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College and Bishop Heber College rank 
much above the rest. If a productivity 
measure such as exergy per faculty (X/F) 
score is chosen, Miranda House ranks 
third among this list of ten. If an effi-
ciency measure such as exergy per crore 
(Rs) of spending (X/S) score is consid-
ered, we find that Miranda House drops 
to fifth place. It also seems that higher 
spending or more faculty does not neces-
sarily increase productivity or efficiency 

in translating money to scientific  
wealth. 
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Polarity, asymmetry and aging: are there Yayatis among bacteria? 
 
Ulfat Baig, Milind Watve and Uttara Lele 
 
Yayati was a Hindu mythological king who exchanged his age with his son so that the father became young 
and the son old. Is this possible anywhere in the world of biology?  
 
Bacteria have been shown to age. In an 
exponentially growing population some 
cells progressively slow down and stop 
dividing1. This is thought to be due to 
asymmetric damage segregation in which 
old pole cells retain damaged compo-
nents and the new pole cells receive 
newly synthesized components2. Polarity 
implies functional asymmetry with a 
predefined direction with or without 
morphological difference. Cellular polar-
ity and division asymmetry are common 
to yeast, bacteria and stem cells of multi-
cell organisms3. A number of processes 
in bacteria, including formation of en-
dospores, flagella, stalks or buds show 
clear polar biases4. 
 Experiments in morphologically sym-
metric rod-shaped Escherichia coli 
showed that the cells inheriting old pole 
exhibited decreased growth rate, less off-
spring production, and increased prob-
ability of death1,2. Although damages 
could potentially be of many types, a ma-
jor component that shows demonstrable 
asymmetric segregation is protein aggre-
gates5. Protein aggregates frequently  
occupy polar positions, although they are 
also observed at other locations6. 
 Often in the context of bacterial aging, 
the terms ‘polarity’ and ‘asymmetric 
damage segregation’ have been used in-

terchangeably. In principle, asymmetric 
damage segregation should be possible 
without predefined polarity. Even if the 
damaged components go randomly to 
one of the daughter cells, all the pre-
sumed advantages of asymmetric divi-
sion would be obtained7–10. The old pole–
new pole axis (OPNPA) is not necessary 
for this advantage. However, it is possi-
ble that the mechanism of asymmetric 
segregation is such that the old pole re-
ceives the damaged components either 
invariably or with a greater probability. 
Therefore, there may or may not be a 
one-to-one association between old pole 
and old age.  
 Stewart et al.1 observed 7953 pairs of 
sister cells among which 54% of the time 
the new pole divided faster than the old 
pole, 15% of the time there was no dif-
ference and 31% of the time the old pole 
divided faster than the new pole. Lele et 
al.11 showed that old pole cells divided 
slower than the new pole cells in 12 out 
of 18 experiments, while in the remain-
ing six a reversed pattern was seen. 
Lindner et al.5 observed that under non-
stressed conditions, 28% of the time pro-
tein aggregates were localized at mid-
cell position, 30% of the time at the new 
pole and 31% of the time at the old pole 
when first formed with a noticeable size. 

It is possible that with subsequent divi-
sions the aggregates end up being at the 
old pole. Baig et al.6 and Lele et al.11 
showed that protein aggregation and 
symmetry of cell division in E. coli is not 
hard-wired but responsive to environ-
mental conditions and even reversible 
under certain conditions. There is sub-
stantial plasticity as well as evolvability 
in protein aggregation and functional 
asymmetry.  
 All these results suggest that while 
asymmetric damage segregation is at the 
centre of aging in bacteria, its association 
with OPNPA may not be indispensable. 
If OPNPA is central and critical to 
asymmetric division and aging in bacte-
ria, then spherical organisms that change 
their plane of division and thereby do not 
have a fixed OPNPA could be immune to 
aging3,12. Baig et al.13 showed that cumu-
lative cell division asymmetry exists in 
Staphylococcus aureus. Also, there is no 
evidence for any equivalence of polarity 
in these organisms12. OPNPA does not 
seem to be a necessary prerequisite for 
asymmetric damage segregation and 
thereby cell senescence.  
 This might be the solution for an unre-
solved riddle. Wang et al.14 followed the 
old pole cell for 200 generations using a 
microfluidic device and showed that the 
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growth rate of the old pole cell remained 
unchanged; nevertheless, the probability 
of death increased with age. These re-
sults are not surprising if we realize that 
there is a small probability of pole flip-
ping in the functional sense. The mem-
brane is a fluid and therefore even if the 
aggregated damage foci are anchored to 
it theoretically, they can drift. The posi-
tion of protein aggregates could change 
in a small proportion of cells as noted by 
Lindner et al.5 which may be sufficient 
to cause pole flipping with a small prob-
ability. If this happens, long-term con-
servation of growth rate of the mother 
cells is possible by periodic rejuvenation. 
Furthermore, the probability of pole flip-
ping may be different in fluid media and 
on agar surfaces, since the fluid dynam-
ics of the two systems can be substan-
tially different. Pole flipping by protein 
aggregates has been demonstrated in 
yeast15, further strengthening our specu-
lation. If there is functional pole flipping, 
the old pole cells can become fresh and 
the new pole cells old. This has a close 
parallel to the Yayati story of Indian my-
thology, where an old individual be-
comes young by exchanging age with a 
younger individual. By flipping poles the 
relationship of protein aggregation with 

other polar functions such as antibiotic 
persistence16,17 can change increasing 
population variability and thereby bet 
hedging advantage. Thus there is likely 
to be greater biological relevance to pole 
flipping, which needs to be explored fur-
ther.  
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