L¢g Iﬂberfage.

Adsorphion 18 easentlalxy an interfaclal phenomanon, This thasis s, -

lyzgjﬁ

‘aoncernad with adserptien at mhe solldmliqumﬁ lnterface and, 1n partlcular,if
hwith systema 1n which the Liquid phaae 19 a dilute salution of one or more -
disaolved olutes, - % | T _

| Mattar is comﬁo ed of ecnﬁtlﬁuent partialas (atoms, moleculee, ionﬁ er ;
free radmaala), each ‘of which e%orta in all directionﬁ atbractive forcea.
In bh@ gasaous atate these parbiclea have high anergy and the attractmve
farcaa have only a minow influence on thamr behaviovra In hhe 1iquid
;fphase, whare th@ parhiclea have lcwer anargy, bha influenee is greater and %;
bh@ pavtxcles tend ho axlst 010861 together in a more Qrdered mannﬂr.
,Neverbhele&u, in both the gaa@ous and 11quid statea the partiales havé |
tranﬂlaulonal, v1brational and rotabional freedom, In the solid phase, :Ja
, howaver, “the ccnstlbuant partlales have mnnh lawer energy and Lha influence
Qf th@ aﬁtractlve fbrcas svrrounding each l %Q great thab uhey are drawn f:
togethsr znﬁo a rigid orderad atrucﬁure‘ ‘ Thay may have rotatlonal an&
1V1bratlona1 freedem, but Lhay have no freedom of %ranslaticn,: In consen_; :
. quﬂnaa, aJT interfaced betwe@n a solmd anﬂ an adaoininp phase are: 1mmobile;l:

in/!bl _—




,balaneedyby bhe abﬁraeblv@ foreaa ‘of- 1ta n@ighbours.- Several bypas mf

“In he”bulk of the Bolld phﬂde, %hﬁ a$traculve £ rces which each _?g,ug;

fbraes‘( e*g,,eleatrostaﬁle, homnpalar, ‘physical) are known Lo op@rata, “

ncoften simultaneously, albhough uaually one type pxedemlnatas.‘é

At Lh@ surfac@ cf Lh@ solid phase the attractxva fnrcas are balanced

’ only on tha smde nearer the bulk of" the phase and unbalaﬁced fcraes chereby
;remain tc atbract th@ consbituent parﬁicles of the adjoining phas ‘?J;g;if—--ivj

_;thia phaﬁa 13 1mquid,‘hhe conﬁtiﬁu@nt partleleﬁ (moleeulea, Lona or freo

radicaﬂs), whlch have translatlenal freedom and. whxah alao have uurroundiﬁg

fieldﬁ of Jorceﬁ, will tend ta satiafv the unbalannaﬁ fbrces by movmngytoward.
the 1nﬁerface, ‘with tha r@sult thab ﬁheir connentration there wlll be great@r
ﬁhan in th@ bulk of the 1iquld.; Thls phenﬁmsnon is called adaorpﬁion. '

'The aolid phase is eall@d th@ adaorbent. (I the 1lquid phase is. o aolution;

iﬁ will hava two or msra componanis, all of which compe%e for a plnce at th@f
interfaea (aee l&tmr}.; The componant which iﬁ preferanmlally adscrbed is ?f
alled the adsnrbaﬁe.

Adserption is uaually a reversible praoesa and Lh@ adsorbahe particles,é

‘ afﬁer a period of ﬁmma, 1eava thm interfaae and wehnrn to the 11quid.;m

Lquilibrlum is esbab1¢shed when tha number of adaorbate partieles enterlng
bhe inﬁerface in a. glven time la egunl “Ho tha number of partxalea leavjng in;
the sario time, ° | ' B -

T e Ll Gtrlcdl DuublevLs o, anthet% Pobential.?

Tha Igber s
- An 1n$erface betwuen tuo phaaQS is remarkable, fcr althgugh it is only

8 few molecular diamet@rﬁ in thmoknesa, yeL it iﬁ macroscopic in 1ength and

bveadth. ;...~



;»}qconmact is bherefbre of th@ greate&t 1mporbance in adsorpbicn. : It is

: l&"« . p | : PR ~’;, .‘: . 5 N ‘: - . o L.'J':‘v JAEREE N

A breadﬁh. Ths diffhrenca 1n electrmaal patential h@ﬁween.two phases in .

Alntimaﬁely assoc:&tcd wlﬁh the formabicn of. an elacbrical doublo l&yer i e.

~an unaymmehriaal dlﬁhrlbutzon of alectrically charged particle» (ions or vlg}

VAalactrona) neax’ the surfaee wmth exeasa of pesiblve ehargea directed tGWarda
‘ {the phase whlch asaum@a tha pasmbmve potenﬁial ana excess of neyatzve ;:;*'

‘ehargea ﬁlrected towar&s the phasa whlch assumag tha negntlve potenbial.

‘,,: P

Th@ electrieal double 1ay@r was. 4t f¢rsﬁ conaidered to be a parallelniii
plate aon@enqer,4 %hﬁ aeparatian balng one moleaular damenﬁion. Later |
<lv¢ews Supported the ‘idea of a dif fuse deuble 1@yer, In 192&, however, u:iﬁ“
*.istarn5 combined the aharaateristlas of bath these. v1ewa to glva bhe conﬁapﬁ

“WhlGh has become generally amcepted Leday. - He' suggestad nhat ah ‘the’ solxd
“aurfaca there 13 a sangla 1&y@v of flrmLy bonnd ch&read partieles whlch ’w;
‘g¢ves rase to @ shqrp 1%11 of potenﬁial and bhaﬁ nex$ to thms thera is B
-dLi’fuse 1&yax‘ whiah exheandﬁ .i'oz:* ‘Some dmtamce n.n‘bo thea J.:Lquid phase, : ‘Tﬁeé -' -
componcni particles of this layer are b@llevod to h&ve conslderable tf&nﬂ-‘
1wbiona1 Lreadem, bu% unlike the bulk of . tha liquid phaae the di trmbubiun }
’.of ﬁDSiLiV@ly and negatively charged partxeles id nat unmform, since the
elecbrOwbaLla fle&d at Lhe solxd Surfaoe will: resulb 1n a- prefbrential ‘
 )>3attracL1on Qf Lhaﬂe of tha oppasiﬁa aign, The rasulﬁ is a aradual fall 0f
"potential into Lhe bu..l.k of " the. Liquid here the ch&rge distribution is
l ,unif9rm. Tha observaa zeta poﬁential is the fall cf potential acrasa this
‘dmffusa l@jex. e ; o - L ’i
o Thﬁ uLacbrlcal daubl@ l@yer at the ﬁnlldpliquid intarfaee may arise ;éi

~from /o
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_‘frnm Lhe prefer@ntlal qduorpﬁlon of lons of one 51gn, ‘or Fron the orienta— Lé”
tlon.o; npuﬁral molocules Wthh contaln elaebrlcal dlpoles. The concapt of j
'a dlffuua 1@yer on uhe uoluticn ulda 0£ thc 1nterfwce applies well in qystensg
where adsorptlon ls by strong @l@QQTOQﬁﬁtiQ attraculon.(: This type of fdrce ;
'13 1ong~ranga and 1nf1ucncas partlcl@s of Lhe llqu¢d phase at soma aistance |
jfrom Lhu 1nberface.?¥’“he concepu, hnwever, is 1955 aatlsfactary when
‘&dSOrptlon ia due” to sharb-range physaeal attraction whlch only influances
particles withln a few gngstrom units from the Sol¢d surface. It 13»"
bolieved that adsorbed particles are lacated 1n the diffuse 1éyer. -

The magnltude cf the zeta potential varles fram sysnem to sySuem;“a i£§_

8 n howavcr is ne at¢ve for moan SQlldm 1n’water for example chrcmghou
. | [ 'y

f ‘8raph1c alummna (&n 1%5 orzglnal alkallne staie, c0ntain1nﬁ sadzum carbonate)é

‘:fslllca (pee ref 7 and ohhar reﬂerences quoted thexe), and eelluloses; but o
.Lhera arc many exaephzons, Tor example, bh@ film, of aluminq ppqduced cn an. ;;f
'alumlnlum anode 1mmersed in ch?amic ac¢69 : o '

,ﬂgg of Adsorptlon Forces. ~

In racent yaars mueh ev1dence has been preaented in the 1lte4ature to fﬁg

A ‘Vsuggeat that several uypaﬂ of retentlon fbrces operate 1n adsorptlon at the

‘ $0liﬁ-liqu1d 1niarface.,j The prlnclpal types are* van der Uaals (physical)if
: atbracbxon, hydregen bonﬁzng;ﬁw:élecbron complex formaﬁlcn, covalent bandlngfy
and 10n exnhange. It lu clear thau more than one- type of forca m@y operatef;
Ksamulbaneeusly and that the nature of Lhe fozces which pradominate degends :
on uhe adsarpticn system. The varnous typos of fbrces are hest illusbratad; 
by eon8¢der1ng speciflc eyamples, Lo s G

V&I’l der Wa.als / qt *
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'&%ioﬁ.,h Van der Wasls attraction isg & term )

Van dew. anla A&mu‘

‘eollecﬁively ayplled to a’ group of shortnrange physical forces, ' This group
mncludes arwantablen forces (ﬂitracu¢on betwoen permanenm d;poles), induction
'forees (au%ractlon baﬁwcen permanent dipoles and 1ndueea dipoles), a$braction
betweon lons and dlpoles and dlan@r%¢on forces (qu&ntumwmsch%n_cal inter-.  fH
acbion beuucen mcmenuary dLPO es), '
_ Whﬁ aniona of acld dyes are adsorbed to 8, much greaﬁer exten$ than 5'1

be attribumable largely 4o van der Waals atnractloa beﬁwoen Lhe aromatic

'nuclel of the dye. and ﬁhﬁ nyarephobic parts of the protezn chain molecules i .
of ﬁh@ woel '. Two ewanples may he quohed in gupport of %hxs bellaf:‘w;f§f:
(d) it has been shown that the affinity for wool of a series of acid dyés
and of certaln organlc acldp riges almca& dinearly wlth inorease in
molecular:welghﬁll (b) dry waol and nylen undex eﬁrtaln.condibions can
adsarb £rom ncnpaqueous qolventg appreciable amounts of cernaiu aromatzc

,,,.

ecmpounds, a.g., benzana or stllbene, whlch mogb probably are attracted to.

lsha flbra hy van der W1als forc@s anly. 12

! ”he meohanmgm of retentlon of . direct cottan dyes %o celinlose is nét
yet xully undsrauood Neverthalesss certain obSQrvaulonQ 1ndicate thau (1;‘ﬁ
van der Waalg aLLracLian and nct only hydrogen bonﬂzng muqt play some: partji;;

 Bugey anuhr&cen@uciusulphonjc acsd, which has no hydrogen bonding groups,"~7“
and h&mmamoxylmn, vhich has four %trong (phenolic) and two weak (alcohollc) tj

‘. hydrogen.hond&ng graups,are both adSOvbed by celluloae anﬁ the former has
‘the hagher afflnlty.lg, | L

Tha /...
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| Th@ rat@nhlon of orgaﬂjc 3nioaa by ch1hln undex ac1d.ccnd1tieﬁa sppearsw;
 to b@ aue malnly to van der Waals abtractlen b@tweon.the anﬁons and nhe s
uahar‘uolv&bed moleeular ch&mn of chitln, The afflnzny appears +to rlse .
1Zamwrkedly wath Jncre a0 in Bize of uhe aromﬂtlc nsztlens ef the anlons,lédi' -
‘ The retenbnon OI urommtlc hydrocarbonu on graphite hag been attrlbuteﬁ :~
ito van. der Waals abtractlon. Recent eV1denca, however, shows thls can anly?;
Lbe partly ““ue for benzena i adsorbed more strengly than cyclohexane, whichf?l

ff 1t closcly reﬁembles 1n size and s phapesls

This &uggests that the T ’”I!electron
quQem of arcmatlc aompounds is &lso 1nvolved :

z rog D Bnnding Hydvoa en. Banation bv uolute. - Ajl polaf and'

1 unpatursﬁed nonwpelar organic Solubes ara retalnea by an alum1na column.< R
.ubtony ddﬁﬁrpt¢on is faVQured gsnerally by high polarlqy,'my an increa%e in

iyhe number sf nolar Subsbltuenﬁs or of aramable nuclel, ané by the qbsence -

6,16 1'7,18.

of 1ntbrnal chelahwon Recent debailed vork hag confirmeﬂ that

wll‘compounﬂs wmth a, hyurogen a&om capable of bonding are adsorbed strongly

6,9,19,20

" by alumlna. , Such compounds 1nclude phenols, amines and aldehydes,;

ior whlch Lhe respeculve hydrcgonwbondlng mechanlsmw may be shoun as
mOH 0, )NH N -GH P G; The volube mol@bules are adsorbed ranldly and

apyear to cove? the vhola external. svrface of the 1lum1na, mosb probably as

Jja monnjaye” 6 20

It ig belleved that Sillcd adsorbs phenols, amines, etc., from‘water

and npnyaqueoug solvenﬁs by hydrogen bonding, hyﬂrogen atons hezng donated ;w

frcm.the aoluie ta the surface oxygen aﬁoms./

I@ﬂxoxyhccmpaunds are adsorbaﬁ hy woal and nylon.from aqueous solutlon

b



‘;

hydrcxyi"grouns‘lnx@he alumina surface,

8

by formlng hydfogan bonds probably wlth the endlic fornsg cf ndee or. peptide,;
group% of ths ilb?ﬁw.lz Eh ig also good evldepae hxt pherol ig agsorbedf

Erom water by cellulo 36 acatate by a hydrogenwbonﬂsng m@chanlsm at: the

| ﬁcevylﬁ “TOupﬁézi’_ Water-soluhﬂe dyes uﬁed fbr cellulose acetate, Sulln uﬂ& e

‘ '"bolacet“ (I I ) dulphntouQSuer dyes are prob@hly ads sorbed by this.

0.
mechanlsm also.l :

dirogen Bondlqg Hvdrcg@n Aaccguance hy Solgﬁa, - The hydfbgen;‘

accephar Salutes, e.g., nltrahenaenc, qzobenzone, are ad&ovbed leus by

alum¢na than hydfooen donor salumew. ~The hyﬂrogen.accembors are prohably
banded Lhrouph the lzmltsd number'cf fees’ hydloxyl graups kuown to b@
presenu in’ uhe surfaue of the alumln&.6 An alternatlve vxev however,éﬁkfﬂ

18 Lhat uhLB ddﬁorptlon is due o don&tlon of B elegLrOhﬁ Lo elecﬁronw .gﬁi5‘
22

defloiant Sltes in tha alundna surfade, j«f

There 15 alsa evid@nce to - ﬁuubesﬁ uhqn euhanol ¢b toﬂded bo Lree

15 -

It m@y be that ethanol in J‘d

parb at least, acLE ag a hydrogen accepto;.-'

SQlﬁﬁe. -~ .Gond@nSG&;ring?pblyngcleafiaraﬁéfidf
hydrocarbons oan oé ‘geparated on an alumln& eclumn.‘ ‘It hag beén SHbén;i%‘
bhat the ad orpblon 13 favoured by an ?ncr@asc 1n uhe number of. dcuble‘, 
bonds in tha soluie maleculs, by an increase in Lb% d@gree of coplanarlhy‘

and by Jymmetry iactor“ ‘(ﬁee also ref 24, not yab avallable) . Also 1n !

1samer13 hydroc%rbo&s dlffering onxy in degree of eonjugatxan, vhe most
exﬁenﬁlvaly condugated lquGT in the nosh sbrongly'adsorbed. i |
"The author hﬁm lnvest¢gabed quanuitatlvely the behavwour of Gra&e I

and /¢.¢



and Grade- II alum;na powdcr towafds some - iromatlc hyﬁfecarbons 25’26 27‘ Ey

analyuls of- soluulons belare and after shaking WLth Lhe pow&er 1% wa%
‘ stabllshed Lhat nh@re 13 poslulve adsorptmon. _ IL vas found that 2.3~
"banzanﬁmacene, phena.nthrene, and pjrene a.c'e all aclaocbed i’rom xylcm,
naphithalene is adSOrbed ﬁrom R /murimeu ylpontane, buL naﬁ from xylene,, i"j
Ahe xylene 1Lself musb eompebe too strongLy for bhe aotive 3iuep, 80 - that("
_’naphhhalene is not naken up 1n ite preuanea. Bauzan@ ig. not adSDrbed fr&ﬁ }L
| ~q4mbr¢meuhylp9ntane, 80 pfesumably wylene. is aduorbeé more readily t uhan‘
benzane. tha agrees with ﬁhe obser at*cn that mebhvl grouns assl .ﬁ :?¥'f5 ;
':faﬂsorptlon.zg Only véry small proport1on of the avallable surface 1s |
covered, The amount of phenaptbrene)adsorbed{1s,gubsﬁanﬁlallylhzgher*qn
G:@@é I thaﬁ on Grade 1T alumina,;bﬁt the .apparent affiﬁgpj iggagﬁuallyﬂ
lower,.. : o | | o |

V?The roasting %réétmeﬁt“used 0 prepare Gr&dé i"mwtévial.wembveﬁﬁfirmly&li;
bound waior. Therelore, alﬁhough Gcade I oxide Tagea h49h@r af%inlty for

water uhan Grade II it has a ?OWbr afllmﬂuy for a hydrocarbon~ yei it hae

mora,gva;lable‘Sites; 'hlS svggeshs that water and hy&rocarbons are

uaaSorbed ab dl ferenL sxhes and ‘that bhe chemlsorbsd water may screen somewx ;
'oi the wltes %ultable for- bydrocarbona. Teﬂhs wmbh hydvocarbons on- wlllcé
1and cellulose showed th&t 1O adsoapblon oecurs, suggeSuing that nelther B
, oxygen nor hydxogen aﬁomb are the ponnts of aLLachmvnt Ol “the hydrocarbon ;

| mclacules;'» ;harefbre the ra&chlon smbes are bellevcd to be alumlnlum atoms;
The hydrocarbons are congldoreﬂ vo form a.Trneleebrcn complew with the sma11- 
proporulon of alumlnlum atoms that happen Bo b@ exposed at the surface, due 4

%o /,..
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"‘k__ta deformation of the . arysﬁalllna suructure hy gr1nd¢ng and abra51on.

Theae aluminium atoms will baar a ge:ky 1&1 positive- charge,28 “hms cun»

23

 @1u9ion agrees wmbh that of Klemm ot al, uho suegcsted that tha adSorp— -

: ;txon is unimuleoular anﬁ takes ylaee on ”aetiva spota“ of the alumlna
surfaea in aﬁﬁa&ype acmplex. | |
Wunther evmdenca 1n favour af ﬁh:a adscrptxon mechanism has been |
iobtaaned frcm nuclear magnetic resonance qtudiea.ga." o
Few eaaes on thms?faelectroﬁ complex»xormqti@n h@ve'ﬂo fnf'hhen' .
'repartad. A A similar maohanism may be invalvea in ﬁhe fbrmation af com~ S
'”;pdaxas between aromatla hydrocarbons and piormc acid, between benzena and%fi-

silver eat&onsso’Bl‘

'cations?z It has alsa been suggested that?Tmtypa hydrogen bonds, ave -

and betweenvrelectrons of graphite avd alksllnmetal;:

yfbrmad in the adsarptlon of .direct cotion dyes on calluloﬁe. 7re1getrcns/t?g

from bhe long conjugated dye molecules are ecnsiderea to interact w::.th
hyﬂraxyl graups in bhe aellulase.}gy “ |

Flectron ccmplex»fbrmabion may " mell be involved 1n qome blologicalfélw;

o processes and in blclogical Staining technlques, CRTN ths ﬂtainlng of ;jf;l‘

phosphpllplds with aeld xanthane dyea, auch as Bcsln.
- ngalen§ BOQ&&Q@; ~ There are relativexy fow reported eases of
covalent bondlng in adeorption. Broadly speaking, it may be said ﬁhat

)ﬂaﬁsarhed mclecules whlch are exﬁramely fas% Ho’ rlnsing in both aqueous e

and organic solyenba are retainea by forcea whlch havo a high degree ef,f'fij

scovalent cha?acter Thas phenﬂmanon i well knotm in many- xorma ef
taxﬁmla dyelng, whare tha last traces oE an adsorheﬁ dye are often

“~‘exiremsly difficult to remova. /‘..‘



'“j3cavaleni.

11,

Perhaps ‘the MO8, Sbrlklnw base of cevalenu band formation 15 Lhe
'adsorptlon of r@acalve dyes on ceilulose and nylonf,a34 , lL is balleved thatji?

Ta cavaLent bond is fofmed beaween nh@ Lrlaylnyl nncieus (a characherlstlc ff

s"

-

feature Qf som@ r aet;ve dye mol cculcw) aﬂd hyd?oxyl wraup. 1 the SEbstrate.:j

‘v”Anoth@r examnle is the adsorpulon;cf pnnitrophenul from aqueous solution on ig‘
'alumlna. : The adsorbeﬁ solute 15 not comple ely desorbed by r¢nalng w1ﬁh

, waber, anﬁ for Lhis reaSOn bhe retentlon fbrces are beiered t@ ba An parn

35 Tha 1rrever&ible color;satlen of ancalaad alumlnlum uiﬁh

\\mordanu ayes hag been.&tbrlbut@a to eovalenn boné xormablon,) ‘hough there

ﬂ A_1s-now sbme reasen to “doubb this” (D&tye and Glies, prlvato communlca ion).;v5¥i
. 1on htchanoe Ji Mﬁch amtenhlon haa been paid in fecenh years to nhe
iadsorptlon of lQﬂlGVSOlUESS, parcacularly éJes, by 1npr&an1c anﬁ ovganle 1
.adsorbenbs (e.g., ref 6 7,9 19, 30) ) In mosb caaea aﬂ&ospﬁlon ig belleved ;:

1o 1nvolve a praceqs of ion exchange Ion awehange mwy bu regdrded as a

red1stribuu10n of 10n& betwe@n one GBV1fonmanb and annther..i The ions keep

_th@lr chargas when adsorbua, n& oovaLenm bDHdn ar@ made or broken, ‘and the

‘heab of reacu¢on is. vcry small. In many cases ion exch&nge has been
.,charaeterlaed bv af). extremely rapld attdlnment of equllibfium. The surfﬁcé{“
-,covefage has becn found to be complete, in most caSes, end ofﬁen much more

 'soluLa nhnn Lhat requmred for 2 monﬂlayer is Tbhnd to have been adSorbad.

Th¢s apnarenu "mulbllayer adSQrpblon“ h&s heen a&tributed to the formatlon
"{~of mlcellﬁa by face~to-face or 1ﬂemﬁy*51de allgnmnnh of 1arge flat or

“aur aeemacbxve" lons..

Walton 37 /...
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Walion?v has Summarzsed cation exehange thus: “bhe strangth of. blndipg ?3

"*ﬂc; cablons depends ‘upon the;r charge and. radlus, belng groator th@ higher

.**the charga and tha smallar the Ladtus in the hydrated chdltlon,, that is,

j;bhe Smaller thc dagrea af hydratlan. The larg@r the pcres of a catlon ;

‘v:_g:fexchanger7 the more tho enyironmsnt in the exchanger resemmles th&t Qf the

":7 -solutLen, and the lesa élffbrenee hhere ia between bhe ads orpt;on of

:daffarant catlongn‘ Anion axchange eannot be genarallged so readxly.'$wgl

Many axamples of 1on~exnhange adsarptlon have been raported Lechnlcal
'falumlna ig alkallne in reaculon owlng ko the presenee of Sleum carbonate

* 1mpurity.6 Gatlons dre believed to be adaorbed by exehanglng with surface
i 38 39.

'sodlum 1ons._“ Puze alumlna, however, alsa adsorbs cutlonq, probably by

7wi[lalum1nnum~hydrogen ion exchange. ' The adsorptlon af&ln*ty appears to riSe

A:Awlth palarlsabillty of the adsorbed ion, or of groups co—or&in&ted with 1t£0’4
«J'Alumlna wh;ch ha been acidlfied wlth hydrochlorie acid containg partly 4onlsec

- ;and paxtly covslantlybbound chlarlne,QS Anlenlc dyes are adworbed shrangly f"

| iby exchanglng wmth the 1on1aed chlorina,é?A?"

&3

Sillca has a negdulva zeba potenﬁlal Jn watex, owing o 1onasation of
| ‘usilzcm aend groupa fo;med at the sur;ace, aﬁd ﬁharaby aﬂsorbs cations Strongly~

R from aqueous solutlon (e.g., fef 7 and obher raferanceu quOued thereln)af;

An&onlo dyes are also adsorbed, but t0 & much 1sss exient7 and it is belleved‘i
h that ﬁhsy are adsorbed by hydrogen bonding. Bobh anlenlc and caimonlc _‘f ;“:
‘:uaoluheu are &dsorbnd from aqueouu Solutlon by commerczal graphite.36 %:'
whereas an10n¢e gulphonated azo dyes anpear o bs adsorbed from aqueous

)TQOlﬂﬁiOn by physical rorce%, baﬁic dyes are adaorbed by ion eyehange of their

Aications with hydfogen ions in the electrlcal double layer of the graphite.

. lon/. a e '
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Ion'axéhanﬁé appeers e pl@y a 'lesa imperﬁ%nﬁ parﬁ-in‘thé adsérp@ibn :
'“ﬁf argan L fong on polyamgde and protoln fibres, As described previo&sly
‘phyﬂiaai f@rﬁ@ﬂ*&ﬂ@&lr %0 make a mﬁwked eenLribu vion to the 3enyretention,
Binllarly, the adsarptian of large 1mmemie ﬁye maleaulea Eron aqu@ous

| Soluhien on aalluleaa, wh¢eh hag o neganiva zoba paban%&a& in.water has
been deseribed, Gaﬁlonﬂ, hawavar, are b@ll@ved 0 bo a&uovﬁaﬁ by
ﬁ?@h&nwiﬂy w;th hydrcgbn i@na fra& svwfﬁaa aawbaﬁyﬂ grouns, whlch ave

alwaya grasemﬁ 0 some extent avan in the purest fmwmq of cellulasa.

, oL . - There ave %wa olosses of .
sgii&é: ary&ﬁal;inafahd amorphons, &rysﬁalline sal&&s are typiﬁned by -
thuaav§hi¢h havé reprodusible proparblea, aaeh aa\aharﬁrmslting*pein_ﬁf
and have a wellwdefined sﬁrge%ureé’wiﬁh the eonéﬁituﬁnﬁ.pﬁrtiaiaa (aﬁoms,"
ious or‘malauuleé) arrmngéé in a rigid éegulér mannar.‘ Amorphous salids
‘dm not have reyraducible preyarﬁmea and mey Lﬁ gonyidered to he aupar*
!'aaoled llquida, fbr fhe canqhitnent }mruieles have éonsidarabla trens«
latmanAI freadon and bend to be arrunge& in a.r@ndom mannar. 9 Thero is, :
hovever, o sharp distingtion, for m:ysta.mm s01ids aro subject to
th@rnal and machwnacal digtortions ﬁna distortions preduceﬁ by the
Preﬂanﬁe of impuritiaﬁ, wharsw% amnryhouﬁ ﬂallds hava 109&1&&3& re&ians |
Qf auruabural ragulanan;. lasb SOJ;ds are pveaamxnaﬂﬁly oryatallmne. J; 7;
%trnins and distnrﬁicns prcducaa by tharmul anl machanlcal demage
 :,h1ve 2 grenounﬂed effeot on the surface preyarﬁiea af 8 solnd. barunﬂnmf
 &3 a 3triklng ax&mple.zg' Aftor grxnixng tha zatn pa%entznl ig pswmtive;

g le“i,“?cm Soes



“‘ignitlcn ab 709 alters th;s valuﬁ and 1ndeeﬁ, 1gnit10n at above 1000° C.
\;praduces an allaﬁrans with a ne§at1ve zeta petential; grmnding, hovever,
restcres a pesitlve valne. | '
Impurltnas, such as chemlsorbed water, on tha aurfaca of an adserbent
mmy affeeb iha adsorption praparﬁies. Thxs con be iliua vrated by the H
26,?7. '

~ fbl1ovlng exparxmenu perfbrmed hy the author

Ghrumatopraphic alumina, a8 bought, has a- consiaerable amaunt of

"‘;flrmly bound surface Water, Roasting reduaed hhs welght of a sample by

"'3;9%., I£ thls losg’ is “taken to he bh&t of a monolqyer of" water molecules
' each oecupying 8, 2 g {the approximabe craseusectzon, edge-oﬂk 1t repreaents
*ca. 16 x lascm. cf extra surfaee per g, of yowﬂer, 80, thaﬁ Grade I powﬂer
| ’wauld on this asaumptmon have 4,5 tlmas the avallable achive surfwae of \
A:. Grade Il. Thms flgure agrees well with the observad-5'3~fbld greater o
 maximum adsorptmqn of phsnﬁanthrene on Grada I than on, Grada 1l powder.

