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Introduction 

Tobllchi (13), Wada (9), Frank
enburg & Vaitekunas (1), and Hylin 
( 6) reported the presence of 3-suc
cinoyl-6-hydroxypyridine as an in
termediate in the bacterial degrada
tion of nicotine after thre·e or more 
days of incubation. A similar com
pound ,.vas detected when some of 
the bacterial isolates which we have 
described previously (3, 4) were in
cubated for sixteen hours. 

The media used by the above-men
tioned investigators in culturing 
their bacteria were found, by com
parisnn, to be noticeably deficient 
and this fact probably necessitated 
the prolonged incubation periods. 
Such extensions of reaction times 
may obscure the se·quential pattern 
of nicotine degradation by a final 
accumulation of intermediates of 
varying metabolic significance. Sub
optimal environmental conditions 
which cause delayed growth may 
bear tll)on not only the rate but also 
the pat.tern of nicotine degradation. 

This paper is coneerned with the 
formation, isolation and metabolism 
of one intermediate of nicotine de
gradai.]o,n formed during the first 
tweJye }Jours of incubation by one of 
our L(m-blue-pigment-forming iso
lates. 

Materiais and Methods 

Nicotine-degrading bacterial iso
~ates Nos. 1 through 6 were grown 
in/on Sguros' medium containing -~e:~se:'1-r pddress-American Cy,mamid Co., 1937 
2 Pres~zain Street, Stamford, Connecticut _06902. 
soc· 
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4.0 g of nicotine per liter of medium. 
The maintenance of the cultures, 
preparation of inocula, incubation 
conditions, and manometric tech
nique used were ·described previous
ly (3, 4). The medium was distrib
uted in 100 ml aliquots into 300 ml 
baffled Erlenmeyer flasks, sterilized 
at 121°C for fifteen minutes, inoc
ulated by resuspended centrifuged 
cells, and incubated on a rotary 
shaker operating at 250 rpm on a 
one inch diameter eccentric at room 
temperature. 

Changes of ultraviolet absorption 
spectra were followed with a Beck
man DK2 spectrophotometer. Nico
tine, obtained from Distillation 
Products Industries, was determined 
in samples by a local modification 
of Willit's procedure (14). Infrared 
analysis wa's carried out with a 
Perkin-Elmer Infracord Model 137 
using thin films deposited on silver 
chloride discs. The thin layer chro
matography procedures have been 
described by Stahl (9) . 

Results and Discussion 

Chicago tap water used in the 
preparation of Sguros' medium was 
found to accelerate bacterial growth 
as well as the rate of nicotine de
gradation ( 4). The activities of iso
lates Nos. 3, 5, 6 and, to a smaller 
extent, No. 2, resulted in the ap
pea~ance of ultraviolet absorption 
maxima at 275 mµ. in an acidic 
medium after sixteen hours of in
cubation. Blue pigment-forming iso
lates Nos. 1 and 4 only slightly 
broadened the original nicotine maxi
mum in the direction of longer wave-
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lengths. Culture No. 3 was selected 
for the isolation of the inte-rmediate 
which appeared similar to that ob
tained by the above-mentioned in
vestigators after prolonged incuba
tion periods (1, 6, 9, 13). They re
ferred to this intermediate, partly 
for reasons of historical precedent 
and convenience, as 3-·succinoyl-6-
hydroxypyridine. 

None or negligible amounts of dis
tillable nicotine were found repeat
edly after twelve hours of incubation 
using sixteen to twenty-four hour 
old inoculum. During this incubation 
period, .an initial inoculum of ap
proximately 10 mg of dry cellular 
weight per 100 ml of medium in
creased about tenfold and the pH 
became slightly acidic (6.2). In 0.1 
N NaOH, a single well-defined ultra
violet absorption maximum appeared 
at 301 m,µ. Within a subsequent 
twelve hours of incubation, this peak 
gradually faded out and no other 
absorption developed within the 200 
to 340 mµ range. 

Cellular suspensions, after twelve 
hours of incubation, were filtered 
through a one-half inch bed of Celite 
filter aid and the filtrate was con
centrated under partial vacuum at 
55°C in a nitrogen atmosphere. With 
the volume reduced to about one
twentieth nf the original, the con
centrate was acidified with HCl to 
pH 2.0 and the resulting precipitate 
was filtered and air dried. Ultra
violet absorption spectra of the ini
tial suspension, the filtered broth, 
the concentrate, and the recovered 
solid material were identical. 

