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Background

e Ribosome
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Background

e Antibiotics
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Background

« ribosome-targeting antibiotics

HRERBRERENTEREB SZERES1TELEE. FlUl - Sz
{R50S IWERESSHMERERARERSS, MBS, BHER. 8RB,
RARE, EWREZE SzrEk30S TEBESINEREEEZE. URERE,
PFREERRX. ZiESRE. FERINEMNER. BTNEEYHAREZIERY
ABTHI | AIXEZYIRRSERA RS A EIREFEERRIRAR | BILASH
AEMFENMERIRITERANE A,

LIzt iR ER2AEEAERERER  (BEEEEHER, =iE
INNEREE S TR IDReER X , LB IEEM S AAEIAPRE—RELE
. XEAFHERRE: sliCiaiE , IPHENFEER | THRNA 5F RV SHEBT
LSS, FBAStRNA RV NREZEETC | BHIEZAEABEA R FRIREE
A FERTER H OEES,

* nH.SO,

n=1.8

ST,

HUAZHONG AGRICULTURAL UNIVERSITY



Materials and Method

« Antibiotics

From Fisher Scientific

« Growth media

MOPS

« Strains

Escherichia coli K12 strain MG1655

e Protein and RNA extraction

Lowry method / cold perchloric acid precipitation
e Data fits

Powell ‘s method
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1. Antibiotic efficacy depends on growth rate

Irreversible Reversible
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2. Mathematical model

A B

Total Ribosome

: Concentration
4O 4T,
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2. Mathematical model
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(1)

(2)

(3)

(4)

This model is coupled to
cell physiology via the
empirical relations of Scott
et al (2010), which link the
growth rate A and
ribosome synthesis rate s(A)
to the ribosome
concentration; these act as
constraints on the
dynamical equations (1-3).

the unbound
ribosome content
ru and

the growth rate A
are linearly
proportional



2. Mathematical model

the total ribosome
» content
Mot = Tu + Tp = Tmax — AAr (.— ) (5) rot INCreases linearly,
reaching a fixed
maximal value
Fmax = 65.8

Adding together
equations (2) and (3) at
s(A) = Aot = ;[r aar(_i = ) (6) steady state
' - (dru/dt = drv/dt = 0)
shows that the
ribosome synthesis
rate s(A) is
the product of growth
rate and total
ribosome content
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3. Model results for growth inhibition curves

Solving the model equations ( 1-3) at steady state, together with the
physiological constraints, equations (4) and (5), produces a universal
equation that links the steady state relative growth rate k/kO to the
extracellular antibiotic concentration aex

AV (A (AL (AR) | e ()| (4
’ (f;-u) (f;u) | (f;-u) L (541) " 2Ic, (f;-u)] ‘4(541) |
(7)
The first parameter combination is a rate Ao+, which characterizes the
reversibility of ribosome-targeting antibiotic transport and binding:

"I‘J = EV'-..-r'JI:ul-‘\'rKi.‘- [E]
The second parameter combination is a concentration scale
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3. Model results for growth inhibition curves

A Streptomycin B Kanamycin
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4. Universal growth-dependent antibiotic susceptibility curve

Substituting aex = 1Cs0 and A = Ao/2 into equation (7),we find that, for all
antibiotics, the growth rate dependence of the half-inhibition
concentration IC50 is predicted to fall onto a universal growth dependent
susceptibility curve
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5. Simple predictions in the reversible and irreversible limits

In the limiting cases of very large or
1 very small Ao, that is the limits in
=iy Vit | 11y which antibiotic transport and

' | ; binding is either fully reversible or
fully irreversible, the model leads to
A 1 simple predictions for the growth

To 1+ @u/ICso’ 12" inhibition curve and growth rate
dependence of the half-inhibition
concentration ICso.
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6. Testing the model predictions for a translation mutant strain
of E. coli

In our model, the key parameters Ao *and ICso* (defined in
equations8 and 9) depend on the translational capacity jt. To
test the predictions of the model, we used a strain of E. coli
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7. Mechanistic link between reversibility timescale and
growth-dependent susceptibility

A B
Irreversible limit Reversible limit
ju Hﬂ- f{! + {?f.l' +— ‘Fb
N~
Toggle switch Rapid equilibrium

A In the limit that either transport or binding is irreversible (as is
the case for streptomycin and kanamycin), the system exhibits a

‘toggle-switch’ topology, leading to a steep inhibition curve
(equation 11).

B In the limit of fully equilibrated transport and binding (as is
the case for tetracycline and chloramphenicol), the model
predicts more gradual inhibition (equation 12).

FrELLE

HUAZHONG AGRICULTURAL UNIVERSITY



8. conclusion
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Thank You!
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