;(An a&tempt was made 1o ra—hydrate Crade T %0 Graae II powder Ty storlng

R & un&er wmoist air ﬂnhil it had 1ncraaaed 5e 9% in welght, bt th@re were

Aexparamantal dlfflcultiea in sﬁapping the increaSe at the aorrech value.

' 9<The preduct had only ca, 6Q% of the phenanthreneqadSOrbing capaeity of "

"the orlginal Gvade I powder)

ﬁlnee the constituent particles of a solid are rlgldxy held, ths ST N
jfface, mlike a liquid surface,: will not contraet spoutaneously under the \
influenoe of the lntarupar ioular. attractlvn fenges., ' For this reason the‘ I
.Surface wlll not be smooﬁh, bub will contain protrusions, 1ndentaticns ‘and
) crevicea. If ﬁh@ atﬁraenlve fbrces are. elecurostatlc, the adsarption S
:pctent3a7 is groater at ‘bhe edges of a crystal than: Gn a plane. faceékand

. BHHIL groster ah & corner or ab th@ tip of a. Froﬁru31on, ‘since fover of f"ﬂ

Cthe /..



Tthe forces surroundlng each yartlcle are balanced thera. *2if £heifof§és :
1 7are physlcal, uhe &dsorptian potentlal is gruater in a hollow, or at the
= fhottom of a creviee, than an 2 plana rurface‘ the' tln of a protru ion .

: is least active.4$ A a | ) |

Many solaaa, partieulmrly biolcgicml %ubstrates, are hlghly povous

'Afand contain a threeudzmensional 1n$ernal network of channels and cavities.

If bhese channels are of the same order of magnztude as the ddsorbate

"; partlcles & “molecular smeve“ process nay reault, whereby large particlen

"tjm;y panatrate more slowly than small onas, or not at all. ' Manyﬁsuch
“7aaSas ara known, ' Fbr exampla, monosaccharidea can be separated from

4 nolysacoharldas by preférentmal diffusmon of the former into dewmran gel@é

. Only solutea thﬁ moleeules of Whlch are not 1arger than hhope of n-pentanol -

”,1n the aliphaﬁic serlea and anthracene or szmple axz obenzene derivatzves in |

” the aromatic Sprles can penetrate tha 1ntermolecu1ar porew of wcol from

12

.nonuaqueous solution. . In ﬂome caues, even the shape of the adsorbst .

.parbicleﬁ ma critlcal Fbr example, open-chain and branehedwcha

'Lf>3a11phat1c hyarocarbans can be separated by preférentlal adaorpuion of. the
47' ' » a

BRE former an zeolite gels.

i8e = Ad$orption is a sponhanoous proees“'

anﬂ hence the system must undergo a decreaae in free energy (uAﬁ) on

‘aiadscrpt¢on. f “h;s deerease in frea energy mqy be considereﬂ as the

Jtadsorntmon afllnlty ‘of the adscrbate. ‘ When an aﬂSOrbate plrtlble leaves _
" the bulk of the 13 quld. pmse ..md am;ers the- d:!.ffu o 1ayer at the :Lntﬂri‘ace:

:»¢t enters 4 region wlth & hlgher degree of order and, thereby suffers

. resﬁrlutzons on 1ts freedem or, ino her words, a decrease in entroqyeas)

B By consic’tering “Lhe i‘undmen’oal uhermodynsunm equatlon, AG =AH - "‘(Au),

| where AH is the hea.b evolveci / sev
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evolved and - is fhe“%bS§1ute ﬁemperatura, i%'can be éhdﬁﬁ'thailthié
.dacreqse in entropy 1oduces the adsorptlon afzinlty of “the adSOrb&Lc and -

. hence opposee adsorptlon. o : L

" Only a 1mmitod numhmx of placeg éb the 1n£ernace afe‘avallqble 1o tha
-_ componentu of the 1iquid phase and the amounm of eaeh commonent adsorbad ig
reduced by aampetltlon, Thig ccmpetlblon is affected bv ﬁhe d:mens;ons and
| Shapep of the adsorbahe particles. A 1arge parblcle with more than one ‘
active group may occupy several gltem, -which mﬁght otherwlce have been taken
" ‘by several smallur pdrulclaﬁ, or they may* only block these gites wlthout "
"lactually oecupylng them, e.g., by bridging c;ev1ce% and poreu in bhe solid ‘
-‘suriaée.ts'i Iﬂ conLrast, particles thh several aoblve gfoups dx%uributed
 @1ong nhozr nerlphery may he adsorbed less than those W1Lh active groups aﬁl
one end only, for Lhe laLLer ‘may he adSOrbmd vi h an endmon orlenuation and
thereby cover less area Lhan the former lylng flan.,“ '

It must h@re be stragsed’ hhau when the liquid phaﬁe nd a solutlon, the‘f
Solveni mo“acules, and not merely’ Lhe Goluua pwrtches, compete for a place_
cab bh@ 1nLe;face. The cmper1men$s of Kipllng et al, Wlbh binary mlxbures \
.of mLscible liqu¢ds have thrown much 11ghu on thls el?cch and it ig olear, -
. thab the prcpo ulOﬂ of solvenb adsorbed varies . from qyoten 1o aystem. 'karé}
emmmple, trom blnary nixtures of ethanol and benzene, ethanol ig s
preferentlally adsorbed by°§~alum1ng, but bonvene ig" prexereﬂmlalky
adsorbed by chareoal. As would be expaohed the 1onlc Substxate, alumlna,‘
_has a preater attractlon for the polar compound, uhereas oharcoal, which is -

asaenLlally a. condensed aromablo system, has a greatev atbraeuion for bonzene.

A( It /un
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It-has éjeo ﬁééﬁ»obséfVGd by the7aubhor 2527

as already menLloned that
; naphbhalone is. stoxbed hy alumlna from 2823 L trlmahhylpentnne, but not frmm
xylene, probably begause of StTOﬂg competitlon by the oxlde for zylene,
.Nevertheiesu, when Lhe liquld phase is a. dilute solut;on, and, in partlcular,
iuhen the qoluie hag 1ow dolubitlty, the pxomofbion of svlvent adSOrbed aprears
to bo negllglble in many cased.éﬁ | Fu, Hansen and Baruellso have»shown that
monoloyers of butyric ac¢d adsorbud on caxbon from vatef oontaln molvent.

In thb ‘dyeing of wsol by anionic dyeu, where Lhe adsorpt¢on is in part
: duﬁ to ion«emehange, the exhaustion of the dyehqth is reduced by the presence
;‘ of nsutral inarganlc-saﬂ- ‘51; - The 1ncrganlc ions produced‘compete~fbr-the

sites at the mrtolLaee and, in effect, reduce the p031tlve zeta potential of

‘ u}uhe flbr@ and ‘hence. Lhe aduorpthL of the dye. Dyas wlth 1argo &ronat¢c

. reuldues, . g., JCLd mnlllng dyes, which ewperlonce Strongel physical

attraction from the: ‘wool ave afxeebed to a much less extonu by “the presence:

of LhSSO neutral ualta.‘-'fA

;gﬁgggctlon between the bomponent Parthleu of the L;gghd Phase, - The--
-vallous uypes of 1nbexactlonq Whl&h oceur hetween bhe componont paruicles of_.
' Lhw llquxd phese have an 1mpoxtanb eflect on adaorpb:on. _ Solvatlonuforces
exert on dlssolved soluto partnc]es a Yyigcous dragh whlch tends to 1educe ?
bhclr @&Qb of adqorpt¢on.. In obher words, it m&y be S&ld that solutes of
f‘hlgh polubiiiuy tend to b° adsorbod less readlly than those of low solubllity,‘
other conqldarqﬁvons being squal, When onxy one solute is present max;mum -
}»coverage of uhe surface may still be obtained, bui- a h;ghar gsolute concen-
nlatlon will De xequzred than that in a non-uolvatlng solvent

A Th@ /.._.-'
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The effecm of uolub¢1lty on adsorption has been demonstrated by
52

Taﬁamushl and Tanukl, -who showed that whereas the maximum adsorptions of .
"duodscyiammonlum chlorlda (DAG), tetradecylammonlum chloride (TAG) and -
hexadecylammonlum chloride (HAO) on alumina are the same, the ease of
adsorpulon decreasas-(i.e; the eoncehtration reqﬁired to give maximum
adborpbﬁon 1nereaaas) ln the ordar HA&:>TAG:>DAL and this is the order of .
1noroaQ1ng sclublllty.

When more'than qnaféblute is present the proportion of each solute
adsérbed willibe influgﬁéEd by differences in their solubilities. Solutes
of iow solubility wilirtend to be aﬁsorbed-to a greater extent, other factors

béing squal, | |
| Tn.contraSL, solutes such as long—chaln electrolybes and othar surfage-.
:acbiva agenbn, the pdrtlclea of which have a greater abttraction for them-
3usalves than fbv wamer moleculea, ﬁend to agpgregate into micelles in aqueous
solutlon. ihe formatLon of 1arge ioniec mlcel les appears to favour |
"adsofptidn}when tho adsorption forces are electrostatic, IFor example,
there is much éviﬂéhéé.ﬁé suggest thét (a) longwchain electrolytes are

29953 (1) sulphonated azo dyes are

adsorbed in the‘ﬁiceiiif'form on carbon,
adsorbed as iarge éhibnic micellés on aéidified alumina6 for which they
appear 0 have a hlgh aifin¢cy and (c) bd&lc dyes are adsorbed as cationie
micelles on 51llca?7 Neverbheleqs, “the adsorption of anionic dyes on uool;
which is in part due‘@o'van-der Waals attraction, is favoured by conditions
which veduce the éégregation of the dyes in soiution, SeBey clevated

51

temperatuxes anﬂ ﬁhe'prGSénce of'disaggregating ageﬁts, InAﬁhiS case,

howevery /eee
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however; a permeability effect mey be involved, vhereby large micelles are
excluded, |

Temperature.~ Adsorption is essentially an exothermic process and
hence should be favoured by low temperatures, Indeed, in almost all
reporbed cases adscorpbtion is greater alt room temperajure than'at elevated
temperatures; | if the heat of adsopption is low, however, then the effect
of bemperature is less marked., Tor example, in maﬁy cases where ion-
exchange is in operation, the adsopption appears to be the game at room -
temperature as at elevated‘temperatures. Farther when the_adéorption‘,
forces are weak, for example, physical abtraction or weak hydybgen bonding,
'thg effect‘of temperature is small,

Giles, Greczek and Nakhﬁaﬁ4 have investigated a few anémalpus cases
where the'édsQrption is greater at elevated temperatures than at moom
temperature, ~ This apparenﬁly endothermic effect appears to he the resuit
of a high degree of aggregahion of the sclute~moleculesin dilute:aquedusl
golubion, for the effect of temperature on the adsorption is normal when a
disaggregating solvent is used, The aggregates appear to be less readily
adsorbed than the monodisperse form of the solute. The operation of the
éievated temperatures breaks down these aggregates, luncreasing the
proportion of the favoured monodisperse form and hence the adsorption,
Nevertheless,the solute parﬁicles affter adsorption appear %o be in an
aggregated form and it has been suggested that aggrepgabion takes place at-
or near the adsorpbion sibes, owing to the inereased conecentration and

~aligoment of solute particles there,
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BIéLQGIcgn SUBSTRATES

‘The fundamental componﬁnt in blalcgy 18 “the unib eezl It 49 the

simplest uni that can be called living, IBach cell u nay be considered

o ba a ehamieal xaetory making the material for ﬁts oun reproduction or, :

if it has bacome very speclallsed, maklng material fbr use by other cells. .

.Mosb 1iving organlsms GOHSlSu of a very 1arge numbher of cells whmch are

\varled in shapa and characterlstics and are often h;ghly apeclal¢sed for

a partmaular purpose, and whlch are arrangad in a highly complicated
manner (i, e; théy are multicel&ular) There are, hovever, some organiSms
Which exist ag single aells or as Small groups of cells arrangeﬁ in a

camparatmvely simple manner. In this 1&%&9? category there are many

‘ sPacles of mlcro—arganmsms.

Livmng organ;sms may be divided into two main grcupsa plants and
anmmals. Lhere isg no aharp distinetion, bubt in general planbs are
capable of photcaynthaulzinv nubrients under the influence of sunlight
abaerbeé hy the cnmpound chlorophy&l, vhereas anmmals are not, Ebrther,
animals 1v general are ‘able to move from pl%ca to placa at will, whereas
plants are noh. |

M&cro»organisms are aonsiderea by maay biolopists to be a gpecial -
1nierﬁh@d1ate group, Thera are three main ﬁypea: algee, protozos and
fungi, o _ ; | - |
B In thls Lhewis atbentﬁon is djeected towards anlmal eella and the
eells of mlcro*organlsms.

§truetgre of the Unit Oel; 55— 'The unit cell is reg esented diagrame=

matmcally in Fig,1l, Thefe are- two distinet parﬁsz the cell wail“and7thé

proboplasm, In mulﬁmaellular srganisms, howaver m&ny cells are enelaaeﬁ"

epd At A
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_within one cell wall and are separated from each other_bj a matrix which thqj
produce themselves, ”

The cell wall in many types of cell is a rigi& ﬁﬁf@us structure whi;hl
pfotects the cell from mechanical-damag- and is responsible for its character-
istic chape, whlch need not be spherical, e.g., “human red blood cells
(erythrocytes) have a pacvliar deformed-disc shape, bacteria may ke Spher;cﬁl
(coccus), rod~ghaped (ba cillua) or spiral (splrillum, vibrio),” 6»yeast ééiis”'
are ovoids (see me.g) The sizes and ghapes of cells vary widely not Sﬁxy
between plants, animals, and micro-organisms, butb between.thgjcelis in one
organism,

The protoplasm is the part of the cell essential for life. Iﬁiisgthé
centie of mebabolic and reproductive activity and consists of three p&%ﬁs:
the nuclevs, the cytoplasm and the cell membrane. The nucleﬁé’is the
céntrolcceﬁtre of the cell and carries the hereditary characterisﬁics.v'_lt--
has a highly complex strueture which as yet has not been fully elucidated,
but appearé to consist largely of‘dedxyribonucleia acid-and prptein.

The cytoplasm, which is rich in ribonucleic acid and protein is o -
viseous fluid mediom, the viscosity varying greatly with ﬁhe”type and égé~of‘
tﬁe cel.le Ih nay be consldered as a -highly organised 1ntrlcate noLwork of
fibrous protein molecules, Electronmicrospy has shown that in many animal
cells the cyltoplasm appears to contain a complicated network of parallel
membranes on which are supported granular ribonucleoprotein pafﬁiclesngalled‘
ribosomes,

Enveloping the cytoplasm is the.cell'membrane, which_is an expremely .

thin /...
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thin and delicate semi-permeable struutﬁre. It is the osmobic barrier and |
is respongsible for the selective uptake of nutrients against the osmotie
pregsure: gradient which exists between the interior of the cell and the
external meﬂium, and for the removal of waste mabber. Inﬂsoﬁa Mieroe
organisms the osmotic pressure gradient may be 20-25 atméshpheres.57

The uptake of nutrients, in many cases, appears to involve & facili-
tated ﬁrénsfer‘mﬁohanismt a complex §hysico~chemieal process whereby the
nutrient molecules interact with a membrane component vhieh serves asg a
garrier apd transports them to the inberiow, This type of mechaniem
© appears to involve a protein dispiéying a specificity of action (sometimes
3tereosp@cific).58

Although slmost all biological cells have the type of strucbure and
properties described above, there are meny exceptions, Some types of cell
apps ar to have more than one nucleus, whereas some, e,8., human red blood
cells; have none at all, Almost all micro-organisms have, on the outer
surfaces of the cell walls, accumulations of loodsly-boumnd pclymeric‘
materiéls of high molecular weight and viscosity. In many bypes of
bacteria these surface adherents are exbtended into wellwdefined capsules
which afford additional protection to the cells, Some pells, e.g., nerve
cells, are so highly specialised that, though they are living and increase
in sige with the growth of the animal, they are unable to reproduee them=
gelves, and their destruction causes permanent damage,

The viruses are tha smallest and perhaps the most remavkable group of
living orgenisms,  Although some of-the larger types can be seen under the

QI’din&l‘y /g Y ]
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ordinery light microscope, Some are 8o emall that they can be detected only
with the aid of the ultraviclet or the electron miéroseope, vhereby they are
Seen as sﬁall particles often of clearly defined geometrical shapes (see ©4Lay
ref. 59,60), Viruses may be considered as giant molecules of nucleic acid
and protein, and though in some cases they can be crystallised (e.g.,the
tobaceo mogaic virus)él to give crystals conbaining millions of virus
particles, yet they are living and can grow and reproduce themselves,

Chemical Constitution of Biological Subgtrates.

Blological substrates are compogsed of complex polymeric organic
substances, the structures and propertiés of which are ofﬁen extremely
sensliive vo small changes in environmental conditions, such as temperaturs,
pH, ete, Nevertﬁéless, in some cases, for example, cellivlose, wool, and
bacterial capsuled, electronmicroscopy has shown that they have locaiised
regions of crysfallinity. All such complex polymeric substances are
built up from one or more of filve fundamental constituents: polypeptides,

polysaccharides, nucleic acids, teichoic acids and lipids.
62,63,64.,

Polypeptides. Polypeptides are naturélly ocourring compounds
which consist of chains of amino-acid residues linked together by condenw
gation of the amino group in one with the carboxyl group in ite neighbour,
In this way a linear chain can be formed, Twenbty emino acidg commonly
oceur in polypeptides and all have <wamino grouﬁs. Bach, except the
simﬁlesﬁ, glycine, is optigally active, In proteing, the largest and most

important group of polypeptides, each ig of the L~configuration, Sinee

any /oo,
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any amino acid can appesr in a chain any number of times, there is a very
large number of proteiuns,

O0f the somméﬂlynoecurring amino acidslin proteins, twoy: namely aspartic
acid and glubamic acid, are strongly acidic in character, Thus proteins
and other polypeptides in which they predominate have acidie properties,
Three of the acids, néﬁely arginine, histidine and lysine, are basic in
gharacter and those p?oteins in which they predominate, ©s8e prdtamines.
and histones, have basic propertiss. The other fifteen amino acids are
nauﬁral,

Interchain bonding (hydrogen bonding, electrostatic bonding and
covalent disulph@de or cyétina linkaged has a marked effect on protein
- stiructure agd propertias{é A high degree of interchain bonding tends to
favour the formation valarge aggregates and reduce the selubility.

There are two main gtructural types of.protein: fibrous probeins and
globular proteins. | Fibrous proteins, e.g., {ibroin (8ilk), collegen
(conneetive tissue), keratin (skin? hair, wool), are structural naterials
in nature and are lnsoluble in wa%er.‘ Gollagen, however, on boiling is
converhed inﬁo.the globular proﬁéin, gelatin, which is réadily soluble,

The chains of fibrous proteins (collagen 4o a much less ext@nt) are
stabilised by a high degree of inter-chain hydrogen bonding,

Glébular proteins; Celles alﬁuﬁins‘(e.g., gelatin), casein, bloed plasma
prapgiué (e.g84s bovine plosma albuming' haemoglobin), histones and protamines,
ribonuclease; are éhnraeterisea'hy their solubility in water or aqueous
golublons of acids, bages or salts,  They consist of spherical cluéters of

folded /...
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folded chains, stabilised by disulphide cross~linking.

Polypeptide chains, particularly those of fibrous proteins, are
believéd:to have a conformation known as the «=-helix, This helieal
cdnférmaﬁion is gtabilised by intrachaln hydrogen bonds, formsd such that -

1 ~-membered chelate rings result. The helix of an aneptide winds anti-
clockuise (to the left) from the N~terminal group; that of a D-peptide winds
clockwise (to the right). The spherical particles of globular proteins are
believed to consist partly of folded helices and partly of non-helical
"rardom coils", The proportion of helieal Torm can be estimated by

geveral methods, e.g.,, optical robation and deuteriumwexchange measurements.=

To sum up, it may be said that protein structure has three distinet
levels:s primary sbructure (amin&-acid sequence), secondary structure
{conformation) and tertlary structure (the manner in which the chains are
folded, e.g., the spherical shapes of globular proteins), |

Proteins normally have a large amount of water #ssociated with them,
Part of this water is firmly bound, whereas the remainder is held
mechanically between the structural framework. This immobilised water can

be frozen and has solvent properties, The bound water has no such.

Properties,

Polysaccharides, - Polysaccharides occur in complex compounds
called mucosubdtances (e,g,, mucoproteins and mucolipidﬁ), many of whieh
are structural materials, They are polymers consisting of monosaccharides
or their derivatives which are linked together according té a few simple

rules., /...



TN,

26,

rules, The following units are known to occur in natural polysaccharides:
hexoses, viz, Deglucose, D-mannose, D-fructose, D-galactose, sometimes
L—galactosé and possibly D-idose or I~-altrose; the pentoses, vig,
D-xylose, L-arabinose and infrequently D-arablnose; wmodified monosaccharides,
viz, D-glucosamine, D-galactosamine, D-glucuronic acid, D-galacturonic acid,
Depannuronic acid, I~fucose and L-rhamnose, Iniaddition, derivatives
conbaining acetyl and sulphate groups frequently occur.

The ~OH group in the l-position of & monosaccharide unit alwayé
participates in the linkage and may be condensed with any -OH group,»other
than ‘that at the l-pogition in the neighbouring unit. The chaing thus
formed are usually linear, with the.sama linkage patﬁern repeated ﬁhroughout.
Two-dimensional branching, however, sometimes occurs,

The repsabing units of some well-known natural polysaccharides are
ghown schematically in Figs3A. Xylen, vhich is built from D-xylose units-
P-linked in the 1= and 4~ positions, often oceurs in natﬁre*with polyglucu-

ronic acid, the name of which is self-explanatory, Both these compounds

-are often assoclated with cellulose, which 18 the most common structural

| polysaccharide in the cell walls of plants and coﬁsisﬁs of P~ (> 4 )=Linked

D~-glucose ﬁnits. Starch, the reserve carbohydrate in the majority of
plants, consists of o=~{1> 4)=linked D-glucose residues, The repeating'
unit is in fact a residue of the disaccharide maltose,

Ghitin is the polysaccharide which forms the hard shells of crustaceans
and ilnsects. It consists mainly of P~(1l> 4)-linked units of Neacetyl-D-

glucosamine, with perhaps some unacetylated material, Hyaluronic acid is

. WideJ-Y/”. '



| 27,

widely distributed throughout the tissues of animals}and.humans and ocours
in various micro-organisms, It consists of alternating wnits of Neacetyle
Deglucosamine and D~glucuronic aeid linkéd ;B-(l-b 4). Glyquc—m ig the
major energy and carbohydrate reserve in the human and animal.bodies and
oceurs in meny mioré-organisms. A large variety of forms of glyoogen'are
known, but most have a highly branched structure comprising several hundred
unit chaing of ga. twelve X=(1y» 4)~1inked Dwglucopyranose residues with
“interchain links of ol=(1> 6}_ty§§. |

In mucosubstances of the polysaccharide-protein type the polysaccharide-
_proteipoid linkages probably involve the hydroxyl gréoups of the polysaccha-
ride,partieularly that in the l-position of’the mgnosacoharide residue, and
~COCH, ~NH, or ~3H groups in the proteinoid,

63,67_

Nucleic Acids, Nucleic acids are high polymers consisting of

linked units called nueleotides., A nueleotide is formed by the combinétion
of one molecule of phosphoric acid with one molecule of a compound called a
nucleoside, which consists of an organic base.liuked to the hydroxyl group |
in the 1- position of either of the pentoses, Deribose or R2~deoxy-D-ribose,
In most nmuclectides the phosphoric acid molécule is condengsed with the -OH
group in the 2', 3' or 5' position of the D-ribose residue or the 3' or 5!
position of the Z-deoxy-D-ribose residuve in the nucleéside molecule,

In the mueleic acid chain, each nueleotide is linked to its neighbour
by condensatlion of the phqaphoric acid residue with either of the stated
~0OH groubs which remain free in the pantﬁée residue.

