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.In the ac id-fa st r eaction of mycohacte ri a, the fir st sta ge is adsorp­
tion of dye to the surface of the organi sm, Furthe r ponetration into 
th e hacillary body fr equC'lltly follow s, ,Vithou t adsorption there could 
he no s taining, a nd fastn ess of cl~·C's to acid s 0 1' othC'l' agC' nt s is s('c­
ondary , 

']'able 1, drawll from a la rge hody of data , suggests that ptT of 
solntion and chemical ty pe of dye ma y hC' of limi ted importa nce, a nd 
perhaps of no llnd e rl~'in g sign ifi cancC' , In addition to these factor s, 
th e a dsorption of dye, with var iation s according to sp('cies, and infln ­
ence of additives were studi ed, 

:'.'lAT I·;.RIALS AN Il METHODS 

]J!J t! adsOI"jit ion.-T hi s Wlls lII ensul'ed hy lIIixing- a sns pension of lII,Yrobllrtel'i a into 
a dye soluti on of' kn own concentration for a stH ndll l'd prriod of tillH'. Following ('1'11 -

trifn gll tion, th e relllaining dye content of th e s l.1pem atant was 1lIeasu red p hoto illctri elllly. 
A II of th e eul t ivat.ed orga nis lIls used were harvested f l'Ol1l the Proskauer a nd Brrk 

llIrdiulII after 4 to 5 weeks of g rowth a t 37° C. Surface IIl asses of wct orgllnisllls wer(' 
hOlllogeni zed hy hand in saline nnd adj usted to a co ncentl'ati oll of 100 lllg lll . /IIII. ill 
H opkins tuhes. H Oillogena tes \l"el'e stored at 4° C un til used, but the salli e hOi ll ogenatf' 
was used for all deterlllinations with a g iven dye. Except as specifi ed, B CG was the 
test organism. It was used unh eated. Cultures of M . tl/b ercn/osi-" 111. bor is, an d M (1/'; 1/ 11/, 

\l"l'rl' heated at 100° C f Ol· ] ° minutes before hOlllogeni xation. 
Dyes were pl'cpal'l'd as a 0.1 p el' cent solution initi a ll y, \l"ith out 1'l'ff'I'rnce to 

Ill olecular weight or dye cOlltent of sa illpl e. Few could he l'ega rdpd as pun' chellli cal s. 
Prolll these solutions serial diluti ons, usuall y 10 to 1]. Wf're IIHHle with ('q ual allHlUnts 
of di still ed water until spectroph otollictri c sensitivi ty was lost, ordinaril y lit ahout 10·". 
·With sa lllpl es of low dye content sf'ns it ivity di sHppea red at 10- G• 

A liquots of hacill a ry suspensions \\·(' I·e llIixed with 4 parts of suitahl e dilutions of 
(lye, g iving a final ('oneentr:ltion of 20 IIlg lll.j III I. of lIli et·oorga nis lIls. These llIixed 
SIl f' pellSions wl're ag itated in a Burrel shaket· fo r 30 minutes at r oom telllperature, and 
then centrifuged fo r 10 minutes at 10,000 g. Superna tants wer e ana lyzed spectrophoto­
metri ca ll y for loss of dye adsorbed to the centrifuged bacilli . In th e ta hll's this is 
shown as percentages of the sa lllpl es. 

E stimations were made at the adsorption llIaxima of th e dyes, whi ch were ohtlli n('d 
f rom Con n (~) 01' Lubs (1), 01' deterlllined f rolll the salllpl e lIsed, as wi t h mor(' than 
half those studied. Py rex g lass cuvettes wer e sa.t i sfa ctor~r fo r 1I1 0st of the work , hu t 
sili ca cell s were needed for sOllle of the highest diluti ons, es pecially in thf' 410- l fiO 
lambda range. Analyses wer e lIlade of 4 to 8 se ri a l dilutions, but readings of adsorbenrp 
WI' I'I' dis l'ega rd ed wh en it was less than 10 p er ('ent or Ill ore th an 90 pf' r cent. An alysis 
of s('ve1'a l dilutions provided acruracy in contl·ols. 

Limitalio1'ts .- So lll e problellls of instahility and low solubility of dyes y ielded to 
use of small alllounts of a lcohols as soluhili zers 0 1' stabilizers, 01' to pf'rfOI'lIlH.Ilf'e of 
t('sts with llI inilllal delay. Color changes of 801111' d.v('s in th e pH range of 6.7-7.0 wert' 
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Ji'it c d;].' i l l: : Dyc Ail:w/'pl iU II uy M ycubactc/'ia, 

TAB I.~: l.- S llI/;n ing of lIIyco !J(/('l('/,iltlll Sp}J. BCG. 

Dye Solution pH 

1\ il e blue A A" 3.9 
B" 3.8 
C' 7.3 

Orall gc 1 A 6.4 
13 6.4 
C 7.5 

i-lafr:tllill 0 A 4.2 
13 4.3 
C 7.2 

Thiazine red A 8.6 
B 7.9 
C 7.8 

"A == nq ucou s so lut ion, ] 0/<, dye. 
"B == Zi phl -Nee lsen fO l'llluln, 5 % p hen ol , ] 0'10 n lcohol, 1(,1" rly <,. 
"C = H Ullk s' solu tio ll , 1% dye. 
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Sta iuing 

4+ 
4+ 
4+ 

0 
0 
0 

:1+ 
4+ 
4+ 

0 
0 
() 

too provo k ing fo r pcrs('v(' ra II(· C. Til is pi illli na tpci o.n's of tl1f' ga Il a llli n type fro m study. 
}i' luoresccnrc was a ll obvious p rohl e lll wi th rhodalilin c B, th iofl:w illc '1' , a lld probabl y 
ftunlil lin f' O. Gross colora t ion of hacill ary sedililent was not ac('o lll])lI.nipd hy incrcas('d 
translnittance of th c supl·rna tant. Mcasurcillents at low dilutiolls req uired elaborations 
beyond th e sco pe of this \l'ork. i\feaSUl'e IlH' nt of ndsot'ption accGrdi ug to pH of solu ­
tion was sOllletillles illdi cnted, bu t don e only in 11 few cases, as with brilliant cres.,·l 
hlue. Adsorpti on of dyes to g lass or plastic tub('s was avoided when necessa I'y by use 
of s ili cone treated g-Iasswn re. 

Dy e nO lll enclatm·e.- Dy('s at'(' identifi('d hy their ('0101' indpx (C.l.) nUlllh(' rs a nd t il(' 
na lll es, a re those in CO lllilion hiolog ic use (~ ) , Fiesel' Hnd ]<' iesf' r (a) , find Lubs (7) . 