The recovered solid was an off-

T
ob

ac
co

 S
ci

en
ce

, 1
96

7,
 1

1-
3,

 p
. 1

1-
13

, I
S

S
N

.0
08

2-
46

23
.p

df
P

ub
lis

he
d 

w
ith

 k
in

d 
pe

rm
is

si
on

 fr
om

 "
T

ob
ac

co
 In

te
rn

at
io

na
l"



T
ob

ac
co

 S
ci

en
ce

, 1
96

7,
 1

1-
3,

 p
. 1

1-
13

, I
S

S
N

.0
08

2-
46

23
.p

df
P

ub
lis

he
d 

w
ith

 k
in

d 
pe

rm
is

si
on

 fr
om

 "
T

ob
ac

co
 In

te
rn

at
io

na
l"



the components of Chicago water 
,n:re not needed by resting cells to 
brfng about the degradation of an 
inh~rr::iediate which they foTined 
rapidly 3TI the early stages of incu
ba(,ior,, Thia is consMered to indi~ 
cate that tl1e components of Chicago, 
\Vate:: <Lffected the rate of. formation 
of rhis. intt?rmediate and not the pat
tern of nicotine degradation for iso
Ja:i~s X (1,3. 2, 3, 5 and 6. It is also 
in 2.gree-ment with Stanier1s concept 
of l"irnnJtaneous adaptation when an 
intermediate is utilized readily by 
ce:ls ~r:.wn in the presence of the 
origfr:12.l :iubstrate whkh, fo this 
cast~, ·was :;icotine (7). 

'\VitD .abcut a tenfold increase of 
dry cdfola.r weight in twelve hours 
of incu ba.tfon, some of the nicotine 
had TG cerntribute to the growth of 
eel!s ,viihin a very short time. The 
medium z:-ontained 100 mg of yeast 
ex'tract 'Nhich corresponded to about 
8 mg (,f nitrogen. The nitrogen con
~-<mt of 1.he dried cells was .found to 
be 10 to 11 %, and this corresponds 
to 100 to 110 mg of cellular nitrogen 
pet' ilter of bacteria! suspension 
after- t,:,.•elve hours of incubation. 
VVi~h a nicoti::re nitrogen content of 
692 nw/litt>r of medium, it appears 
that some of the nitrogen was used 
1vithir; ihe frst two hours at which 
tiffe Hght transmittance measure
ments indicated an increase in the 
numbtr of cells. ·whether the same 
schenw operates at an accelerated 
rate or a completely diffe-ren".. one is 
available to acquire needed energy 
and the components for cellular 
grc\vth remains to be established. 

Hylin (6) found y-[6-hydroxy-(3-
pyridyl) ]-y-oxobutyric acid to be a 
terminal nonmetabolizable compound 
formed onJ:i~ by rr.ature cells. In our 
instance, growing twelve-hour-old 
ce-lls as well as mature twenty-four
hour-old cells of non-blue-pigment
forming isolates utilized the inter
mediate readily. The resc1lt.s support 
the postulations of Tobuchi (13), 
Frankenburg & Vaitekunas (1), and 
Wada (9) 1vho reported that it was 
oxidized further to yield aliphatic 
compounds. Tobuchi and Wada 
found it necessary to grow their 
nicotine~degrading bacteria for four 
to five, days before individual frag
:nents of nicotine degradation \Vere 
rno1ated and identified; the reported 
~u:rple color of Wada's isolated in~ 
termedfate iN in contrast to either 

the colorless or whits preparations 
of others. Frankenburg & Vaite
kunas, as pointed out by Wada, did 
not give any details concerning the 
experimental conditions and time 
periods used. 

Since some of the intermediates of 
nicotine degradation are unstable 
(11), it may be speculative to at
tribute a. metabolic significance to 
compounds which can be found after 
prolonged incubation periods. Some 
of them weil may be the products of 
decomposition and autoxidation of 
other nicotine intermediates. This 
could be minimized by more suitable 
conditions - namely, leBs deficient 
media - which would reduce effec
tively the reaction periods. 

Soil, which is likely to be the 
original habitat of nicotine-degrad
ing bacteria, is much more generous 
in supplying an optlmal environment 
(including nutritional requirements) 
than an oversimplified mixture of 
several mineral constituents dis
solved in distiJled water. 

Summary 
Under conditions supporting rapid 

growth, y-[6-hydroxy-(3-pyridyl) ]· 
y-oxobutyric acid appeared to be the 
Just major p<,yridine-containing inter
mediate formed within twelve hours 
by the non-blue-pigment-forming 
nicotine-degrading bacterial isolate 
No. S. \Vhen isolated1 it was readily 
oxidized without any time lag by 
other n(l11-blue-pjgment-fo-rming cul
tures. The rate of its formation was 
enhanced noticeably by as yet un
identified components of Chicago tap 
water, Pseudooxynicotine appeared 
to be the jntermediate preceding its 
formation. 

The isolates which formed blue 
pigment were unable to oxidize it 
and there was no indication of its 
formation during their incubation 
cycle, 
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