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Some strains of Euglena gracilis grow equally vigorously photoauto-  
trophieally or heterotrophically,  with reversible disappearance off 
chloroplasts in dark-grown cultures. Such strains are highly sensitive to 
permanent  bleaching ("apochlorosis") by  s treptomycin.  The molecular  
mechanism of bleaching is unknown,  and the absence of  sex in Euglena 
rules out  Mendelian experiments. The increasing use of  E. gracilis for 
s tudying development  and function of  the photosynthe t ic  a p p a r a t u s  
(reviewed by  WOLKE)r 1961) increases the need to unders tand irre- 
versible bleaching. The observat ion by  the P~I~GSJ~IMS (1952) t h a t  
exposure to elevated temperatures  also bleached, compounded t h e  
puzzle of  the exceptional lability of  the photosynthet ic  appara tus  in 
E. gracilis coupled with its high efficiency. We studied the effectiveness 
as permanent  bleachers of  several antibiotics of  the s t reptomycin  family 
in the hope of  discerning a molecular configuration governing b leaching  
activity.  As some antihistamines also bleach (see WOL~:~r 1961) we 
likewise compared several antihistamines. Wi th  certain of  the anti- 
biotics we observed independent  annulment  of  b]eaehing and gross  
toxicity.  Another  aim was to see whether  bleaching ac t iv i ty  of  the 
s t reptomycin-family  antibiotics correlated with abili ty to damage t h e  
8th cranial nerve;  such a correlation turned out  to be highly likely. 

Methods 
Euglena gracilis Z was used. The general culture methods have been described 

(Hvtr~nR et al. 1957). The basal medium had the following components (g/100 ml 
of final medium unless otherwise mentioned) : Ka citrate �9 H20 0.1 ; Na acetate �9 3 H~O 
0.1 ; monoethy]glycine ethylester ItC1 0.1 ; monoethylglutamate HC1 0.i ; L-aspara- 
gine �9 H20 0.15; Na 2 glyeerophosphate - 5H20 0.05; Ca 0.001; MgSO 4 �9 7H~O 0.05; 
trace elements (rag) Fe 1.0, Mn 0.8, Zn 0.5, Mo 0.05, Cu 0.05, Co 0.05, B 0.01; 
V 0.005, I 0.004, Se 0.002; (NH~)2S04 0.002; BI~ 0.4ttg; thiamine tIC1 1.0rag, 
adjusted with "Quadrol" (PAcI(E~ et al. 1961) to pH 6.8. Experimental media 
were distributed in 10-ml amounts in 12-ml (in Kimble catalog "lO-ml") micro- 

* This paper is dedicated to Professor Dr. E. G. P~I~Gs~E~ on the occasion 
of his 80th birthday. 
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Fernbach flasks covered with translucent autoclavable polypropylene caps. Inocula 
were prepared from cells grown in the basal medium; one drop of inoculum con- 
rained 14--30 viable cells as determined by plating. 

Stock solutions of antibiotics and antihistamines were sterilized by Seitz 
filtration and were added aseptically in appropriate dilution to experimental flasks. 
Dark cultures were grown at 28 ~ C. Light-grown cultures were placed ~ 70 cm 
below a bank of "cool-white" fluorescent lamps which provided the cultures with 
200 ft.-candles of fairly even illumination. Growth was recorded as optical density 
(O.D.) with a Welch Densichron (Chicago, Illinois, U.S.A.) equipped with a red- 
sensitive light probe. 

Photosynthetic pigments were estimated by extraction of a 10-ml culture with 
5 ml of cold absolute methanol. After 12 hours the extraction was considered 
complete. Pigment concentrations were estimated as units in a Klett-Summcrson 
colorimeter equipped with nos. 42 (400--500 m#), 62 (600--640 m]~), and 66 (640 
to 680 m/~) filters. 

Bleached organisms were routinely transferred to inhibitor-free liquid and 
plate media to assess permanence of bleaching. 

Kanamycin sulfate was a gift from Bristol Laboratories (courtesy of Dr. A. R. 
ME~OTTI). Paromomycin sulfate was a gift from Parke, Davis & Co. (courtesy of 
Dr. J o ~  En~LIe~). Streptomycin and n~eomycin were used as the sulfates. Ant i -  
h i s tamines :  Antazoline HC1 ("Antistine") and tripelennamine tIC1 ("Pyribenz- 
amine") were gifts from Ciba; diphenylhydramine ("Benadryl") Parke, Davis;. 
doxylamine succinate ("Decapryn") W. S. Merrell; methapyrilene HC1 ("Histadyl") 
Eli Lilly and Co.; phenindamine tartrate ("Thephorin") Hoffman-LaRoche;. 
pheniramine maleate ("Trimeton") Schering Corp.; promethazine ItCI ("Pyrrola- 
zote") Upjohn; and pyrilamine maleate ("Neo-Antergan") Merck Sharp & Dohme. 