No nucleic acid containg bcthlpentéaes; The ribonucleic acids (RNA)

contain /...
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contain only Dwriﬁosea the deoxyribonucleic acids (DNA) contain only
2~deoﬁth;rihose} In‘all kunown nugleic acids the bags is either a
derivative of pyrimidine or purine (eXamples of which are shown in Fig,3B)
Their overall strongly acid characlter, hovever, may be attribubed to the
phdsphoric acid residues, |
Ribomucleic acids of 3 types have been isolated from cellular ey bo-
plasm, They all conform to the same gtructural patiern and differ in
minor degree in molecular welght or in the pattern of basic group:.
hsequence. - Little information is as yet available aboub the conformation
* of the molecules, |
- Deoxyribomucleic acid occurs exelusively in the ﬁuclei of cells,
Much inform&tidh about ibs structure and conformation has been deduced
from the X~ray diffraction analyses of Wabson and Gricl?8 Their
conclusions are expressed in a model which shows two helical nucleodtide
glrands that are identical and parellel, but which run in opposite
directions., The gtrands, which are held together by base-base hydrogen
bonds,'ara wound on a cylinaer of diameter 203,?such that the distance
between neighbouring base-base bonds is 3.4 2,
:yﬂucleic acids never occur albne, but always in combination.with a
4+ '
proteinoid aom@dund in complexes called nueleoprobeins, The probteinoid is
'strbng}y basic in character, since it is rich in arginine and/or lysine and
~ contalns énly a limited riumber of neutral aminoacids and no sulphur, The
mechanism of bonding between the nucleic acid and the proteinoid is
probably salt formation, but it may also have some degree of covalent
" eharacter,

Ribormeleoprotein /...
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::‘ﬁibonuéleopfotein is the main constibuent of cellular dytoplasm and is
also found to some extent in the nuclefis., Viruses have been shown to
consist alméét eptirely of;ribonholaoproteins cantaining';xtrémely long
riboﬁuéieic‘acid'éhainﬁ‘ E

. v;zgigggig“&gigﬁég - Teicﬁo%c acids are a groﬁp of natural polymérs
whichihave'receﬁtly been discovered in the cell walls of some baoteria,
_Théy are polymers ofteither glycerol or ribiﬁoi phosphates in which units
are joinsd together through phosphodiester linkages; in mos% cases ¢arbo-
‘hyﬂfaté residues are atbtached gl&cosidieally to the polyol ﬁnits and
‘Dealanine residues are attached through labiie ester linkages to hydroxyl
groups.-:'lt is believed that telchole acids are bound to the mucopeptide
framevork gf tﬁe gell walls by hydrogen-bonds and electrosgtatic linkages,

. ;@Eggg,GBw Lipidg are éséentially complex esters consisting of
higher fatty aclds in cbmbinétioﬁ'with glycerol, sterols or higher aliw
pPhatic aléohéis. There are.twoibroad classes of simple (noutral)lipidss
fats an@;wQXBS,. | | ‘ |
Mosﬁ%?aﬁs are esters of glycerol with 3-14 different saturated or
unsaturaEQd'acids, all of which:usually have an even nuﬁber of carbaﬁ atomd,
- fhe nosd Qommqn ﬁaturatéa acids are the straight-chain variety, particularly -
- the Cg— Gy (stearie) hofiologues, The most .common unsaturated acids Aré
derivatives of:stéuric acid, whereas unsaturaﬁed acids with lesg than 14
earbon.aﬁoms afé unusual and those with less thgn 10 have never been found.

in neture in living materials,

Waxes /oo
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Waxes differ from fats in that glycerol is replaced by.a sterol or by
higher even~numbered aliphatiec alcohals from Glé to 636’ These often_
oocur in excess of the agids, which ere also even-iumbered and range from
Ooy, B0 Ggge | | |
L:Lplds from basterial ca,iasules have been found: to hcwe carbohyﬁrates

as the alcoholic component s and o contain a range of unusual aclds, Qefay

- methyl substituted stearic acid,

Many complei lipids‘have.been found, The phospholipids are one
particularly important group which, apart from the acid and aléohblic
constituents, yield phosphoric &Gld and a quaternary organic ﬁase on
hydrolysis. They have a strongly acid character which may be.attributed
to ﬁhe phosphoric acid residues, it ig believed that in any.one‘
phospholipid mﬁlecule more bthan one long-chain acid'is"incorﬁoréted and
that the base is llnked to the aleoholic component threugh the phosphorlc

acid residue.
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INTRODUGTION

Part I of this thesis is concerned with the adsowrption of_nonpibﬁic
solutes on.protein_Suhstrates. This study includes a series of eﬁ@ériments
made to investigate.intéracﬁions betwaen mgdel compourds in binary aqﬁebus
mixﬁures. Since all bioiogicél"prbcesses take place in gqueous medla, it
was coﬁsidered to be essential for the present experiments;ﬁo bs perfbrmed
in aqueoﬁs solution, |

The "method of continuous variations" has been employed with refractive
index as-the independent variable.vo Briefly, thi& teehnique is abpliedlto
a-génge of solutions of binary mixbures of solutes, A and B, of constant
total moiarity, but verying in relative proportions from 1005 A + 05 B jo“q%-
A # 100% B. The refractive index is chosen as the measured property of
fhe'soluﬁioﬁs. Over small ranges this varies linearly ﬁith concenﬁration,.
but if the tﬁo solutes form a compl;x,'a WicinkW (either a maximum or a
minimuﬁ) appears in the curve, atkg point shoﬁn both in theory and practice
$o correspond to the molecular ratic of the components in the complex, Ir
more than one cpmplex is formed;ieach'gives its appropriate kink,

Several hundred systems of Simple hydrogen=bonding solutes have already
been éxamined, and the complex ratios found,-or the reactivity of individual
types 6f‘grdup, have in many cases been'confirméd by other me%hods.7of79'
There are NUNETOUS arésa-checks in the daba, e,g., bhe number of molecules
of a solute B combined with = solute A agrees with the number of free bond-
ing centres in A, o

The method has also been used to deteet intramolecular bonding,; €.g.,

in diols, / .
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71,72 80

in diols, for which confirmation by infrared spectroscopy is available,

and by other investigators, using spactrophotometric procedure, to determine

the combining ratios between metals and a chelating organie Solubegl’gz'

A recent comment on the meﬁhodso ig that large nuubers of the systems
-used wore examined in hydrogen-~bonding sclvenés, @.8s ethanol, benzene, and
especially water, and that more positive value could be placed on the method
if the only possibiliﬁyffor hydrogen bonding were bhetween the two sgolutes,
The following section, Sectlon 1, describes the application of this
suggestion. LIt should, however, be emphasised that hydrogen bonding in
aﬁu@ous solution is of the greabest importance in all biological gystems
and in meny btechnical processes, and that one of the principal advantages
Qf this method is that it 1s almost the only simple one that can he uged to
gtudy hydrogen-bonding combining rétios in dilube aqueous solution, Thus,.
of nearly thirty methods deéefibe& by Pimentel and MaGlellanSO only about
ten can be used with -agueous media, and few if any are as widely applicable

as the present,
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An Bxamination of the Reliability of the "Method of

Gonbinuous Variabions" with Refractive Index as thes Indepsndent

Variable for Uetecting Intermolecular Complexes in Dilute Aqueous

501ution.
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The mothod of contimuous variations with refractive iﬁdex'as-the
independent variable has been usedtﬁo neasure, in carbon tetrachloride
solution, the kombining ratios of a variety of pairs of solutes, chosen to
represent the mest important typés of intermolecular bond,within the limits
imposed‘by the small range of compoﬁnds that‘are»sufficiently soluble in
this solvent, The results.are shoun in Fig, 4 and 5 and Tables 1 and 2
which include the results with this solvent reported previously. All
relevant comparisons with aysﬁems in wabter or other bonding solvents are
also shown.A

BXPERTMENTAL

The solutes were recrystallised or redistilled, and the solvent was
of infraved "AnalaRh quality, A Bellingham and Stanley (Pulfrich)
refractometer was used, with water circulation, by suction, from a cool
bheraostat bath, controlled to iO.OIO by a mercury-tolnene regulator. An
experienced operator's standard deviation is aboubt 3.5 see, Thisg deviation
was congiderably reduced by taking the avemage of at least 5 readings on
each solution, The data are given only in terms of instrument reading and
not as absolute refractlive index values (an'increment of 1 min, of arc is
equivalent to about 0,000l unit of refractive index in the index range
covered here), |

The solutions in each series were aged for several hours in the béth
before uge, and were selested for test in a random manner, to avoid error

due bo pogsible progressive ageing.
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RESULTS AND DISCUSSION

quparisons5hetween Regults in Garbon Tetrachloride and Bonding

Solvents, - In Table 1 the present results are set alongside others; in
which the same type of bond is expected and whicﬁ vere made in bondiﬁg;
solvents, It will be seen that three corditions o¢eur,  (a) The bonding
ratio of each pair of groﬁps is identical in éarbon-tetrachloride_and.in,a‘
ébonding solvenf; this is so for ﬁost CaBeSs, (b) A complex is formed in
carbon tetrachloride bub net in e bonding solvert; this applies only to
aldehyde and ketone groups,- in water wvhich are unreactive, presumably being
probected by preferential bonding to the‘solveyt. (e) No comp}ex ig formed
in carbon tetrachloride, though its formation would be expected.  This
applies o one case onLy:(butyral&eﬁydemphenol). This was not furbher
investigated, but there are two possibla causes: hindrance by the bulky
butj}lgroupg or inactivation of the carbonyl-oxygen atom by its intra-
molecular bonding in a 6~membered ring with hydrogen on the ¥ =carbon atom,
Bonds of the latter type in carboxylic acids and ketones have been suggested
by others (e.g., ref. 83,84,85). |

Gompiexes with Hexachlorobenzene. ~ This compound was used, with

phenol, to discover whether highnfatio complexes can be detected‘in carbon.
tetrachloride soluﬁioﬁ. A 1:6 complex was expecfed,‘in which each cﬁ1§?0~’
group is bonded to a phenol molecule, In fact, this complex is oléarl#
evident (Fig,4G), but in‘addiﬁion 2 139 complex also appears, The author
sugpests that the latter.is formed when three extrs phgnol molecules‘éééh

become sandwiched between a palr of those in the l:6 complex (Fig,6).

There /eea
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There .appears to be evidence that this type of structure can be‘formed
batween phenol and benzene also, in carbon tetrachloride, These solubes
form both 1:2 and 2:1 complexes: presumably iﬁ one case the banzene
molecules arve sandwiched between two phenol molecules, and in the obher,
phenol ig between benzene,  These complexes were detected previousxy,70
but the test has heen fepeatea for confirmation (Fig.AR),

Mixtures not Foreming Complexes. - In previous investigations in this
laboratory abéut twenty systems in carbon tetrachldride were examinéd, and
in nine of these (Table 2) no complex~formation was detected. In most of
these nine the @airs of solubes would nolt be expected to form hydrogenwbond
complexes, Systeﬁs‘ihdicated in Table 2 have now been re~examined at
different temperatur;é, and the previous results confirmed, (A negaﬁivé

EJ - » O
result at one temperature only is not conclusive evidence of non~bonding.7 )

.CONGLUS I0N
The value of the method of continuous variationa with refractive index
as the independent variable for measuring complex ratios in either hydrogen~

bonding or nonwbonding golvents has thug been confirmed,



Section 2.

Interactions between a Veriety of Cerbobydrates or Simple
Polar Non-fonic Solutes and Proteins in Dilube Aguoous Solutiong.
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THTRODUGTION,

.Simp1e ﬁohosaccharid@ﬂ.andbdiséachariﬂes are non-ionle compounds, the
molaauiéﬁ Qf which éra highly soiva$ed.in dilube aquecuﬁ_solution. Thoy
exist in a bawbomeric sbate in which bhe of— and P - pyranose (f:&iﬁﬁ-m@mbereﬂf
fimg strpctureé are highly favoured, with only relatively small amounts of
the:fﬁragpse\(fi&e-mambered) ring form and open ehain form presenb, This
applies parﬁiqﬁlarly o él&ase molegules; the favoured conformation:s of
:ke 98 molecuﬂea in aqueous 5ol lution is uncertain,  Taylor and Rowlinson§6
fron @\d@ﬁailﬁd‘gnuﬂy o? the tn@rmgdynamia propertiies of glucose and sucrose
gsolut iéﬁs}Th&ve fouhd*th&t the ~solvation forces ar'e appavently stronge? or
more abundanﬁ than the forces of &ﬁtracﬁ;on bmtween.watar molecules tliome

u@¢vas.u From a ShUdy of moleaulaf models, Arshid, Giles and Jamn??

have
auggeqhnd thab 3clvabad water molecu]es on opposite sides of the ring form
“must be GlOw@i tcge ther ab theilr neaves% distance and must experience
graaber.mutual aﬁﬁraetien than=in the- open chain form in its most probabls
ovumplad stete, The " urroundlng water molecules are believed o stabilise
‘Lhe flng surucﬁura and. 4o afiord prat@ctian agamnat vealk interactlons with
"'ouher saluﬁes..
Pyabe¢n molocu»aq in dxlute agueous 301uﬁ10n87 algo exiat in a higbly

olvatad s ato. The water molecules compote for the -00- and ~RH~ groups
in the pept;de chaias and theraby raduas tha gtability of the intraw-nolecular
‘hydéégeﬁ_bands“and hence tho propartion of the helieai formApreaent.
-FSulnaLeS by different phydleal nethods of the pronortlon of helical form

"present /,..



40, | | |

present 1n aqueous solutlons ox bOV¢ne sorun albumln (quOued in re; 87)
‘are 4T, 37,46 and 56%. Ths remamning proportlon ig lwrgely in the random—
coil conPOfmaticn. i" l | “ '

The water molecules, however inereage the 3tability of the disulm
~phide. 1Lnkages, which play an impaatanﬂ yart in mainba:ning the three- '
‘ dimenSLonwl Leltiary 9truoﬁurea.. In&aractlon is believed to occur betWeen "
nhese‘strucuure and the anF?egabaq 80 Pormed may in qome reaneets regemble
a, swollen bydrophmlic gel, wlth a. compl eated. network of intevnal cavities
and channels, | | -

For a-cdnsiderabje time-mﬁdh atténﬁion\has been focunsed on the f
permeablllty of red blood cell membranes bo carbohydrate moleculem._‘ A
fwcllitanad Lranafer mechanlsm is ballevod to be 1nmolved Thls mPchanlsm
first reqptrcs the formatjon of a complex between the supqr and SOMe Ul
identlfﬁed mambrane compcnent,ss which is bolleved to be protean.
TLa Févre and Marshallsg ‘have shown that the pyrqnose Cl conxormablon o
90)

' Wchair'shmps" d851ﬁna$ed by Reeves ig esaentiaj‘ln o monosaceharide
t‘;:)

if it is %o react wiﬁh the cell. surface constltuent involved in tbe transmi

port machﬂnl

s F 'tdots._ Qoaorifhgablon of unclotted blood separabes the red blocd >
sells ifom 8 Supornat&nt llquid callcd blood plapma, whlch contains
proteins, including-albmmlns~and fibrinogen, = Gentrifugation of clatted
blood gives a ﬁuperﬁabént fJuid called blood scrum, Sorun diffefé from-
pia ama in that it contﬂlns no 1¢brinagen* * Bovine ﬂerum anumin Ais -
oﬁtazned from qerum; bovine plﬂ&ma albumjn is. obha¢ned from pla%ma.

They are epsenbmally the qame.i
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In an investigabion performed in this laboratory, Bruce, Giles and Jain?l
exanined dilnte4§qﬁeous golubtions containing mixtwres of Dmgiuccse, gucrose,
or mase»inasitoi; with gelatin, édestin, cagein, and models of proteins;
they suggested that D~glﬁoose and gucrose do not form hydrogen-bond complexes
" with proteins in dilute agueous or agueous alkaliné solubion; kecause of the
protective effeot_af:the solvated water étm05§here; and that there is a
' relation between this Inability to form complexes, énd the cage of transpori
of the earbohydraﬁés\across rad blooﬁ cell membrénes. I wéé also suggested
that the interaction béﬁween“ﬁhe garbohydrate moleacules and the active meme
brane cqﬁponenﬁ invoived-nohupolar foraes,

The present investigation wag performed al the suggestion of Le Fevre
(private communicat;on) to examine the possibility of "handednesa®
(stereospecificity) in the interaction of carbohydrates ond proteins in

dilute aqueou: SGIutnon.

EXPERIMENTAL
Materinlg,

Gelatin waaigbtained from Ilford Limited and was of pure photographie
quality, ash ccnﬁéﬁt 2-3%,'moisture about 13,5%; samples of crystallised
bovine plasﬁa'albumin were obbalned. from the Armour Phavmeceuticel Go, Ltd,
and stored at 1933 than 5°C 8.y sulphated asgh contenn about O, 5%, molature
about 2-3%, varying from batch to bateh (one batch used gove & 0,69%
molsture analysis ab time of release), Pure samples of some carbohydraies

were obtained from commercial sourcesy small samples of I-glucose and

Legalactose /uee
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Lw=galactose wero cbt&ine@ by courtesy of Dr. H.5. Iﬁbell, Division of
Chomistyy, National Buveau of Sﬁandards, HashingtonAQS,'D.G.; oﬁper
‘reagehﬁa wore WAnalaRY gubsbances or were puriiiled ﬁy n@fmalﬁmethods,=
Distilled water was used as solvenb. (529— Fig. 70\”‘43601' C&WW“M :
Garbohydrat@‘molecules decompose on standing aﬁléﬂ'valueﬁ greatér than
about 8, When solutioans of proteins are gubjected to extremes of pi,
chonges in structure (primery, secondery ond terti&ry) and in physicall-

&4,

prc@erties‘ﬁay result, Theée'ghangas are knoun as denaturation and ave
aeéompamied by the-losﬁ of biologidal activiﬁy. For these reaﬁons,.fﬁe:
tésﬁa vere nade in neubral golubion,

Denaturation of proteing in solution can aisdhb@ cauged by heg%ing,
prolonged exposure to light or excessive frothing, For this r@aaon,‘the
tests were madé at room Lemperature or below, all solutions used in the
tests were fT@éhky”prepared, experinental times were mininised and frothing
and expoauﬁe to light were avoided as far as possibla, Gelaﬁin; whicﬁ iél
stable o heatl(like ribonuncleage, see Part II,éection 2),Awas dissolved iﬁ
warn distilled wéter and bovine plasma albumin in cold distilled water. In
each case the seoond’aolﬁta was dissolved in the same respectiﬁa iiquid;

The thermostatically conmrolled Pulfrich refracﬁaméﬁer used in S@etion
1 was again gSea with sodium light, |

The mixtures wére Jefy to stand overndght before bolng placed in the
thermostat bath for at least three hours, Concentrations of the soluiiqﬁg;,

Of /ico
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of carbohydrates and proteins were arraaged so that in 50350 mixed
gsolubions the numbex'of carbohydrate molecules prosent corresponded
approximately to the mumber of amino-acid regidues, Velusg of the mean
regidue weights of bovine plasma albumin and gelatin, nomely 118 and 101
réap@ctively were obtained from ref, 64, Tho observed complex vatios of
golution volumes-(Tables 3 and 4, columns 8) were corrected to correspond
to these values and for the nmoigture and ash conbents of the protelns.
>The corrected resulbs ave given in Tables 3 and 4, columps 9, The'cemplex.
ratio is the ratio of the mumber of moleculas.of carbohydrate to the muber
of prqtéin‘aminm—aci& rogidues in tho complex,

‘D;glucose (Q{OQﬁQ and bovingfplasma-&lbumin (2g/1) were bested in
wvater (Fig,10, system 13) in phoépha%@ buffer solution at pH 7,17 (Fig, 10,
gyatem 15) and in 0,1M sodium chloride solubion (Fig, 10, sys%em 16)., The
eomﬁlexes formed in each of these solvenbts respectively hed identical
nolecular raﬁioS. Thia‘appears %o show that the observed vefractive index
changes are nét influ@negd by changes in pH oy lonie strongth of the
éélutionca B

Txamination of dilﬁﬁé aqueous solubions of bovine plaswa albumin,
Dearablaose, I-~gorbose, and Deglucose on & polarimeter showed that the
specific rotatioﬁﬁgﬂgoo remained constaent on standing over long periods
(in the latter case after a rapid déop 4o #52,8° due to mubarotation),

It is thereforé agaued that sueh solutlionsg are stable under the condibions

u8ed Leve
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uged and the protein and carbolydrate meolecules do not decompose on standing.
Solutlons of'D_arabinose.in %.0 N.sadium~hydroxide_shpusd a fapid decrease
in specifie rotation on standing, from -108° to ga. w?Qo in 2 he,, ~52° in
ens‘aqy#'¢39° 1n_ﬁwe aays and ~22° in’ four d@ys.'l This demonstrated that
on account of possible decomposition, tests made under strcnéxy alkaline
conditions would be wweldable, | |

The mbieeplar weighﬁ_@f storbase was«datermiﬂad by Dr, A,0, Syme, by

a eryoscopie method,

o7 RESULTS AND DISCUSSION
& Rt O .

" The results obiained are summarised in Tablasz, 4 and 53 the
experimental readings ave presented in Tab;esé;hwdsg sone typieal graphs.
~ave shown in Fig,9§10,11 and 12, |

The author suggests that the inbteractlons detected are coused by
hydrogen~honding, with the carbohydrate adtiné ag the proton-donor, The
reasons for_thiﬁ suggesticn\are.as foilows: proton-donors react readixy—
with proteins both in seiution (et meso-inositol, manﬂiﬁol, phenol, Table 4,
and pther reporbed examples and in the vapour phaﬁ612; proton-accepbors de
" ot éppear to react, eiﬁher ip solution or in the vapour phase (o.f. dioxan,
' REN

nethyl ethyl ketone, Table 4, and other veported example fab., triethyl~

amine, bthough & @rotan,aeceptor, reacts wlth gelatin, Fig.l1l, system 65, but
1t probably does #o by aﬁ aéia*basa interacbion?o?79).
. The eritical testqu ﬁhiﬂ suggested bonding mechanism would be the

determination of the heats of intervastion, This, however, is not possible

at /.pq )
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at present (a mebhod suggested by the author's colleague, Dr. S,N, Nalhwa 35

has been shown to be impracticable both by the author and by anather
colleague, J. Ga]laghergB)

The gize and shape of the prouonﬁdonor molecule alao appears uoﬁbé:a
determinipg factor,  Thus all the sm&]lest prohonsdonor molecules, viz.,
phenol, mamnitol, and all pentoses, react with all Lhe proteing aosted, but;
none of the largest mol@cqlas, i,e. the disaccharides reacts et all,

The behaviour of the intermediate sizéd moleeuleéi‘i}é. the hexoses
and meso~ivositol, is interasﬁing;. interaction hergsaeéﬁs-tq.be sgecifie
for certain carbohydrate-protein combih@ﬁioas; and other combinations showv
ne inﬁeraction; it is also Sjbeafeo#nspeqii‘ic3 Colley Dﬂglueose reacts wiﬁh
bovine plasma albunin, but ngiucosm does not; and with gelabwn, the L—worm,
bub not the D@fbrm,'reaeté. |

These facts suggest‘that\some.highky selective moleculay sleve action
is involved, and that the hexose molecules sre apprdximateiy of'the;critiégfh:
size, 80 thaﬁ'quite small changes in configuration of either the garbeh&ﬂfafa
dr the prptain maleeule are important in determiniﬁg whether interactioh
ocours oy not, If there ig in fact a sieve action,.then this implies thab
the carbohyarata molecules must penetrate iuto @perturea in the three~ |
dlmana¢ona3 protein aggregates which it is be]zeved are pre enu An Soivbicn.87
.Tha-limiting size of carbohydrate which ¢an thus penetrate id presumablyAf
.daﬁarmined by its‘dimensions in the water-solvated state, Altﬁdpgh'thia
assoclated water normélly prévants the carboliydrate hydroxyl gféﬁﬁé“fﬁgm ’
hydrogenabagﬂing with other small polar moleeules in aquc&ua solutien; h

i Qogo’ /yl.'
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©.E+y Phenols (e,f, Table 5, end ref, 72}, yét in the present case they
‘appear to form bonds with proteins, It may be that the protein moleecules
can “squeéze out™ the solvated water by multipeoint attachment,

No corvelation between the moleculer strmnfure‘of thé hexose molscules
and their behaviour towards protelns in dilute agueous solubion cen be
observed at present, for albthough the pyranose ring form is favoured there
is some uncertvalunty about its exact conformation (two fohair" forms and
several "boat" and "gkew! forms are possible, and the stability of each
varies from hexose to hexose), and configuration (K-, w, apomerisi occurs
and the stability of each anomer varies from hexose %o hexose), Systemns
are further complicated by solvation and by the presence of small amounts
of the furanose ring form and the open chain form,

- Relevance of the Present Resulbs to the Red Blood Cell Transfew

NMechanign,w- Thﬁipreﬁent results show bhat the'hypothesis proposed by
91

Bruce, Giles and Jain,”” must be modified, because (a) Deglucose does react
with one of the proteins uged (bovine plasma élbumin), and (b} several of
the carbohydratés found to react with protein do in fact readily traverse
red blocd cell membranesgg (n. b, no disaccharide can traverse the membrane,
and in the present results no disaccharide hes been found to inberact with
probein), There ig gome evidence tﬁﬁt_the Pransport mechanism of carbo-
hydrates across these membranes may, in faet, involve hydrogen-bonding with
a component, perhaps protein, of the membrane, Thus, transport is retarded
o

in the presence of phenolle compounds”™, more especially by polyhydric

Phe&l@ls /a ae
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phenols with 1argé hydrophobie resldues, which pfeéumably block the hy&rogenr '
‘hondlnp ultes in bhe prote¢n. |
: it i8 of 1nter o8t to note thab Stein 95 hag prewenhed evidence which
'suggeaié thattwo molecules of carbohydrzte resect with one unit of the aotive
ear?ief gystem and thefeby>appea:«to be transported in‘a dimeric-fbrm.:~
HThe mbnosaceharide-branﬁfer s&sﬁem appears o be éf wide biologiéal;
SlgniiLGanGG and does not occur only in human red blood colTS, but in nany
other gpscies and t“ﬁBUﬁS.d§ TFor example, only carbohydxaoe& or related
compounds whlch posgods a D-pyranose structure, o methyl or substituted
~methyl group in the 5~-position qf“this strucﬁure,\and a hydroxyl group - -in
thé:glucdse configurﬁﬁion in the 5~positioh are framﬁ?prted'acrossﬂthé'
wvalls of the’ hamsber 1ntesblne)6
_ﬁg&gﬁ;ggﬁmggquggghggg.u Th&a kotose is ah@maloué; it is the only one
. tesééd;that appeafs to{react with a second solute in water, With phenol it~
foﬁmsvaVA:lncomplex, and with resoreinol, bobh a 421«‘éhd an 81l cdmplex.i
- The only explanatlon of ﬁheue ungxpectcd results seems o be that the carbo-
hydrate . associ%ueu into - cluster% of four or eight mo]eculeu, whuraby Lha
gtrengbh of the bonds with water is reduced. sufficiently for phenols to
react, :Thué'a group OF eight'ﬁéybgse.moieéﬁles might be so'égranged ﬁhﬂt ‘
éne'at @ach:éna can combina*with phenol, thus giving ﬁhe L3l combining ratio,
. On this hvpobheals bhe Lt l-complex wJLh reporcinol would also repres cnt 8
SOrbo%e nc1ecules oomblned with two of resoroluol, one hydfOﬂyisgroup only
balng reacbive in each TGSOrcznol moJeeule-‘ and the 8.1»qomplex would be

explalned /...



.' 48‘

expl@inéd;5y>583uﬁing ﬁhat the aofbasa molecules in the cluster havé enough
'Efr@edOm to orient in & position where the two reactive comires can cach
respectively combine with the two resoreinol hydroxylnéroups; |

~ Thig hypothesis was téated'by.ﬁhe,detarmin&tien of the molecular weight
of Imgorhosie in water,  In about 0,03 M; solublons, roplicate values were
1178,‘126£if£3?9, 1384 (not in order of tosbing).. Tﬁese represent about
7.1 molecules (i.e, 1277 & 100), and it seems reasomable to suppose that
there is an'aquilibrium'bgtWQen about 10% of monomeric molecules and abéﬁt
§O% Qﬁlaightffbld aggregates,  The msnomééic form réacts with the_protéin,

but like other carbohydrates in agueous sdlnﬁions, not with phenol,

GONGLUSION,

It may be conciuﬂed that the adsorption ofmlargelnon—ionic solutes -
(such as manesaééharides and &isaceharideé) at biological surfacés‘dependé
41argely on the physical oharaetéristics of the solute molecules and of the -
pubstrate, and not merely on their chemical natures. The mechanism of
bonding of polar non-ionie solutes has not been fﬁlkj‘elucidaﬁed in thé"'
present cage with proteins, The results, however,_suggesﬁ that hydrogen
bonding wibth the solute acting ag the proton donor ls involved, althought‘

van der Waals aftraetion.mqy play some part,




 PART IT

The Adsorption of ‘Ion:i.é' Solutes at Biological Supfased,



INTRODUGTION N
- This pa%ﬁ i8 éoncaﬁned witﬁ.thgfadgorption of ionie soluteé'éé‘biologicél‘
surféces. : Gaméieﬁe.cells Brfsecﬁioné of tissue, the shemicallcsnétituﬁionsv‘
.a? which are not nlfbrm uhroughout, are used as substrates in direct |
:adsorption exper¢mentm,3 The solutes used are aatmonlc and anicnic dyes;j'a'

Muoh aLtenulon has been.directed towards the stainlng of mlcro~organlsma-

'“%'4thls 15 dJaouﬂsed aspecially 1n hectlcn 1 Althouwh these organlsms»are not:f

Lyplﬁal in the biologlcal sense, the fact that many typeq tend %0 exist as
551n la cellq and henca glve a bieloglcally homogeneovs subatrame is convenient‘
‘for uhe present expef¢men$s. Anlmal tiSSueu, on the- ethor hand, contain many.

