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MAO ac t iv i ty  p roved  to  be l inear for a m i n i m u m  of 
60 min  at  t e m p e r a t u r e s  be tween  20~176 The Q10 
(27~176 was found to  be 1.9. At  0~ no ac t iv i ty  was 
found,  which  is in te res t ing  in view of t he  fact  t h a t  snails 
can survive for m o n t h s  a t  th is  t empera tu re .  This,  t oge the r  
w i th  o ther  da t a  1~, showing an up take  mechan i sm for 
5-HT to  exis t  a t  0 ~ suppor t s  the  idea t h a t  MAO plays  
only  a minor  role in the  inac t iva t ion  of neu ro t r ansmi t t e r s  
in the  snail. 

MAO proper t ies  were s tudied  in more  deta i l  in t he  
suboesophageal  ganglia. The Km value for t r y p t a m i n e  
was 2.1 • 10 -~ M, similar  to  t h a t  found  in the  r abb i t  b ra in  
of 1 .6 •  -5 M n. Using 5-HT and  DA as subs t ra tes ,  
r a the r  t h a n  t r y p t a m i n e ,  i t  was found  t h a t  5-HT was  
d e a m i n a t e d  at  a ra te  of only 20% and  DA only 50% of 
t h a t  of t r y p t a m i n e .  This  con t ras t s  wi th  s tudies  in the  
ve r t eb ra t e s  where  higher  specific act ivi t ies  were found  
for 5-HT and  DA subs t ra tes  in con t ras t  to  t r y p t a m i n e  n.  

The effects  of var ious  drugs on MAO ac t iv i ty  were also 
s tudied.  NiMamide (10 -4 M), a MAO inhibi tor ,  p roduced  
a 50 % decrease of MAO act iv i ty .  Chlorpromazine  (10-4 M), 
a DA recep tor  blocker,  also inh ib i ted  MAO by  50%:  
Concent ra t ions  of less t h a n  5 • 10 -5 M of e i ther  drug  had  
no measurab le  effect.  Reserp ine  (5 • 10 -5 M or greater) 
enhanced  the  MAO act iv i ty ,  wi th  a 50% increase a t  
10 -4 M. Incuba t i on  of ganglia wi th  5-HT (10-~ M -  10 -3 M) 
resul ted in a non- l inear  decrease in measured  act iv i ty ,  
t hough  th is  migh t  be due to  compet i t ion  of t he  accumu-  
la ted  5-HT wi th  the  l~C-tryptamine.  

The effects  of pargyl ine  (MAO inhibi tor)  were also 
examined.  5-I-IT deamina t ion  was only  inhib i ted  wi th  
pargyl ine  concen t ra t ions  grea ter  t h a n  5 •  -4 M. DA 
and t r y p t a m i n e  deamina t i on  were b o t h  par t ia l ly  inhib i ted  

MAO activity in various tissues 

Tissue Tissue Protein 
(nmole/g/min) (nmole/g/min) 

Albumen Gland ND ND 
Flagella ND ND 
Radula retractor muscle ND ND 
Liver 8.053 :t: 0.390 62.11 4- 4.05 
Kidney 2.506 4- 0.282 25.15 4- 2.81 
Salivary gland 3.065 4- 0.268 39.09 • 3.23 
Spermatheea 0.465 -[- 0.099 33.41 4- 0.52 
Optic tentacle 0.105 4- 0.015 0.80 4- 0.15 
Ventricle 0.067 :L 0.001 0.99 :t: 0.08 

Ganglia 
Bueeal 3.253 J: 0.262 26.81 4- 4.30 
Supraesophageal 1.502 4- 0.103 16.86 -4- 1.07 
Suboesophageal 0.904 4- 0.069 13.34 ~_~ 0.81 

Suboesophagel �9 0.189 4- 0.069 b 2.63 4- 0.96 ~ 
Suboesophagelb 0.415 4- 0.018 b 5.77 :k 0.25 b 

Tissues analyzed as described ill text with tryptamine as substrate 
except s with 5-HT as substrate and b with DA as substrate. ND 
indicates not detected. Values are 4- SEM for n between 9-37. 