Results 

a) Streptomycin-_Family Antibiotics 
Table 1 shows the concentrat ion of  each antibiotic causing per- 

manen t  bleaching and growth inhibition. The vir tual  nontoxie i ty  o f  
kanamyc in  and s t reptomycin  and their high po tency  as bleachers is 
clear; as bleaching agents they  had  a high margin  of  safety compared  
with neomycin  and paromomycin .  I t ist idine appeared to oppose bo th  
bleaching and killing. Urocanic acid likewise protected against tox ic i ty  
and bleaching by  s t reptomycin  and kanamycin  at - -  70~ the effective- 
ness of  histidine. Arginine and lysine showed weak protect ion agains t  
bleaching bu t  only at levels ~ 50 rag-~ 

PRESCOTT et al. (1959) reported t h a t  a combinat ion of  pan to thena te ,  
nicotinic acid, and ascorbic acid permi t ted  9 0 o  survival  of  mice t rea ted  
with toxic doses of s t reptomycin  while controls showed 7--12~ survival .  
A combinat ion of  pantothenate ,  nicotinic acid, and thiamine did afford 
E. gracilis some protect ion against lethali ty and bleaching (Table 2). 
A mixture  of  amino acids gave even greater protect ion;  whether  th is  
act ivi ty  is all a t t r ibutable  to histidine, and whether  protect ion by  
vi tamins plus amino acids and ~ g  is addit ive or synergistic, was not. 
determined. 
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Table 1. Annulment o/antibiotic bleaching and toxicity by histidine (/tee base) 

Concentration 0 25 
mg-~ O.D. Color O.D. Color 

No antibiotic 

Neomycin 

Paromomycin  

Kanamycin  

Streptomycin 

0.3 
0.1 
0.3 
1.0 
3.0 

0.003 
0.01 
0.03 
0.1 
0.3 
1.0 

1.0 
3.0 

10.0 
30.0 

1.0 
3.0 

10.0 
30.0 

1.48 G 

1.10 G 
0.89 G 
0.62 G 
0.41 W 
0 

1.20 G 
0.90 G 
0.66 G 
0.26 W 
0 
0 

1.18 G 
1.07 W 
0.98 W 
0.84 W 

1.37 W 
1.11 W 
1.06 W 
0.94 W 

1.57 G 

1.38 G 
1.20 G 
1.06 G 
0.94 G 
0.89 G 

1.28 G 
1.24 
1.20 
0.44 
0.37 
0 

1.30 
1.32 
1.24 
1.00 

1.34 
1.22 
1.07 
0.95 

5 i0 
O.D. Color O.D. Color 

1.61 G 

1.39 G 
1.23 G 
1.18 G 
1.13 G 
0.98 G 

1.30 G 
G 1.27 G 
G 1.18 G 
G 1.02 G 
G 0.88 G 
G 0.26 G 

G 1.33 G 
G 1.30 G 
G 1.20 G 

W 1.00 W 

G 1.34 G 
G 1.31 G 
W 1.15 W 
W 1.06 W 

1.62 G 

1.42 G 
1.36 G 
1.25 G 
1.10 G 
1.10 G 

1.34 G 
1.29 G 
1.21 G 
1.12 G 
1.07 G 
0.84 G 

1.32 G 
1.40 G 
1.32 G 
i.19 W 

1.49 G 
1.33 G 
1.12 W 
1.10 W 

Table 2. Partial annulment o/bleaching and toxicity by vitamins 

No antibiotic 

Neomycin 

Yaromomycin 

Kunamycin  

Streptomycin 

Concentration 

rag-~ 

1.49 

0.03 1.10 
0.3 0.32 
1.0 0.11 
3.0 0 

0.001 1.45 
0.003 1.30 
0.01 0.90 
0.03 0.66 
0.1 0.28 
0.3 0 

1.0 1.11 
3.0 0.91 

10.0 0.88 
30.0 0.82 

1.0 1.29 
3.0 1.07 

10.0 1.02 
30.0 0.97 

Control 

O.D. Color 
O.D. 