...-l cid ((ud basic d,1les.- Definitioll of a dye as aeid 01' has ic depends upon its iOlli zH ­
tion , iIIal in 110 wa y upon pH of all aqueous solu tio ll of' th e d~·c. A basir dy'e suppJipd 
as its hydrochl orid e sa lt will hI' acid ill solution ; yet the dyp will cont inue to ioni ze 
basically beca use its lI ux o('hrollle g'rou ps a re bll"ic. SOllie acid dyes, manuf actured by 
sul fonation of basil' d,\'(·s. will ('ontain mixtures of ar id nnd ha sic dye!'. The usc of 
sul fa nili c acid or chi cago Beid as an interlll cdiate II I:I ~' y ield H dye with both acid flll d 
bas ic auxoch1'o lll cs. Beea use the sul fo ni c ion is 1II0l'e s trongly acid t hHn th e alllin o 
auxochroille is bas ic, these dyes are dOIlJillantl y acid . The~1 a l'e listed here as acid dyc~ 

with bHsic radica ls. Acid ++ in Ta ble :2 indi ca tes a n ncid dye containing two hasic 
:luxochroill e g roups per IIlol ecul e. S uhstitutions in basic g roups do not a lter basic 
cha racteri stics unl ess ioni za tion is g l'patly r pdlH'eo. 

Stai'lli,'lIg 1J'/,OCN7ul'f' ''. - \ rid-fast sta ins wer e efi rri ed out chie fl y in trllditiona l IIlan ­
IIPr, without use of llf'at for fixation, a nd s tailling in t he cold in Coplin jars fo r 30 
Illinutes. Tlw stalldard oye rontent was J pel' C'pnt. ' Yater-fastness was studied, a. 
wl'il as IIc id -fastn ess (1 pel' cent H CI in 70 PPI' cellt IIl cohol) , and 4 staining solutions 
were used in every ease, (1) aqueous, (2) fi pet' cent p henol-10 per cent a leohol, (3) 
Hanks' solution, a nd (4) Hanks' soluti on containing 1 p e l' cent phcllol and 2 pel' ccnt 
Hlcoho!. Thc pH of the staining' solutio lls was nleHsured r outinely. 

E stilllfiti on of de pth of staining' w;i s refcrred to that of seetions s inll.tlta ll e()u s l~· 
s tained with solutions of nl'w f uehsin , ",hi('h was hy opfi lliti on t he 4+ rontt ·o!' Tt has 
hl'f' n sng'g'l'stf'd pn·,·ionsl.,· Hnd is hl'r(' ('onfil'III('(I , t ha t ill t l'lIs it.\' of' stainillg' is rl'l a tf'd 
to d.,·p illt(, IISit.,·, a nd ro lor Sl' lisit i"iti ps of tIl(' 1IIIIIIa ll ('.' ·P ( 4). Dyf's in thp rpntTal part 
of tht> vi s llal s pp(·t rllill n ·(·(·iv(·d hig-hf'l' s ta inillg' ra ti ng''; f l'o lll ohsc rvprs than those with 
ahso rpti on IIlaxilll:1 bt~ l ow 4S0 or ahovc 620 1:lIl1bda. Arco rding ly, the dpg l:ec of acid­
fas tn ess, f l'Ol1i tra ce to -~+, is a ll cstilll:ttioll rath er t ha ll a t l'UC IlIeasurCll lcnt. 
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RESULTS 

The l'esults,' shown in 'rable 2, indicate that dyes are adsorbed b.v 
mycobacteria in accord with their anionic dissociation. Basic dyes 
are adsorbed; acid dyes a re not. Acid dyes with basic auxochromes 
are fr equently adsorbed, and ma y stain bacilli weakly acid-fast, but 
usually do not. Some variations f rom these findings a re discussed 
under the separate type. of dyes. Chemical type of dye is unimpor­
tant, except in th e case of the hydroxy fuchsin s, which merit special 
attention. 

'Nitro cl.ljes.-No adso rption of the 3 dyes used occurred. 'I'heya re 
not gr eatl y different from one another chemically. Bacilli a re not 
colored at all. 

B enzidine dycs.- 'rhese a re so-called hecause prepared from ben ­
zidine; all are acid dyes, but 6 of the 7 used al so contain free amin e 
groups. SigJlificant adsol'ption occurl'efl, which tended to disappear 
as the concentration increased. Staining, however, wa s POOl'. 1'he 
dyes washed out easil y in wate r as w('11 as acid-alcohol. 'I'he pH of 
a ll of these dyes in solution is 8.0 01' ahove for 1 pel' c0nt solution s, 
r egardless of buffering. Congo r0c1 gave H little staining at pH 8.2, 
but not at pH 7.5. Eri e garn et B, which gave mod erate staining, C011-

tain s one amino group. . 
Stilbene dyes . - No ad sorption was obsE' l'ved, alld no staining 

proved possibl e. , 
Thia ,zolc dyes. - Only the ba sic thioflavin e rr wa s adsorbed or 

Rtained bacilli. Aqueous solutions gave a pH of 3.0 and in Hanks ' 
solution the pH was 6.6. The pH of the solution waR a factor, adsorp­
tion b('ing greater at the hig-her pH, and a pH close to 7.0 was neede(1 
to produce moderate staining of hacilli. MeaRtll'ements of adsorptioll 
were a ffected by fluorescence and difficult to r eproduce. 

A cridine dyes.- All are haRic, all w('re adsorbed, and all staine(l 
bacilli well. 'rh e staining wa s found to h(' milch better when solutions 
were buffered close to pH 7.0, with phosphine G and acriflavine. 

Eurhodine dy e.-N eutral r ed has long heell recognized as a ba sic 
d.,·(' which stain s acid-fa Rt bacilli well. Tt was adsorbed well. 

Safranins.-vVith the except ion of indulin, a sulfonated safranin 
Hnd an acid dye, all are haRic and stained ac id-fast bacilli well. Saf.· 
ra nin s are not as brilliant to the eye as fuch sin s. 

A zosafmnins.-'Phese two dyes have azo chromophoreR added to 
the safranin complex, and Janus black B ha s a hydrox y group in this 
ch1'omophore. These two dyes went well over the 90 pel' cellt adsorp­
tion level at 10-5 dilution s, proving as heavily adsorhed as Hll y in the 
seri es. 

Aposa/1'CI'YIi J1. - Azocarmin(' r. of thi s g roup i:-; an ;1ri(1 (1y l'. It Wil S 

ll ot adi:'orbc(1 and sta illillg' was imposs ihle>. 
Nig /'osi1'l.- 1'hi s is evidentl~' a mixture of :1 zin e dyes of uncc rtain 

composit ion. 1'he fo rmulas call for a ba sic dye. 'Phe sample wa s somc­
what adsorbed in higher dilutio]l. 
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K etone imine clye.- Auramin e 0, strongly basic, h as been much 
nsed for m,vcobacte ria because of its fluorescence. The adsorption 
obse rved may actually have been gr eater , with fluor escence lowering 
the measured spectrophotometric r eading. 