:  types 0¢ cell and 1t 15 generally noﬁ possible to iSQlate the dwf:erent types,¥

at least not 1n bulk A dlSGuSSion of tho ccmplete fleld of biologlcal »

,.Stalnlng pvocesses is beyond the scope of the predonb thesis, - An aocaunt

"3‘_however, of the nain aspects of the stalning of micro~organlsns ig g¢van in -

:  the inbroductlon to Seetion 1. &ectlon 2 damonstvates 1n detail one atainlngf

wfg;, proceaa on tlssues ané the ﬁype of technique used by tbe biOlO&lut to

ﬁ,elueidama 1tﬁ mechanxsm. j Indeed, almcst all prav1ous direct 1nveetmgaﬁlons N

"of uhe mechanlsm.of Stdxnlng proceﬁssm have been performed by th@ blologist, .j

. ;wlth lltble collaboraticn.wmth the chemist, and hence uhﬁ advancement of

fknouledge 1n whab 13 easentlally a. branch of surfaee ohemlsury has been
'retarded. ';~_ | SN | .

The conﬁbitumn; parts of’ arganlsms are usually colourieus and hransparentx
:and mherefore cannot be dlstinguiohed from eaoh obher by using an opu1ea1 |

micrOocope /...-
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: migrpﬁéoée up;ééé‘iheré.are app?aciabl@ differoﬁcieé in thelr refractive
-inﬁicééy : (n;b. thenelectron microscépe in effect degendé on diffefences in
densiﬁy, and stainiﬁg processes are unnecessary in oonjunction.with its use)'
'Stalning hechnlquas were first used by Laeuwanhoek, the pioneer mlcroscopist,
as for back ab 1719 in an attamph to overcome this dlfficulty, bub he met
_‘with lltble succeds and it was not until the middle of lagt century t uh&u‘ 
_Hatains began to be succe%sfulxy employed -and thelr importance realised,
Swnlnlng prOGBSSes have eonﬁrmbuted greatly to the QVOlUblon of micro- _.'
scopic Lachnlques dnd-biology inm general " They have helped in defining and |
Acla&exfying Sbruobural fcaturea and gpocial characteristles of ce]ls an&
tlmsuas.- A wide vrange of dyes is used in the stalning of tissues; all
ﬁmcrOmorganisms réadily take up cabtlonic dyes from agqueous solubtion and-
conéequenﬁly the¥$taina uged for tQQSe organisms are mbsﬁly selected dyes of
thia-glasa, | The dye uptake is influvenced by the presenca of 1mpur1uies,
some desirable, o thers unﬁesirablo; and in faet hlﬂhxy pure dyes may be

, mmmmmﬂaﬁv

To ohbain eomparable and reprcdueible re: ults, the dyes used -
must be maﬂuxacbured accordxng to certain recommeﬁdatienp and each batch must
pass.certdln~practica1 shaining tests, | In this ceuntny speelial qualities of |
dyes are’subplied fbf use as-stains. In the U.5,A, recommendations are made
by Lhe B¢olog1¢%1 taln Gomm1531on, the offlcihl organ of which is "Stain
Technology" and suztable batches of dye may be 1abelled "00mmissicn
Gertifledr, 97
Staining Methods,

1 Althouﬁh most dyes ave toxic to living cells, there are a fey dyes whlch,

Whén /¢ .o
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| when used at axtremely low concentra&ions, staln cells but do not kill them‘\”
‘(an laasu nody immedlately) and enable them %o be invesuigabed in Lhe 1iving
state, This process is known as xital sbainzgg and - iu can be applled to
ﬁhe‘cells of mlcro-organasms. The pracﬁical dAfflcultlcs 1nvolved, however,f
are exmfemely greaﬁ and, as compared with the aﬁamnlng of dead ("flxed"):
'cells, %he technxque has so’ far conbrlbuted Little to mmcrobiology. %rt;II

of thLS thes¢@ is concerned‘with ‘the. staining of dead cella.

Prepargt;ou of ;ga Galls for Shaz 1.~ Doad cells are much more easily:
handled than living calls and after sulbable treatment can ba stored fbr 1ong‘

periods. | Fﬁrther, bhey can, Le stalned by a wide variety of" dyes. } There o

' arey however, a number of dlsadvanba o8, Flr bl; certain %bructural
) ? : gl VA

ehéﬁgéé arevknown to-dacur when thefcell dleS; Secondly,- dead cell ‘are .

- extremely delieate and rezdlly suffer damage from suoh oaudes as evapocanleh,_
changoq in OﬂmOulc presgure, or’. iﬂtelnal engyme. attaolk: (auﬁolysis) - These B
\must all bo gunrded agalnst and hhe actual method used for kllling the cella

A and Tor praventlng “thedlr decom9031t¢on is often importanx. The pracesg LS :
Mknown ag ;ﬂatlog and has been deseribed at length elﬁewhere.gs Fixaﬁion é%f
mugt perfbrm bhe dual functman of preserving the cells and rendering Lhem
immme to damage ‘when - subgeeted 1o subsequent traaﬁmenus.

. The. ch01ce of bhe method of fixabion employed depends. 1argely on the
&"nature of the 1ntended invamtlgatlon. For roubine snaxning purposesAthez 1
appllcatlon‘of haatals suffleient. Heating, however, produees coagulation;k%j
cof polymerlc materla!s and may cause mechanical damaga._  Further it does , i}
n0'% preven$ autolysis and . praparamloms cannot be kepb for 1onger ‘than about”f;-

2% hours. /;,.




53e.

24 houfs; Several’coagniant and mon—coagulant chemical qubsnanceg, krown

‘a8 flxatlves, are ug eﬂ for f¢ncr Uork. Aqueous preoaraﬁlons of formaldehyde
- are one of the most. common bypes of le&th@. ”bese prqgrationa are non- |
. doagulant and ﬁqrtlcularly sultable when praparang 1or stamninﬂ winh'basic‘
A‘dyaa, because fovmaldahydu reachs meh f“ee amino grcupp in the slde chains
of polypeptides in tha orgmnlsm, thereby preventing nhem fromﬂhacomlngv>
b_p051tively charged and thus rap@l ing dye catmon3.>
" To 1nvest1gate anlmal calls the parb of uhe animal in vhich thqy oceur
s treaued with a suitable fiwatmve, embedded in paraffln Wwax, cut_mnto"
hSGCthﬂu a few mlcrons thick and mounaed on gloss siidés,.‘-Bef@ré'staiﬁing.  
- the wax ig removed by - treatment with uu¢tab lo polvents, Fixéd migrof. |
. ovganismu, hawaver,'may be-examined in-smears coﬂtainiﬂg ﬁanj‘cellé'spréaa ‘:
in &' alugle 1ayer, or a8 azngln cells cub lnto sectlons.99 “Section l‘is .

concerped wmth ‘the qta;nlnﬁ of micro—organlsms in smaars'g Sec ion 2 is

concerned with tha staxnlng of cells in gections of animal tissue,
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Seotion 1

The Adsorption of Gationic Solutes s Mechanisn of Adsorption of
Ga;ionici

;es on Fixed Yeas Gell
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INTRODUGTION,

In this section a.quahﬁitative investigation of the adsorption of , ﬁ
\cétionic dyes on dead yeast cells is .carried out in anhaﬁtempt“tc'fufthert‘
elucidéée the adsorptlon ﬁecﬁanism. The calls, uqed are intact, as 1ndeed
they ayre in the smoars used in the common staxnlng uechnlques. The -
organlsm studied is brewer's yeast, a. strain of Saccharomyces cerevesiaé,:5: 
-chosen because (a) it is the micro-organiem most feadily available in-bulk,
(b) it is unicellula? and (é) the cells are-camparétively large aﬁd gaﬂ be7_ 
easily sepavated from suspensions by ceritrifuging, | “

Before proceeding further; hbwévef, it is nécessaryuta discuss-tﬁé". """"
étaining techniques commonay used for yeast and backerial cells“andiﬁhe~:"

nature of these cells,
~ 99

btalning Te huigue Bor Fixe@ Cells . in Smegga.

There are four generql types of staining technique common;y uaed
'““he fallomxng are oxqmples repreSentmng each typs, but ﬁhere are many

modlficabmoﬁs, and various combxnablons of these . 1ndividua1 taehnlquea are"

’.V‘often used o demenﬂtrabe particular cellular Peatures,

iSng;g Shaining. = ?he smear ig treated with a sultable stain fdr'a.”
' Efief period (eca, 1 min.), then rinsed with water. - The organiéms are _y."kz
stained in contrast to éh@ transparent Eackground. Many sbains can bel‘~f‘-i
'»uqed, e.g., dilite preparatzons of Grystal Violet, Methylene Blue,
Safranine, Bagic Fuchine (usually as Oarbol Fuohsine, an aquoous mixture L
'of the dye and phenal), or various acid dyes., This techuique 1s;usad'to
- examine the general appearance of the orgéﬁism.v‘ .

AX]‘ /‘ﬂ,
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An alternative tossimplefstéiniﬁg is sometimes“émployed, called
nagazigq gtaining, It ie not hovever a true stgining process, for after ;;\
treatméit with a pfeparation of the acid dye, Nigrosiﬁa, or indeed with_é ‘::
suspension 6£ any ‘black opaque Solid the organisms appear colourless
agaihsﬁ_an opaqué~baquround. ‘ Incombinaﬁion'with other techniques it
_ #an be used %o demon%tfate pa:ticular.eallular féatures.

GramStaining, - The principle of this technique vas first used in

1884 vy thiﬁtian Gram, a Danish'Pathblogist. "he smear is treated with5 ;“ 

an aqueous preparabion of Orystal Violeb for abouh one mlnute, and the

excoss i rinsed off wlth water, A preparatLQn of iodine is applied fqr». :

about: 1 minute and;thansmsar is then rinséd‘with‘ébsolﬁté aleohol or

acetone for a ahortftime'(up to 30 sec,) and blotted dey, Finally a

- Qilute soluﬁipn of a sultable counterstair (usuallyfﬁed) i applied for .

about 30 secohds. "On examination, the soncalled Gram»9051§nx§ organisma;  -

appear dark blue to violet, whereas the so-called Gram-nepative orgonisms

' twke the colour of the counterataxn. Sharp difierentlation does not
always ocour and uneertain resulss are ‘classed as Gram-variable, There':,

ave many modifications of the original method; only the essential features

vfare here described'and it must be emphaéiéed that the doncentraﬁicns of all

soluhlons and all times of veagent applieation or washlng must be rigidly
atandardised in order to ebtaan reproducible results, The best primary |
Vstalna ave the basic trianylmethane dyesloog Mbthylene_Blue, Rhodamine B
.jand Safranine are unsun.i;able.~ The main requirement for a counterstoin is
thét its.colourzis iﬁ'dpntrast to that oflthe pfimary.stain.

"Aelanast" /...(
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"hoidmFast Staining ﬂeehm_qm '~ The smear may be treated with

| fﬂarbol Fuahsin@ and kapt hot fbr up 40 ea.. 10 min., then rinﬁed with wumer.
An aloohollc (ea. 3%) or aqueous (ca. 20%) solubian of hydrochlorlc (some— :

f times Suqﬁuria) acld is then appl;ed unili tha colour is almost removed

- The Smear is then washed and Loloured wlth a. suitable counuerstain,

: “_uSualxy a dllute aqueou 801ublon of Methylene Biua, and waahed again.;."
.On axamlnaﬁian, after ary¢ng, orgdnlsmd whxch ave classed acid=fast by |
 'this procedure dppaar red against a blue background; non~acid~fgst
~=organlsms apyear blue. ~ There are several modifications of this technique,
The above example is knoun as ﬁhe Zlehl«Neelson procedure,

| ggglgar Stninlgg. ~ The Smewl is subjecﬁed to a modification of uhe

séAoalled Feulﬁen reacﬁlon,lgl

| whlch ds in general ﬁpecifmc for deoxy»
"r¢bonucleic acid (DN&), rmbonnule¢c &Cld (RVA) belng unstaaned In this
teehnique, which 18 used for :Jz'eveal:untr the nuolml of yeasts and bacteria,
{most organisma are firsb Subjeeted $o bydrolyqls in nermal hydrochleric Als”.
'-aeld at 60° g. and ars ‘then treated with Schifr's reagent ( a soluulon of
~'Baamc Fuchsmne, the calour of wh¢ch is suppresred by tha presenae of -

"Sulphurous acid). Varlous washlnp treatmentﬂ follow and the persi$tence

of a bluish»purple cclour (nob the reddlshypurple colour of Dagie Fuchsine‘:A.

1tselfj is a p091time 1ndlcat10n of the presence of DNA, In the cage of
| ‘yeasbﬁ and bactorla this coloratlon.w¢ll render the DNA-rich nuclear
,mauerlaTS cleaxly VlSible, “the RNA—r¢ch cytoplasm being only feebly

»Btainad
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. eneral Lhysical Sgructgre Qf'Ieaets and Bacteria.

Ieusts and many types o€ bacteria tend to ewisb as single cells 2

56,1b2,103.

: (unxcel]u&ar) or es qmwll ciusters of single cell% (soe Fig 2 ?or theirﬂ

‘<%]general appearance) The cells are not unmdlmensional, Yeasn cella

;5tend to ba ovoids wlth an average diameter of the order of 5 to 6 mlcrons
' ahd ara in general laréer than most bacterial cells, but wmaller than mostlv"‘
?' animal cells. |

Lnere are magy other feaﬁures which rander yeasu and bacherlal cells .

o 'diatlnct from anlmal cells. For emample, thoy ave less eas1ly penetrated

"tby solubes owing Lo thu pretective effect of the cell wall and of the

' accumulatlons of polymeric adherenis on 1ts Surface. Further, the -

'Apratoplasta of soma yeasts and bacterla ¢an bﬁ 1solated under eyperimental .

3 conﬂszone ivom the other ceilular partS, but yat remamn alive and a;e

o

-capable of repneduc;ng. ThlS suggeut“ thaﬁ the functlon of the aell

,iwall ig’ 1argety mechanlcal

The fmne structura of ﬁhe protoplaSm DL yeasb and bacterxal cells haaﬁﬂrf

-‘nﬂt been fulky explained and is wtmll a highly eantroverqxal subaeat, _It
h appears ‘o vary ccns;dexabky throuﬁhout she iife of the calls, ~In -

v contrast to typlcai anlmal cellsi there 15 as yeb little ev1denwe to

105

'-auggeat uhe presence of membrane qysbems 1n Lhe eytoplasm. The

.iprasence Qf olose~paaked granules, which may co respand 0 the rmbosome

105:»

| granules, has boen eaLabllshed in bacterial colls, The cell membrane

'pcan be reveaied by Several methods whlch inolude a. staﬁnlng uochnlque f

- usmng a dye QE the Vleborla Blua type or somebimea Grystal Vloleﬁ.lgﬁ

The /...«
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“ha eell walls of yeasts and bacte:xa tend to be rigid structures and

10'7, 108, 109

acaount for up to 205 of ‘the drieﬁ cell weigh* Thoge of

bacteria vary in ﬁhicknes from 100 to 200 A!,whefeaa yeaut cell walls
are ﬁuch'ﬁhicker,110’111 from ca, 1600 to 2500 A Under the eleet:qn' o
microﬁe@pa(iaolaﬁgd\cellrwalls-of Qrammpasiﬁive bactafia appear to'havp 8
.smodtﬁ sﬁrfaée,<ﬁhiie fina strucﬁu:eé‘can ho diétinéuished in the wailé:Of
Gramnnegablvo fvpes,' .g.,Aan éppérent monolayer of 1&rga spherieal
macromojaoules JOGmlao R:ln dlanener arranged in a hekanonal manner.112
'A reab%aﬁular a?vsngement of SPhevlcal macromoleculea of diemeter ca, 115 3
has been observed howevev‘ in the walls of a Grdmnpos¢tlve1.3v There 18
- other evidence to- suggest that spherlual macramolecule% may be more common l
-A strustural glemgnts of the cell valls of Gram—nggatlve than of Grome e
positive baetéfié.llAﬁ | | | |
. On bhe outer surfaces of the walls, prubably of all micxouorgaanms,':f
Lhere are accumulatlon% of polymernc materlalu of hlgh molecul&r wempht
and hlgh viscosity. ‘Electron migroscopy . has 3hown that ﬁnfgeneral thesefi
so~called surface adherunﬁs (aee ng. l) are leds eJectronpdcn‘e than ﬁhe*
call.wall avd the cytoplasm. In most m1cr0~orgaanmB the adherenus are '
_100893y bound mn 0 layers known ag qlina layer&,.wibh lztble suggastion
of cryaba llnzty, but in some bacter:a and in a fow yeasts uh@ slime o
| 1qyerg are extended into well defined and uch more ordoved abructures
known ds capaules. These C&pwUlea have a low axflnlty for dyes and are -
: revealed 28 unqtalned regions uhen certain dye ‘staining processes are

appllga_ta the—aells; some, hewever, are 50 thin that they can be

&Qtedted /,,,
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détectedwonly by chemical and biologlcal tests, Various types of capsule

have been obsexved (e.g., ref, 115, 116),
10),117,118'

SomS'Aapgoﬁs‘of*ﬁhé Chemical Gonsti tltubwon.of Ieasta and Bacteria,

The develapﬁenﬁ_in.récent yea$s of tecqniques for the isolation of the
various'combonénﬁ parﬁs"of yeast cells end bacterial ce7iﬂ has enabled the
chemical eenstmtuulon of many of uheue organismm to bhs intensively
investigated., | Lhe fbllOWIHW is a brief account of the conclusions whﬁéh
seem\to_ba the_moat ralevant to.the staining properties of the cells, The
éye moJecules first encounher tha exhernal layers of the cell, which are
therafoxa dGSGrled foSt | |

Ghagﬁoa Gunstmiuﬁnog gf Coll Surfaoe Adherents, ~ The surface
adhexents on b&ct@;l&l cells hsve a hlyhly oompiea structure which hag not
you bsen fully eluczd%bed. Indeed, thelr chemical constlbtution appears to*
depen&.somewhat on. the wternal medium, although some of the adherants mgy
have an Jnhraeelluiar origin, Oapsular materials appear to consist large-
1y of eomplex mia$u¢es af pol&aacaharideé and.polypeptides which in # fow
cases ere arue pxobains, . 0n1y a few yeosts are knowr Lo £ orm capgules,

In all oaqes, hawever, capsulﬁr mﬁterialq, &v already menb:onﬁd, have a,
low afxlnlhy for dyea and often can be shoun up as unstained regions by é
comblnaLLUn of the szmple utamnlng and negative staining techniqﬁes.~

Chemienl _Gonstitution of Gell lalle 07,117 _

that the call walls -of many Gran-positive miocro-organlsms consist lar?ely

‘It has been establlshed

of polypeptldem(amlnonsugar)npquSaccharide.complexes. These complexes
are compoéed~mainly'of’a polymeric'substance containing only threeuor

four /n“ic
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“fOur prlncipal amano*aclds, soﬂethor with acetyl glucoaqmine, acetyl

muranie acid (acety] dcrivablves of. B-O-cx— carboxyethyl hexosaminc “9’120)

~xand'perhaps galacto$am1ne, V&T10uﬂ carbohydrat@s and their phesphate eateraj
and tetvhona aeids. Moreover, these eomplexe anpear to be presenh 50 a
leps. ex&enﬁ in ﬁhe ce33 walls of G?ﬂMwﬂ@ﬂ&biV@ organisms ,'bhsn in Gram~

t.poq1t1veiones. Gr¢m—negaﬁ1va Organismq, hOWGVOr, have & much wldev

\

'“s5i_varlaty of amnno ac¢c9 uhan have Gramspoqibive onou, and ln addltion theJ .

k!

‘conuaﬁn appreclab e amounts ox 11p1db. E The wall: of Gr&mﬁpoSlulve
K organlsm9 conﬁaxn llttle or: no 11p¢d material NE mlprouorganJSma have -
.3 proportion of their amino-acids in a rcad:ly thractable form, and the

rémaimder are‘boun&‘in tha‘cbmplex poxypaptldesf. rL has Leen suggested,>

_ivhowever, that uh@ presence of the vcadlﬂy exmractable aminomacid§ ney be -

'1ﬁwm0re ch&racnerlstlc of Grammp951uiva orpaniﬂms._

121

_ The neuiral amino—acld alanlne and tho aeidlc amino-acld glutamJe
'jacxd appear to bm common o' the cell ualls of %11 yow%h and bacterla,
n-falaninﬁ b@ing bhe prédominant am¢na~acid in Grammpcsltlve cel 1ls. ~F1nally,?i
_a bﬂ eh pfopOPtion o? ‘the uotal 1m¢no»aomd oonLent is prabent ag the
“Dmlsom@r. This Suggestt ‘that. Lhe polypepmldes are. nob brue prateﬁns,
for the &nln0~&01d regidues in true pzotelnﬂ have ﬁha LMOOinburat&OH

- (4ee General Inﬁroduction) ,‘ |

| The mechanical strength of the cell wall ney bm abtrxbuted to a
.umvcopeptlde frameworh to Uhloh Bhe. obhar consbltuonﬁs, much ,a,yeichqiq'

‘dcmds, appaar to he loosely bound,.

'Ghemical' /..,
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ueglcg; Gonstitu&QoQ of Gell Meggragg . Several authorssv'lpp 123
have examined the 1solated cell membranes of a few Gfamup031tive bacterla
f and have shown nhab tha comgaq1blou ig quite dlfﬂerenu Lrom.thab of th C
qﬁcell wallA -”ha membranevaq essentlally a llpld«pﬂ ysaccharlde—prohein ’
:compiew, contqlnlng aboui ZO—BOﬁ lipia- aﬂd abcum 50& true pioteln (on
\‘hydrolysls it ylelds practjcajly ali the usual Iw&Man acids found in
normal-nroteins) "Thls high 1iﬁld content lb pd@tﬂGUlulty lnterusbzn
for an. JHSL Suabed tha ceJJ wallg of Grqmyposltivb Dr&aLlsms contain |
llbtle or none ab all A numbev of enzymes (p?cu@&n) have beon detecbed
in uhe membrane, bub bhere ig no eoncluins evidence to uug &t the
pfesence of nuclele acids. e N |

uem1c¢1 Gonst*&ptlon oi the IQQ@E barg Lure of the Go;;

Ghamicaply, nhe Lnner sbructure of yeq}h and bacher;al cells is simllar to o

105 124

* thatb of an1ma1 eella. P The uyboplasm ¢s rich in probeln ana rlbonuclao-
':iprobeln, althOLgh 1% &S not, certain‘wheuher r1b0dom@ granulaﬁ ‘oeewr or not.

The nuoleua is largexy chrcmabin.

:'ggggg;es of Gran S i (and Smmplé taqﬁ*_g).~

" In bhe early yeara of Lhis cennury Several heories were propo&ed ln"

'_Taitempts uD explaln &ram leferon 1atlon. The two most important theories
at’ tha't tlme were quite dlsulncb, for one was. baaod on a pur@#y phy 1cal’ |

)  pr¢nc1p3a, whlle the ohher waq e&aentlally chemicsl

~9$1z6’ is baqed on the fact that

The physmeal theory, propoaed flrsﬁ
ff.dlﬁlntebratlon of Gyam-nosiﬁive celts cauges the loss of thelr Gramnf
positive character &ccordlng to bhig bheomy, a dyeniodlne comple? is

formed /..,
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formeu and the ouLvard paSSage of thia complex from Grammpoalﬁive cells is
hnndered by a mechﬁnlcal perm@ablllty effact ©
7

In.tha chem3093 Lh@DfV, uhmch wns proposed some blme laier At vas

aasumed ‘that lonia group in he esll proboplasn bahwve as, 1f in aolublon
and ﬁha the dyo molecules ara rehalned by eWGOtrQstaLic Fbrces._ nt is”
uuggeQUed Lhan bhare 13 8 relqm¢onah1p hetween the isoelecbrme poind of
_uhe protop]asm and 1%5 afftnlty fbr bagle dyes, fhus.Gramnnosmtxma -
'organl gms would have an. isoolectric poznb at -a lower pH value nhan |
lGTﬁnnnﬂg&LlVG orvan1sms; This voujd oxplaln wny baSLP dyes appaﬂr to
'have u greater afflniby for Gram—pnsnbive orgea. nismG, and why these are not
easmly decojorised uy alcohol. . This Lheavy haﬁ boen %upported in.recent

23_1?9’130 who hav@ concluded nhat

yoars by the work of gaveral authors,
Gram~p031hlve organlﬂmq adsorb morexthan Gramﬁprganloms, but thls

s eonglue¢on has boen quustloreﬁ 3 . IL hay be thab ﬁhe 61f?nrences 1n
1nﬁcrpxetabion aro due to d*fferenceu in experimenﬁsl mebhed3132 in‘;A
- any. ease a uhooxy of dhls “type connot: explﬂln wny a poslhlve faactzon
uonly 039&?0 when Lho cell is intact, 1.9. why cell, "lnieprwty" is
esaenblal far the Gram reachzon, | (

Today lﬁ is v¢dely belleved ha%'d‘éﬁrface'layér of material which
“eonﬁezs Gram«po ‘eness is presenu 1n Gram—pasjtive ornanL ms, buL not -
in Granen@gatlve organlama.‘ ThlS lay@r,may'be,agsoelated with the éell
wall, TOr the 1solated protopjasts Df all organmsms ara Grammnegative‘

133

‘Although this bellef is based on early work y 4% has only,become

generslly /... ff 'l. o C j
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generally accepted in re;on$ years-and even Loday it is nob cortain how
tha ﬂurzaca iayer is. eoncerned in the: ghaining reactlon.
| Thare 1s conuldnrable evmdence to suggesb that the 1qy@r is eompose@.; 

£ 134,135, 136 bub’ this avmdence is ndt

largelv of a complex containzng RNA
universally accepted. Extraction of a material which is bellevod to be i
:esaenblally ‘RNA from Gram~p051tive organiSms fendevs them‘Gram»negaolve..
This RNA can be “replwtad" baek on to hha surLaces of the calls and 1t ia 7..
“then’ fbund thab Lhey have to. a larga eytenb regalﬂad their hram~poqiulve

'character.\ it haa also baen shown uh¢b additlon of DNA to a fyploal
137

o Gramﬁnegatxve organism can produce Gram-yosmtivened " An alternablvc o

hypoth951s is that parblcular phosphoxxc oqﬁ@r fiactlcn (probably

‘Lelchojc &cldS) ls reSponq¢ble fcr G?am differentjation138; ~this view,

J-however, has meL with consxﬁerable oppoa¢tlon139

Neverthelesa there 1 reaponable avmdanae suggeﬁtlng that bhe
Apresenee ot RNA is not esuenm¢al for a post ive Gyamuroacn*on, some cella~'*
98

thlch do. not conuain LVA are . &ram poqtbive moreovar, the eytoplasm

of babh.hram Cl&Spew of organ¢sm is r;oh in RNA, hence &f RNA is Jndeed

\f:lnvoived in Lhe differentlataon, Lt must he 1ocaued eikhef on “the” outer f&:
surface of the cell membrane or in the oell wall, Yét chemlcal anaxysas X
| of iaolsted ceJl wails and - cell membranss huve produced no sabisfsctory:
evadence to suggest the presence of nucleic acid although it is possible :”

;that the methods used fox Lhalr lSOl&biOﬂ also separaie ﬁhe cell walls from i{
RNA, | | J o |
| f,;: Other P01n§ 8 of In&eresg. - ‘Theré,ié'évidengg ﬁﬁatﬁfhg Gram staining

..\Propertmes /...1?;
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properblaa of haetewla cen ‘also De. altere& o reversed by varlous
1?7,133 140,141 142, Tveatmant o; Gﬂammnppativa
organlsm WLbh &lk&li& ov foducmng dgents w111 rendor uhem Gr&m~positiVe- ,
tredtmonL of Gram@posibave Ofﬂdnidmﬁ with acids or ox¢disﬁng agent% wlll

Pender Lhem erm-negatmve. 3u has been propoc*m’i14 1n an aLLempt bo

e%plain thane quﬂEV%uBOﬁﬂ, Lhau reﬁucbion of dmuulphxdc (~S S .y oystlne)

'11nkages td’sulphydryl groups (n H) convexhb Gramunegmblve ovganmsmﬁ to a. -

Guammpnaitlva Gbahe, and VLGG vafca, but thd hypotheSLS ha been-critiCis%é.
has aluo baon obserqu that irradidtion of Grdmup081tlve bacherla

4

w1bh ultr1~v1alat 11ghh caupe% ‘the loss of Gramupos;bivone%a . ThlB"‘

7-}fact would uU@&GSt uh“t uhe material fe%ponqible for the &ram-posiblvoness
_may be a mae*omclecular ubabance connain1ng cenbres of upsaturatlon Lhat

Sﬁffef phoﬁoxyﬁic-dééompos;tlon; -

‘Site of.ﬁha’Gyam'Reaction;7~ It is convenient bo congider bh&b the

Grém reaction Lakes plaee in a Bpe 0103‘ reglon Gf Lﬁ ce Ji , Photographic

.‘avidenceliﬁ has ahoun uhab the Glammpoamtive Ptalnnng region. m@y ogeur
'Yibelow uhe ouLer p&vt o; the eell.wall, bin@e lu appcars 0 ocoupy &

"poﬁltlon wathin Lhe reglon uhnch 13 revea]ed by a part Leular pvoeeua known -

146 lﬁf. ]hhough the presbnce of aezdmc

-materials in the 0313 w&ll, parulcnlarly of Grum poaltlva orgaz qu, wlll

cauSe primany Jbamn, e, g.,Cryslal V;oleb, to ba adso"bad thereon w 90me

\exment, aolublon conxainlng unadsovbod dye wilJ remaln unbil he water .