by  pargyl ine  be tween  5 • 10 -4 M and 5 • 10 -5 M.  Li t t le  
effect  was  seen at  concen t ra t ions  lower t h a n  10 -~ M.  
This  is in te res t ing  in v iew of the  fact  t h a t  mul t ip le  forms  
of MAO have  been  proposedl4-1* to occur in t he  ver te -  
brates ,  based  on the  di f ferent ia l  degrada t ion  of var ious  
monoamines  and  the  actual  separa t ion  of ' i soenzymes '  
f rom pur i f ied  prepara t ions .  The suggest ion has been  p u t  
forward  t h a t  pargyl ine  (MAO inhibitor)  selectively inhib i t s  
the  ]3 t y p e  enzyme 17 (subst ra te  ty ramine)  a t  low con- 
cent ra t ions ,  while t he  A t y p e  enzyme (where 5-HT is a 
subst ra te)  is only inh ib i ted  by  higher  concen t ra t ions  of 
pargyl ine.  DA und  t r y p t a m i n e  (being) subs t ra tes  for 
b o t h  types ,  are par t ia l ly  inhib i ted  a t  low concent ra t ions .  
Such is found  to  be the  case in the  snail. I t  is therefore  
possible t h a t  more  t h a n  one form of MAO occurs in t he  
snail, t h o u g h  the  significance of th is  is no t  clear, especial ly 
in view of the  a p p a r a n t  minor  role MAO m i g h t  have  in 
snails. 

The significance of t he  smal l  bu t  defini te  ac t iv i ty  of 
MAO in the  snail cen t ra l  nervous  sys t em is no t  clear, 
especial ly since o ther  s tudies  13 have  shown re -up take  of 
t he  released t r a n s m i t t e r  to  be the  probable  mechan i sm of 
inac t iva t ion  of DA and  5-HT in the  snail. I t  m a y  well be  
t h a t  MAO has  an inac t iva t ing  funct ion  in only a smal l  
p ropor t ion  of nerve cells, b u t  the  ' background  noise '  of 
the  o ther  cells, caused when  analyz ing  whole ganglia,  
blurs  t he  d iscovery  of th is  funct ional  significance. How-  
ever, i t  could be t h a t  MAO has  an even dis t r ibut ion ,  as 
has been shown for o the r  inac t iva t ing  enzymes  (acetyl- 
choline-esterase13 and  catechol-0-methyl- t ransferase13) .  
In  th is  case, t he  enzyme  could be funct ioning more  as an 
ex t r aneu rona l  regula t ing mechanism,  guarding agains t  
non-specif ic  s t imula t ion  by  ex t raneous  amines.  

Summary. The d i s t r ibu t ion  and  charac te r iza t ion  of 
MAO in var ious  t issues of the  snail  were analyzed.  Only 
low a m o u n t s  of the  en zy me  exist  in the  d i f ferent  t issues 
and  da t a  suggest  t h a t  there  is more  t h a n  one t y p e  of 
MAO. 
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Phospholipids of Mycobacterium phlei  ~ 

A m ongs t  t he  phosphol ip ids  of mycobac te r ia ,  cardio-  
l ipin has been  r epo r t ed  to be the  ma jo r  c o m p o n e n t  in 
M. phlei (penso)3, in an unclassif ied mycobac te r i a  P63 
and  also in I.i3:Rv, H3vRa and  M. avium (all NCTC) 
s t ra ins  4. Recen t ly  CHANDRAMOULI and  VENKITASUBRA- 
MANIAN 5 have  repor ted  f rom this  l abora to ry  t h a t  t he  
cardiol ipin is the  major  c o m p o n e n t  in M. smegmatis and  

1 This investigation was supported in part by a PL-480 grant No. 
FG-In-336. 

2 y.  AKAMATSU and S. NOJIMA, J. Biochem. (Japan) 57, 430 (1965). 
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Chem. Phys. Lipids 3, 159 (1969). 
4 D. SUBRAHMANYAM, Can. J. Biochem. d2, 1195 (1964). 
5 V. CHANDRAMOULI and T. A. VENKITASUBRAMANIAIq, Indian. J. 

Chest. Dis. 76, 199 (1974). 
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Table I. Individual phospholipid components of M. smegmatis and M. phlei strains 
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Strain Total lipids Total phospholipid Phospholipid components Phospholipid components 
(mg/100 mg dry wt.) phosphorus (% of total phospholipid (~moles per 100 mg dry wt. 

(~moles/l O0 mg dry wt.) phosphorus) of bacteria) 

CL b PE o PMx a CL PE PMx 

M. smegmatis CDC 10.00 4.50 45.0 22 27.0 2.02 0.99 1.22 
M. phlei NCTC 6.32 3.60 32,0 25 40.0 1.15 0.90 1.44 
M. phlei CDC 10.80 4.40 38.0 23 38.5 1.67 1.01 1.69 
M. phlei NADL 10.00 5.00 37.5 21 38.5 1.88 1.04 1.93 
M. phlei ATCC 354 11.50 4.10 29.0 14 46.5 1.19 0.57 1.91 

~Average of 3 separate experiments, bCL, cardiolipin. ~PE, phosphatidylethanolamine, aphosphatidylinositohnamlosides. 

