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Changes of Oxidative Enzymes and Fatty Acid Compesition of Bifidobacterium adolescentis and
B. longum under Anaerobic and Aerated Conditions. Shin, SoonYoung and Jong-Hyun Park*,
Korea Food Research Institute, Baekhyun-dong, Bundang-ku, Songname-si, Kyonggi-do 463-420,
Korea—-To study the oxygen tolerance mechanism of bifidobacteria, we have studied the growth of
cells, the activities of the enzymes which were related with oxygen, such as catalase, superoxide
dismutase(SOD), NADH oxidase, and NADH peroxidase, and cellular fatty acid compositions of Bifido-
bacterium adolescentis and B. longum under anaerobic and aerated (microaerobic and aerobic) con-
ditions. B. longum grew relatively well under the microaerobic conditions, whereas the growth of B.
adolescentis was inhibited under the same aerated conditions. B. adolescentis had extremely low level
of NADH oxidative enzymes while B. longum had the relatively high level of NADH oxidative en-
zymes, whose activities were dramatically increased from 3.7 to 11.4 times by microaerobic condition
but not in B. adolescentis. The activity of SOD was unexpectedly high in B. adolescentis compared
with in B. longum under anaerobic and aerated conditions. The activities of catalase were not detected
in all samples tested in this study. We also found that normal C,, and C;, were the major fatty acids
in B. adolescentis and B. longum under anaerobic and aerated conditions. 2.2-14.1% C,, cyclo fatty
acid was detected only in B. longum and the fatty acid was increased by the addition of the aeration.
The C,, cyclic fatty acid was identified as a cis 9, 10-methylene octadecanoic acid, which was differ-
ent from lactobacillic acid in the cyclized site. 6.6%-24.6% of dimethyl acetals (DMA) which came
from plasmalogen were observed in the B. adolescentis and B. longum grown under anaerobic con-
dition, and the components were notably decreased in the cells grown under the aerated conditions. It
is believed that NADH oxidative enzymes play an important role to detoxify oxygen metabolites of Bi-
fidobacterium spp. under anaerobic and microaerobic conditions. Independently from oxidative enzymes,
it seems that oxygen stress may induce the change of the level of cellular fatty acids showing an incre-
ase of Cy, cyclo in B. longum and a decrease of C,, of plasmalogen in B. longum and B. adolescentis
to adapt in environment.
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Fig. 1. Growth of Bifidobacterium adolescentis and B. longum
under anaerobic (—@—), aerobic with 30 rpm (—#—), 60
rpm ( —&— ), and 100 rpm ( —%— ) conditions.

The experiment was performed in 150 ml serum vial contained
70 ml of SMRS media with 2% glucose. Aerobic conditions
were maintainted by constant shaking serum vials with cotton
cap at the predetermined speeds.
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Table 1. Effect of aeration on the activities of oxidative en-
zymes' in Bifidobacterium adolescentis’

Culture Condition Specific activity (unit/mg protein)

NADH

Aerobicity ~ Growth Phase SOD’  Oxidase® Peroxidase’
Anaerobic Exponential 238 0.06 0.01

Stationary 500 0.05 0.00
Microaerobic Exponential 384 0.06 0.00

Stationary 500 0.09 0.07
Aerobic Exponential 500 0.05 0.14

Stationary 334 0.02 0.02

'Catalase activities were not detected in all samples.
*Bifidobacterium spp. were harvested at 10 hrs for exponential
and at 24 hrs for stationary phase, and aerobic, microaerobic
and anaerobic conditions.: Cell free extracts were used for det-
ermining enzyme activities.

*The SOD activities were evaluated from the rate of reduction of
ferric-cychrome c by superoxide derived from the reaction of
xanthine and xanthine oxidase.

‘NADH-oxidase activities were determined by measuring the
rate of NADH oxidation at 340 nm.

>The same precedures as in NADH oxidase were prepared under
the anaerobic condition.

Table 2. Effect of aeration on the activities of oxidative en-
zymes' in Bifidobacterium longum’

Specific activity (unit/mg protein)
NADH

Culture Condition

Aerobicity Growth Phase SOD®  Oxidase® Peroxidase’
Anaerobic Exponential 37 091 0.22
Stationary 147 0.15 0.05
Microaerobic Exponential 278 337 1.97
Stationary 58 1.07 0.57
Aerobic Exponential 72 0.12 0.09
Stationary 75 0.13 0.00

'Catalase activities were not detected in all samples.
*Bifidobacterium spp. were harvested at 10 hrs for exponential
and at 24 hrs for stationary phase, and aerobic, microaerobic
and anaerobic conditions.: Cell free extracts were used for det-
ermining exzyme activities.