‘rlnaing trequept-ls_applled. Tf ringlng is cut shorn or omitbed

t e

ﬂé&xogeﬁher-/;.;
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'.altdgether“mueh of this excess dye solubion will Yemaln mechanically,‘
'trdpped in the cell wall, and “the &xnm positive regilon mlgh then include

‘~‘$he cell’ wa111+&‘

tThls fact could explain the reported observation that
' Gm&i'differen"c.i&t:s.ou-jﬁ due 'bp..'i}l_le_: i“ofm‘ai;ipn of the dye-iodine complex

' é¢tﬁa11y'in the §9i1 walls of Gfém—positivé 09118}49 whéréaﬂ,'aﬁ @uat.l
A_mentﬁénﬂd- %héAreaetion site appeafs to be below the cell wall, It is
now genefallv acceﬁtad that the .g8ite of the Gram-reaction is the inner

. parb of bh@ cell wall or pefhaps ‘the outer surface of. Lhe cell membrane
and that thlm m@y bs ‘the locabion of Lhe layer which confers Gramm
'p031tivaness.

‘ Ghegmj..galr‘l?q,gcel 1n the Dve Rg engion, - Stearn and. bnearn =7 were

‘pe?haPS'the firstrgo SuggGSQ that chemleal forces ere involved in tﬁe dye
"rétention,ﬁbﬁt'théir work -appears to have been treated with some scepticism,
&hAJ wag probably due to a misuLders»andlng of the truc naburc of adsorp-
tlon from soiublon. There seemns Lo be no reason why mlcroblologlcaj
»&urfaaad, despate thedr complem;ty, should reach dl&ﬁerenmly from other
'orpanlc\ma$sr1als. indeod, not only LS bhere cons Ldorable evidence in
favour of icm exchange ab cell su.r'f'q.ces 330,15 1 1'3 ~ bu’t’; Lhere is evidenee
-which suwgeqtq Lhat dye adao?ption by both Grammpasltjve and Gram-negative ‘

rganlsmqudn be désorihed by the ﬁurmal Langmuip equatlon1)3’154
applieabierﬁb ;déorptien at nmnalivihg surfaces; bevoral typeu of

152 and it is

bacherlm have been uhOWH 0 bear a negative charge lﬂ water
probable_than the pqsmoively charged basic dye nolecules or apggregates
react Vith_phosphabidi@ groups in the eell wall, nuclele acid or F

phaspholipidfkfa.'
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phospholip¢d constltuenbs, with ionl sed ocavboxylic acid graups 155 in
the amino~acld residues of ﬁhe polypaptmde complexes, and with Jonmsed
Suhhur-contalnln@ groups presenﬁ in the polysaccharide constituent
The Role of Ioglug ip the Gram Reaction, -~ The importance of iedlne

in ‘the Gram reaction appaars to be less than might at fivet be thouvht
Indeed, it has been shown that Gramqpoaitmve and Gram~negative haeteria
VGan e distingulshed wlthout using iodlne Qr any simllar reagentlom
_ 1h§ subsequent; dlfferentlablon in alcohel, however, is then extremely .
| difficult, Further, it has been shown that all the dyes which give.

100 It seems. then

7iGram dlfferentlation form precipitates with iodine,
”that iodine merely sarves to accentuate the differentiation, probably

by fbrmmng some type of complem or precipltate with the adsorbed dye

and theteby re&uclng its ease of vemoval in alcohol, éspecially since
it‘has béén shown that Gram-positive eells are less permeable to lodine -

157

in alccholic solution than Grampne«atlve ones, A study of reagents

.which can replace 1od1ne in the Gram.raaation, shows thab each is a nild
_oxndismng agepb and can form-a precipitate with Grystal Violetl57
'kevextheless,soma,oxidi31ng agents and some reagents which form precim -~
'piﬁateé with Grys§al.Violeﬁ are unsuitable for usébin the Gram‘reaction, j
: and . this suggaéés tﬁat iodine must function not merely as an oxidising
'agéﬁﬁginorlméfeiy as a precipitating agent, bu& ag a combination of both,

* Pr able igm. Gre DiLE rentiation. = From studies of

156 3

staiﬁed cells undei'ﬁhe optical mieroscope it is genorally believed that

"'the calls are. gtained throughout by the prxmany stain, It must be

_stressed /..,
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stréssed that'ﬁhis”gvideﬁcé is purély Qualitatiﬁe, for it is not '
. possible Go ésﬁimaﬁe.the amoﬁnt‘df:dyg adsorbed'on»tha various cellular
\ parts. Rinéinw in.water-remaves mosh of ﬁhekunaaaérbed aye. Troatm

: ment wiﬁh 1061ne fbrms a comnlex, oy sﬁablc ﬂyonlcdius agpregatos,

o wlth %he adsorbed dye and the 0uLward pasqapa of these, aggregates is

‘hlndered in &ramwwosltlve orgapzsms nore than it. is in Gram-negaﬁlve
_onQS»hy tna low permeabillty 0x the cell wall The‘strongast evidence }
in favour of this cell wall parmeabmllty theory is tho fact that cells
must ba intact o give a positive Gram . reaction.. .The_effeet of the |
purfoce Jwyer of. maber1a1,~whlch nay eontamn RNA or taichoic acids
and which is neaesu&ny for & poq;tive Gram reaction may bz, in part at
1&33%, 0. reduoe the permeabilmny of the cell wall of Gram—poalhiva ]
organisms. - The permeabLliﬁy of the ce11 membrane appears to be of

11Ltie S¢gni£1cance, fcr 1901@%@& protoplasts are Gran-nsgebive, -

‘ Aggregates of dye gre 1nvolved in the m&rked retantlon effecu tbat:'i

is. uh@ disvlngui hing mark of the Gramupoqz ive roaotlon, ‘and in %he
normal process thesa aggregates contain iodine, '~qu;ne ig not howava:
'ességhiai, bécauseﬂsoﬁe aggrogating dyes (basic,hrié;&l,méthane“djes) |
'will‘@iéo=differeﬁﬁigﬁe_Grgmﬁpoéiﬁive1drganisms.in abgence of'iodine,'
ﬁhdﬁgh not #o well, " \ ~_ | | |
Theorles ot_the Acld~raS§ Sgaig,u

The Acid-fost staln vas Pirss used by Bhwlich in 1882 and 15, in
prmcmple e somewha-i, smmlar 40 b!ne Gram stain, although no complex-
fbrming agent is involved " Acid~fast bacteria adsorb dyes mueh less

-‘readlly /...1
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N readily . f"om dlluse aqneous solution tban ather organlsns, and the

procesm requirea an elevamed ﬁemparature. When stained, hovever, th&y.__

are exbremaly xeslstant to decolourisat¢on even by such a drastie agant‘i;ﬁ

ag aloohblie’minaral.ééid They are usually hlghly capmular, e,g.,
the bubvrcule organism thch causes Luborculosis.

| Iu wasg rea1msed early ﬁhia canbury thel capsular material are in
some way involved in the stainlng prucesa. MiGerGOplc exaninatlon
‘Shcwad thah a peeullar "beaﬁ¢ng“ effect of Lha dye Qcaurred and thﬂsh' X
could nob ba explained. One thscry was that the Oarbol buchSJna is f
more soluble in Lhe 1arge proportlon of Tatty conatltuents, believed
to. be preﬂanﬁ, than in water and that this is respon33bie for the acid—;

158

Las Lnass and. ﬁhe bead format¢on. At the mosl, howover, this can only

~be. partially Lrus,‘fbr it has heen shown that cell integriﬁy’is

125 159 and that beading 16 merely an N

160 161

esuentael for a pos¢uive result
-artefact whlch depends on the stalnzng procedura ~ Hence it'
would appvar bhat the result of tha aci&mﬁast stalning technlque
dapenda 1argely on “bhe permeablllty of bhe surfuce layers of the -
organlam, thoge of acld-fagi. organlsms ‘being the. less permaabielé)’l6?,v .
Bas¢o Fuchsmne is applled &u an. elevated tamperature in tbe
'presence of phenoi (Garbol Tuahszne) and undew theSe conditions tha
‘;dye molaeules will be uO a lavge extent dlsag&regated. The-large
v1proyortlon of mono~d1apafae molecules ﬁhup Ebrmed anﬂ the operation of
| tha higher tamperature wzll increase the amount, &nd the rate of dye o

"'penehratlon, resnectlvely. Furthar it is probable that the adSOrbod

-dye will be reaggregated at or near ﬁh@ active sitea in the oyganism

in '/o aen
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l'ln & manner simﬂlar to. bhe behsvioua of other dyes on otheé erganic .

359u1faceﬁ and thmr raaggregdtlon m@y ba res spongible, in part ab 1east,
ffbr the sub89quonm dmxiiculhy of elubnon, if indaed the cell wall

permealeLtj 13 a. cvltmcwl djfrerentiatlng Lactcr, as saems to be the

- come, Flnally, it is generally true bo pay that Gram—p031tive :

;:organlsmq may be- acid—fesb, Whllﬁ Gramnnegatlve orpanlsms are probably
,never ﬂcwdnfﬂsL’6 and this in itself is abrong support for bhe theory

\linvolvinﬁ cell uall parmeabllity.--» |

373;Thao;x of Nucl&&ﬁuﬁﬁéiﬂ&ﬂg*; o

Ths Feulgen reactlon has been the subject of intensive resaarch and:;f

‘jlts mechanlsm is well known. : The mechdnium of nhe nuclaar stainlng of'ﬁif‘

. 5mlcro~organ1qms hae been clearly describad elsewheral63gk She following

Jﬁs a briei &umm%ny. Traatment of the organlam Umth hydrochlorie acid
A at 60 G.servau two purposes* (a) nb parumally hydrolyses the . nucleo-
fpvotejnp of underlying stvueﬁures, ralea%ing the aldohydmc groups of

3 ;the-panboue»sugar oonSnwtuent (b) it complebely hydrolyses ptainable.,: |

'"*,materlal in the outer laverq and thareby roduces thelr masking effect.;"

"bubsequent treatment with &chaffls reagent produeas a blul 3h~purple e

l

:7aalorablon aaused by interactnon'w1th the frae aldehydmc proups.
-i"he A&sorgtngn nghhagm | ..

' Mnch qualltantve and)quaniitaﬁlve 1ni0rmat10n Gen ba obhdlned
';ﬂbout an.adsorpuion systam by deuerminlnp uhe adSOrptlon 1sotherm. j-

| This 18 graphical representation of the ads orption prccess at a

"';j;f¢xed temperature and may be reg%rded as a plot of bhe distribution of

"ASOlute /... .
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solube between the inberface and ‘the llquld phase as a function of bha
,eoncentration of sclute in aolution. 1n this thesis the adsorpbion per
- undb weighi of adsorbent ig expreesed as a funcuicn of the concentration
fof adAOVbate remalnlng in solution, |

A very large numbex of adsorption 180uherms have. bman reported in
the'lsherature, Several types have ‘been dbqerved and there have been |
: ; a number of atbemphs to produce a satns?actory ﬁeneral cla381fieation.
Peaslbky the first attempt was made 13‘1922 by Ostwald and Izaguirre
who‘were ésncerned wi%h a&sorptioﬁ from binary mixbures and dilute
Soiutidﬁa, . Brunausr 165 later. defined five typea 6f isotherm that are.
obaezved in vapour phase adsorpblon,

Resantly, Giles and his couworkersléé 167 h

ave proposed a system
,‘Qf~class1x1cam;pn of solution adsorpﬁlon 1gotherns whiéh alds the

_ diégnoéis of .adsorption mechanisms and also the‘measurgment of specific
sﬁrfapg areas of 501ids, | Ail isatherms are divided into four main
classgs aocordipg o the initiél slope, and for each clags there are
 deseribed subngrogps pased on fhe,sh&pes of the upper parts of the
curves, The four main classes (see Fig, 13) are named the 8, L (i.e.
"Langmuirt type), B (high affinity®) énﬂ ¢ ("constent partitiont)
isotherms, . The @mgﬁrves are the bgéi knbwn;w indeed, the L2 curve

ocours in'prcbably the majoriﬁy of cages of adsorption from dilute

16,

golution and few cages of the\other'typeéfépﬁéar to have been previousky

racorded

“he Initial Slegg ~ The initial slope'of.ﬁhe adsorption isotherm |

depends Love
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depends on the rate of change of site availabllity with inerease in Lhé
solute adsorbed. As the amount of solube adsorbed incereases there will
"usually be pragresslvexy less sites available at the iﬁtérf&cg; and the

adsorptien in the normel case tends uo‘decrease. This corresponds to

- the L laobherm and nhe upper portions of the § and H 150thermm. In

\ tha initial part of the & 180Lharq,however< the opposite condition
applles-anq the_amopnb of golube adsorbed increaées with increage in the
number of Sitéé oceupied, It is believed that this is dﬁ.e ﬁo sidewby-
 side inﬁeractibnlbétwaen adsorbed solute mcleculea. ~ In the G isotherm
: the s;te anllablllty remalns constan$ anbil saturation adsorption is
_—raaehad. _ i | .
| ‘hg S Iso&hg 'fe =~ The & isoﬁherm is obbained in'ﬁyatems where -
‘(é)lthgisolute»pa?tiqleaia'mQQthngﬁioﬂalﬁ(i.e. has a fairly large
ImﬁrOQhOSic réSi&ﬁé.aﬁd a _marked localisation of attractive forces over
a‘shorﬁ’sedtian df iﬁs peripheﬁy), (b) has moderate inberaction with -
cﬁhsr aelute partlcles and (c) meelLs with st:ong compatmbnan from the
'solyenﬁ, It 1s belleved uh&u the adSQrbed particles are oriented
.VQrtically to the plane of the.inuerface and, as already SUated, are
stacked face-to*faca. | |
h The author has observed b~shaped igotherms fbc the adgorption of
aondansed—rin polynuelear aromatic hyﬂrocarbonu on‘chromatographlc
alumina fram xyiene and 2:PtéubrlmethyipentanGZG’“/ (Fig.lz).
The L Ithgerg. - The L curve .is qbnained when the solute molecules
are oriented flatwisé on the adacrbeﬁt'(i.e, parallel to thé‘plane 6f‘

the /uee
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- the inherface), .g., resoruinml fwon watar on chlumatoaraphlc alumlnaé,

'or Uhan ohero is no sbrnnp aompetitmon ior “bhe murxace. oIt 13 also ‘

given by manmﬂuncﬁlonal ionmc solutes whieh appcar o haye such strong

interparticular atureebion thﬂt thay are- adsorbed: in a mzcelTar 1orm,

r

~'0.g., oﬁbmonic ¢y00 from wauef on- sszcai.:'

Tha H tdotherm. - The H 190Lherm mmy be regardod ﬁ& a Speci&l case

of the L ¢sothevn 1n'whzch.tha ﬂolvte hns such a thh affinity for the

H.adsorbent that 1t is completely wichdrawn (or almosb qo) irom dilute
.1solutlon8. The 1n1t1a3 pqrt of ﬁhe 4soth0rm is aimoan vertical wnﬁ,
Cdn extreme cdSeS, the i othern is a horifantal Line staﬁtiny at a.
\‘”posittve'value og}vs*tlcal axls.-. It has ofLen baen obuerved fbr the
“iadsorption of' large un:hs such 18 iarge ionic mzcelles or polymeria
"-moleculps, o, g., sulphonqted azo dyos from walter on chrumauowraphlc
;;alumnn%,é bui hug bean ohtainod in some Gameu Uh@ra the adqorbpd species;@
| appears to.be single ions whvch evchange U1th obhers ol muoh Mower

"_afxlﬁlty for . the adporbenh._

”'-The-0~1qmtherm. v The i 190uhorm is charaeuerlsed by the constant B

?_:pqrtitnon of go1ute batween uhc nntorlaco and the solublon rlght up o

the saturatmon vajue, where an abrupt chamge to tha horlzonual plateau':

12

occuns, e.g o wabex’xrom nwbutano] on waol. Iu is ob*alned when - the

{Ebllowinp condltions awe atlsfled" (a) when. the substraﬂe is porous,
~:but has rogions wi th dlfférlﬂg dewvees-of.crystalllnity such that many
‘of the moleculeu are flemibla and Lhey can Lherefbrb more roadily be
Qforced apart* (b) whan Lhe ﬂOthO hsis a mueh.hlghev affinlty for the

”adsorbent‘ﬁhan the.gplvent hga. The G ?scbherm resembles the type of

.




oo |
Acurve obtalned ‘for the p&ftlblon of »olube behween BWO' 1mm1501ble »olvenbs,

and 1ndaed Lhe aubsbraue appearu to. act 48 an lmmlpulble Ilquld.

'"Flrsb De piel! Satg;a§¢on.ég grphloq. - All. isotherus, unless

‘ Bxperimeﬁtal dlfflculb¢es do not permlt (aubngfoup 1),. have oither a
plaheau or an 1naleebmon, which ;ndlcﬁbes that all the available sites
Cat the 1nherfaee have baen occupiad ' One‘or otherAq£~ﬁhe following
gltuations nay prevall. (a)»A~complate'CIosempadked'mondjayer of
jadworbad golube partloleb mey be formed (this oceurs -usually w¢th NON=
1onle olutes on polar and nonwpolar sollds, Colay Qhenolg on_alumina,

s¢lica and graph;te”’V’Bé); )

% hag bsen,suggestad‘ﬁhaﬁ_poiay solvents

- ave’ 1ncluded in monolayers on polar solids and th@ﬁln§§~p51arESOlvonﬁs :ﬁ

'2ara inoluded in monolayers on nonwpolar solids, (b) A i&yer of,cloéag

‘packed or 1uolated lonic mlcelles ‘may be f rmed (se@ ref, 168g also,

'flb can be ‘Boen lrom electronmicrOPrapha that some d;recb cofton dyes on
'cellulose exlst as minute parulclesl Q); the exacb uduurelof the micelles B

is not knewn. (c) The solute may be adborbed as 'aolabed clusters of

A‘moleculaﬁ, ior example the auihor has observed bhau conden%ad—rang

‘;‘polynndlear arumatxc hydrocarbons are adsorbsd ag “isolated clusters on

hhe surxace of ehromabographmc alumxnapé 27 (sge Tig, 15).

he P ot

ea or Infl'ction._~5 A long flat plateau
-1ndicates that saturatlcn adaarpulon has been ahtamned-' bne adsorbed
_uoluta p&rﬁncles preseni a second uurface which- repels the golute -
"partmcles ronalning 1n solublon and hence prevenu fulnher ad%orption.

A short plqueau fallowed by & rise in the addorption wxuh dner easing

concentranﬁon./..,“FJ‘~
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concenb*aﬁlon of solube indicates ﬁh&i the adaorbed particles pre%enﬁ a
.aeaonﬁ surface which haa almasu $he same attraot1on for the pavticles in. .
golubion 28 the or:;ginal sm*i‘aca. A seooncl plateaun may be rcaached if‘
'expermemdl conditions w:Lll permiﬁ (Sub—groum 3 and 4). I

In some oaseﬁ, hovever, o maximum (and npt a platean) may be
observed and the adaorptmﬂ falls o:ﬁ’f with farther increase in %ha
concentra’cion (aub-»graup K This is believed to be due to assac::.amon
of thea gsolute moleaules or ions in saluhmn w::.th :a_ncreasse in concent.mnion, | _-
"whereby vhe soiube-aollube :mterae b:i.on nay emee& the ﬂolute-solid intor~ i
iac'aion- and__'l".ha equillbr:mm _m :mﬂuenced in :E'avour c):rT de_asarption.l - In |
'*éome'caéeél‘a‘ minimmﬁ ma& be obbained at higher s_:;xolute coﬁéenﬁratioxis.‘ |
The exach reason for %hls is not clear° possibly’iﬁ is caused by-”
changaq Ln Lhe n@ture of uh@ 301Lte aggcagaoes in solutes, ag the
concemmbm;a rmes. |

, = The above

A

' aystem of cléasifida'bion of Aselui;ion adsorption igoﬁhema ‘onables
niormsﬁ;ion a bou'b {,ha nay ture o!.' the :Ldaorpmon mechamsm and . hha state
and orientation of the adsorbed mcleeules o be deduced from “ﬁhe shapcz:”_:

| pi‘..{ihé iéoi}herms.; * fhe substrates so far investig%ed hf;We been homo- g

‘ geﬁeow’s.. There masm.a, hcwaver to be ne reagon why i.he same princlples
| shou.ld not, w.LLh due care, ba applicable to heterogeneous substm&.es, '
j‘.&uch ag b.i.olega.aal oells, :

“ , ngent Hork, | ' | A

- In the present work the adaorpbian of basie dyes on dead yeast

'ceils /,‘..,



| . . |
cells i znvestlgated. It is weil‘knoun that basie dyés-are:stfdngly'
adsorbed by the calls of dead mlarc—organisms and thera s evadence to
‘ ;uug est “that the mechanism of retantion is ibn»exchange 130’151'152?155

It has also bean suggested tham tho adsorption is of the Langmuzr typ%53;ﬁmﬁu
(ct. wof, 15»'2)q | |

| EXPERB«MTAL '

ngigigaﬁion‘of-dzes. ;  .The dyes. (fbrmulae shown in Fig., 16 end 1?,
'cf ref, 170) Victoria Blue RN, Vietoris Pure Blue BO and Rhodamine 3B,
fwers purmfled by leaching dliuenbnfree "batch“ grade samples wxbh hot
10% hydrochlormc acid, filtering the hot 3lqugra and allowing the dyau :
tgicryatallige from them, The crystallxsation was repeated at least
oﬁee‘aﬁd»the;crystala were dried first at 40~50°é ;and‘ﬁhen in 2 vacuum-
'desiccator over potasgsium hydroxide overnlghu (high temperature drymng
was coneider@d undea;rable), Vietoria Blue BN and Vlctcrma Pure Blue
BO could not be purlfied satisfuetorily, hecauso of thoir low solubilmty
in thalacid aoluuzon3> Rhodamln@‘BB formgd an unfmlterahle‘gel with
‘ethanol (prdbably the best alternative solvents recryéﬁéllisation from
hydrachlorlc acld was cnn51darea t0 be undesirable on accounb of |
peasmble hydrolyqls of the =00 G ﬁs group), untreated batch grade :
'aamples wére'therefbre.used;_ The pur¢ty of the dyes wag, determined by
_miéréuanaiysis for C,H, and N by £lane analyais for Ma (a rough
' measure of salb impurity) (Evans Lleutroselenlum Lﬁd., flame spactro~ |
photomeber), qnd by potoniiomebric tltr&tlon of Cl lon with silver

nid rate /...
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nitre...t.e in neubral aolution in the case of. victm:::_a Pure Blue BO and
V.Lc'bo_ma Blue BN, . All the dyes had only trace emounts of Na; Ehodamine

B had ro d.etec”i;able amount (confirmed by ashing; O, 04.% ash),

Pyuriiy of Dve Samples Useds - Tho results of tho dye. analyses ave
“glven in Table 9. The pufiﬁy values of;th.e dyes used were: | 'Grys’c,al
Violet ‘(6.151704255555 .é&?{, s Tthyl Viqlet";('.(‘}.i. L2600, 920 Magenta P
(0.1,-.42510), 8’?;";;‘ Malaehite Groen (0,1, 42’000)",_ 89%, Methyleﬁe Blﬁé'QP 3
(0.Tv. 52015),: 85%; ~ Rhodenine B (0. I 45120)‘.,,9’.5%;' | Rhodaniﬁ.m ) S
(CuTy 45175), 9927.;;" _'Safrmina (.1, 50'5.'0') , a'r,g; Vigtoria Blue B
(G.I& 44045), 9&%;_ Vlctoma Pure Blue BG (G i, 425’99, a ,),u, The _
alementary analyses ("i‘@.ble 9) swgesbed ’bhai: the impuriﬁy present in the

: r@cryatallmod mmple&» was m:t.mly water,

‘ Prepamj;:a.on of Dve Solg;tions. , Didtille_ecl or demineralised wa’qér
was uscd in all expﬂm ment':. All bhe - dyes wore \d:iésel'vecl in the eold,

e:mepL V:Lcuoria. Blue BN and Victori& Purea Blue BO whioh were dissolved

o with ca.ceful wa:m:ﬁ ng, In a.l'f cages the molu’nion concenbra tions wore -

.0035‘1‘801,;@6. ?o:a: purity or. uha mmpleu. All dyo solutions were prepared

fresh :?.mmeclia:bely,befo;:e use amd ;:rpo.mre to light was minimised,

‘ Pretreatment -g;if Glassyare for Dye Solutidons, - _Basic dyeé are
strongly adsorbed by glass. o miriilmise_ thig effect all ‘glassware to | -
be vsed in contac'm with dye solutiohs wap sﬁeeped‘ﬁé‘ﬂm;é use Lor at

lnash ona hcur (usuany overnigrht) in 2. solutdon (1~2g. l) of a

i mbmme smf‘aaa«aai‘.ive a{_,ent ’ ce’c.yl tmmenhylannnonium bromic‘le, which

is preferenw.al]y adsorbead ‘I‘ha glasa Surface g uore ’shen bhorougrhly

rinsed wi h water before use.