H3vRv of NCTC; M.  607 (strain No. K 155 ATCC) and  
M.  avium (TMC 701). In  the  course of s t u d y  on the  effect  
of e n v i r o n m e n t  on d i f ferent  cons t i tuen t s  of mycobac te r ia ,  
it  was found  t h a t  one of the  s t ra ins  of M. phlei showed a 
p a t t e r n  d i f ferent  f rom o ther  strains.  This  p r o m p t e d  us to 
inves t iga te  the  levels of individual  phosphol ip ids  in 
o ther  s t ra ins  of M.  phlei also. To the  bes t  of our know- 
ledge, th is  is the  f i rs t  repor t  where  phospha t idy l inos i to l -  
mannos ides ,  monomannos ide  in par t icular ,  are the  major  
c o m p o n e n t  of phosphol ip ids  of mycobac te r ia .  

Materials and methods. The cells were grown as s t eady  
cul tures  a t  37~ on YOUMANS and  KARLSONS 6 medium,  
excep t  t h a t  magnes ium c i t ra te  was replaced by  citric 
acid and magnes ium carbonate .  The cells were ha rves t ed  
dur ing exponent ia l  phase  of growth.  Thus  Myeobacterium 
phlei (ATCC 354), M. phlei (CDC, USA) and  M. smeg- 
matis (CDC, USA) were ha rves t ed  on the  5th day,  
whereas M. phlei (NCTC, London)  and M. phlei (NADL, 
USA) were ha rves t ed  on the  10th day. Lipids  were 
ex t rac ted  by  the  m e t h o d  of Folch  et al.L Total  l ipids 
were de te rmined  gravimetr ical ly .  Phosphol ip ids  were 
separa ted  by  th in- layer  c h r o m a t o g r a p h y  using as solvent  
sys tem chloroform:  me thano l :  ammon ia  (115 : 45 : 7.5, 
v /v/v)  s. Phospho rus  was e s t ima ted  by  the  m e t h o d  of 
BARTLETT as modif ied  by  MARINETTI 9. Mannose  was 
e s t ima ted  by  the  me thod  of DIETRICH and ANI)ERSONI~ 
and  molar  rat io of phosphorous  to  mannose  was used as 
cr i ter ion for mono,  di- and pen tamannos ides .  

Results and discussion. Compar ison of individual  
phosphol ip ids  as shown in Tables  I and II  reveals  cardio- 
l ipin as ma jor  c o m p o n e n t  in M. smegmatis CDC and  

phospha t idy l inos i to lmannos ides  as ma jor  c o m p o n e n t  in 
M. phlei ATCC 354 of to ta l  phosphol ip ids .  A m o n g  the  
indiv idual  phospha t idy l inos i to lmannos ides ,  m o n o m a n n o -  
phospho inos i t ide  is the  major  c o m p o n e n t  in all t he  s t ra ins  
s tudied,  in ag reemen t  wi th  o the r  repor t s  4, 6, n.  

M. phlei ATCC 354 seems to be a unique s t ra in  in t h a t  
m o n o m a n n o p h o s p h o i n o s i t i d e  itself is more  t h a n  the  
concen t ra t ion  of cardiol ipin as agains t  the  opposi te  
observa t ion  repor ted  in o ther  mycobac te r ia .  Since as 
m a n y  as 12 s t ra ins  of mycobac te r i a  (5 in the  p re sen t  
inves t iga t ion  and  7 repor ted  elsewhere a,5) have  been 
screened for the i r  phosphol ip id  c o m p o n e n t s  in th is  
labora tory ,  the  unique  f inding in case of M.  phlei ATCC 
354 could no t  be due to  var ia t ions  in ex t r ac t ion  procedure  
and  l abora to ry  condit ions,  b u t  is solely due to  the  
character is t ics  of the  s t ra in itself. 

S imul taneously ,  M. phlei ATCC 354 exhibi t s  decreased 
levels of phospha t idy l e thano lamine .  However ,  still lower 
values have  been repor ted  in some s t ra ins  of M. phlei~.  