G 1.51 

G 1.12 
G O.98 
W O.55 

0 

G 1.40 
G 1.17 
G 0.89 
O 0.66 

W O.25 
0 

O 1.24 
W 1.04 
W 0.89 
W 0.83 

W 1,43 
W 1,21 
W 1.12 
W 1.05 

Pantothenate 1 mg-~ § nicotinic 
~cid 1 rag-% + thiamine 1 rag-% 

Color 

G 

G 
G 
G 

G 
G 
G 
G 
W 

G 
G 
W 
W 

G 
G 
W 
W 
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b) Antihistamines 

Tr ipe lennamine  (previously  observed  b y  G~oss  et  al. 1955) and  some 
o the r  an t ih i s tamines  (Table 3) bleached.  Disconcer t ingly ,  some o ther  
an t ih i s t amines  no t  r ad ica l ly  different  in  s t ruc tu re  (Fo rmula - summa-  
ry)  d id  no t  b leach  even in concent ra t ions  as high as 0.1~ these 

No antihistamine 

Diphenyl- 
hydramine 

Tripelennamine 

Ne~hapyrilene 

Pyrflamine 

Antazohne 

Table 3. Bleaching by antihistamines 

O. D. 

1.25 

~oncen- ] 
tration 
mg-~ 

1.0 
3.0 

10.0 
30.0 
60.0 

100.0 

3.0 
10.0 
30.0 
60.0 

100.0 

30.0 
60.0 

100.0 

3.0 
10.0 
30.0 
60.0 

100.0 

1.0 
3.0 

1.21 
1.13 
0.97 
0.84 
0.72 
0.43 

1.27 
1.09 
0.88 
0.79 
0.67 

1.05 
0.82 
0.69 

1.24 
0.95 
0.78 
0.76 
0.65 

1.13 
1.08 

Color 
Concen- 
tration 

mg-~ 
O. D. 

* Regreened in drug-free media; 

G Antazoline 10.0 0.97 
30.0 0.85 

G 60.0 0.76 
G 100.0 0.56 

G Pyrathiazine 1.0 0.86 
V* 3.0 0.84 
V* 10.0 0.66 
V* 30.0 0 

G Pheniramine 3.0 1.19 
G 10.0 1.03 
W 30.0 0.99 
W 60.0 0.49 
W 100.0 0.32 

G Phenindamine 1.0 1.15 
G 3.0 1.11 
W 10.0 0.96 

0.76 
0.42 

G 30.0 
G 60.0 
G 100.0 0 

W Promethazine 1.0 1.08 
W 3.0 0.95 
G 10.0 0.85 
G 30.0 0 

other bleaehings were permanent. 

Color 

G 
G 
G 
G 

G 
G 
G 

G 
G 
G 
G 
G 

G 
G 
G 

W* 
W* 

C 
G 
G 

were antazol ine,  doxy lamine ,  and  p rophenpyr idamine .  The  bleached 
s t ra ins ,  unl ike  some descr ibed  b y  GRoss et  al. ,  had  no obvious impai r -  
m e n t  of  v igor  while being m a i n t a i n e d  in the  defined m e d i u m  used  
t h r o u g h o u t  th is  work.  

I t  seems t a c i t l y  assumed t h a t  s t r e p t o m y c i n  and  hea t  damage  the  
same site.  As seen in Table  4, s t r e p t o m y c i n  a n d  hea t  ac t  add i t ive ly ,  no t  
synergis t ica l ly ,  which poin ts  to a common si te of act ion.  I n  these  experi-  
m e n t s  the  cul tures  were held  a t  the  ind ica t ed  t e mpe ra tu r e s  for 6 days  in 
the  dark ,  t hen  p u t  in l ight .  

Arch. Mikrobiol., Bd. 42 4 
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Formula-summary. Antihistamines used in this study 

CHCH~CH~N(CHa)2 CH--0--CH2CH2N(CH,)~ 

Prophenpyridamine (Trimeton) Diphenylhydramine (Benadryl) 

CN ,b-  c'O--CH cH,N(CH,)  

Antazoline (Antistine) 

CtI 2 

Tripelennamine (Pyrihenzamine) 

I / C H s  
CtI2--CI-I--N % 

I CH3 
CH~ 

Promethazine (Phenergan) 

~NCH, 

Phenindamine (Thephorin) 

Doxylamine (Decapryn) 
OCK~ 

CI-I 2 

Pyrilamine (Neo-Antergan) 

• 2 

Methapyrilene (Thenylene) 

/ ~ N ~  " 
I 

cg2  
I 

CI-I 2 

Pyrathiazine (Pyrrolazote) 
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Table 4. Combined e]]ect of streptomycin and heat 