Phe dye %olﬁbionS*wefe‘analySBd at .

the long wavamlenguh.absorptlnn peak on & Unican &P 6@0 %poctrophotometer o
)‘“befbra and after the adanptlon uests. ‘ ) ‘

Te%ta-of~pﬁabilxt of Ba

aia\ﬁveg_ﬁ“hl g&ed Temgerasurea. - Séﬁéfy%
basmc dyes 1n uGlﬂﬁlDﬂ are. uﬂﬁﬁ@@ﬁ&blﬂ o decompcsatlon on standlng at

:elevabed uemperahurea (graater than ca. 50 G.) It was. faund by

' observinp ths optlcal denaltias of th@ presenu dye oluLions befbra wnd

""after rotﬂtion in sealed glaaa tubes au 50 G (highest hempgrature used

in the adsorpulon test ) in a thermashailcally conhfolled uaber bathy
fthat no: signiflcanh change cccurred ever a period af WO hours. ‘It was
- aoneluded thau no 51gni£1cant decompoﬁition has cccurred | o
ggggg. - lhis was 8 qamnle af brewer‘ﬂ yeast, a &bra&n af '
;Saceharamyces cerevaaiaa, ahtalned from %he Distillers Gompany Lsd,
_Tha yﬁaqt was fixad and stéred in a 4% formaldehy&e solut?an, such that
“the yeaqt bo 1¢qn3d rahlo was ca. 134 by wemghﬁ. Prelimlnany teats Ef
showed that ﬁhe aﬂsorptmon charaeterlstics of basiec dyes en thig
aubatrate stared fbr 18 monﬁhs Were “the %am@ a8 on fr@shly fixed yeast.
A few prallmlnany eonbrol tests were perxormed usang unflyea yoasth
':vualls (bhe 1ive proportlon of hha eells haing killed during the
exnerimeno,‘hy Lha dyaa} anﬁ an.yeasb cella fivmd by b@iling a
. ¢oncentrated aquecuﬂ suapension €or 20 mnnntes (Table 10 Fig.lS and 19)¢5-‘_
‘.The shapes of tha iaotherms obﬁainad fbv uhe adasrpﬁion cf the dyas on  _
_nhese subﬂtrabeﬁ were essantlally Lhe same a8 on the farmﬁlln—fized 99113; 
:Thls was taken tu confivm thab these are real characperistics of the:

i

' yeast /...




e
yeéat rénd are nnaffec od hy the hraaﬁmanh given.v; ) _
For all hhﬁ ewperim@nts a small samﬁle of yeast was removed from
‘f::snorage, wthsd three times and auspended 1n,diqtllled or. deminaral:sed
Jiwater. . e B - e

5 wl, of a- yeast suSpenSion_fi‘

'“ware pmpetted inbo a: sllica cruclbla prevlouﬁly drned te eonatant Wﬁlghu,

The bample was carefully cvu@orated to drvnesq ot 190 c, 'The dry=w91ght': )

'_ef yadst and h@nce bhe amncenbrmtman of Lhe suspanslon wa.n uhen found, -
r“ha emperamenm waa per?oxmed 1n Uriplicate. A S@?i@q of daluue B

| Suapensicns was prepared f*am uhe criginal and their aptica1 d@nsltles ,

measursd at & sultable wavelength (5009 A, arbmtarﬁly choaen). A cali- 5

'ffbrwtian graph (Fig. 20) of optieal denszty agdinat yﬂasb suspenszan

Z“V}feancenLraL¢oﬂ (ary walghb bd%ia) was then drawn for- usa in subsequant

'A'exyer;ments.:

' leso ion. Pro ] .  Prel¢m1nary ralbe tashs showe& thab in %11
feasea the adsarptlon ¢s exmr@mely'rapid (?ig.al), For detsrmining

ladsorphien isoth@rms, 8. serie& of sbandar& aya salunions wa.s prepaved

o and 5 ml. amples of eaeh were mixed with ml samplas of a sﬁandard

5 '-;yeaat suspension in ovenwdrled testwtuhes. : The %ubag were-sealad mn E

Tﬁunsen flame anﬂ rotated machanically at Qm. 35 r.pam. in a thermostat—
:‘“1cally controlleﬁ water bath far two. houra. The ﬁubes ware then remaved, |
”‘;,braken, amﬂ the canuentq cenhrlfuged. The suparnatant solution wag ,,,’f?“

‘%decanted aff fbr ana$y918.
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Lffecb of;pH of nha ast 501um10ns. - Prelimxnary tests using

“;,bufrer aolublons (See e Table 10 end Fig. 19) ahcwed clearly ‘that wlth
b‘~basic dyes ﬁhe adsarption on yeaat varles with Lhe pH of the test mixiurez_.‘
"Lﬁhe adﬁorptlon is gremter at hlgh pH veluea th&n 10w. ~In the‘present

‘tebtﬁ, however, no pH conbrol was nsed becauqe Lhma is the practice 1n l_'

‘.Jnormal staxnxng techniquea, and any ra&ultb obnained in the pre senee of

buffers woqu nnt be compar%ble wlﬁh norm11 heots. © Morscover the
f‘”fpresenqe of buffer Salﬁﬁ would probably aflech %he degree of aggregation
of 'bhe ayes:” | | |

h&plﬁ dyes: give sllghtly acld solutmons awing o hydroxyelm. Tﬁé“

‘=_ final pH 01 the ﬁest mixbvre, corresponéing to the point on Lhe iaotherm ,{f*

fbr each dye at whﬂch,the maxnmum.ad%orption 3s attained was measured:
i and all vawued were within the range 4.4? £0 5,10 (emgept for Rhodenine B'“
 wh1ch gave & valae of- 3 63). Th@re appaar¢ to be no correlqtion botween
 ,the amcunL of each dye ad arbeﬁ and hhe Final pH of the teub mixiure. |
Ffiect of ng11d 2. Solld Rgnion on Adgor ngon on: Yeagt, =~ The
.amount of dye ad?orbpd by a glvcn welghb of yesst vises. Wth the quuld $
._yanld rabio ( soe. Table 10 and an.‘zz, d £ Flg.l% and . 19) | This is

“unexpecuad, becauSG the amcunh adsorbod Phculd in Lheory depend only on

"jvvnhe aqumlmbr;um genoenﬁrauion of solut¢on and not on its vo]umu. Thé“ 

<;same anomaly has baen o erved 1n the adsorptlon of an10nlb dyas by

'=~"anndic alumlna Ellms, and 1n Ghab case it LS %pparently due to an

"etching“ effceb. ‘ ”he anadic alumina ham a very le«hL Solubmliby Ln

”’watez /;,,~'
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| water and when it Llesolves, Lhe surfaee is 1ncreaséd by a mlnuie degrea
of roughannng,  In the prossnt casa 1t ean be postulabed that a slmilar
[prbdess'occurs, whereby some very low 301ub111§y constmtuenh-pf the -
' yeast cell 1s leached out, o

Ads Qggiiog Egggrgmen;s on Dgger Sgbatra&gg ‘ A'few<éd80rption
"tests were made on other substrates, viz, silk axd wool (cleaned and
geoured fabrlcs, wool, s,s,&,,T56.5m.2gtz by punitrophenol fromlwater?gl
8ilk, not determined)“gvaﬁhite (Acheson Colloids Ltd;, 0. Qéﬁfash, ﬁ;s;é.,* |
125 1, g. l), chramatographia alunina (H and B., BeBaBey 4B, ” e, l) apd':-
, decxyribanuclelc acid, In the latler cage, Sml. ﬁor 1onq of a 4% aqueous N
solution of the sodium gals of DNA (L nght and Go.) wore acidified with
0.1 wl, - of 5Qm v/b hydrochmoria acid. Ths free deoxyrlbonucleic acid
wag thus preclo¢bated outy . the Elnal pH of the euupenazon wags 2.5, . Tb
each 5ml, portion thus treated,d 5m1 porbion of sbandard dye solution
wag added and thﬂmixtures were roﬁated mechanmcally foxr 24 hr in the |
thernostat bath-ah 20 b~ The supernatant liquor was senarated by centri- )

,fuging and analysed spactrophoﬁometriaally
| _ ~ RESULTS AND DISqubIGN
Adgorption Isogherms §Qr Ygasg.-

~ The results on.yeasL are shown in Tables 10 and ll and in Fﬂg. 18

.19,3i,2a and 23, The adsorpuion is extremely-rapad nd claarly dopevds

" on (a) the: Qoneentratlan of the dye solution (pﬂrnicularly at.low con-

ceﬁtratxena), (b)- the cannentratnon of the yeaat sugpenﬂlon (c.ts ref, 153)
and (c) the temperature. |

When /ova 1
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Vhen . ewnmined under the microscope (magnificatzon IOOOXJ the eells

?,:appenred o be qtained throuuhout Nevartheless, wibh dllute solutlone

of dye, or w1th thcse dyes whmch give low adsorption, the cell wa]ls and
nuclel could be dlstlngulshed ;fom'the 183%~ﬁtrongly sb&ined cytoplasmic
.-,reg¢on@. ' It was nob popsible o estimxte quant:tatlvely tha relative

fintenqity of snalnlng of eaoh paru, “bub 1ﬁ would anpeaf that the cell
wallg and nuoled have bhe greaﬁer alfi nwty for the dye.

Ad orpu¢on isotherms ab elevated and at rocm Lemparatures have ‘been.
daterminad far sevaral uf the dyea used, over a range of yeast suspensmonr-
cencentratlons (Tabla 10, Flg.18 and 19),  For each dye the isothornm
'>shapaxis essentialxy Lhe same under all the oondltlons used, For compari-
| son purposes, isothorms fer 411 dyes have bean determlned at a Elxed
»Suapension eoncentratlon (0 246 X o, 006 2, dxy wh. l, 1Y of yeast in the‘
test nixbure. (Flg,QB) | o

Grystal Violet Nagenia P, Malaehite Green, Methylene Blue BP,
Rhcdamlne B and safranlna give 1soﬁherms of type L2 (aa clasgified ‘in
<ref;~1679, vhich is charactarlstmc of the adsorption of moned;spersa
: mplecﬂles;'oriented ﬁlatwisa.on the»surfaceQ.dr of ionic micelles,
"Vi§ﬁqria Pure‘Blﬁe'B0~gnﬁ‘Vietoria Biuehﬁm give,isotherﬁé bf‘tyﬁenﬁg5;”'

This type ofriaoﬁhefm is offten obtainéd”in'adsbrptianﬂcf 1arge’i0nic
,miualles. | | | ‘ |

All these observatlons, 1nclvd1ng thoﬁe of tha rapldiﬂy of wdsorp—
'1;tion, Suggest that the aﬂaorption mechanism on yeast is lnrgexy‘micellar‘

gmonpexnhanue. - Mosgtr of the 1sothcrms (Flg.“B) have 1ong flat portlons

(“pla‘beavx") [ens




| (uplateauxQ)’ ﬁﬁﬁoﬁ’iﬁdicaﬁé ﬁbat‘éaturation of the surface has occﬁrgéd |
‘and Whlch are. also obscrved 1n other casea Qf 1on1c micellaf adaorptlo£’167_
Some jqothevms {e.g, Fmg. 230) . have a slighu maximum (qubugroup mx}, ‘

_hzndicaﬁive of marked aggragsblon of the dye in qolutlon.

&asorntﬁor of the Rhcdamlgga og Yeg Lo = hhodamlne B.on yeast gives ‘
aSchermﬁ of type S2 (Fig. 188 and Fig.zaﬂ), ch&racﬁnr‘b%ic of the. -
adsorption of mnnodlsperSa molecu199 or 1ons,~with an endwon or edge»on

: orxantation.;67

Unilike the nolecules of the other dyes used, the .

. Rhodanine B'molecule (Fi .17) aontains a carboxyl group, and will

| therefbre be to some ex&enﬁ zwmﬁﬁarlonic. Eleetrophoreeis on paper at.

" pH 7.1 (phosPhate buffbr), homevar, has verifbed its cationic ndture. .f- h

. The carboxyﬁ grcup wil] be repelled by the basaphilic substvete, thsreby '
reduning the afflnlty of the dye for tha surface and causing the caﬁlon

40 approach‘Wlﬁh an end»on wrlentatmon. ‘

| " The 1sotherm has a wellmﬁeflned plateau suggesting bhat a aomplete

| monolayer cf ions 1s formed and ﬁhat there is no bumldnup of a second
‘1ayer. ”hia is aurprioing, for the adsorbed layer would be expactea to

 present a surfage of. free carboxyl groups, on which a second l@yer of :

‘!Q&ulﬂnS could fbrm. | Tt must be assumed that these groups are 1nwol#ed

in the formation. of. hydrogen bonds (R W e+ HOQC-R) with neighbouring

' adsorbed dye catlons, all atacked edgewlsge to the surface {Fig, 24).

|  This hypotha is was tesﬁed and confmrmed by repaating the exparimant'“

I‘_wmth the cloaely relabed dye Rhodamin@ 38 whlch is fully esterified

: (Fig.l?) and haa no hyﬁrogen free for 1nternlonic bonding. Tt was

postulated /...



‘pestulnued that, since the abova condltiong wourld not oceur wiﬁh.thls
.ﬁye, tha dye cations would p?eferenhmally be adsorb d flat on the surche,
and. an Lntype isothorm wauld rdsult.167 In faob Rhodamlma BB does give

“this 1sotherm (Fig.RBG).“ (Ths duthor's colleaguc, Mr I,A, Paston has ‘
observed that Rhodamlne B algo gaves an S -isothern from water on chroma~ .7;
A Logxaphlc alumlna, whereas Rnodamlne BB glve an L isobherm),

| S) e f c vféc 22 Meas ement, ~ The behavioux of Rhodammne B .
. has endbled the - speclfzc surlane ar a (1nternal plus emiernal) of the
yeast celis to be estxgred by slm@le calculab&on from Lhe maxlmum smount,
" of this dye adaorbed and ‘the dlmsnsmons of the &ye 1on, meaaured by o |
'Stuartnﬁype moﬂels (edgenon CrOBH- saeﬁion&l areas, 124A,) (ef, ref, 167,f'-
‘~l7l). K “he value fbr the total surfaee obtained thus is 69.7m.2g. -1 .
(Table 11),‘_ This may be’ compared wzth the value of l 5m. g. “L for

the. external surfaca area calculsted assumlnb thab the Jeast cells are Au,f‘?

Smooth syheres of average dlamater A/u. with a densmty near tha of water. :H
(the %uthor's colleaae, Mr 1.4, Saston has observed than the . s.s.a. of
ichromanographie alumlna by Rhodamina B adaorpblon 19 1.3 x that by
‘?nnltrophanol) ‘

, ”h A roge 10» of . Basi‘ "es_o A g r) 10 ; - Values of hhe Lotal o

.:éneczfic sur‘aoe area have heen calcul@ted from the daia fbr the
‘adsorption of ‘bhe other baslc dyes (Table 11, Fig.23). Slnce each 1on

~ has one positxve charpe aistrmbuted hy resonance over peveral peripheral(_
. aites, it is aSSumed, fbr purposes of calculation onlyy that the icns
"are oriented flat on’ adsorpbion. In all cages exoepb Maiachlte Green

'bhe /Q;l
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the area, values are substanhlally greaxer thdn the valve calculated from v

Rhodamino B adsorptlon, and undoubtedly ths is the reault of adgorption:WA

| I of cationic dye m&cellasfhdb,dﬁk r7oé)

‘.f sharaaterlstlc of the adsorptlon mf laage ionic mmeelles.

Ef The raﬁiosof Lhe calculamed Speciflc surface arves %0 thal ootained e

N from Rhod%mine B adaorpbion gives .a coverage factor/

N wnich may be
regardod ag e mea#uro of the degrse of aggre&abion. Ib is Sigaificaﬁt:
thau w¢uh all the dye% used guving L or H 130uherms, axcept Malaehita
'7 AGreen and Rhodanine BB this coverage factor increaﬁes with. the’ s;ze and-
‘wnlght of the dya cation (Fzg.zg) The degrae of aggregation will- |
‘fdepend on hhe Shorb-ranne atbraction fmrces betwﬂen.the dyse molecules.,
‘These are reauonably flat ‘and have 1arpe pro;ected areas Such Yhat the |
close. approach of several puinms in ‘the moleculcs may ‘ogeur. simulxaneouuly,
,“hance they" Ay bo expeeued to aggregate reaﬁi@y. | ‘ b “
it is 1nterest1nn to note that thuse dyes whlch have the hlphast
ﬁ_eoverage facuor gnve H° typa aouherms (1.@. uhay Suarﬁ ab a pcs¢tive
valua on ths vertlcal axls) ThlS fbrm of isothermn is in fact often m
' 167 .
_ Malaohite Groeu and Rhcdam¢na 38 are éwneptlons +o ‘the above _
' generallsatlcn. Thay are- algo the only two (apa¢h from Rhodaming B
; dlscussed abeve) which have unaymmehrleal caﬁmonﬁ, and this faet, muet in t?"
.‘some way at presenb unknown, reduce their tendenqy to be adsorbed ag
.\large catlonmc mmcelles. Mﬂl&chite Green- appearg to be adsorbad in
the mOnodiaperse form, since ¢b gzves 2. ooverage factor of. about 1

(Table 31). (

‘ ;
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Eff , of Tempere  r « = There is much evidence %Sysuggesﬁ that .
.'aationia‘dyeéiform‘aggregateé iniﬁquecus solubion, Alﬁhnugh'it is
widely belisved that‘aggregatién is.brcughﬁ'ahoﬁt by=€éﬁ der Waals
ﬁathr@cuicn, th@re is soma avicenae to ﬁuvgest +hat hydrogen bonding may

l?la

-~ be respcnslble. . Isotherms fbr several of the dyes used have been

determlned ab two- tem@erahures (Cute, Tlg.QB, af, Pig,22).= In each case
._ths adsorphion is anomalauﬁ in being greater ab high than atilew
Atempera$uré; - This type of anamalous;adscrptioﬁihas bﬁen obgerved with

~Bam@ lncrpanac wubstrausa and aypears to be duve to aggregaﬁion of the

dyes - 1n solutlon.ﬁé

It is vwell known that high,tempefatureg fayour the:diaaggregation‘af
dye maleeulas in sclution51 and iﬁ.was qugyssﬁedﬁé that the dye molecules

- are reaggregated on adqorptlan. “hiq deems wea%cnabla ‘glnce it is

" puobable “that the adgorbed wicelles have different structures from the

- micelles in 50¢ub¢on.‘ In the present cade, tha smaller gize of the mono - .

idxaparse dy@ eab1¢n%'w¢ll enable them to pase. mare £apld3y than micelleg
“through the porous sprncquﬁa of the cells, This would account for “the
vrapidiand complaﬁe:éﬁaining, but the high coverage factors show that the
apocies adsorbed must be aﬁ‘iénig‘mieelle, It ds therefore Sgggeated
that ‘aggregation of the.dye.éahions‘tb fbrm.ionicimicelles‘must éccur'at
_tha momant of olese apnraach tc the adsorption qihaa. Whis hypdthesis

167,54¢ Yo doubt, the aggregation. 19

agreea with previous obaarvab¢ons
~~favoureé by bhe logs of solvahed water from the dye caﬁxons and their

-’increaﬁe& conn@ntratlon at the surface,
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ReJevance of the- Preﬂont RBSuqu 0. Lhe CramuStaln Hbchﬂnmsg. I@_

is generally acceﬁued thﬁh in Lhe Grdm—shain uechnique a dye~106¢na
cnmplex l Poxmeé w1thin ‘the cells. Diffbrentlatlon beﬁween Gram~
cpositive and hfamwnogdunvo collq ﬁhan oecura 1@rgely bacause the outward
pass age of thia aomplew, on elution with aicohol, 1s rebarded more in

125 126,157. It pas

uram—pOQ1L1ve ocells than in Gram—negat¢ve cellq
been guggested a8, a.result of a geries of qualmtabxve b93u$ usiug
unpurlfled dyes th&ﬁ mhe basie uvmanylmethana dyau, partlcularly
Crysval Viuleu, are hest for dlffexentxdtion, whsreas Rhodanina B
=,g1ves no differant:atlon ow1ng o . its f@eble Sualning characuerlsulcs}oo
Bven wlthoui the uge of iodine or any sim:la* qgenﬁ, however

differentiation ip pmsslble though difflculb.,

| ”he atthor now Lanmamlvely proposes thaL the 1ntensmﬁy of stainhng o

.ef a basic dye is: greaﬁer, uh@ greaﬁer 1ts dagrao of aggregatlon at the
surfaco, In the ‘present work, in which purlfleﬁ dyes wore umod, ‘the
degree of aggregablan appears Lo depend on Lhe sl 20 of the dye moleeule;
'pvovidad that the parmphnral peﬂltlve S¢tes are aymmeurlcally arranged. '
The feeble sbalning blehodamine B cwn be’ explalned by its anomalcus |

,-!adporptLon bahmvzour~

Rho&amlge B Isggherms on ohh@r Substraﬁea and thelr

R ation Lo Mec aniama cf A&sorgﬁiag. ‘
“he unuaual behaviour of the Rhodamlne dye rould; it wae hoped, - be

uﬁed Lo nhrow lmghm on the nature of the adsorption gited in the yeast
ce]l - For this Qu;pcsa igsobherms hava‘baen determined at room

temperature /y ..
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tempevauure for the adsorpuian om Rhodamine B on'vmrioua other substrates
(Flg.Zu).v On wool and siﬂk, 1satharms of typa L2 have been obaerved
,‘6r¢g.26 A,B,G) by the author*s calleague, Mr. A, H Tolia, and on -
graphite (¥ig,26D). the auther has, observed one of Lype H2, The 3
.9dsorpt10n an.wool'(Blg 264.) amd graphibe correspands to a flatwise
monolwyer oi aye mmleculos (acua of Rhodamine B moleeunle flat, ca.?BOKQ).
On chromatographlc alumlna, hnuavar, an o~type ‘SOuh@r (Mlg,QGE) has
been observea by the aubhorts eolleage, e, I,4A, Eashon. This suggeéts
a vertioal. Qrménﬁahian of the dye moleeuleg (aroa, 124AP), and the |
adsorpblon GO?reSPDndﬁ to a monclmyer go oriented, | )

Lhe authar concludes that on SuberaLea wibh a high proportion ox
hyﬂrocﬂrbon rsm¢dues, e.g.g protein fibre%, or with eondensed aromatlc :
Bystems, e.g};.graphites adsorption 1Jv1§rgely due Lo van der Waals
attractioﬁ ﬁetween'nonépolar Surfaceatand thesaromgtic ving system of
tha‘dyé‘iéns,whiqp;fQVGurs flé@wiﬁe érientaticn (Fig,ﬁ?). On glumina,
which has. an ioniéiaurfdce and. 1o hydrocarban-reéidues'or aromatic
sysﬁem,\ionaicn attraction iS'praédminaﬁt and the basic'ceﬁmwesloi the
dye molecule are preféren&xal#y attragted, Henco ﬁhé_vértical‘
orlénba iov oceurs (cx. Blg.24) | |

According to the foregoing ar&ument the a&sorption %ﬂnea in yeast:'
cannot; be prmnein, buL gt be some obher highly 1onlsed m@terlal,
possibly ﬁubstancaq conuainiﬁp phospL%uidic groupb e g., nucleic aeﬁis'
or teichoac acida.l To check this hypoth631s, Rhodamine B was adsorbed
on DNA; the isotherm is of" bunype (blg.EoF) as on yeast, and quite.

. unlike /,.. |
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unllke that obtaxned with the’ pratein fibres. (isothefméifor wool
wera determined usang boﬁh unaaidmfied dye solntions, fbr camparlson
‘w1th Lhe yeast experamant, and soluhluns asldxf;eq'uo pH 2.5, for
'.: comparlsan W¢ﬁh the DNA experimeﬂ&s, There is no diffevence in
iSQLherm by?e, hhough as axpecﬁeﬁ, adsorpblon is less from acid selutzon,_

baaauae af Lhe 1nareased posltz&e change on the fibres)

ba‘ 28y fha_boveraﬁa Fagtor and, the Bize of -

'In the'abéve acébﬁnb iﬁ'wasievidantﬂtﬁat'there iﬁ a réiaﬁionship
batweon %imple funcblons of the coverage f aotora of cationlc dyes |
adsorbad on yeast and “the size of thesa dye cations in which the positlve
pev;phez&l %1&95 ave symmebrically placed The exact relatipnship,
khoweve?, was un@eftazn. The auihor?s celleague,,ﬁﬁ.'i;A, Eas%on, who -
has 1nva$tmgnted the a&sorption of a similar Sefies of éa%ionid dyeé on‘“‘
chromatagraphlc alumina (a.d,a. by pﬂnitrophenol adaorpticn frem wamer,k
‘4.6 Ty g. ) had observed a linear ralatJathap hebwean the logarithm
é?of uhe aavarage f%ctor and the l@garlthm of Lh@ e&ti0n¢c wsight. 'In ;
f‘v‘facbg Lhe game relationship applieg 44 the adsorption on yeasﬁ and alsof?:

'*:on graphlteg

6 (d.S.&. determined from data obb ained by measuring the .
 average superflcial area of ‘“he particles by the optlcal microscope and:’
their avexa&e thicknesa by the eloctron mlcroscope}, and indeed all
 three plo“bs can - be superimposed (hg.28); *Pm.s auggests that the

aggragamlan of. cat10nie dyes on’ adsorption is l@rgely a property of the

Fly@/np- CE
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dye eatians aicne and that the influence of the sub Lraue 15 small
A sxmzlax Lrend can be’ observed 1n data reparted Eor bhe |
adSDrphlon of cabmonlc dyeﬂ on several bypes of mlll6d7. (”he numerieal
va;ues of tha‘eoveragg factors on thpsa subsbrates, hawevor, are mueh
higper;than axpected, for the gpecific surface area in esch. case has
been measured by the. less %atisf&aﬁgry-air-parmeabiiiﬁy méﬁhod, which

: givea Tuch lowef araa values than p-nltroph@nol aﬂsorptlon.l7l

GQNQLUSION |
" The machanlsm ef adsorption cf catilonic dyes on dead yeast cells,‘
’ whieh are chemically heﬁarepenaous, resemblaa that on bhe slmpla inorgaﬁlc_“
:éuhstrateu, chromaﬁographic aluming, szlxca and’ graphiue. ?‘This
-aonglugmon }s.d:awn Trom the following facts: (a) most '6f the dyes are
a&éﬁrbediin'éamiéeliarvformg (b) $he number of cations dn aach adsorbed |
'micelle appeacs to 1nmrease with increase in Lh@ size of the . iye catzons,
:wlth few axeeptmona, on all four aubstrates. B Indeed there is some

: ;“evmdense to auggest tham the m;celle formation 'is independent of the

|, nature of the duhstrame. '

The dyasvappear to interact with hucleic acids or velated constituents

of the yeast cells, bub nob with prcteiﬂciés.‘
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n Thia sacblmn is uencern@ﬂ with the adsmrpblon of anionic (aeid)
-dyes on ﬁecbions of animal ﬁlssuﬂ, which may be ragarded ea heterogeneous
aubstrahes. The teahnique& used are qualitativa andy. since the solutes |
‘aye coloured, adsorptian aan ba egtimabed visually with “the aid of the
- - opbleal mleraseopa (1% is usually suffisient merely ta observe wheﬁhar
an ijeat is atrangly gtained o fedbly stained), Mueh infornation
about the ad orptlan ean be obtained hy aubjecting the 3ubstrate to.

various chemleal treatmanis and observing the changes produced in the
"adaarptien aharacteriatics; Further information can'be obtained by
allowing_mdré #han bné solute to compete for %hé adéorption sitesg

eontrol experiments, however, are essential,

, 58

'.éggégggﬁggtlf iThe organ used in the preaenﬁ investlgétion is the
' testis of the. mnusa, a eroas—seatien of*whieh (as scen under the low
© power @ierOSQopa)_is represented diagrammatically in Flg.0A, I

consists ensentially of o lavge mmber of ‘d’nhvciutéd capillaries (the .
canvoluta& seminmferans tubules) enclosed in a thmck envelope called the ;d
: tunica albuganea._ This envalope i composed of a material knount to. the
.blologlaﬁ ag Meonnechblve tlsque”, which eonslsﬁs mainly of the protein, :
racllagen. Tha wall of each tubule, the tunica propria? is thinner then .