*The SOD activities were evaluated from the rate of reduction of
ferric-cychrome ¢ by superoxide derived from the reaction of
xanthine and xanthine oxidase.

‘NADH-oxidase activities were determined by measuring the
rate of NADH oxidation at 340 nm.

*The same precedures as in NADH oxidase were prepared under
the anaerobic condition.

olescentis®] NADH Atsld 49 342 NADH oxidase
7} 0.02-0.09 unit, NADH peroxidase’} # 3 0.14 unit
2 B. longum® 0.13-3.37 unit®} 337 NADH perox-
idase 1.97 unitell ¥]3l &x3] F9tri(Table 1, 2). B.
longum®] NADH oxidase 842 =|Z7]4 27X &
713 FZ7Ax¥c} o 59), NADH peroxidasex 34
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Table 3. Effect of aeration on the composition of methylated cellular components of Bifidobacterium adolescentis'
(% of total chromatographic area)

" . Aerated
Culture Condition Anaerobic
Microaerobic Aerobic
Component Exponential Stationary Exponential Stationary Exponential Stationary
Cpo FAME’ 14 23 22 1.5 26 22
Cuo DMA’ 2.0 1.2 1.3 0.9 15 1.1
C..o FAME 35 5.0 74 8.9 6.8 6.1
Ci0o FAME 17.6 19.4 28.3 29.5 24.7 26.1
C,., FAME 1.9 1.3 1.0 1.1 1.3 15
C;sz; DMA 22.6 16.1 6.9 5.7 8.8 9.5
Ciso FAME 4.9 29 2.6 2.6 29 52
C;s» FAME 30.7 314 31.7 31.4 31.9 342
Total 84.6 79.6 81.4 81.6 80.5 85.9

'B. adolescentis was cultured in supplemented MRS media and harvested at 10 hrs for exponential and at 24 hrs for stationary phase
cells, and anaerobic, microaerobic, and aerobic conditions, respectively. Lyophilized cells were methylated by BF; methano! for 15
mins. Analysis were made by Supelco sp 2330, fused silica capillary column. Dimethyl acetal was identified using Computer system in
Microbial Identification System (MIDI, Microbial ID, Inc.).

*FAME(fatty acid methyl ester): a methylated form of typical ester linkage of fatty acid.

’DMA(dimethyl acetal): a methylated form of ether linkage of fatty aldehyde in plasmalogen. [4-6, 13].

Table 4. Effect of aeration on the composition of methylated cellular components of Bifidobacgerium longum
(% of total chromatographic area)

.- . Aerated
Culture Condition Anaerobic
Microaerobic Aerobic

Name Exponential Stationary Exponential Stationary Exponential Stationary
C,,0 FAME 03 1.1 1.8 2.7 25 1.2
Cio DMA 2.0 0.9 2.1 1.3 2.8 1.0
Cis0 FAME 4.6 41 55 52 83 6.5
Cio FAME 27.6 26.8 26.9 25.8 274 253
Ci1 FAME 1.5 2.0 2.9 3.7 1.8 1.2
Cizx DMA 222 37 23 1.2 6.8 11.6
Ciso FAME 7.8 9.1 59 6.3 45 42
Cis: FAME 215 31.0 303 22.7 194 17.1
Cyoo cyclo DMA t* 0.8 0.4 0.6 1.4 25
Cioo cyclo FAME 2.2 79 7.9 14.1 53 54

Total 89.7 874 86.0 83.6 80.2 76.0

'B. longum was cultured in supplemented MRS media and harvested at 10 hrs for exponential and at 24 hrs for stationary phase cells,
anaerobic, microaerobic, and aerobic conditions. Lyophilized cells were methylated by BF; methanol for 15 mins. Analysis were made
by Supelco sp 2330, fused silica capillary column. Dimethyl acetal and C,q ., were identified using Microbial Identification Computer
system (MIDI, Microbial ID, Inc.).

*FAME(fatty acid methyl ester): a methylated form of typical ester linkage of fatty acid.

*DMA(dimethyl acetal): a methylated form of ether linkage of fatty aldehyde in plasmalogen. [4-6, 13]. *trace.
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Fig. 2. Mass spectra of C,s .ya, fatty acid methyl ester (A)
and and C,g,; dimethyl acetal (B).
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Fig. 3. Comparison of retention time of fatty acid methyl ester
(FAME) and dimethyl acetal (DMA) on the GC chromato-
gram from B. longum.

