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The fluorescence signal profiles observed in control samples of B. animalis, partic-

ularly considering their unavoidable exposure to oxygen during analysis, served as the

basis for establishing the measurement gates across all three Bifidobacterium species.

The gating strategy was consistently applied to FC analyses of B. bifidum, B. breve, and

B. animalis throughout the study.
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Figure 5.1 CellRox Green and propidium iodide fluorescence biplot of B. animalis control
cells. N-ROS, PI- gate represents unoxidised cells with an intact membrane, N-ROS, PI+
gate represents unoxidised cells with a damaged membrane, ROS+, PI- gate represents
oxidised cells with an intact membrane, ROS+, PI+ gate represents oxidised cells with a
damaged membrane.

5.3.2 Combined assessment of membrane integrity and intracellular oxidation state

in stress-adapted Bifidobacterium spp. under lethal H2O2 challenge.

As observed in Figure 5.2, each Bifidobacterium species displayed a unique response to

the lethal H2O2 challenge in terms of maintenance of membrane integrity and control of

intracellular oxidation state. The majority of each Bifidobacterium population presented

with an intact membrane in an oxidised state (ROS+, PI-) following the lethal challenge,
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except for the unadapted B. bifidum cells (Figures 5.2 (A) and 5.3). Most of the unadapted

B. bifidum cells exhibited membrane damage whilst in an unoxidised state (N-ROS, PI+)

(38.6%) (Figures 5.2 (A) and 5.3), which alludes to the subpopulation gate that is classi-

fied as dead cells resulting from ROS accumulation, as shown in Section 5.3.1.
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Figure 5.2 CellRox Green and propidium iodide fluorescence biplots of unadapted,
sublethal- and lethal H2O2-treated B. bifidum, B. breve and B. animalis following ex-
posure to the lethal H2O2 challenge (1 mM H2O2; 30 min). N-ROS, PI+: Unoxi-
dised, membrane-damaged cell gate; N-ROS, PI-: Unoxidised, membrane-intact cell gate;
ROS+, PI+: Oxidised, membrane-damaged cell gate; ROS+, PI-: Oxidised, membrane-
intact cell gate.
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Figure 5.3 Relative proportions of unoxidised, membrane-damaged (N-ROS, PI+), unoxi-
dised, membrane-intact (N-ROS, PI), oxidised, membrane-damaged (ROS+, PI+) and ox-
idised, membrane-intact (ROS+, PI-) subpopulations of unadapted, sublethal- and lethal
H2O2-treated Bifidobacterium species following exposure to the lethal H2O2 challenge (1
mM H2O2; 30 min).

In contrast, H2O2-treated cells of B. bifidum, both sublethal- and lethal H2O2-treated,

exhibited the greatest proportion of their population with an intact membrane whilst in

an oxidised state (ROS+, PI-) (45.3% and 44.4%, respectively) (Figures 5.2 (D), (G) and

5.3).

It is evident in Figure 5.2 (B) that the unadapted B. breve cells demonstrated superior

retention of membrane integrity than their H2O2-treated counterparts following exposure

to the lethal H2O2 challenge. This observation is also evident in Figure 5.3, whereby

83.8% of the unadapted B. breve cells fluoresced within the (ROS+, PI-) subpopulation

gate. However, the lethal H2O2-treated B. breve cells demonstrated greater control of

intracellular oxidation state compared to the sublethal H2O2-treated cells, as illustrated

by the bi-fluorescence of CRG and PI within the (N-ROS, PI-) subpopulation gate in

Figure 5.2 (H).
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Table 5.1 Analysis of variance showing the effect of bacterial species, stress adaptation
and growth condition on the growth rate and the maximum population density of Bifi-
dobacterium spp. (n = 4)

P-Value

Source of Variation DF Growth Rate MPD1

Main Effects

Bifidobacterium species (B. bifidum, B. breve, 2 < 0.001 < 0.001

B. animalis)

Adaptation Treatment (Unadapted, Adapted) 1 - < 0.001

Growth Condition (0, 0.1, 1 mM H2O2) 2 < 0.001 < 0.001

Interactions

Species x Growth Condition 4 < 0.001 < 0.001
1MPD = maximum population density, as indicated by the OD36h.