JI![ 011,0 -((,<:0 clyes .- These dyes con stitute a somewhat heterogeneous 
group, not ea sily characterized. All are acid dyes. Only 2 were ad­
sorbed and stained, hoth of them having ba-sic groups. 

Dis- and poly-azo dyes .-rl'h e 4 s imilar dyes , hismarck brown s alld 
chl'ysoidin Y, al'e ba sic, wer e ad sorbed, and s tained hacilli well. Chry­
soidin Y is the mono-azo congen er of the diaw bi smarck hrowns, and 
is included he re hecause of its chemical similarity. Its ad sol'ption was 
measurably less, and it stained B e G poorly, but M. lepme11l ul'iu1n well. 

The adsorption of chicago blue gave a reading obse rved with a 
number of the acid dyes with ba sic compon ents . At high er dilution s 
adsorption occurred, but in the more concentrated solution s, there 
was non e. No s taining should occur from a 1 per cent solution, nor 
was any observed. 

Dil'ect green G stain ed some mycobacterial species well. Tt has 2 
fr ee amino groups p er mol ecule, and is th e only poly-azo dye on the Ii, t. 

Oxazin e dyes.- rrh ese dyes follow ed the genel'al pattern. rl~he bas ic 
dyes were adsorbed, the acid d~re not. Staining of bacilli correspond ed 
to the adsorption. Brilliant cr esyl blue at pH 3.4 appeared to coat 
bacilli with a monolaye r , outlining organisms clearly, hut without 
penetration of the bacillary body. At pH 6.5 much h eavier staining 
wa s observed. 

l nclamin clye.- Toluylene blu e was the only satisfactory one studied; 
it did not have much color inten sity, hut wa s well ad sorbed. 

Thia"zinr. dyes.- All the basic dyes of this group followed th e pat-
1el'n. The azures were adsorbed according' to their methyl ene hlue 
compon ent. Problems of soluhility and color change gave only fair 
r esults with h1'i11iant alizarin blue. 

A1·.1Jl m ethane dyes.-,Vith the exception of malachite greell all the 
ba sic dyes of thi s gronp were adsorhec1 and stain ed hacilli. The acid 
dyes did not. Malachite green oxalate wa s adsorhed a s though it were 
an acid dye with a ba sic compon ent. Conn lists it as a weakly basic 
dye. It is felt that hoth of the sampl es inves tigated had the color-base 
somewhat alte red in r endering' the salts watel'-soluble. 

Two sampl es of acid fu chsin differed markedly from a sampl e 
studied some 2;') years ago (4) which gave no staining of mycobacteria. 
This dye is prepared by direct sulfonation of ha sic fuchsins, and the 
ad sorption and s taining are attributable to r esidual fuch sin s con ­
taminatillg the sample, or toinco'mpl ete sulfonation. \ similar situa ­
tioll exi sted with methyl gr(,(,l1 (C.T. 11, 100) whirll is manufactured 
from rl',\'stal violet. 

'\"001 green stain ed BCG slightly at pH ..J..G, hut Hot ut pH 7.0, 
where the adsol'ption stud y \\·a s cal'l'ied ont. It fail ed to sta ill M. lep-
1·aemw ·imn at either pH. 
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D.\·e 

1. PieriI' acid 
2. .\la rlius yellow 
:3, :\aphthol ~'e llow 

I . Congo red 
2. Benzoazurin 
:3. Brilliant congo red 
-I . Evans blue 
5. Erie garnet B 
G. Benzopurpurin 4 B 
7. Benzopurpmin lOB 

1. Brilliant yellow 
2. .\Iikado ~'e llow 

I. Primulin 
2. Titan yellow 
3. Thiazine red 
-t . Thioflavine T 
5. Thioflavine S 

T ABLE :!..-Dye adsorp tion by lIIyco iJarl eria (++ = Ba., ic gro /(}J~ in acid dye!') 

~ C. I. :\0. I Af·id-base 

10 ,305 
10 ,3 15 
1O ,3 1G 

22,120 
24, I~O 
23,570 
23 ,8GO 
22 , 1~5 
23 ,500 
2-1,100 

Acid 
Acid 
A(,irl 

Aeid++ 
A('id 
Af'id++ 
Acid++ 
Acid++ 
Acid++ 
Acid++ 

Lambda 10- 6 

I. :\ it ro Dyes 

~05 U 
~45 0 
~30 0 

._----

2. Benzidine D,\'es 

497 
569 
505 
595 
510 
525 
525 

6 
22 
16 

-tl 
28 
5 

10- ' 

o 
() 

o 

30 
22 
26 
10 
-t5 
36 
16 ----- ---- --- ----

:3. Stilbene D,\'es 

24,890 I Af'id ~9:~ . I 
-to ,006 Mid -I I 5 

o o 
o 

-.--~-.---

-I . Thiazole J)~'es 

Pel' ('ent adsorption 
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13 
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~9 , OOO Acid 420 0 0 0 0 
19 ,540 Acid -t30 0 :l -I :3 
14 ,780 Acid 505 0 0 0 0 
49,005 Basif' 4 10 (a ) 
~9 , 010 A('id 400 0 0 1-1 l-t --- ------ .-
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5. Acridine D~'es 

================~====~====~====~====~==~====~==~==~==~~~--- .---

1. Acridine orange 
2. Acridinc yellow 
3. Phosphine GN 
4. Acrifla vine 
5. Acrifla vine HC L (mixturc) 

1. ~eutra l red 

l. :\eutral violet 
2. Indulin scarlct 
3. Safranin 0 
4. Safra nin bluish 
5. Amethyst violet 
6. Indulin 

-------

l. J a nus black B 
2. J a nus green 13 

1. Azocarmine G 

46,005 
46 ,025 
46 ,045 
46 ,000 
46 ,000 

50,040 

50,030 
50,080 
50 ,240 
50,210 
50 ,225 
50 ,400 

- - - -

1[ ,825 
II ,045 

I 50,085 

Basic 
Basic 
Basic 
Basic 
Basic 

Basi c-

Basic 
Bask 
B:1~i c 

Basie 
Basic 
Acid 

BaRic 
BaRie 

Acid 

I 

~97 

455 
~85 

~50 

4~5 

68 

59 

6. Eurhodinc 1J.\·e 

650 

7. Safranins 

560 
500 
530 
530 
598 
550 I 

8. A7.0~afra niIl R 

600 
615 

9. Aposafranin 

512 

I 

I 

I 
I 

75 
35 
19 
15 

26 
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14 
38 
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I 
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Dye I C. 1. No. I Acid-base La mbda 10- 6 