: the tunica albuglnea, but is also compesed -of conneetive ﬁissue. The

spermatOggnetic ea;ls, which are packed around the immer surface of the =

tunica propria'(aae Fié.RQB for a erossegection of a tubule as saén»

under /oo
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under tﬁe high pover microseope); éré prodﬁced.in the3prqcess of séerm,
atogénasis,'éhe finai produet of uhich; apgrmatqzoa,-acuumulates at'thé
- centre of the tubule. r . | |

The 1n1t4a1 shage of spermamogenaais is the praduatiOn of spherwealf
eells called spermato«oni& just inside the tunica propria, they are ﬂ_
" difficult to disbingulph from the other cells undev the microacope. |

| ”he aparmatogonia undergn binary fission to produce 11rge spberical
cells known ag ‘the primary spermahocytcs and each ef these in turn |
dxvzdaa bo give two secondany snermauocytes.' Tha %eeondary Sparmato- : v:‘
cytes, hnwever, dxvide almost ab once to give vnung spermntlds and Lhere-
fore can rarsly baen seeng they are nob ahown in Fig.29, The “young“
Spermmtids bhuﬁ produced are spherioal Qalls which do not divide, bub
undergo.pyoﬁognd_changes, gradually elgngabe and develop into the final .
‘predﬁét, sﬁéfmatozaa,‘ upermatlda ab the stage when their nucle¢ have _‘
_1osb uhelr spher10a1 shape and are just beginnlng to agsume their final,
.Aform.w111 be referreé to a9 "adolescont spermablds"; th& term "late
‘ sperm&tids" ﬁzll be. applled to those about to become spermatozoa. ’ Egch -
sparmatozodn vesembles a tadpole for it has an oval shaped theadt |
(laréeiy chromatin) and a long "ta{l“*(mainly protein); thege
charactevlsbics can eaaxly be seen even under the low power microscope.u

5§g“gigg Progerhigg " A rocent investngatlon of the’ sbalning of
gectilons of the ﬁestis of mouse, fixed in lerke'ﬁ (Carnoy's) fludd
(311 v/v. mﬂxture of absolute ethanol and glacial,acetie acid), by
anionic and cat;onlq dyea,l7 hag enabled certain parts of Lh@ organ to

| bG'/n'-,
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be chavacterised as typleally acidophil (i,e,,they appear to have o
positi?a zeta potanﬁiel in‘W&%er in ﬁhat anionic dyes,-but not ecationic

ayes, are atzongly adscrba@} Thase"parts are‘far ax&mnla, the cyto~

o plasm of th interstitmal ealls (%ae Flg.??B) the tunlcae proprzae of

tha sémlﬂifarcus tubules (eallagen) and to a lesser exment the tails of
the spermatozga._ Bther parbs are typicalxy basiphil (1.@., thay appe or
o have é nsgatlve eta potenuial,nn'waﬁer in ﬁhat G&tiﬂhlG‘ bub nat-
1an10nmc dyes, are strongly adsorbpd)., These pwrtq are Lhe ‘ohromatin of
‘ :the spermatogenetlc 09113, abave all the primary Sparmaﬁmaytau, and of
‘tha adolescent sparmatids. (Tha nuclex ofthe late spevmatids and of
| ripe spermatozoa are acldophil; thla may be attrlbuted to the high

proportﬂon of the dlamlnm aaid arngLHB present in ‘the protamlnemrnch

o prcﬁelnold constituant of the chromabzn of these nuclai)

- The an;onic dyes, Meﬁhyl Blue and Anllina Blue, hcwev@r, behave in -
an unaxpected manner; fbr although uhey gtain the characteristlcally
acidaph11 parts, they have been mound to stain strongly the ¢haractor-
‘Aistically basiphll chromauln of the sparma&ogeuatﬁc cells, The |
purpena of the praaenﬁ lnvasﬁlgation is. to examine this anomalous -
behaviour, | |
D BAPIRIMINTAL,

Eleaﬁreghora S:l.g Bﬁ)grlment =

;ﬂ,’ The hO?lVOﬁtal papar eleetrophoresis apparaﬁus of the Shanden
-&ciantlfic ﬁa._was uged, A phcaphate bufler solublen was uged Lo givef~
pH 7.1, and phouphateféit?le acid buffbr solutianﬁ to giva pH 3 0 and
‘2.2, _The dyes were diﬁﬁolved al Q. 005 M




- | o 95'
Pre n;gagqu and, Pretreatment of ections of Testls of Hbuse.

" Pzecas of the testis of the mouse wers f1xcd :n GTarke's fluid and

- - eubedded in paraffin WaKy - 7fksecblona of this material were: used as jﬁ{‘;iﬂ

“substrate in meat of tha atainlng experimanta. The wax‘was removed hy
‘lmmmersion in xylene and ﬁh@ sections were broughh to wwtor befbre st%xnlng
or ﬁhbjaction bo ona or more of the fbl]owmng pretreahmentc. |

DNA and some oP thn RNA

,\,were exmracted ‘Tron the aecnions by 1ncubation at 50°g. for, 30 hr', in & - ;ik
5 (aq,) solution uf uriehloraaaehic acmd The seetiana,we?arthan;t_”:7€'7‘
’washed in rhnning water. ) _ . »___‘u:;, .
OQplegg Lg&racuian of Nuel qic Acnds..~ The eections were flrst

Lfsubjeated £0 Lh@ previaus treatmenb. The remainlng RUNA was extracﬁed byi?.f,

incuhation at 60 for 3 hr. in a praparatian of rlbonncleage.:73 The

- 39¢%19ns were ﬁhen washad in running water.‘ .

gsﬁrngt on oL, Agigopbllia. - Aotdéphi]ia was: destroyed by dedmin~

ation in van b_yke’3 reagent for 7 hr ab oo temperature.lﬂ4'

= Dgacpigablon of Basmghmllg.‘— Baslnhllla was. deactivatcd by the

1ncubauion of the sectionq for 3 hr Lot 37. 'in a Oggﬁ (aq, sclubmon'of“{,, 

.cetyi trimebhylammonlum bromide,. a uﬁrongly catmonic uurfaca-wctlva agent, o

sections wore than,quickly rlnSed in dlstzlled “vater, ThlS Hubstqnne is
'strongly adsorbad by basiphil cbjecta apd will reduce the uptake of basicé*;ﬁﬁ
| dyes uhereon by compebltion. The effactlveness of this treatment wa ji;i‘“’”

vdemonstra$ed hy sb a¢ning ﬁreated and untreamed sections wlth a. 0.5% (aq.)ﬁg‘*‘

| ‘=,_soluhzon 0¢ baqla fuchsine for -min and then dehydratmnb in 2sobuxanol,;@f;

as /...
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asg. deﬁaiiédibeloé; Gcmp&rlncn ﬂhowad thaﬁ the intensiuy of stainlng onjb.J
“the treaﬁsd sectmans was elgarly 1@3« than on th@ untreatcd onew,f -TheV,T'
‘elevated tomperature is neces ary to rednce a&grogatlon of ‘the- ﬂeageht
and 1ncreasa tha raﬁe @f penstratlcu of the manodispersa form, h
Gegﬁro; Eggerimen& L |

| AJl Lhe expevlments pevformad on secbions subjected 1o hot watar
Hﬂtreatmenbﬁ were carefully conu3017ed by aoﬂreaponding experlments |
'perfbrmed on. bechlona wbich had becn subjected 0 tho sone temperatures '

.“fbr the same himeﬁ 1n‘diutilled water. o

gggggraulon.and Pretraaﬁmanguafi_fher S‘ ; ‘ ”
h ﬁo greserve glycogun, pxecaa af nba lIVer of a meuue Lhﬁb had beenl-
. fed on oar ol were fix@d in- Ros man's fluﬁd and embedded in: pﬂraffin,,jiiTVZ
“:7f~eeaticns wera uﬁed Sactlons of the pancreas ef bhv moure, tremted e
”in the ﬁame wav, were also usod in cernain expewlmenLS. | |
Spe 1cns (35/&) Gf nitrecallulcpe (cochdion), not connainlng afy..
tisque, wera alao uqed ag- sububr@tes. They Vers stared 1n 70” alaohol
‘wnd wlnpeﬁ in &isbillad water bafmre use, ,Galmulqseu(filﬁer baper) was +f"w
uzed withou$ preV1cuS traatment. o A B
= EWLM 97 ‘ |
L The dyes u«ed were commercial sanplcs of biolagleal staininﬁ grades.
‘hosa uged in- bhe prineipal experlmant were the- xplcal &Glg dgeq F051n
;J‘,Wb (ycllow Shade) and Xylldine Ponceau (both from B D, H ), thé: “g___;f~"
o milllng Qx Mabhyl Blue and Anil;na Blue We (b@th ﬂrom G Gurr)‘ and

also. o, dyea w1th SQme of the oharacteri%t;oﬁ of aeid mllling dyeq,

- .Ilafme:\lyr/- ..

E
t



namely indigc-carmlne (of unspeclfmed purlty) and Nngrasine WS (G Gurr)

A few expariments ware also perfbrmed with the typical acid dyea, “ Acid

\U:'Fuohsine (5, D H ), Fasﬁ Green FLF (G, Gurr), and Qrange G (B D, H.), ‘The[
C "_g_gum Ghlorazol Black E (G, Gurr) and Gongo Rod (B B.H, ), |

}H,iand Vltal New Red (B D H.), whlch dyes cellulose strongly, were also

}used as well as Azo-Garmine B (G. Gurr).

.-‘ 5Stain1gg Solutlog

ln all cases ﬁhe dyea were dlSﬁoived 1n.d13tilled water. The
‘ prlnclpal experlments were performed wmﬁh equimalar binary mixiures in
.whach each dye waa at a conoenbrwtion of 0, ODS‘M Parallal series of |

experlments wers peri rmed with solutzons of eaoh dye alons at a

: jﬂooncentratmon of 0.905 M. | Preliminary staining sxpariments shcwed that.

-‘1Grange & stalned extremexy feebxy, and a ‘higher concenhration was

1

necpﬂsary. In all other teshs the dye solutmonq used wore at a

'  ;fi?c0nceanabl0n ef G 005 M., upless otherwiSQ stated

Sa;ga:i.mi.gg P;gcgdg;gg

W.The same stainzng procedura was uaad in all the experiments, unless

‘ii otherwlsa stated (l) Stain seetions for 5- min.; {2) blot qulckly tc

iramove exeess aye 301“ti°n5 (3) &ehydrate by ‘immersion in 3 consecuﬁive o
baths of isbutanol, 5 sde, - in the first (with agitation), 1 mln, “in each"'/

off ﬁhe second and thir&; (4} &ransfer to xylene and mount in Ganada “ ,f:;

:-balsam for exammnation.

RE’bULTS _A_g:) DISCUSSION,

= fl tro h’resis E'

Tha followxng dyes were found to e anlonic at pH 7.12 Methyl Blue, -

Aniline / . 6“0



Anilino Blue,‘Indigo;Caiminé, Niﬁrosine,:Eosi£,50£éngaﬁ6-‘leidiné--
- Ponceau, Azouuarmina By The Ebllowing were tested also b PH 3 and
R 2 and found Lo he anlcniet Methyi.Blue, Anlllng'Blua? Indigoaﬁarmina,‘
,,N19r08¢ne, Orange Gy - ‘ IR | »
At pH i.l, 3,0, and 22,Methyl Blue and An:mne Blue differed from
the other dyes in ﬁhat thay obviously teacted. with the paper and formed
a contimious ‘hand from'bhe starting line to the fronb.;' The' other dyes
.lxormed~narrawer bands whlch movad acro 8 %he paper wath 1itule widening.
Turther Méthyl Blua and Anlllne Blue after an inLtial rapld movemant o
_towardb Lha anode soon beeame stataonary, wlile the other dyes - eonbinued’;
lmOVlng umih only a siighb dearease in vate of travel wlth tlme. B
Methyl Blue and Aniline Blue -are known to react more strongly with
aelluloae nder acidlc condlﬁiana Lhan ab neutrality (aee 1ater)
 ﬁta¢n1ng Bgyarlmentse Int“ogncﬁgrz SQQLgmegﬁ
- It moy he helpiul to the reader to stata in advance thau the acld
.mllllng dyes, Nethyl Blue and Anlllna Blue, showed identical sﬁazning
:,prap@ghleq; lndigoaﬁarmine behaved as a typlcal acld dye; and Nigrosmne:"
" behaved 1n 4 manner 1ntermed1ate batween the a01d milllng and typical ‘

acld aye%.

'otamnlnp of uectiog 8. of Tasﬁis w1th an Equimalar Mixtgpe of Mbthyl Blue

S (or Anlline Blue[ and. Poaln.

ngrgayed Segtiong, = Uhen.Methyl Blue (or Aniline Blue) and Eosin
1are compeblng for nhe suhsbrate in an equimolar mixture, the eharacter~-
-istically acidoph11 parts are utxcngly stained, the contribution of each"y
’dye varying ﬁllghtxy fram part to parb. } The,outer part of the tunica

'_ .albuginea. lose
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albuginea LS sh@insd more by the Methyl Blue, uhile the inner is clearly
gtained hy the anxn alone, (It will be remombered: that ‘the parts of a
tiggue thau are Lmnedlahely axposed to the action of Glavke's Eluld cften
" stain pomewhan dl?ferently from the lnternal parte, ) The rims of the
red b&ood~corguselea and - lha reﬁxdual cytoplasm cast off from the sperm—
-atozoa ars ﬁtaaneﬂ by bobh dyas, though Eoﬂln mak@p the greater contrlu
buhlon Lo the blcod~corpudcle&.' 1hexcha$acxerlstlcallx basiphil
_ chromaﬁln'of the spermatogenetlc cells, parﬁieulaﬁly éf-the primery
npermanaqybes, ig dtrongly stainad, 1argely by the Methyl Blue (or
nAnilxns Blue), thmugh the LQSﬂn obviously makes some contrlbution. The'
?ac¢aoph11 chromatln of" th@ ripe spevmaioyea and late spermwtids is
brmlllanbly stalneé by the Eosin- along, Methyl Blus {or Aniline Blue)
maklngallttle“or no conbributlpng- von Ebner!s granules ave brllliantly-u
'stainéd5in the §a§e WaY - | , ‘ |
Methyl Blue (6r'Aniline»Blue) when uged aione.sﬁains stronglyvthe
charactovlsblcally ac¢doph¢l parud;lparticuiarxy ﬁhe;ﬁunicae propriae of
“the 5aminlferous bubuleo. The basmphxl chrmmabln of. the spermasovenetic
c&lls, parﬁluulaﬂxy the primory - spermatocybes, ia strongly stained, but
yon hbner's granulea and uhe chromatin of the late spormatida and sperm~ x
‘ratozoa are only feebly abained, ~ The connective txssua 1a veny feebly |
stained blue and the rims of %he red bloaducorpuaeles are lightly stalnad
-'Oﬂhorwlso uhe shdlning charactermbblcs are the seme as in the mixture,
~ When Eosmn 13 used alone, ‘he characberiatzcalxy aeldophil parts,

the bagiphil chromabln of the sparmatogenstic calls (particularly the
pramary upermabooytes), and the chremauin of the late spermatids- and

”spermatozoa‘/...
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' -spemiatoz’oé' are 'quite 's?‘arongiﬁ %ta'in@d‘ Véﬁ Bbner!s gmmzles are clearly
“V'LS..LblG and Mz.e Lunrca a.Lbuglnea ig snainecl madcarately throughout,
Otheirlde the Etalmng characteristics are the samé as in the mixtui'e. .

Thésa parts whic‘:h'-e_:.re ‘stalned preférén:hially‘ by Losin would appéar
to. h:w& a low parmeablil :Lby, so thal the large Methyl Blue (or Aniline
Blue) molecules are exeluded,

sactions i'.eom Whigh ;,he DNA gpgi_ uog RUA haq heeg E:_c.j;r(..c_'l;g . - By
co;m:xa,r:lson with the control e*cparmenl, it io clear that there is only one.
g:Lgm.fmant change in the overall: a-lsalning pa‘tnern, whough the intensity
-ifs 'siighﬂy‘ redﬁ'c@d and the Stronbly stamed tunicaoe propmae of the
'demim ferous tubules are much more’ dlsw.nct. Lhe nuclel of‘ the sperm— .
» mho&em.tm czalls, particularly. the pmmary spcarmubooytes, are shained
Aprefex*onumlw by Loam and only to a very “small exhent Ty Iiethyl Blue
___(o:\;' Jml,t,ne Blue), Thus it ds cleaa: ‘that the removal of the DVA
’ eons’nituent. of the ehromatin of these ce.L.i..; ’ along with some of the RNA, A
: g:eeatly reduces the :L:ntenpmy of ma.ming by He uhy‘.i_ Blue (or Aniline
Blue) This obg ew%wn is conf.lrmod ‘by a eom egponding result when
M,tlwl Blue (or Aniline Blue) is used alone._ ~When Bosin is used aloné, |
comparison with 'uhe control emammenb Shows that the intensity of |
-Btmmng of the nuclen. of the pmmary sparmaweybes 18 sligghbly Increased -
‘by bh:t..s Lfezmmem,. Von Ebnerts granules and the mmlei of the late
Spermabms and mperma’boma are %till br:lllmn-t.ly .;.t‘uned by the Fosin,

uh.ﬂe IVIe't.hyl Blue (ox' Am.l'? ne Blue) make 1,LLtle or no conw:l.buta.on.

i 125

gtlons f;._‘ i 'n.ivh all “i.he DNA and RNA has been Extraeted. - By

eomparison /oee
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'comparlson with the connrol experlment it ean be seen cJearly that the
overal3 1ntonsity of ptatnlng is reduced, even. sl¢ghuly more’ than in the-
‘_p“ev1ous case, and that the atrongly stained tunicae proprlae of the
.semini;erous tubules are even nova distinet, The nuelei of the spermé\
: atogenet¢c cells ave qcaroely ta¢ned ot all by the Mebhyl Blus (or .
Aniline Blue), but are st?ongly Sh&ih@& by the Losin, With»Méthyl~ﬁlué“
{or Anilipg 3§ue)>alons %hey‘gre.gn;g lightly stainad, bux wheﬁ,Eqsin: ‘ |
is ﬁﬁed.aione, éomparisonfwiﬁh.£ﬁe bonﬁrol experiment ahows-a'deéiﬁite'
ineresse in the inteﬁsity‘of staining.f Von Ebrer's granules aﬁd thé
chromatin of bhe late spoxmatidb and sPermatozoa are sbill brilliantly
atained by.gosin,~ Ituseems clear,.then, that hoth DIVA and BNA-are-
reépansible for the sﬁéining-of ﬁhehehrbmatin of the'Spermatogenetic p;;_;
cells Ly Nﬁmhyl Blue snd Aniline Blue and that the nnclela aoids hinder

the staining by LOdLﬂ.

Secbions ggﬁ;gg@ea to ggn 8 ke‘aing@nﬁnatian. - By comﬁariaon- .
wiﬁh_ﬁhé-éﬁain@d”nnmr@ated seqﬁioné it is cléoar that destruction of
agidophilia by tfeatmeht with van Slykeé's roagent-has the ef féct of -

A reduéiﬁg the b%érall-in$ensitj of stoining watil it is feeble. | The~

~dh§bmatin o?‘ﬁhéiﬁéimary'S§ermdtoayteé; however, is sbill quité atrongly; 
qtaansd olmogt. entirely by Méthyl Blue {or Aniline Blue), Eosin moking
only. a smail,coniributicn. ‘ The tunicee pvopriae of khe “aminiferoup

| ﬁuﬁulesvand thé‘outer rim of Lhe tunlca albuginea can s»zTT be

dlatinguishad and appear to be SLviﬂed largely by Mbthyl Blue (or

Aniline Blus). The most etr¢kina1y Gemonstrated parts, hmwevor, are the

eLel feue
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nuelei of the late epermatids end spermatozoa, which are still etrongly
‘atained by Eosin. ‘This mnst be due 1argely to the fact that the guanldine
amino~group in Lhe diammno—aeid, arginine, which 13 presenb in large
amounts 1n the protamlne~rich proteln constltuenb of the ehromatin of
these cells, is not destreyed, for with fow exneptlons van Slyke's :i
deamination 1e specmfic forcxeammne groups.l75 _ .
” ) Stalning wlth Mathyl Blue (er Aniline Blue) elone and wlth Eosin
“alone conflrms these results. .."‘.; R

Segtior Pr ith Oetyl Teinethylemsoniun Bromide. -  The
overall intensety of etaining ie extremely ehrong and the general reeult
is unsatlsfactory for most eytologieal purposes.-f Nevertheless, the
‘nuclel ef the spermategenetie eells, particularly the primary spermato-
eytea, appear as feebly stained dlSOS against a very strongly stained
»baekground._ This unusual eppearance can be geen when Methyl Blue (or f»
uAniline Blue) is used elone and’ auggeats that the eetyl trimetnylammoniﬁm
'bromide, whlch ean be coneldered as a eolourlees basic dye, reacts with -

~the eeme eonstituent of the ehromatmn ag the blue dye. A emmiler effect,

‘ fhewever, can be 8een when the stainlng is by Eoemn alone. fThie

: .observation suggests that the technique may to some extent reduce the
permeabiliﬂy of the ohromatin and that the results obtained are .

‘ ineonelu91ve. .

The observations descrlbed ahove provide strong evndenee that Methyl
»‘Blue and Anllxne Blue reeet with the nuelelc acld constmtuente of the |
“;ehromatin of the spermaxogenetic cells, perticularly the prlmary

)spermatoqytee, /... o



103,

spermatocytes, and that Eosin reacts with the protein constituent of the

chromatin of these gélla, as Azo-Carmine B is known to dd.gg

and Xylidine Ponceau,

The staining pattern obtalned on untreated sectionsjis‘similar to

that of the mixture of Methyl Blue (or Aniline Blue) and Hosin, although
the overall iﬁtenéiﬁy of stainiﬁg is considerably'iéss. The character-
isticallj;acidophil parts afe qﬁite gtrongly staiﬁed by ‘both dyés to
varyiﬁg exbents while.ﬁhe,eharacteristically basiﬁhil chromatin §f the
sPermaﬁogenati¢ qeiié, partioularl& the primaryfépermatoqytes, is quite
strongly stained, largely by Nigrosine, snd the chromatin of the late
: spérmatidsland éﬁérmatozoa is quite gtrongly stalned by Zylidine Ponceau,
B Extraction 6f the nuocleic acid constituents reducas_the,intehsity ;
of staining of thQAnuqieivdf the spermatogenéticlcellé in a manner
gimilar to that glready-déscribed. In this dase,.howeveﬁ, the contfbl
experimants‘ahpw that the reduction is due (in part at least) merely to
hot water treatment, and_this éuggeats that ths‘effect of the nucleic
acids in the chromatin is much less significent, Further, when
| Nigrosine is used alone, the results obtained do‘npﬁ‘appe&r to
oorrespond to its behaviour in the mixture with Xylidine Ponceau, The
reason for this is not clear, I£ can only be coneluded thaﬁ Nigrosine
mey shafe o éomé éxxént w;th Methyl Blue and Aniline Qlue the abllity
to react with the chromatin of the spermamogenetiaicglls,1

 The nuclei._ of the late spermatids and sp@rmatbzba are still

strongly /ee.
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stfongly stained by theggylidineTanqeau'even?af%er‘dgéminatiqn. Xyli&ine
Poncean thus reéambles Ebsiﬁ. This is confirmed when iylidine Poncean
is used alone, 1In géneral,.howév@r, X&lidiné*?bhoeau stains rather.
féébiy compéred-wiﬁh.Eésin'gnd appears to be iess.gblezto.stain the

ohromatin of théAspermatogénetic'cells.

Stainine of Seations of Testis with o uimolar Mixture of Indigo-Carmine
and Xylidine Ponsesy. “ |

| When;use@ élone, Indigo-Carmine behaves as a typical acid dye and.
ghows no partieuiar.ability to stain the bhroméﬁin of‘the-spermatogenetic
¢ells in untreated sections. The overall inteﬁsitf-qf staining is quite'
strong, Nevertheless, when competing in an equimolar,mixture with‘the
rather feebly éhainipg Xylidine Poﬁﬁeau, its actibnfisit@laalarge extént
auﬁgreased and tﬁe overall intensiﬁj of staining_iéffaéhgrfeeble; with
an obvipus prefbrgnce of the tissug—bonstitﬁénts for'tha'leidine |
Ponceau, . | ” |

In fact, with this mixture, no area appeara o be stained by one dye

in preference to.the other. This applies even %o the chromatin of the
late spermatids and spérmatoaoa, which is quité strongly staiﬁéa and |
remains so &fﬁerﬂrembval ofAﬁhe nucleic acﬁg or af%érvdéétruction of the
aqid@philia by van Slyké's reagent, The removal of the nugleic‘aciis,
- however, allcwé ihdiéo#ﬁarmine, when used alone, to stain_fhe nuclei of
the spermatogenetic cells to some extent. _ |
Staining Experiments on Sechions of Pancreas, |

‘ In-the previouns experiments on seationa éf testls it wéuid appéar

that /.ee
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th&ﬁ MethyliBiue and Aniline Blue can react with both the DNA and the RUA
conétﬁtuenﬁs of th@Jchrommtin of the-sparmatogeﬁéﬁio oellé..' Now RUA is
supposed to be stalned prefbrenm ally by basic dyes of low cationic |
176 and therefore it is doubly surprising to find that it is
. gtained by the an&cnio dye, Mbthyl Blue, vhich has an annonlc weight, of
145, and by the closely related Aniline Blue. The cytoplesm of the
exoorine cells of the'pancreaq is rich in RNA and thus it WQQ considered
o be of interemt Lo exanine these cells after gtaining them with an |
equlmOJar mlxture of Methyl Blue and ha51n. ‘
t was observed that the chromatin of the cells.was'stained Oniy»

by the Methyl Blua. - The parts of the cells that are rich in RNA were
gtained only by bhe Loszn. )Methyl Blue when.used-alone doeé;not stain
-~ the hUA—rlch parts in some eells and shaing them only ulighily in others.
Bogin when used alono behavep inxhhe same way as it does in the mixture,
stainin« sbron&ly the parts of the cells. that are rich in RNA but
staining the ehromatin only veny feobly,

~ The signlileance of ‘hese results is not clear. Tt may be that

) REA exists in a less compact form in chromatin than’ in the ribosomes of

| the cytoplasm,

Mahhyl Blue, An¢l¢na Blue, wnd perhapa ngroslne appear to act asg bagie
dyes in their ingeraetlon with nuclelc aeids, In addit*on,when sectiens

that /ese



that have been shained w&th an equlmolar mixture of Hbthyl Blue and ‘Fosin s
 fare rlnsed for 3% hr. in running water at about pH?, the 1ntensity of o

| _staining by Mbthyl Blue, partlcularly'of the chromatln of the. spermato~ .