Conc. - -  Temperature in ~ C 

, m g - ' [ o ,  2 8  ~ 3 1 . 4  ~ 3 3 .5  ~ 34 .8  ~ 35 .6  ~ 
O . D .  C o l o r  o . n .  C o l o r  0 . D .  C o l o r  O . D .  C o l o r  O . D I  C o l o r  

No antibiotic 
Streptomycin 

1.42 G 
0.1 1.r G 
0.25 1.40 G 
0.5 ] 1.42 G 
1.0 [ 1.35 W 
2.0 1.18 W 

1.13 G 
1.05 G 
1.00 G 
0.90 W 
0.88 W 
0.80 W 

0.91 W 
0.86 W 
0.83 W 
0.80 W 
0.74 W 
0.71 W 

0.72 W 
0.66 W 
0.66 W 
0.64 W 
0.66 W 
0.58 W 

0.53 W 
0.48 W 
0.49 W 
0.44 W 
0.35 W 
0.33 W 

Discussion 

Histidine and Mg oppose bleaching and killing by  streptomycin 
perhaps merely by slowing uptake and transport.  PI~AME~ (1956) and 
LITWACX and P~A~E~ (1957) showed that  Mg slowed uptake of strep- 
tomycin by Nitella, and adduced evidence for an ion-binding system 
which transported streptomycin across the cell wall. ttistidine and Mg 
may, then, act peripherally (Mg was studied in detail for E. gracilis by 
RosE~ and GAWLm 1961), revealing little about the target. 

That  protoplastids are the site of action is made likely by the proof 
by EPSTEIS et al. (in press) of the persistence in dark-grown euglenas 
of cytoplasmic bodies which in light develop into proplastids and then 
chloroplasts. This leaves untouched the problem of the extreme sen- 
sitivity of these enti t ies--if  these proplastids are indeed the sensitive 
sites--to antibiotics, antihistamines, heat, and ultraviolet radiation. 

E. gracilis in this respect may not be so different from higher plants, 
whose bleaching by streptomycin is long known. The guard cells of bean 
seedlings are bleached by UV (BIJ~d~ELu and CgESSlN 1959). SATO (1960) 
showed Mg-streptomycin antagonism in t imothy (Phleum pratense), 
also bleaching activity by viomyein (a streptomycin-family antibiotic-- 
see Table 5). 

No clear molecular common denominator for bleaching activity has 
emerged for antihistamines. Some antihistamines bleached only tem- 
porarily. Antihistamines have side effects, e.g. drowsiness, nausea, and 
local anaesthesia (DRAGSTEDT 1958). More antihistamines and related 
drugs must be tested to see which ff any of these side effects correlates 
with bleaching. 

A limitation in our experiments was the use of defined media. Whether 
the antihistamines would show the same order of activity in media con- 
taining complex natural products, and whether cultures bleached in 
these media could then be maintained in the standard defined media, 
are being investigated. 

4* 
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Attempts to define a common molecular target for these diverse 
physical and chemical agents are complicated by the discovery of 
another permanent bleacher, o-methylthreonine (A)moNsoN and BENSKY; 
GI~A~: and I-Iv, N])LIN 1961); here the mode of action is interference with 
isoleucine anabolism, presumably in the chloroplast. The resemblance 
between photosynthetic function in E. gracilis and higher plants is 
further borne out by the temporary bleaching of E. gracilis by the 
herbicide 1,2,4-aminotriazole (AA~oNsoN and SCHEg 1960); amino- 
triazole bleaching in higher plants seems reversible (SuNDct al. 1960) 
and, interestingly, is annuled by histidine and adenine (WEYTEK and 
BI~OQUIST 1960). 

Table 5. Composition and side-e//ects o~ bleaching antibiotics 

Antibiotic Moieties Side-effects 

Streptomycin 

Kanamycin 

Neomycin 

Ery~hromycin 

Viomycin 

Paromomycin 

Streptidine (1,3-diguanido-2,4,5,6-tetra- 
hydrocyclohexane) 

Streptose (3-C-formyl-5-deoxy-L-lyxose) 

lv-Methyl-L-glucosamine 

6-Deoxy- 6-amino-D-glucose 
3-Deoxy-3-amino-]) -glucose 
1,3-Diamino-4,6-dihydroxycyclohexane 

D-Ribose 
I) eoxystreptamine 

Desosamine (a dimethylaminodeoxy sugar) 
Cladinose (a methoxydesoxymethylase) 
Erythronolide (a macrocyclic lactone) 

Incompletely known; strongly basic 

Deoxystreptamine 
An amino sugar 
An aminomethylamino sugar 

nephrotoxicity; 
neurotoxicity, 

espeeia~y to 8th 
cranial nerve 

Same 

Same 

Few 

8th nerve damage 

Acriflavin, which inactivates the sex factor (F +) in Escherichia coli 
(reviewed by JACOB and WOLL~AN 1961), deprives trypanosomes of 
their kinetosomes, and induces petite mutants in yeasts, had no bleaching 
activity as repeatedly found in light and dark cultures in gradient plates 
at concentrations up to lethal. 