10. Complex Azine Dye 

1. Nigroin, w. sol. 50 , 420 I Basie 650 

11. Ketone Imine Dye 

] . AUl'amine 0 43,815 Basic -t30 10 10 

12. Mono-azo Dyes 

1. Methyl orange 13 ,025 Acid+ 460 0 
2. Fast yellow 13,015 Acid+ 490 
3. Diamond fiavine G 14,135 Acid 372 0 I 

-to Orange 1 14 ,600 Acid 476 0 I 
5. Eriochrome viol. 15 ,670 Acid 510 0 
6. Ponceau 2R ]6 , 150 Acid 499 
7. Orange G 16 ,230 Acid 476 
8. Chromatrope 2 R 16 ,570 Acid 510 
9. Azo-acid blue 16 , 180 Acid 570 i 

10. Roccellin 15 ,620 Acid 510 I 0 I 
11. Dia mond blue 3B 14 ,835 Acid 530 0 0 
12. Amaranth 16 , 185 Acid 525 0 
13. Brill . ponceau 16 ,255 Acid 505 0 
14. Eriochrome blk-T 14,645 Acid++ 565 31 
15. Eriochl'ome bl-Elk 15 ,705 Acid++ 540 

Pel' cent Adsorption 

10- 5 10- 4 

]9 21 10 

]5 28 26 

0 

I 
0 0 

0 0 0 
12 

I 
13 2 

0 0 0 
0 I 6 3 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
8 15 
0 0 0 
0 0 0 I 
0 0 0 

30 34 23 I 

20 21 18 I 

10- 3 I Acid-fast 
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13. Dis- and Poly-azo Dyes 

l. Bismarck brown Y 21 ,000 Basic 463 I I 17 
2. Bismarck br. 53B 21 ,OlO Basic 463 28 
3. Bismarck browll It 21,030 Basic 463 

I 
-19 

4. Chrysoidin Y Ii , 270 Basic 415 I 8 
5. Brill. purp. It 23 ,5 10 Acid++ '160 
6. Biebrich srarlet 26,905 Acid 503 ° "7. N apth. bl-blk 20 ,470 Acid+ 620 
8. Chlorzaol black E aO,23,s Acid++ 600 
9. Niagara sky blue 24 ,400 Acid++ 605 0 

10. Trypan blue 23 ,850 Acid++ 580 0 
11. Dianil blue 2R 23 ,690 Ar id 568 13 
12. Diamond black F - - A~id 562 25 
13. Croccin scarlet 27 , 290 Acid 510 0 
14. Cyanin blue G 26 ,380 Acid+ 555 62 
15. Toluylelle orange 23 ,380 Acid++ -lO5 15 
16. Chicago blue 2-1 ,380 Acid++ 627 I 

: 

17. Direct green G 30 ,315 Acid++ 630 
I I 

30 

14. (hazine Dycs 

I 

l. Celestin blue 51,050 Basic 65·1 

2. Brill. cresyl bl. 5 1,010 Basic 625 
3. Meldola's blue 5 1, 175 Basic 573 
4. Delphine blue 51 , 120 Acid+ 585 
5. Nile blue A 

! 
51 , 180 Basic i 6-10 I 

15. Indamin JJyc 

1. Toluylelle blue -19 ,-1lO Basic 620 

18 36 52 
I 36 50 67 

46 -1.0 58 
13 26 
27 1-1. 16 

° I ° ° ° ° 3 
19 26 23 

° 6 6 
-I. 6 ° 15 11 7 

25 23 8 

° ° ° 75 71 60 
21 I 3 1 23 
37 36 28 

I 
3-1. 

I 
33 

I 
26 

Color changes 

I ° 5 15 
1-1. 18 17 

I 

° ° I 77 7-! 74 

18 56 73 
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P CI' cent Adsorption l-":) 

D.\·e I C . I . X o. I' Acid-basc Lambda 10- & 10- · 10- ' 10- 3 I Acid-fa~t 
16. Thiazine 1).\·e8 

l. Thion in 52 ,000 Basic 5!JS 2 1:3 3V 8 1 :3-
2. :\le thylene green 52 ,020 Basic 660 61 50l 35 2-
3. :\fe th.l"lenc b luc H C L , 52 ,01 5 Ba~i (' 665 H 18 :38 ol2 2- ;--1 . X c\\" meth~' l hl-X 52 ,0:1O Basi(· 588 :35 62 70 85 2-
5. B rill. a li z. h i 52.055 A(·ill+ 6:30 2 9 20 20 0 ~ 

::i 6. T oluidine hlue , 52 ,OolO Basi(· 620 I) 18 -16 5-1, 50 :r " :::, 

7. Azure A Basic 630 27 -1-1 56 2-
~ 8. Azure B B asic 595 2[) :32 61 75 2-

9. Azure C Ba~ i(· 6 10 17 ol.'; 60 2- :2.. 
'-. 
~ 

17. Ary l M ethane Dyes 
~ 

J. :\la LlC'l1 ite green oxal. 42 ,000 Basic 618 66 55 
:::, 

55 26 5 0 "..... 

( \\"ea k ) ~ 
"--, 

2. l lhodulinc blue 6G ol2 ,025 Basic 590 70 62 58 :37 20 :3- :-
3. Cr~'stal viole t -12 ,555 Bas i(· 5\)0 62 58 55 :37 20 ol ~ 

~ 

-=: 
-1. Aeicl fuC'h sin -12 ,685 A, ·id 5-15 25 :35 :35 :37 I ~ ~ 

" 5. E th~· l violet ol2 ,600 Ba"ic 5H6 88 88 85 76 63 28 ol - ~ 

6. Alka li blue I -12 ,750 Acid++ 5!)ol 87 83 76 57 :32 () 

7. :\ e \\" fuch sin -15 ,625 B a:;ic 5-1 6 2j .J6 5·1 78 55 -, 
8. Anil. hi , \\'. so l. ol2 ,755 Acid 5% 7"1 8 ' .) 80 -15 0 
0. Fast g recn ex. h I. -12 ,0:38 Acid+ , 6:lO 0 0 0 0 (J 

10. Alphazurin 2G 42 ,051 Acid+ 595 0 0 0 0 0 (J 

1l. F ast g reen F CF ol2 ,05:3 Aeid 6:30 0 0 0 0 0 lJ 
12. G uinea green 13 -12 ,085 A(·id + 620 0 0 7 6 0 
13. E riogla win -12,090 A('icl (nO 0 0 0 0 0 
14. Light green SFY -12 ,0!J5 .'\ r· id 6:35 6 -1 0 0 

'= 15. Brill. mill. gr. -12 , 100 Acid 6:30 0 () 0 0 () (J ~ 
.:,;, 

---------. 