The presence  of ant ibodies  to  phosphol ip ids  of myco-  
bac ter ia  has  been  d e m o n s t r a t e d  in tubercu lous  pa-  
t i en t s  ~a-15. Phospha t i de s  capable  of reac t ing  wi th  cor- 
responding  ant ibodies  in tubercu lous  sera has also been 
observed in M.  phlei and M.  607. (both NCTC strains) 
and the  an t igen  responsible  for th is  serological reac t ion  
has  been puri f ied and ident i f ied as phospha t idy l inos i to l -  
mannos ides  ~6. The specifici ty of the  phospha t ide -an t i -  
p h o s p h a t i d e  react ion suggests  t h a t  phospha t idy l ino -  
s i tohnannos ides  are of considerable  value in the  sero- 
diagnosis  of tuberculosis .  Therefore,  it  is possible t h a t  
M. phlei ATCC 354 has a h igh  ant igenic  ac t iv i ty  by  v i r tue  
of its h igh co n t en t  of phospha t idy l inos i to lmannos ides .  

Table I1. Individual phosphatidylinositolmannosides of M. smegma- 
tis and M. phlei strains~ 

Strain Total phospholipid [xmoles per 100 mg 
phosphorous (%) dry wt. of bacteria 

PMlb PM2r PMsa PM 1 PM2 PM 5 

M. smegmatis CDC 14 11 2.0 0.63 0.50 0.09 
M. phlei NCTC 27 10 3.0 0.97 0.36 0.11 
M. phlei CDC 25 11 2.5 1.10 0.48 0.11 
M. phlei NADL 26 10 2.5 1.30 0.50 0.12 
3~1. phlei ATCC 354 32 11 3.5 1.31 0.45 0.14 

aAverage of 3 separate experiments, b PM1, monomannophospho- 
inositide, c pM2, dimannophosphoinositide, a pMs, pentamanno- 
phosphoinositide. 
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Rdsumd. La cardiol ipine est  le pr inc ipal  phosphol ip ide  
dans  M. smegmatis CDC. I1 cons t i tue  le 45% du phospho-  
l ipide total .  Elle est  suivie d ' une  quan t i t6  de phospha-  
t idy l inos i to lmannos ides .  Dans  M. phlei ATCC 354 au 
contraire ,  ces derniers  r epr6sen ten t  le 46% du phospho-  

!~ The author is grateful to the Indian Council of Agricultural 
Research, New Delhi for the award of a senior research fellowship. 

l ipide total .  Le mo n o man n o p h o s p h o i n o s i t i d e  y est  pr6sent  
en plus forte  concen t ra t ion  que la cardiolipine. 
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Aryl and Aniline Hydroxylases in Rat Nuclear Membranes after Pretreatment with 
Pregnenolone 16a-carbonitrile, Phenobarbital and Methylcholanthrene 

The abi l i ty  of pregnenolone  16a-carbonitr i le ,  a p o t e n t  
ca ta tox ic  steroid,  to p ro t ec t  r a t s  agains t  m a n y  tox ican t s  1, 
m a y  be a t t r i b u t e d  to  its capac i ty  to  induce mixed-func-  
t ion  microsomal  oxidases such as aryl  hyd roca rbon  
hydroxylase .  The dual  role of th is  enzyme sys t em in 
e i ther  de toxi f ica t ion  or in the  fo rmat ion  of act ive inter-  
media tes  in polycyclic  hyd roca rbon  carcinogenesis  has 
been es tabl ished 2. P r e t r e a t m e n t  of ra t s  wi th  pregnenolone  
16 e-carboni t r i le  increases l iver weight ,  s t imula tes  smooth-  
surfaced endoplasmic  re t i cu lum prol i fera t ion in liver 
cells, and enhances  N A D P H  cy toch rome  c reductase  
ac t iv i ty  as occurs af ter  phenoba rb i t a l  t r e a t m e n t  3, 4. 

The induc t ive  effect  of pregnenolone  16e-carboni t r i le  
in microsomes  has  been shown to be grea ter  t h a n  t h a t  of 

�9 phenoba rb i t a l  bu t  still less t h a n  the  induc t ion  of the  
enzymes  by  m e t h y l c h o l a n t h r e n e  ~. However ,  the  induc t ion  
in microsomes  of anil ine hydroxylase ,  ano the r  inducible 
enzyme  sys tem,  was the  same for all 3 substances .  KHAND- 
WALA and KASPER e have  recen t ly  d e m o n s t r a t e d  high 
levels of aryl  h y d r o c a r b o n  hydroxy lase  in the  l iver nuclei 
and  nuclear  m e m b r a n e s  of m e t h y l c h o l a n t h r e n e - t r e a t e d  
rats ,  bu t  no differences were no ted  in the  nuclei or nuclear  
m e m b r a n e s  f rom phenoba rb i t a l - t r e a t ed  or control  rats.  
Here  we repor t  t h a t  pregnenolone  16 e-carbonitr i le ,  which 
induced  high quan t i t i e s  of aryl  hyd roca rbon  hydroxy lase  
and  anil in hydroxy lase  in microsomes,  as did me thy l -  
cho lan th rene  and  phenobarb i t a l ,  was unable  to  induce the  
enzyme in puri f ied nuclei  and  nuclear  membranes .  

