
0 1 2 3 4 5
0.0

0.1

0.2

0.3

0.4

Time (minutes)

Fr
ac

tio
n 

La
be

le
d 

30°C Lysate
37°C Lysate
45°C Lysate

Biotin Pulse

A

Time

1

0.5

1.5

t-half

Fl
uo

re
se

nc
e 

Re
co

ve
ryBleach

Fluoresence Recovery After Photobleaching
(FRAP)

Faster 
Di!usion

Slower 
Di!usion

B

AviTag

RPL19

BirA

C

Bira

Bait

AviTag

Biotin

Biotin Bira
Biotin

Bira

BiotinBait Bait

Biotinylation of bait protein by BirA occurs

The BirA enzyme and a tagged bait protein 
are expressed in yeast

Biotinylated product accumulates over time

Addition of biotin starts 
the reaction

Gel Shift Assay

Streptavidin shifted
 band

Unshifted band

Time
No 

Biotin

(Labeled Protein)

(Unlabeled Protein)

Addition of streptavidin causes the 
biotin-labeled band to run more slowly

Gel Shift Assay

In VitroIn vitro
0 1 2 3 4 5

0.0

0.5

1.0

1.5

2.0

Time (minutes)

Fr
ac

tio
n 

La
be

le
d 

of
 T

ot
al

(N
or

m
al

iz
ed

 to
 m

ax
 la

be
lin

g 
at

 3
0°

C
—

>3
0°

C
)

30° lysate --> 30° rxn

37° lysate --> 30° rxn

30° lysate --> 37° rxn

Biotin Pulse

Gel Shift Assay

Streptavidin shifted
 band

Unshifted band

Time
No 

Biotin

A.

0 1 2 3 4 5
0.0

0.5

1.0

1.5

2.0

Time (Minutes)

Fr
ac

tio
n 

La
be

le
d 

of
 T

ot
al

(N
or

m
al

iz
ed

 to
 m

ax
 la

be
lin

g 
at

 3
0°

C
)

30° lysate --> 30° rxn

30° lysate --> 37° rxn

Biotin Pulse

B.

0 30 60 90
0.0

0.5

1.0

1.5

2.0

Time (minutes)

Fr
ac

tio
n 

La
be

le
d 

of
 T

ot
al

(N
or

m
al

iz
ed

 to
 m

ax
 la

be
lin

g 
at

 3
0°

C
)

30°
37°

Biotin Pulse

C. D.

0 1 2 3 4 5
0.0

0.5

1.0

1.5

Time (Minutes)

Fr
ac

tio
n 

La
be

le
d 

of
 T

ot
al

(N
or

m
al

iz
ed

 to
 m

ax
 la

be
lin

g 
at

 3
0°

C
)

30° lysate --> 30° rxn

37° lysate --> 37° rxn

Biotin Pulse

E.
In Vivo

In Vitro

G.

In Vitro

Bira

Bait

AviTag

Biotin

Biotin Bira
Biotin

Bira

BiotinBait Bait

Biotinylation of bait protein by BirA occurs

The BirA enzyme and a tagged bait protein 
are expressed in yeast

Biotinylated product accumulates over time

Addition of biotin starts 
the reaction

(Labeled)

(Unlabeled)

Addition of streptavidin causes the biotin-labeled band to run 
more slowly

F.

In Vitro

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.2

0.4

0.6

0.8

1.0

1/t-half

R
ea

ct
io

n 
R

at
e

Sucrose Solutions
Cell Lysates

0% Sucrose

20% Sucrose

40% Sucrose

60% Sucrose

30°→ 37°

37°→ 30°

30°→ 30°

37°→ 37°

H 2O

Cell
 Ly

sa
te

Live
 C

ell
s

0.0

5.0×10-7

1.0×10-6

1.5×10-6

2.0×10-6

2.5×10-6

D
iff

us
io

n 
C

oe
ffi

ci
en

t (
cm

2 /s
ec

)