:,,:, 

16. Victoria blue B H ,0,l5 Basic 619 70 86 9 1 86 8,l 4+ ;:,;. 
l7. l\ight blue H ,085 Basic 625 58 60 GO 67 3+ :.,; 

J8. Alk . fast grecn H ,025 Acid + 6,l0 0 0 0 0 0 0 
19. \rool green 4,l,090 Acid++ 63,l 0 0 0 0 0 J+ 

18. Xanthene Dye'~ 
- ....:::=-:..--===:::::::::= 

~ 
l. Fluorescf'in ,l5 , 190 Acid 5:30 0 0 0 0 0 
2. Rhodamin B ,l5 , 170 Basic 557 (a ) ,1 + 

~ 
~. Rhodamin 6G ,l5 , 160 Basic 525 :35 -12 -15 :32 :3+ 
,l. Pyronin Y -15 ,005 Basi!" 525 :35 -12 ,l5 :32 ,I T ~ 

5. Pyronin B -15 ,010 Basic 555 -1 8 28 IG 19 1+ 

6. Eosin Y ,l5 ,:180 Arid 515 0 0 I 0 0 -. 
'-

7. Erythrosin hI. ,15 , -130 Acid 525 0 10 H 2 TI'(1c '(' :::: 
8. Phloxin B 45 , ,lJO Acid 5,l7 12 1:3 6 2+ . 

-'-
9. Fast acid blue R 45 ,2U5 Acid 5:H 0 0 2 -I 2 0 ~ 

~ 

:" 
10. Violamin R 5,l , 190 Mid 5:30 U 0 0 :3 0 " 

~ 

J9. Anthraquin one' D.n', S · 

--- ------ ----- - --- :;,-

l. Alizarin green 65 , 170 Acid 6:30 1:3 n 6 2 0 :::: 

2_ Allarin blue-blk 63,6t5 Aeid ++ 590 38 25 2-1 15 -I Trac'(' "'" -. 
:::: 

:3. Alizarin saph_ A 62 ,055 Acid 619 6 ,l ,l 0 0 C> 

" -I. Anthraqu. viol. R 6l ,710 Acid .,)55 0 () 0 3 6 0 '" ~ 
5. Ant hracene blue 58 ,805 Acid 595 U 0 2 I 0 0 ,..., 

6. An t hrac. bluc SWR 58,605 Acid 5LO 12 27 33 16 0 0 
,..., 
-. ----- --- --- :::, 

:\1 iFceliancous Dy(', 

I. Pinacyanole Basic 608 6~ 68 75 92 70 2-l :l+ 
2. Quinoline ye llow ,l7 ,005 Acid 4-W 0 0 0 0 0 0 0 
3. Alcian blue 7,l ,240 Basic?? 600 1:3 29 6.5 97 il :3+ 

.x; 

(a ) mca,urement of ad,orption un,ati,racto r~- because of autofluorcsr-enec. c.:. 
v:. 
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Xanthene dyes.- Conn e) tcl ls the .Jo ry of Mallory's discovery 
that phloxin B wa s " the bes t eosin I have found .... " Clearly an acid 
dye, the sample at hand wa s significantly ad sol'hed and stain ed bacilli 
variably a light pink shade. El'ythrosin gave s imilar inconsistencies. 
The rhodamines and pyronin es, all ba sic dyes, wer e well adsorbed. 
Rhodamin B acl sorption could not he measured spectrophotometrically 
because of Auol"escence. Tt was felt that the activities of phloxin Band 
erythrosin hluish resul ted f rom contamination of the sample. with 
basic pyronin s. 

Anthmquin01'IC dyes.- Nothing of int crcst wa , cxhihitcd in thiR 
gl'oup. ':J1he poo r watcr soluhi li ty of man)' othcr Tll e11llwrs of th is cla ss 
eliminated them from the study. 

Miscellan eous dy('s.- Pinacyano]c at p H 6.7 stain s HCG purpl e 
and M. lepmemu'I"i u1n blue. Tt undcrgocs a ('0101' change at a slightl y 
higher pH. 1\lcian blue has a low dyr COlltcnt and high salt content. 
Its structure is unce rtain ; it is manufacturr d from phthalocyanin pig­
ments by ammonifica tion . rt is probably a ha s ic c1." c. 

H Vdrox y aryl methan e diJ es.-r:rhe nwtachrOl1lH t ic c ffccts of sta ill ­
ing mycobactcria with eriochrom e cya nin R have hccn reportcd ( ~ ). 
It was not r ecognized at the time that SOIll C of the color differences 
were attributable to the organism studied. ':rhe importance of phenol 
is even more striking with rosolic acid, and eriochrOllc azure blue wa s 
erron eously r eported not to stain mycobacteria, B CG not having been 
tested. 

vVith 2 of these dyes the presence of phenol is significant for stain -

T ABLE 3.- H yelrox!J aryl ·methane elv es. 

Pel' cent adsorp-
Staining tion by B CG 

Dye pH 3.6 B CG M. lep1"(te1/t'ltl'ium 

pH 3.6 pH6.6 pH 3.6 pH6.6 

A" 27 3+ 2+ 0 0 
1. Rosoli c acid Blue Blue 

Lambda 460 3+ 3+ 4+ 2+ 
ZNb " Mixed Blue-Yell ow Yell o\\" YellolV 

2. E ri oehl'ome cyanin R A 37 3+ 1+ 1+ Trace 
l\fixed Blue-Ol':1nge Yell ow-Orange 

C.1. 43,820 ] + 1+ 4+ 3+ Lambda 52.5 Z~22 
Blue ~[i xed Yellow-Orange 

3. Eriochrolll e azure A 69 1+ 2+ 0 0 

Blue C.1. 43,830 Mixed Blue 

La.mbda 430 7,X 46 2+ 2+ 0 1+ 
~rix eu B1ul'-Ol'unge OrangI' 

• A = Aqueou s sol ution. 
bZ~ = Zielll ·Neelsen fo rmula . 
"Absence of mC:lsurcd adsorption lwc:lIIse of f1 l1 Ol'cset' ncl'. 
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'L~RLE 4.- Dyes sta ining mycobncleria ,Z+ ot' uett er. 

Dye type Number Basic Acid + I Acid I l.) IIcerta i \I 

1. Thiazole J J -- -- --
2. Acridine :) :) ,- -- --

3. EUl'hodinc 1 1 -- -- --

4. Saf l'anins :) :) -- -- --

5. Azosafmllim; ~ :2 .. - .. 

6. Kctolle-i'llillc 1 1 -- --
7. i\'[ono-azo 1 1 --
S. Poly-azo 4- 4 
f} . Oxazinc :1 :'l 

] O. Tlldalllin 1 1 -- -- --
Jl. Thiazinp' :) ;i --
J 2. A l'y l'lI cthall c (i 6 --

13. XunthclIl' 4- 3 -- I 
14. Hyd,·oxY:1I'.d :3 -- -- 3 

IIlctha nc 
] I). Miscellanf'ollS 2 2 --

- - --

Tota l 44 :19 1 1 I 3 

"AZ III'PS A, E, C, pxclutled :-IS metl, ), I!' lI e b ill e ::t ilditi Vl's. 

ing, although less dye was adsorbed from the Ziehl -Neelsen solution s 
than from the aqueous, the dye strengths being equal. 