Similarly, the MPD of B. breve was observed to be generally greater than B. bifidum

and B. animalis (P < 0.001) (Tables 5.1 and 5.3). When considering the impact of the

H2O2 concentrations, Table 5.3 shows that the MPDs for all Bifidobacterium spp. were

higher under both 0.1 and 1 mM H2O2 concentrations than under anaerobic conditions

(P < 0.05), particularly for B. bifidum and B. breve (P < 0.05) (Table 5.1). In contrast,

B. animalis generally displayed a lower MPD than B. bifidum and B. breve, exhibiting

similar MPDs regardless of the growth condition (P < 0.05) (Tables 5.1 and 5.3). In addi-

tion, an increase in the MPD was observed in the stress-adapted Bifidobacterium variants.

However, this increase was significant (P < 0.005) only for B. bifidum and B. animalis

under an anaerobic environment (Tables 5.1 and 5.3).
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Table 5.2 Growth rates of unadapted and stress-adapted Bifidobacterium spp. during 36 hours of incubation under 0, 0.1 and 1 mM H2O2.1

Growth rate (OD units/h)

Growth B. bifidum B. breve B. animalis

Condition Unadapted Stress Adapted Unadapted Stress Adapted Unadapted Stress Adapted

0 mM H2O2 0.007Aa ± 0.009 0.072Ab ± 0.007 0.158Ac ± 0.003 0.148Ac ± 0.001 0.006Aa ± 0.001 0.040Aab ± 0.007

0.1 mM H2O2 0.142Ba ± 0.002 0.093Ab ± 0.013 0.162ABa ± 0.001 0.176Ba ± 0.003 0.085Bb ± 0.007 0.068Bb ± 0.036

1 mM H2O2 0.150Ba ± 0.003 0.149Ba ± 0.001 0.187Bb ± 0.011 0.178Bab ± 0.001 0.093Bc ± 0.002 0.043Ad ± 0.059
1Values are mean ± standard deviation (n = 4).

Statistically significant differences (P < 0.05) between means are indicated by different small-caps letters within the same row, and

different all-caps letters within the same column.
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Table 5.3 MPD of unadapted and stress-adapted Bifidobacterium spp. during 36 hours of incubation under 0, 0.1 and 1 mM H2O2.1

Maximum Population Density (OD36h)

Growth B. bifidum B. breve B. animalis

Condition Unadapted Stress Adapted Unadapted Stress Adapted Unadapted Stress Adapted

0 mM H2O2 0.142Aa ± 0.028 0.536Ab ± 0.245 0.789Ac ± 0.015 0.758Abc ± 0.044 0.249Aa ± 0.027 0.576Abc ± 0.041

0.1 mM H2O2 0.708Babd ± 0.014 0.632Aad ± 0.208 0.821Aac ± 0.013 0.946Bbc ± 0.046 0.370Ade ± 0.043 0.551Ae ± 0.055

1 mM H2O2 0.717Bae ± 0.016 0.729Aae ± 0.048 0.947Aac ± 0.012 1.145Bbc ± 0.353 0.317Ad ± 0.060 0.532Ade ± 0.038
1Values are mean ± standard deviation (n = 4).

Statistically significant differences (P < 0.05) between means are indicated by different small-caps letters within the same row, and

dif-ferent all-caps letters within the same column.

MPD = maximum population density, as indicated by the OD36h.

66



B. bifidum B. breve B. animalis
U
na
da
pt
ed

St
re
ss
-a
da
pt
ed

D

A

E

B

F

C
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 — irregular cell envelope/ cell damage;   — coccoid progeny).

Figure 5.4 Scanning electron images of unadapted (A-C) and stress-adapted (D-F) B. bifidum (A and D), B. breve (B and E) and B. animalis
(C and F) cells after exposure to lethal challenge (1 mM H2O2; 30 min).
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Figure 5.5 Transmission electron images of unadapted, control (A-F) and stress-adapted (G-L) B. bifidum (A, D, G, J), B. breve (B, E, H,
K) and B. animalis (C, F, I, L) cells. Images represent respective bacterial species before (A-C and G-I) and after exposure (D-F and J-L) to
lethal oxidative stress (1 mM H2O2; 30 min).
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