The changes in nucleotide excretion in streptomycin-treated E. coli 
(RosA~o et al. 1960) and claims of changes in RNA or DNA composition 
in heat (BnAwE~MANN et al. 1960) or streptomycin-bleached euglenas 
(NEFF 1960), hardly permit a comprehensive theory. 

Permanent bleaching may reflect deranged chloroplast nucleic acids, 
as inferred from the demonstration by LYMAN et al. (1961) that the 
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action spectrum for bleaching by UV shows peaks at 260 and 280 m#--  
a characteristic of nucleoproteins. This in turn invites the speculation 
that  the unusual sugars in bleaching antibiotics interfere with nucleic 
acid ribose and deoxyribose. 

For an antibiotic to behave as an antibiotic it must have some special 
property that  permits such frequently bulky, predominantly highly polar 
molecules, to penetrate the cell and reach vulnerable sites. One must 
assume that  antibiotics resemble molecules for which there are acti- 
vated-transport systems. The restricted distribution of bleaching anti- 
biotics may therefore follow from the low probability that  the same 
molecule will embody a configuration making for transport and a con- 
figuration selectively destructive to chloroplasts and proplastids. 

Were only the streptomycin family of antibiotics taken into account, 
one might conclude that  the prerequisite for bleaching was a ring with 
basic substituents linked to one or more unusual sugars. Bleaching by 
erythromyein (E~BI~GEg i961 a, b) puts emphasis on the sugars, as the 
erythromyein family of antibiotics--the macrolides--laeks the strongly 
basic rings of the streptomycins. One may now postulate two independent 
prerequisites for bleaching : a peculiarity in the sugar moiety and another 
peculiarity elsewhere in the molecule favoring transport of this sugar. 
Studies of the maerolide antibiotics and the cardiac glucosides may pro- 
vide the critical test of this idea. 

Streptomycin antibiotics are so designated because of common mole- 
cular architecture (Table 5) as well as biological resemblances such as 
cross-resistance (M~LE~ et al. 1959). Thus paromomycin was included 
in this study before its structure was known because paromomyein- 
resistant E. coli was also resistant to streptomycin, kanamyein, and 
neomycin (FrsLA?CD 1959). 

The correlation between ototoxieity and bleaching activity suggests 
tha t  new members of the streptomycin family should be tested for 
bleaching activity, the hope being that  lack of bleaching activity might 
mean lack of ototoxieity. Antibiotics with an antimierobial spectrum 
like streptomyein's but free of ototoxieity are urgently needed (DuNLoP 
and MUgDOC~ 1960; F~OST et al. 1960). 

Summary 
Kanamycin, paromomycin, and neomycin, like streptomycin, perma- 

nently bleach Euglena gracilis. This effect, along with general toxicity, 
is opposed by Mg, histidine or a combination of pantothenate, nicotinic 
acid, and threonine. Such opposition is thought to be peripheral effects 
centered on uptake and transport. 

Certain antihistamines, notably tripelennamine, methapyrilene, and 
pyrilamine induce permanent bleaching. Diphenylhydramine and 
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phenindamine induced t empora ry  bleaching. Doxylamine,  antazoline, 
pyrathiazine,  pheniramine,  prophenpyridamine,  and promethazine did 
no t  bleach when tested up to inhibi tory concentrations.  

Bleaching by  s t reptomycin  + heat  was additive, no t  synergistic. 
The evidence at  hand  for the mode of  act ion of  ultraviolet  irradiation, 

s t rep tomycin  antibiotics, and e ry thromycin  suggests, as a working hypo-  
thesis, t h a t  the common factor  m a y  be interference with nucleic acid 
metabol ism;  the common factor  in bleaching by  antibiotics m a y  be 
simultaneous provision of  a molecular grouping favoring up take  and 
t ranspor t  of  the active moiety,  which in tu rn  m a y  be rare sugars inter- 
fering with ribose and desoxyribose in the photosynthe t ic  apparatus .  

New antibiotics of  the s t reptomycin  family might  well be screened 
for bleaching ac t iv i ty  as a possible index of  damage to the 8th cranial  
nerve, for so far the correlation is excellent for this class of  antibiotic. 

Aided by grants G-9890 (National Science Foundation) and B-2651 (National 
Institutes of Health). 
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