All 3 hydroxyfuchsins can be adjusted to produce metachromatic 
effects (Table 3), and red shades have been observed. Sharp differ­
ences occurred between staining of M. lepraennt1'iu1?'/" and of B eG. 
Tt is not known whether these dyes ionize as acids or as bases, and 
they present an unresolved puzzle. Mol ecular rearrangement on CO I\ ­

tact is probable. 
Staining of mycobacteria demon strating acid-fa tness (Table 4) 

agreed well with the :finding that adsorption wa s dependent upon 
anionic dissociation. 

The exceptions do not disturb the thes is of the importance of 
basicity, in consideration of the impurities of many dyes, and of pos­
sible a nionic alteration r esulting from solubilizing as salts. 

B ate of aclso1'ption, and stai'nin,q.-The shortest time interval meas­
urable was 2 minutes, 'which meant brief shaking and rapid centl'ifuga-

TABLE 5.- 1~ate of adsorption by B eG at 0.8 X 10 - G elyI'. 

Tilli e 

:\iinutes 

2 
I) 

10 
1 ;) 

:w 
GO 
90 

120 
- -

Pel' tent adso rption 

SHfl'llllin 0 New methyl ene hlue 

21 4;) 
26 43 
:'10 40 
:1') . ~ !"i4 
:-lS :is 
41 (H 
40 47 -
37 45 
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t ion at 12,000 g. Both dycs studi cd ( ' I'ahlc iJ) W C I'(' :-;0 rapidl y a dso rbcd 
that more tha n GO pCI' CC ll t of t hc maximal adsorptio ll had already 
takcn placc ill thc minimum intc r va l. 

BCG g r ow n 0 11 the Proskaue r-Bcc k Ill l' c1iuT1l sta ill s acid-fast with 
cq ual rapidity, r cga rdl css of t ime, hc ing sta in cd a lmost a s hcavil y ill 2 
as in 20 minutcs. Cont l'a l'iwi sc, Ill. l epmc anll 1II. l ('!)ra elll U'riu/n d c­
rived f rom t issucs stain much mo l' c s low ly. rl'hese lal' ~e va riat ioJl s 
co uld stcm from va ry ill g rates of p ell etratioll of d~' e in to hac ill a r .\· 
hodi cs, und e r diffe r en t bi ologic cOIHlitio ll s, 0 1' th e stailling rate of 
hacilli m ay be con di t ion Nl hy a lli oni c IHI,;ol'pt ions all' l'ady PI'CSC Il t. 

VCt1'ia l ions in })H.- Y a ri at ion of pH is Si!.!,·lIificallt to stailling of 
some dyes . rph I' CC cxa 111 pI t's a r e noted ('1'1:1 hie G). .A g'l'eH t m a n y mo 1'(' 

exam ples WCI' C ohsc l'ved ill whi ch va l'iati oll of th c pI r lIIa(] c 11 0 eli ffl' l' -

TAB L~; 6.- S llIillin.1J of IlIljcobll cteria spec ie" by ci ijlel' en!. Iypes of cl.tf e~ . 

Dye 

.\ Il1eth~'st violet 
:\1 C'tli .v I('IH' him' 
'\e l'ifiill e ol'nng'(' 

pH I 
:) .7 
Cl.G 
:U 

Sta ining-

2+ 
'1' 1':11'1' 

0 

p ll Stailli llg' 

G.9 4+ 
7.-1- :3+ 
G.1 !i :~+ 

T ABLE 7.-El}'ec ts 0/ phenol on ad.<ol' plion (('lid s/ail!i ll q. 
--- -- - - -

Ty pe of dye 
PPI' ('PlIt adsol'ptioi l Stai llillg' 

Dye 
Water fi % p lw llol 'Watel' [i % p henol 

1. :Uartius yell ow \Tit l'o 0 0 0 0 
2. Benzopurpul'ill lOB Benzidin e ] 5 I i 0 Traee 
Cl . Thiofl av ine T Thi azole ] 0 10 2+ 2+ 
4. ACl' id inl' Ol'llllg'(' .\ rl' idine 41 :~ fl 3+ 3+ 
:i. !\ eutl'lll red ";ul'h odilll' ~-.J:) (") ,. :3+ 3+ 
G. Sall'an in 0 Safl'l1nill Cl2 1 I :3+ Cl+ 
7. ,Janus black H A zosa f l'l1l1 i II 82 H:1 3+ 3+ 
H. A zoea1'1 IIi ne G A posa f rnllill 0 2 () 0 
n. Nigrosin COlll plex lIZill1' ] 2 11 Tn-i("(O T I'acc 

10. !\ u I'Hllli lie 0 Ketone- illlillP (a) (:I) 3+ 3+ 
II. F,l'ioeh "Olll e blue hl nek H iVIonO-liZO 30 20 2+ 1+ 
] 2. ilis lIl Hl'ek brown ;j3-H Diazo 33 19 3+ 3+ 
]3. Toluylene ol'ang-e Diazo 19 18 Tl'lIep T I'a.ee 
14. Meldola's blue OX<lzille 8 H 2+ 2+ 
1:1. Toillylene blue [ndalllill 19 27 2+ 2+ 
16. :\I eth.v lene blue CI Thi azi ll (' JO 10 3+ :H 
17. Xew f uchsin .\ I',\'I Illethllll e 3Cl .j (j 4+ 4+ 
]8. Crysta l violet Ary l lllethane 2] G1 .1+ .1+ 
] 9. Brilliant Illilling gl'et' ll Al'.v llll ethane 3 4 0 0 
20. Pyronin Y Xanthelle 8 22 3+ :H 
2.1. AZlIl'e hlue B H.vdrox.vIl IPthl1l1e G9 46 1+ 2+ 

(pH 3.(j ) 
22. F,l'i()(·h I'OIlH' r.' ·lIni n H fTydl'oxYIllt'thallP Cl7 .J .) 1+ :~ + --

(pTl 3.(j) 
2:3. Pi lIaeyl1 11011' Cya llin 72 97 -1+ 4+ 
2·L :\ leian blue Solu bilized 92 9G 3+ 3+ 

piglllent 
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t'llce; equaJl y goo(l ~;1H in s ha ve been ohse),ved over n wid e range, ' I'he 
rt'\\ ' \':lrialion l-' ('\'id('llj]~r 1'<,lal(' 10 dy el-', not t o bacillary factors. 

/';/]'1'1'/ 1)/ lJ/II' lI ol.- Lariigue ;:l1ld Fill' ( 11 ) showed that pht'nol did 
not alt e r 1)(' \\1 fuchsin chemically , and that illlpl'oved stainill g could 
1)(' oht[lin<.'(( with sevc ral or ga ni c agcnts. Soluhilizillg' <,ffccts \\' C1' e 

I-' Ilg-g<'st ('d, hu t no dil' ('rt action on dye 0]' bacilli. 
Thi s \\' 0 1'1\: \\'HS ('xtrlldrd to includ e dYt'l-' of llinC'tC'C'n ty prs (Table 7), 

Bac illi W {' I'(' shlint'd hom 1 pel' c('nt I-'o luti olls ill h001 \\'atr r and th e 
Zi r hl -N(,rlsrn fOl'llIula, Adsorption \\'HI-' m rHS IlI'('d at 0.8 X lO- r, dye 
concentration ill s imilar so lution s . 