B. longum was cultured in supplemented MRS media and har-
vested at late exponential phase under the anaerobic condition.
Lyophilized cell was methylated by BF, methanol for 15 mins.
Analysis were made by Supelco sp 2330, fused silica capillary
column. Dimethyl acetal and C,y ., were identified using Mi-
crobial Identification system (MIDI) and Mass Selective De-
tector Systems. FAME stands for a methylated form of typical
ester linkage to a glycerol carbon and dimethyl acetal a methy-
lated form of unsaturated ether linkage in plasmalogen.
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ium®l| Cigpacs lactobacillic acid®} 2 A o2 7k
o Ae|c}. B. longumgl o] C19:0cyclo‘tg_‘ B AY A=} 7]
A AR} m 374 27AA FTl51] AR EAlR
13k AET A5 wisE A AL

odubd o F QA AbshA EAfel 2Fte] AWk
Zo7} FotAa AETE f-540] $7t 35 AlEY
9] FzA HHAe] MAA He AR d#A
[15]. zel22 2 A3 Al stressoll &7 Al £ A
b W3l Az &abmt ylojele SdlelA] AAIRE
Fae] g3t

Cuor Cisty Cisocyo 5= WU QL fatty acid methyl
ester ©]2]ol| dimethylacetal(DMA)2] &S ey}
= AL froldd bl 3t} o] 52 plasmalogen®] fatty al-
dehydeollx] ®]E" 712 2[7], ©] plasmlogens ru-
men bacterias 3714 TS BA" 7o 374
Folvt 2 AT F71H wloks e A=A
e Ao g d#x cH13). o] A¥-2 bifidobacteria
& Ak AA AANA FAE Bl 98 NS,
Streptococcus, Leuconostoc, Lactobacillus SA= 32
=] g5, 13]. o]213 A 3= bifidobacteria®t 71&
AV 53 o2 EAS ¥odF= ¥bE bifidobacteria
o] Ad 714 I EHIFA S HodETh
Plasmalogen®] aldehydogenic chain< long chain fatty
acid2%E #% FH& Aeg d8x ¢JA9 fatty acid
7} aldehyde® A%E = e oFF] d8lx oA 22
(51, 37|79 plasmalogen®] 7123 7 EAl=
2028 FAZ JolgltH16]. Akx stressdloll4l DMA
9 geko] AA3) 4% A-97F Wk = B. longum®
Cioo a®) 37FES AXT A2 WstE »yed,
ol 7ol Wil w2 AExute] A& Akl #A
A Atstase] wsiels HH HACE bifidobac-
teria®] At59] EAo M2 A E T2 Wslehs #H
oA o] AAIZE A7) d 8 3

® %

Bifidobacterium spp.2l W AbAAI712HE- 9bs]7] $3}
o, Abael 9173 B. adolescentisSt AYHA 02 AbAol
WAlel sl B. longums AR {714 24, v157]
A 274, 3714 ek 2 Sl 1 S, A% AaE
o] B4, AE Auit 2Ae] W3l 52 dFsidct B
adolescentis®] A58 vl 3714 274 =13HsHA] A3
s}, B. longume -2 2704 F7)ujka) 22
Az &S FAEIAT o] F AN F FF9 ca-
talasex W2 R 942 Hb4, superoxide dismutase+




B. adolescentis®} B. longum 254 3aEglom o
= 27X £ B. adolescentis® B. longum Rr}
4L vetdsict. NADH oxidases} NADH perox-
idase®] A2 B. adolescentisol A= v~ e ubd,
B. longum X & AA7 $52 & nejom o] &
AL oA etz Aol ol P30 A 3.7
-11.4v0 F743tsich AlEe] xukib 2A Aw § FF
B Cieo™ Ciga©] A methylated ¥ % 60-70%2
i}'x]é‘l‘;]'- B. longum"ﬂ% %‘3‘] Ciso cvclo 9, 107]' 2-14% f{}‘?f‘
=] 31912, o]& lactobacillic acid®l= cylization $
217} €12 cis 9, 10-methylene octadecanoic acid®] S}
I usr]A ek X7 AEN FrlEe AES
2ok 7 oF BT dU)FelAM gel® Azete]
plasmalogen®l &x 2 413+ dimethyl acetals(DMA)S
Freta e o] F Cie DMAE 3714 2760l
"2 3] A= gt A4 stress 3739 bifidobacteria®
A5l 2le] NADH oxidative enzymesS %23 o3
£ 3, o] & HaAAg = HEE 74 2317 9
g+ }']IE:EL Z7] bﬁi}' 9’] Y= A HhAk Cioo CYCIOQ']’ plasm-
alogen®] Ci, 5] W3kgt 7102 A=)

ZAlel 2
& ATE 19968 = H3rlex Axrleialg

Fulol| Slste] aE A} A¥oln, ofel] ZAP=
s},

]l)'t
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