****

****

****

****

**

Figure 1. A viscosity-controlled model reaction is temperature dependent in cell lysates but not live cells. 
(A) BirA biotinylates a 15-AA target sequence called the Avi-tag. Labeling rates are determined by addition of streptavidin 
to cell lysates causing the biotinylated species to run at a higher molecular weight than its non-biotinylated counterpart. 
All reactions use cytosolic BirA and GFP-Avi as “bait” (B) Biotinylation rate vs. viscosity (1/t-half) for reactions carried out 
in 0%, 20%, 40%, or 60% sucrose solutions (lblue) or in cell lysates (O orange). Reaction rates and t-half values were 
normalized to their respective values in pure H2O. Horizontal error bars are s.em. for > 3 FRAP experiments. Vertical 
errror bars are calculated as the standard error of the slope derived from the best fit line for multiple time courses (n > 5 
time courses/condition) (C) Biotinylation rates in lysates from cells grown and measured at the indicated temperatures. 
Legend notation for all in vitro experiments is “growth temperature of cells prior to lysis è temperature of 
reaction” (nonlinear regression difference between slopes p<.0001) (D) Diffusion coefficients for GFP in pure H20 (n=4), 
cell lysate from cells growing at 30°C (n=3), and live cells growing at 30°C (n=19) (unpaired t-test H20 v. Cell Lysate 
p=.0037 ; Cell Lysate v. Live Cells p<.0001) (E) Biotinylation rate in live yeast growing at 30°C (lblue) or 37°C 
(norange). Normalized to max labeling at 30°C. (n= 4 time courses/temperature) (nonlinear regression, difference 
between slopes p=0.1) (F) Biotinylation rates in lysates from cells grown and measured at the indicated temperatures. 
(nonlinear regression difference between slopes 30°C→30°C v 30°C→37°C p>.0001 ; 30°C→30°C v 37°C→30°C 
p>.0001 ; 30°C→37°C v 37°C→30°C p>.0001) (G) Biotinylation rates measured at the same temperature cells were 
grown at prior to lysis. (nonlinear regression difference between slopes 30°C→30°C v 30°C→37°C p=.01) All error bars 
are s.e.m. Any points without visible error bars have error within the size of the point. 
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Figure 1. A viscosity-controlled model reaction is temperature dependent in cell lysates but not live cells. 
(A) BirA biotinylates a 15-AA target sequence called the Avi-tag. Labeling rates are determined by addition of streptavidin 
to cell lysates causing the biotinylated species to run at a higher molecular weight than its non-biotinylated counterpart. 
All reactions use cytosolic BirA and GFP-Avi as “bait” (B) Biotinylation rate vs. viscosity (1/t-half) for reactions carried out 
in 0%, 20%, 40%, or 60% sucrose solutions (lblue) or in cell lysates (O orange). Reaction rates and t-half values were 
normalized to their respective values in pure H2O. Horizontal error bars are s.em. for > 3 FRAP experiments. Vertical 
errror bars are calculated as the standard error of the slope derived from the best fit line for multiple time courses (n > 5 
time courses/condition) (C) Biotinylation rates in lysates from cells grown and measured at the indicated temperatures. 
Legend notation for all in vitro experiments is “growth temperature of cells prior to lysis è temperature of 
reaction” (nonlinear regression difference between slopes p<.0001) (D) Diffusion coefficients for GFP in pure H20 (n=4), 
cell lysate from cells growing at 30°C (n=3), and live cells growing at 30°C (n=19) (unpaired t-test H20 v. Cell Lysate 
p=.0037 ; Cell Lysate v. Live Cells p<.0001) (E) Biotinylation rate in live yeast growing at 30°C (lblue) or 37°C 
(norange). Normalized to max labeling at 30°C. (n= 4 time courses/temperature) (nonlinear regression, difference 
between slopes p=0.1) (F) Biotinylation rates in lysates from cells grown and measured at the indicated temperatures. 
(nonlinear regression difference between slopes 30°C→30°C v 30°C→37°C p>.0001 ; 30°C→30°C v 37°C→30°C 
p>.0001 ; 30°C→37°C v 37°C→30°C p>.0001) (G) Biotinylation rates measured at the same temperature cells were 
grown at prior to lysis. (nonlinear regression difference between slopes 30°C→30°C v 30°C→37°C p=.01) All error bars 
are s.e.m. Any points without visible error bars have error within the size of the point. 
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