Phcnol had no cfTrct on adso rption or sta i11ing with 1+ of 24 dye. 
It illcl'casrd th e adl-'ol'pt iOll of ;) dyr s and dcc l'ra setl it in the case of 
;) othcrs. BlilHl l' r adill g of tilt' dl'gn'<'s of acid-fastnrss show ed JIO 

di ffcl'enccs in :~O - minllt e sta inin g intcll s iti('s, with the s ignificant ex­
('r ption of the h~rdro xy fnchsin s. In these the m easured adsorption 
wa s dpc1'('as ed hy ph rJlo l, whilr the staining inc reased. Molecular re­
arran gem ent of th ese (lyes ill tilt' pl'esrnc() of ph r nol is suggestcd , 
I'at.h r l' than e('fret- upon hacilli. 

( ' ();\rI'Anrl-'()~ IlF ADSORI'TIO)I" A1\1) STA1NIN(; OF Dl FF I·:RI,;)I"'/.' 
I-'I'ECn:S OF JVIYCOBACTEIHA 

'rhc experim ents showcd that differcnces in a d sorption and sta in ­
ing might he expected acco rding to mycohactcrial species. A larger 
t('st run wa s cal'l'i ed out accordingl~' . 

For s t'aining purposcs, 1 PCl' cent :;;olntioll s were u Sl'd as pre­
viously, hut on ly tlw sta il1illg' in tlw Zi ehl -Nce lsen fonnula, fo ll owed 
hy washing ill 1 p er ('ellt HC'l in 70 pCI' ce llt alcoho l, is r eported her r. 
li;xcr l'pts from more t ha n 9,600 rC;:1(1i ngs, r cco rded in 'J'a hIe 8, are 
I'('a sollahl y ]'cp r(' sc11 tativc of tbe g roup. In addition to t he 8 m yco­
hacte l'ia r cportcd , ;) others \\'e l'e studi ed, v i1l ., another avian strain 
and 4 nOllpatboge ns. No significant infol'matioll would he ac1drd by 
inclu s ion of the results with these microorganism s. 

'Jfan y variation s, of minor or mod c'r ate dcgr ec, werc ohser ved 
among the differ ent species s tudied. ill. jo ,/'tll i tllm s tamls forth, from 
its staining by som e acid dyes, as ev identl y significantl y differ ent in 
it s r eactions. Acid-fastncss of mycobacte ria is 1I0t l111iform for species 
grown und (' 1' the sam e condition s, all(l 110 (l'IIe organism hehaves 
('onsis tellt1y throughout the dye spectrulll. 

Adsorption by a g roup of 30 basic allrl acid dyes with ha sic g roups 
wa s determin ed , comparing that by H37H,. \\'ith those by .H. fo rtuitu1II . 
M. smeq1lla t is, 111. hovis, and 111. avill11!. Th ese revca led r elatively 
littl e that wa s Jl C\\'. Th e basic dycs wer c usuall y ad 'orbed eq uall y by 
a ll 5 organisms. POOl' -taining ancl poor ad sorption , as by ill. fo/' ­
lu itu1n with acridine orange, harmonized , a nd M. s lIle.fJlIlGtis adsorbed 
an occasional dye poorly, as in the case of ~frldola 's blue, staining 
poorly al so. 



TABu~ S.-Staini!!g of lII ycobactet'ia by '!;a!'ioll s dyes. 

Part I - Acid dyes 

I pH of I J1. lJ1. 

I 
lJ1. JI . 

Dye sol. lep ral' Il'p!'aew/II'ium BCG tllb e·rculosis bo ris 

1. Amarant h 6.."i 0 0 0 0 0 
2. Azocarlll inc r: - 'J 'l .~ 0 0 0 0 0 
3. Benzoazuri n 7.5 T l'ace Trace 0 1+ 0 
4. B iebr ich scarlet 7.1 0 0 0 Trace 0 
5. Brilliant ponceau ;)R 7.8 0 0 0 0 0 
6. Brillia nt yellow 7.-1 0 0 0 Trace 0 
7. Cbrolllatrope 2R 6.7 0 0 0 0 0 
S. Crocein scarlet 6.5 0 0 0 0 0 
9. Dia lllond bl. F 7.4 0 0 0 0 0 

] O. }<-'ast acid bluc R 7.6 0 0 0 0 0 
- -

Pa r t II- Basic dyes 

p R of M. M. 
M. I lJ1. 

Dye sol. lepme lC}JI'ae1/1 t/I'iuln BCG tuberculosis boris 

1. A cridine orange 3.7 4+ 4+ 2+ 4+ 1+ 
2. Acridine yellow 3.3 1+ 0 3+ 3+ 0 
3. A Illethyst \'iol!'t 5.7!) .1+ 4+ 4+ ·H 1+ 
4. A ura lll ine 0 4.7 4+ 4+ 2+ 4+ 4+ 
:"i . Crystal violet .. t 7 4+ 3+ 4+ 4+ 2+ 
II . Ethyl violet 4.9 4+ 3+ 3+ 4+ 2+ 
7. New fuchsin 6.5 4+ 4+ 4+ 4+ 3+ 
8. Meldola's blue 4.55 4+ 3+ 2+ 3+ 4+ 
9. Methylene blue 3.6 3+ 2+ 2+ 2+ 2+ 

10. Xight blue 3.0 4+ 2+ 1+ 3+ 2+ 
11. Keut ra l r ed 4.6 4+ 2+ 3+ 2+ 2+ 
13. Nile blue A 3.S 4+ 2+ 4+ 2+ Trace 
13. Rhoda llline B 3.25 3+ 4+ 3+ 4+ 4+ 

M. J1. 
a cilUn .rol'tuit!tllt 

0 0 
0 0 
0 3+ 
0 Trace 
0 1+ 
0 Trace 
0 3+ 
0 Trace 
0 Trace 
0 0 

M. M. 
acium fo rtuit/lilt 

1+ 1+ 
0 'l' racc 

2+ 1+ 
4+ 1+ 
4+ 2+ 

I 
2+ 3+ 
3+ 3+ 
4+ 3+ 
2+ 4+ 
1+ 3+ 
2+ 3+ 

Trace Trace 
4+ 3+ 

M. 
"·/JI l'g lll atis 

0 
O· 
3+ 

Tl'aee 
2+ 
1+ 

Tra ce 
Trae!' 
0 
0 

- -

lJ1. 
-< //I /!g-mati", 

Tracc 
1+ 
1+ 
0 

'Ira te 
1+ 
2+ 
1+ 
2+ 
1+ 
2+ 
1+ 
0 

oX> 
oX> 
00 
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~ 

"" ~ 
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Part III-Acid dyes with two auxochrome groups 

pRof M. M. M. M. 
Dye sol. leprae Il' }Jraelll II rill III BCG t IIberclI/o.'i.< bov is 