For  enzyme  induct ion,  male  ra t s  (WAG strain,  
C.E.S.A.L. ,  Orleans, France)  weighing 130-150 g were 
t r e a t ed  wi th  phenobarb i t a l ,  3 -methy lcho lan threne ,  and 
pregnenolone  16cr in the  following man n e r :  
0.1% sodium phenoba rb i t a l  was placed in the  dr inking 
wa te r  of 1 group of animals  for 2 weeks, me thy lcho lan-  
t h rene  was in jec ted  in to  ano the r  group (20 mg/kg  in 

0.5 ml  corn oil) once a day  for 2 days,  and  a micronized 
suspension of p regnenolone  16 e-carboni t r i le  in 2 ml wa te r  
wi th  a t race  of Tween  80 was given per  os to ano the r  
group (50 mg/kg).  The c o m p o u n d  was admin is te red  at  
8-h in tervals  (twice dai ly  for 2 days  and  once on the  3rd 
day).  Controls  of in jec ted  ra ts  received 0.5 ml  corn oil 
only. The animals  had  free access to  wa te r  and a s t an da rd  
diet. They  were killed by  decap i t a t ion  2~ h af ter  the  last 
in jec t ion  or last  oral admin i s t ra t ion .  The l ivers were 
excised quickly, chilled and  weighed. The nuclei f rom ra t  
l iver were isolated (according to KASPER 4) and the  nuclear  
m e m b r a n e s  were p repa red  by  ac t ion  of hepar in  on the  
nuclei as descr ibed by  BORNENS ~. The pur i ty  and in tegr i ty  
of b o t h  p repara t ions  were control led by  electron micro- 
scope studies.  

Table I shows tha t ,  in the  microsomes,  methylcholan-  
th rene  and  pregnenolone  16e-carboni t r i le  induce greater  
quant i t i es  of aryl  h y d r o c h a r b o n  hydroxylase  t han  
phenobarb i ta l .  In  the  nuclei  and nuclear  membranes ,  
however,  ne i ther  p regnenolone  16e-carboni t r i le  nor 
phenoba rb i t a l  induce the  enzyme.  On the  o ther  hand,  
me thy lcho lan th rene ,  which induces  6 t imes  more  aryl  
hyd roca rbon  hydroxy lase  in the  microsomes,  induces  10 
t imes  more  enzyme in t he  nuclei and  15 t imes  more  en- 

1 I-I. SELYE, Rev. Can. Biol. 29, 49 (1970). 
N. KINOSHITA and H. V. GELBOIN, Proc. natn. Acad. Sci., USA 
69, 824 (1972). 

a A. Y. H. L~J, A. SoMonwl, S. WEST, R. R. KUNTZMAN and A. H. 
CONNEY, Arch. Biochem. Biophys. 152, 457 (1972). 

4 C. B. KASPER, J. biol. Chem. 246, 577 (1971). 
s A. SOMOGYI, K. KOVACS, B. SOLYMOSS, R. KUNTZMAN and 

A. H. CONNEr, Life Sci., part II 10, 1261 (1971). 
6 A. S. KHANDWALA and Cm B. KASPER, Biochem. biophys. Res. 

Commun. 54, 1241 (1974). 
7 IV[. BORNENS, Nature, Lond. 244, 28 (1973). 

Table I. Specific activity of aryl hydrocarbon hydroxylase in the nuclei, the nuclear membranes and microsomes after induction by pheno- 
barbital (PB), methyleholanthrene (MC) and pregnenolone 16~-earbonitrile (PCN) 

Fraction Treatment 
C PB MC PCN 

(pMoles 3=hydroxy benzo(a)pyrene/30 min/mg protein) 

Nuclei 222 :[: 48 202 -~ 52 (--)~ 2402 ~: 342 (• 10) 186 :[: 42 (--) 
Nuclear membranes 400 ~: 120 416 i 104 (--) 6956 :L 820 ( • 15) 422 :t: 120 (--) 
Microsomes 4200 i 380 7450 4- 602 ( • 2) 26420 :~ 2250 ( • 6.5) 12604 ~ 620 ( • 3) 

aThe figures in parentheses show the degree of activation as compared to controls. Aryl hydrocarbon hydroxylase was determined by the 
method described by KI~OSHITA and GELBOm 2. 