“"agenetmc cells, is dlmlnlshe& only to a amall extent, while only the

'jVedges of the seetions and the rims of the red blood—corpusoles retain

:C,traces of Eosin, When a aimilarly gtaihed- section 13 rlnsed £or 5 min.'
1n 70% alcohol, Mbthyi Blue is almost comp etely removed, vhile anln

 remeins to some extent, particularly in the chromatin of the. 1ate

” -fspermatids and spermatozoa, and in connectlve tlssue and uhe rims of

1the red bloodncorpuﬁcles, A hzgh resistance to exmraction in water at
'neutrallty and ease of exﬁrachion in aquaous ethanol or 1n acld solutzon  : 
Tare propertles typical of basic dyes, ‘while the 0pposmte effect, ag

“‘dlﬁplayed hy 3081n, 18 bypioal of many acid dves.gs,: The hlgh res;st-
.ianca of Methyl Blue o exmraation in water and its ease of extraction in

0% alcohol suggests that it may be reaoting as a basic dye.}i,;.

Tha most 1ikely source of the baslc character in, Mbthyl Blue and

Anillna Blua under acld condltmons is. the positively oharged nitrogen

.atom in thsir moleoules (Fig.BO) Iét the electrophoretic experiments

‘f(ﬂee earller) shaw that these dyes are anionic ab pH 2.2 and pH 3-0,

| In addition, Acld Fuchszne and Fast Green FOF, which also have a ‘

" positively aharged nitrogen atom in their moleoulea (FH{;S@, and, 1ike
Methyl Blue" and - Anlllne Blue, are triarylmethane dyes, pehave as typical
ﬁacid dyes and show no partlcular abillty to stain the chromatin.of the |
‘spermatogeneblc cells in sections of testls. ) B

‘,'  Theﬁe facts, taken tcgether, suggest strongly that Methvl Blue,

Aniline /.I' ) v :
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Aniline Blue; and'perhaps~Nigrosiﬁe do not behave as basic dyes towardé.
nueleic acids and thét'thg'mechanism of their ﬁeténmion i¢ not donic in
character, ' , » _ |
 Zhe Staining of Other Acidic Substrates by, Hethyl Blue and

Aniline Blgg - It is well known thab Methyl Blue and Aniline Blue,
unllke typical acid dyes, can be used as direct dyes for ce]lulose
' (cotton). This is a very slightly acidic substance, yetb direct cotton
dyes are seid dyes, differing from typical acid dyes in.that they have
"1érge, flat molecules with a high degree of conjugation“(i.e. a large
numher of léoselyibound electrbns; ﬁﬁﬁ—ﬂ@ﬁeﬁéiﬁ), e;g.,congo.ﬂed
(Fig.30)y 1In fact, it has been shown that th@_ﬁharm@dynamic affinity
of dyes for cellulose increases iinsar;y with the logerithm of the
© oumber of bonﬁs»iq'the longest conjugated ehain.33?177 The mechandsm
of interacvion 1s not yet fully understood, bub is ﬁhoﬁght té be van der
Waals atifaction, although there is some avidencé*tp suggest that
hydfogah bonds are fbfmed between the hydroxyl groups in the cellulose
and the 77 electrons in the dye molecules.178

. Methyl Blue, Anlllns Blue, and the d¢fpct cotton dyes, Ghlorazol
Black By Gongo Red, &nd Vital New Red stain nitrouellulose (collodmon)
strongqy. This substanoe ¢$lmuoh more aeldic in_chayagter than
- eeliunlose ané has staining properties which closely resemble those of

QB It can therefore be uged as a model for the

the nno]eic aczdd.
nuclelu acids in comparlng their staining properties with thOSe of
cellulose,

Experiments /uee
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hxperimenbs were cm‘ried cut on gections of nitroaellulose with

mlxtuze of Methy.!. Blue s.ncl Is.ylldine Ponceau. ' ‘(ylmdine Ponaeau wa.-a
. px'efe_a;*red to r,oksin,. becau:a@ the‘ latter is 1nsolubla :Ln acnd bu:!‘i‘er ,
"v‘ao.l\uhioiis;’ L'Iheﬁ the s'e‘c:"o'i.ons were dyed in the mi:rture for 5 min. t{hé:"" -
1'1i'b:t'ocel.1ulo ge was’ S"i,amed only by the blue dye, a.nd thc Sta:m was fasgt
| to washmg ior' & hr in runmng, ta»p-water ath aboub pl-l'?. - When used |
alone, hyJ.a dine P ormeau produces only a feeble colarafswn. AL pH 3.0 A‘
: “the .Lntemqmby oi‘ stalning' by Mothyl Blne is less than a:b pH 7ol Uheri Loy

:.' bhe oxperlmanu wra.a epeated with sellulose. (£i 1ter papar), Mebhyl Blue

" agam 31:.& Lned prefeventwlly, but the intensity was greaater at pH 340
-f.than at DH sl . _ '
: In & i‘urbh@r ati,empt 'LO correla 46 the sm: ning prtbpermes of
>”cellulose and mm?eic ae:td.s, ._secmong of be\smq vere smmed with o
olut:mns m‘.‘ the «:‘i *eot cotton dyeas, Chﬁlcra'?ol B‘Lack B (aoovt 0 005 M}, : -
bongo Red (D 003 My, and Vita:l Netr Red {about; 0,001, MY foi periods. of |
) »‘) nin, a,_nu l,) m.n. Vl‘c.al New Rnd sw:med fstrongly uhe cl*moma.tm\of .
- the spermabo Jene u:!.(; uolls, aspmcwl]y a{"c.er 15 - m.m. y while Ghlora?ol
'.;'Blg,ck B aud (:ongo Red behﬂed an Lyplca‘l aelid dyes and olmrlv had no -
4 abi’lluy to st,a:m chromatm. |

| These ﬂesull,s fshou Lhat ’r.he sta:n.ﬁing propertios o:t‘ ce Llulose, nitro-
caj_lulo e; and’ nuelem ac:uis are nc;’o emct‘ly analog,oub and ‘that a hlgh . |
_k degree of conjuﬂatmn.ls not the only requ:wement for mteraction 'with
.nuciéid‘ac-ids. - Yet is is uurelL,r :mvolved for it is the only signif:.cant
difference betwsen Nathyl Blue and Aeid Wuohs:x.no or Fast G:reen FOF, The .
'-ch:;e. /“. . . :
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_ éhief difference between Msﬂﬂ}iiﬁiﬁe, Aniline Blue, or even ﬁigrosiné‘
aﬁd ths dlrecb cobton dyes is larbely one of molecular shape. The
dyes 1n question have ;eanonably compact moleculea with several
aknernatlve long conjugated ehain%, while the dirvect cotlton dyes are
azo.-dyes with long, thin molecules and only one possible long conjugaued
chaln. Long, thn molecules al@ ideal for 1nteracu1ng with cellulose
chains, ¢n;bhah Lhey can orient themaelves parallel to uh@ chains, Iﬁ
seems ﬁnlikely, hoyever, that such moiacules would be Suiteé for inter-
action with nuclelc acid heliceb. | | |

meornmenuq an. u§0h10nﬁ of leef. - The cytoplgsm of liver cells

is rich in glycogen, which in constitubion resembles cellulose, and a
fevw experiments were performed to discover whether the staining -
proporbios of these two subatrates are similar,

When en equinolar mixture of Methylk Blue and Hosin ia uged, thé

"chromabin is stained digtinctly by ohe Methyﬂ Bluve, but the glycogen=
- righ cjtopla&m ig lightly steined by Lh@ Bogin,  When Methyl Blue is
used alqne, the chrometin is quite strongly stained, bub the Qytoﬁlasm
is‘onxy féebly stained-- When Fosin ig used alone, the chrémaﬁin and
the eytoplasm, particulafly the latter, are lightly stained,

. Further tests showed that the direct cotton dyes, Ghleorazol Black & .
(about 0,005 M), Lnongo Red (0,005 M), ond Vital New Red (e,hout 0,001 M) -
stain the cytopla n only ver y‘f@ebly,'if at all,

It wpuld appear, then, that glycogen and cellulose, albhough closeiy'
related, haﬁe_cdmplately éifferenﬁ‘staining properties, for those dyes
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which sm:m collulose ,stfangly appesn Ai:.a. have li’ct’ica or ne aa?i‘izai;by" for
glyeogen. Yeu it mygy Le T.hz%.‘h‘ thie a.m.aarezr%s diiference is due ho
posaible low permeshillty of giyécager;_ in the form in whic:h it oxiste in
liveor cells, 'It is not ;aurwigzingg s then, that the stainlng preopert:iés
of cellulose s nitrocellulose, and nucleic aclds do not appear to bhe
exaghly amlmgou:a, |

Ap;gmgsa,%;:‘s_an of Milline Dyesg, - Milling dyos arve knowi Lo have a |

‘ ‘ » - L] - - 5 L
higher dogree of aggregetion in dgolution then other acid dyea?l'm} »180

Thig must be a result of higher intermolecular attvsction, A high
" inbermolecular abbrectlon mipht fevour the interaction of Methyl Blue
and Andling Blue with nueleie acids » Ror molecules adgorbed on each side

of & muecleic aeid choin oould ebiract cach other through the chain,

. QONGLUSION,

Maothyl Blue snﬁ Aniline Blue, although anionie dyes, interact with
the nogatively chorged nuelelc ta.,cj.l@s. Tho interaction ls non«-:‘tonie‘
and mqy beq donation ‘cf,“ T aleetvons {rom the long conjugaﬁeﬂ ahains of
the dye mc;leculeé e electronwdeficlont sltes in the nueieic é;m_:ld
holicos. ‘fhuag it would ﬁbpe&r that anionic selubos may be retainecl by
fordes othow thaix.' ionic, and in this rospeot the action may vesemble

the adaorption of anionic dyes on wool or cellulose,
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20 2457 2700 400 2850 575 3352 867 472 673
70 30 2437 UTo 58 2338 508 3337 877 662 662
6o 4o 42s 24088 565 23/8 500 3328 887 (53 655
50 50 2407 2670 5§52 2320 500 33/0 %77 648 .
ko 60 2403 2653 535 2315 foo 3305 63 639 683
30 70 2402 263 520 2318 492 3292 $53 632 4635
20 40 2385 2632 503 2877 L33 3283 $33 627 (25
10 90 2375 2637 L9%3 2297 475 3280 $32 422 615
0 100 2383 263% [:83 2270 L7 3232 323 613 4608
. o @ @ @ @ 6 9 @ 03
/00 0 74/ 5”53? 407 12200 1200 767 758 /AR5
gﬁ 12 717 100 1378 183 183 747 752 /22
0 20 697 953 1335 16y 1167 748 738 /200
70 30 688 gég 1298 150 1150 747 7:37 /200
6o Lo £5v 828 1271 1150 )52 750 7.30
50 &0 637 798 37 S0 &0 T3 717
& 4o §25 745 108 150 &2 727 7:/2
30 70 670 6R 1180 )50 713 693 1147
20 90 590 642 1165 N33 133 707 6¢7 1112
/10 90 5 &9 n20 147 7 100 667 Jo88
o /00 553 538 (077 100 (100 492 656 Jpv5
I (9 @) @) @ @ @) @ O €D
/00 ) 217 598 G900 707 733 4£32 562 B8 ©33
90  J0 1207 593 847 703 930 503 550 840
20 20 1197 590 %32 §96 95 497 533 320 793
70 3o 187 568 793 &Y T L73 5B 795
&6 35 175 555 767 668 93 LI BIY 773 738
50 5o N7 543 7463 647 925 463 505 743 712
40 6o /156 532 T% 633 bR 495 i3 432
30 70 M7 522 703 630 907 443 L93 T93 £65
20 80 1137 513 631 625 B95 LA5 LT LTV £Ls
/0 90 N27 502 667 87 B92 462 (43 675
0 /100 1118 433 650 €16 @75 B3IV L0 23 5N

¥ System number sas given in Table. 3, column 1,

TABLE 6. Refractometer "drum" readings for: systems
reported in Table 5.




CCGMPOSIT 10K OF

MIXTURE (%6)
q b
/100 0
q0 1O
go 20
70 30
60 40
50 50
40 6o
3o TO
20 go
10 90
o /00
o b
100 o
90 P o
80 20
70 30
60 40
50 50
40 6o
30 10
20 g0
10 q0
o Joo
a b
/00 o
q0 /10
g0 20
70 30
555 495
(o] 50
40 60
30 70
20 €0
10 90
o 00

@
T3
7- 02
687
$78
6685
66O
6-53
&b
& 32
&LAD
613

@7)

L4
39-20
3335
B4

3647
3581

3490
3395
3347
32-35
3125

@

117
2
10-5%
10-3§
10-70
lo70
1067

1052

10-23

r

(29

&-00
7 8%
770
7465
743
725
118
700
-
671
663

INST RUMENT RERP ING:  (min.)

€L

377
565
833
35
T8
777
753
7-32
s
571

613

39
571
558
550
537
517
549
507
498
: 87
473
4:63

%)
q§:-52
.03
353
$-00
7-50
705
650
6-00
550
500
450

(3]

12-48
1252
Ja-52
1252
12-57
12-57
12-60
1260
12:43
1263
12-68

89
il-36
l-03
/0 81
10-67
1040
625
010
7-83
9163
T4
430

@

10-50
792
733
8715
811
757
700
643
583
525
467

(9
405

3-87
375
365
353
352
336
325
317

2-98

"ABLE (b (continus=d).

@3

1200
"5
11-50
"as
1100
1173
1t-50
(125
11-03
977
750

)

7.{8
30
£-96
{0
g5
7-85
753
713
6-80
64
608

@

7077
&8
G6-Jo
678
£68
655
6 56
632
610
15
G612

@3

%50
g-08
7-80
745
743

580
642

608

563
540
475

(35)

. 562

550
537
527
512
503
97
482
T8
462
450

b

332
800
767
7-35
700
667
633
500
567
533
500

(30

10-98
1060
10°37
10407
7-90
7-93
g.62
938
T-08
399
$877

@)

767
7-33
T-00
867
833
200
767
733
700
6-63
633



COM POSIT ON OF  INSTRUMENT READING (min)
MIXTVAE (%)

a b ) &) 6) GH 6D 6O 6D 63 69
100 o 2:63 1000 $00 027 975 42T 400 gL 933
J0 /o0 282 943 790 015 933 403 %97 943
80 20 3-00 947 190 o003 $I8 467 397 925 990
70 30 320 950 T7% 1495 399 487 q-55 1020
co 4o 333 933 762 1483 §58 &507 283 983 Jo5P
50 50 352 ¥7T ThT  WHTT 835 1013 10°778
40 6o 368 Fo00 T332 170 32> 547 370 jowd (1007
30 7o 378 801 723 165 912 1070 11-37
20 %0 395 $33 708 K(3 goo 537 355 oo 147
10 9o 408 800 700 1458 787 nag 195
o /00 423 767 697 455 173 625 343 1158 1225
1
< b 6 €) G €3 @ @ ¢
100 ) 2572 700 9FI17 915 341 150 173
9 o 347 TI5 T42 (000 375 T58 175
8o 20 378 730 967 23 383 (7 115
10 30 390 T45 992 /050 392 113 175
60 4o bos T60 loi7 1075 K00 383 1178
50 5o Lys 7715 1042 oo k08 1 1175
40 6o 428 790 Jjo67 1128 T g00 187
30 70 437 805 1092 150 a5 808 1200
10 80 w50 gap N7 N 75 433 947 12:17
1o 9o Ltz 93 M2 1200 42 %25 1232
o 100 473  ¢50 [I65 1225 450 8§33 1150

* System number as given in Table 4, column 1.

"ABLE 7. Refractometer "drum" readings for systems
reported in Table 4,



COMPOSITION OF
MIXTURE (%)

a

/52
go
5
R0
70
60
50
40
30
25
20
g

/100
q0
<0
70

6o .

50
4.0
30
20
/0

0

0
)
20
30
40
50
go
~10
g0
70

/00

e
3.53
3-52
340

2:-92
$82

255

76
342
35

2O
332
323
35
308
293

1

275

@)

173
/93
220
253
270
328
363
400
443
472
528

(6%
v.90
.67
740
717
692
648
642
617
572
557
542

)
492
442
392
342
292
242
192
142
0%
042

14-92

(89
293
335
372
413
L4
472
515
552
580
613
€45

INSTRUMENT “READING (min.)

@ @) @I
167 7142
/133 742
11'00 T42
10-33¢ 17/7
1033 692

32
750
925
902
875
850
827
%00
773
752
723
7-00

(79)
650
600
550
500
450
373
350
300
252
2:00
/52

882
858
830
307
78
758
732
7ov
682
657
632

@9

083

053

0-23

1423
146-58
122
/13-30
1347
13-20
/12:3%
1253

527
472
450
377
372

342

313
372
243
178
177

€D)

207
170
147
02
o70
028
M 92
/1657
128
1390

1368 Lo b7

(73

998 L7

745 642
732 417
7-00 593
367 563
830 %43

(8D

967
q-17
867
17
7:67
717
667
617
567
517

€2

770
¢-50
602
548
&00
450
400
35
300
2:50
200

% System number as given in Table o, column 1,

TABLE 8.

reported in Table O,

)
9.33
q:17
q-60
373
g-50
825
g-00
775
750
727
7:00

G

12:70
12:60
12:53
12:50
1242
/242
/2:30
1225
227
1212
12:02

Refractomgter "drum" readings for systems

717

@2

12:¢0
12:4.2
/12:50
1245
12:45
1235
J233
/1233
1235
12:18
12:13
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PIGURES




SLIME LAYER OR
CAPSULE

CELL WALL

NUCLEUS

Fig. 1. Diagrammatic representation of the Siological cell
(cross-sectional view, showing the slime layer or capsule

found on the cells of micro-organisms).



MYCELIUM
YEAST (BUDDING)

VIBRIO
Davas E
SPIRILL UM

P |

COCCUS
O
OOl
G

Fig, 2. The shapes and general appearance of the common types

of bacterial and yeast cells.
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o H %
XYLAN RN HO O H ™)\
o ey, sTarcH  HOG_
POLYGLUCURONIC ACID

o HAc op* H
: NHAc  C - ¢
"oy %A
CHITIN HYALURONIC ACID
A

‘4~ Some typical repeating units from common naturally-
occuring polysaccharides.
., Typical repeating units from nucleic acids.

Pig, &. A

Hue)



#
Pl

| L L~ 1

a 100 60 20

bO 40 80
Fig,

reading) and ratio of components in carbon tetrachloride

H
¢
] | 1
a 100 60 20
b O 40 80

1O

MOLAR PROPORTIONS (%)

4. Relation between refractive index (as instrument

solution.
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a 100 60 20
b O 40 80
Molar proportions(%)

Relatlon between refractive index éuzinstrument
reading) and ratio of componsnts in carbon tsirachloride

solution.
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/S’q
Cl
Cl Cl----HO
OH
Cl Cl----HO
Cl
g
ol
O
0y

-

Fig. 6. Diagrammatic representation of the 1:9 complex
formed between hexachlorobenzene and phenol.



5

2
?—D-GLUCOSE x-D-MANNOSE f~D—GALACTOSE
5 3 2
Ly A
* HEH) H(OH) 5
L-GLUCOSE L-GALACTOSE <~D-FRUCTOSE
L-SORBOSE L-ARABINOSE L-XYLOSE
D~-ARABINOSE D-XYLOSE D-RIBOSE
Fio, 7. Skeleton formulae for the monosaccharides used,

The positions of the hydroxyl groups and the pendant
-CHoOH gsroup in the pyranose ring form are shown., o -,
anomerism nccurs at the 1 position in aldoses and ut the

)

2 position in ketoses,




CELLOBIOSE

?—LACTOSE
H(OH)
MALTOSE
Fig, 8. Skeleton formulae Tor the disaccharides used.

The vositions of the hydroxyl groups and the pendant
CHQOH groups are shown.



Increments of refractometer reading (min)

i 1
a 100 60 20
b O 40 80

Molar proportions (%)

* system number as given in Table 3,

Fipg. 2. Some tyeical graphs for pentose-protein mixtures.
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a 100
b O

i
60 20

40 80

5
22) 17 5
- — o ~
: 3
6 n
] 1 >
[72]
—~7 o
N
6-5::
a
5
3
N
[~
a
[a)
S
6 2
E
=2
N
5

|
60
40

*System number as given in Table 3,

1
20
80

Molar proportions( o)

Fig. 10, Some typical graphs for binary hexose-orotein

mixtures,
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63
40 SINIGW3IYONI
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o

O
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(NIW) oNIav3d ¥3LIN0LOVHd43y

(00

7-O

A
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=11

| | I |
| 4-75F % I00 80 60 40 20 O a
| O 20 40 60 80 b

L ] l
a o0 80 60 40 20 O
b O 20 40 60 80 ' MOLAR PROPORTIONS (O/o)

Fig., 11, Some typical graphs for binary mixtures of simple

hydrogen~bonding agents and proteins.

* Bystem number as given in Table 4,



(78)

b O

| |
a 100 - 80 60 40

20 40 60

20
80

MOLAR PROPORTIONS (%)

O
Joleo

INCREMENT OF REFRACTOMETER READING (MIN)

rig. 1z, Graphs for the interactions of Li~sorbose with
phenol (top) and resorcinol (bottom).

e

System number as given in Table 3,
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FiG. 14, Adsorption isotherms of avomatic kydyocarbons, eic., in xylene {except where indicaled
otheywise) on chromalographic aluming at 20°.

a5 B

o101

005 |-

ves &

5/ is the equilibrium conceniration on the aiumina (mmolefhg.) and cy that in the bath (mmolefl.).

(a) Phenanthrene (Grade 1 alumina). (b, ¢ *) Phenanthrene (Grade 11 alumina); brokem line shows sso-
therm from vecycled Grade 11 (see Experimenial section). {(d) Pyrene (Grade I1), () Naphikalens
(Grade II) from 2,2,4-trimethylpentane; open civcles show resull of fest with xylene solvent. (f) 2,8-
Benzanthracene (Grade 11). (g) Oxidation product of phenanthrene (Grade 11),

* Curve c is repeated as b for comparison with a.



Flg. tS. Adsorption mechanism oj aromatic hydrocarbons

on alumina.

Top: Showing suggested stacking of isolated clusters of
%

planar aromatic molecules (end-on) at Al¥ wioms exposea

at the surface.

Bottom: Adsorption isotherm obtained, characteristic of

enmd-on adsorption

Insets . Alternatn e stacking (notfavoured] and corresponding

isotherm.



e

L C
(Hac)é\'\o\ QN CHy),

CRYSTAL Cl
VIOLET (H5C2)2N N(C2H5
C
N(CH3)2 ETHYL
VIOLET
4+ CI
H_N NH
2 2
+ Cl a
MAGENTA P
(HyCL,N N(C Hy).
CH C
NH. 3
2 MALACHITE
1 GREEN
+
(He s N(CH,),
METHYLENE BLUE BP HLC Na CHy
.
H.N NH
2 to -2
SAFRANINE

Fig., 16. Structural formulae for the cationic dyes used.,



Cli

+
(H5c2)2N N(C,H),

RHODAMINE B

COOH
cr
' +
(H5c2)2N N(CEHQQ
RHODAMINE 3B cooc_H,
HN N(CH,)
+ 272
Cl
C
+cu“
VICTORIA
BLUE BN C,HN N(C,H),
N(CH3)2
VICTORIA
PURE BLUE
BO

N (C2H5)2

Fig.s 17, gtructural formulae for the cationic dyes used.
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I;egeml o f.":..g;;la. Equzlz.hmm isathcema :ff.:r ishe aaaarp bion,li nded a

t:eamtments.

A

S

’ mammr, v.zo.w;

‘-Eaileﬁ(& cellm o 20 G., auspansmn qoncen*aratmn =, 0 241 {:,/1.

‘ };,\ ® 50 (“.. suspensiqn conceatratian e 6.345 t,/l.

‘ iﬁiODAEJ?IEI‘ B

ii’m*malin-‘-i xed aells (aﬂ,mpla 1)3 O 1:61 G., musmenmon cmmentmtmn =

__ssm:‘rzmsm* :
, ‘,Pomalin-fixed cel‘ls (sample l): O 18 G., susgensmneoncenumtwn =

osmeT

hede

I‘armlinni‘mec‘t cells (smmple 1)3 O 19 G., ausgension concentmtimn

c'._\

Os 238 /Lo . 50 0.. ausper;smn concentmtmx = 0.383‘ g/l. o

Dntrea*&;cci cells: A 3.6 G-, suspemmn coméntratmn = (3 279 g/.l.

A 40 Cu suspensmn canmn"amfien = 0.1.58 g/l,

i

.»‘
'

Ql)l g/IQ

3303.19.,6. c.nllaa o 17° L.; auspensmn concentmt:ien e (‘3.991 g/l.,

0 49 (u, zsuapem:wn eormentmtisn = 0.5?7 g’/ .
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AMOUNT ADSORBED (MMOLE /KG)



'j _ Leg,end o P 3.12. ‘ qml;tbcium 1uobhmms i‘or *Lhe adsorption under a' ._' :
vavie ts,y o:f:‘ cendi"bmm o:{‘ ezs,ti(mm dyef, on y@as‘b Gellb fmbjected to 'mrious
i tma’cmenta. \

A IﬁB vmm WE - BLUE R
' ﬁormal.m-—fixeé cullfs (sample 1)s O 21 0., Buspension concentratz.on =

‘184 g/l.; . 43 0.. susp@nsian concentrablon 0 ?OS e;/l. b 2) G.;?{f
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Fige <l Typical rate curveg for the adsorption of cationic
dyes gn formalin-fixed yeast cells. é Victoria Pure Blue BO
at 187C.; B Methylene Blue BP at 18.5 C.; C Methylene Blue By
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Pig.23. Equilibrium adsorption isotherms for cationio
dyes on formalin-fixed yeast cells in suspension
at a concentration of 0.246 * 0.006 g. dzy wei’t.

in the test mixture,

and 20+ 0.5@E. 1 50+ 1@C.

At Crystal Violet; B# Victoria Pure Blue BRO;
C; Methylene Blue BP; D, SaAranine; E# iJagenta P;
Ft Malachite Green; G# Rhodamine 5B;
Hf Rhodamine B; I, Ethyl Violet; J# Victoria Blue BK.



Fig. 24. Suggested orientation of Rhodamine B cations
at anionic surfaces., Rach carboxyl group 1s bonded to
an amino-group in the adjacent cation. If only one such
bond between each pair of ions is involved, there will
e a chain-like structure in the monolayer, as shown.

An alternative arrangement, however, would involve
stacked dimers, in which the two cations oriented as
shown here, are joined by two bonds, one at each end.
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Pig. 25, Linear relationship between (a) log. coverage

factor and projected area of dye cation (flat); and (b)
coverage factor and dye cationic weight.
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Fig. 27. Suggested orientation of Rhodamine B cations
on graphite or protein surfaces, Here the surface
attracts preferentially the aromatic nuclei of the dye
cations, and thus there is flatwise orientation.
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Fig. 29, The testis of the mouse in cross-sec

seen under the low-power microscope; B the dotted square in
A as seen under the high-power microscope,



McKay Stainim; of chromatin by acid dyes
H

NoOjs SS(&

Fig. 50. Structural formulae for typical constituent
molecules of some of the anionic dyes wused. The longest
possible conjugated chains are indicated by the curved
arrows. A Methyl Blue; B the sulphonation product of

this is a typical constituent of Nigi‘osine; C Fast Green
FCF; D Acid Fuchsine; E Coneo Red.
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