1. Benzopurpurin 4B 8.0.50 0 0 0 0 0 
2. Benzopurpurin lOB 8.1 0 'l'nl(' (' 0 0 0 
3. Brilliant milling green 4.6 1+ 'l'raee 1+ 0 0 
4. Brilliant purpurin R 7.5 0 0 0 0 0 
5. Chicago blue 5.85 0 0 0 0 0 
6. Chlorazol black 8.75 0 0 0 0 0 
7. Direct green 7.8 4+ 0 0 'l'rac(' 0 
8. Guinea green B 4.7 0 0 0 Trace 0 
9. Wool green 4Ji 0 0 2+ 1+ 0 

M. M.. M.. 
arillm Im-tlli/am smegmatis 

0 1+ 2+ 
0 'l'ra<'e Tr:1<'e 
0 T"ace 1+ 
0 1+ 2+ 
0 2+ 'l'n1<'e 
0 3+ TraC'{' 
0 3+ 'l'n\C(' 
0 'l'race Trace 
0 1+ Trace 

cv 
~ 

~ 
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m SCUSSlON 

" \c i(.1 -fa s t ll (~sS is a p roperty of the intact ce ll " l ' l'opley and ",Vil­
SOli ( ~ )], and is dependent upon the ionic statu s of the intact cell. 
B ecause mecha nica l rupture of the mycobacterial cell is followed im­
mediately by loss of acid-fas tll ess, thi s p roperty ca ll1lo t derive f rom 
a ll Y chemical s uhstance in all Y pa r t of the cell. I;:v identl y a ll ioni c 
eq ui li b rium within the bacte ria l cell is essential for adso rpt ioll :md 
retellti oll of dye. rrh e ill tact cell wall i f; lI ecessa 1')' fo r ])J"ef;e rva tion of 
I-hi f; eqllilihrium. 

-Penet ratioll of d~'e ill to the hacte rial C011 nl f;o lIIay depend Il)) ()l) 

thi s equilihrium, which is se nsitive to the biologic illtegrity of till' cr ll. 
Illadeq uatel.v f; tainecl m~'cohacte ria show unevell sta illillg, r ather thall 
tli ffuse eve ll co lorati on, n fa ct suggest ing that the iOllic s tatus is lIo t 
equal in all parts of the mycohacterial cell , and probably not a surfac0 
facto r. 

rrh0 adso rvtioll of hasically iOllized s llhstclllC0S hy lII )'cohacte ri a 
rxpla in s the progress ive acidi ty of culturrs of mycohacte ria . III add i­
tion, th e necess it.v of aniollic c1i sf;ociation h.\' r ffe ct ive chemotherapeuti c 
agellts is emphas ized. 

SU MMAfty 

Dyes are a cl so rhed to th e s llrfaces of mycobacteria according to 
the a llionic components of th e a uxochrome groups of the dyes . Basic 
dyes a re uniformly adsorbed. Acid dyes are not adsorbed. Acid 
dyes with basic auxochromes are adsorbed, especia ll y in higher dilu­
tion s, but a r e not fas t to acid. Basic dyes are fast to water, alcohol, 
a lld acids . Adsorption takes place rapidly, r eaching a maximum in 
011 e hou r, walling thereafter. Some differences are obse rved among 
mycobacte ria l species both in adsorp t ion and sta ining. 'l~he ch emical 
nature of the dye is not s ignificall t, except in the case of the hydrox~' 
aryl methanes, which exhibit llnus lla l reactioll s. ~rhe pH is not critica l 
between 3.4 and 8.2, a lthough a few dyes are adsorhed better at oll e 
or another extrem e. 

RESU MEN" 

Los colora nte,.; son ndsorbidos a Ins super flcies de Ins micobn cterias de acuerdo a los 
cOlllponentes anionicos de los gru pos auxocromicos de los colora lltes. Colorantes basicos 
son uniformemente adsorhidos, espccill llllente en alta s diluciones, p('ro no son estables para 
los acidos. Los colorantps IJ<l sicos son establ es para 1'1 agua, a lcohol y l1 Cidos. La udsorcion 
toma lugar rapidamente, ll ega nd o almaximo en una hora, desapa r('cicndo luego. Se obsel"­
varon a lgunas dife rencias entre las especies Illicobacteri anas tanto en In. adsorcion CO IlIO ell 
Ii\, coloracion . La naturaleza qUlllli ca del colorante no es signi f icfltiva, excepto en el CliSO 
de los hidroxi l-aril -metanos, los cuules ex hibpll rC;1cC'iolles inuslIal es. ];;1 pH no es criti co 
entre 3.4 y 8.2, f1 llllfJll f' Hno!'. pMOS ('olorantps s(' f1c1 sorh('n nl('jor ('n lIno 11 otro d(' los 
('xtr·pmos. 

Lcs colorant;; Bont adsorbes par In surfac·c dps lIIycohacteri cs cn fOJwt ion dpf; consti ­
tllants anion ifJlIes dc Il'urs g l·ollpcmcnts auxochl·O IlI CS. Lps colorants basiqucs sont ulli ­
formcmell t adsorbes. Les colorants acidecs ne Ic sont pns. Les co lorants acides dotes 
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d'allXUl"hrOIlIf'S ha s iqn cs sont luborhes, parti(·ttiiercIIH'nt :lUX dilu t ions les plus clevecs, 
IImis ue sout pas acido- rc''iist:lnt;; . L'adso rption a li l'U l':lpidCllIcnt, I'Ittcignllnt son IlIHxi ­
IIIUIII cn UII C hcure, ct di sparait progrcssivclllent emm it('. \<~ n cc qui ('on Cel'll e l'ndsorption 
ct la capacite 1I etrc colorees, certnincs diffe r enccs s'ohscrvcnt entre diver ses especes de 
nlycohHeteries. La nature chimique du colorant n ' illlpot'te g uer e, sauf dans Ie cns des 
In ethanes hydroxy-n ryles, qui tellloig nent de r eactions inhabitnell es. Entrc les va leul's de 
:'1.4 II 8.2, Ie pH ne constitue pas un facteur critiquc, quoique certains colol'l'Ints soient 
:tdsol'hes dav:lnta ge ;t I' un 011 I'a utre CXtreiliC dc' rct tc }IIHrge de vllrintion. 

Ad.- /I,1)/c!('dge ll/ (' /II.- \r(, lire indehtNl to Hita :\1. Sa nche z, ~[i c rohi o l ogist , fot' mu cll 
t('('hnic'a l Hid . 
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