
 

 

Supple

Supplem

expressin

the sole c

with no c

negative 

membran

detected 

horseradi

 

 

ementary

mentary Figu

ng plasmid-b

copy of CckA

copy of CckA

control.  Ce

ne, and subse

via chemilum

ish peroxida

y Figures

 

ure 1.  CckA

borne WT Cc

A were harv

A, kept viab

ll lysates we

equently blo

minescence 

ase. 

s 

A-eYFP con

ckA-eYFP, C

vested at mid

le by the pho

ere denatured

otted for Cck

with a goat-

nstructs are 

CckA-eYFP

d-log phase a

osphomimet

d, subjected 

kA-eYFP usi

-anti-rabbit s

 stably expr

P PAS-B, a

and normaliz

tic mutation 

to SDS-PAG

ing an anti-C

secondary an

ressed in viv

and CckA-eY

zed for cell-d

CtrA D51E

GE, transfer

CckA antibod

ntibody conj

vo.  Cells 

YFP PAS-A

density. A st

, was used a

rred to a PVD

dy.  Bands w

ugated to 

1

A as 

train 

as a 

DF 

were 



 

Supplem

identific

shows th

pole prot

the locati

promoter

CckA de

small fra

mCherry

arrowhea

for every

mentary Figu

ation of mo

at plasmid-b

tein StpX, w

ion of short 

r on a low-co

leted.  The h

ction of cell

y was express

ads indicate t

y panel. 

ure 2. StpX

nopolar Cc

borne CckA 

which localize

stalks than p

opy replicati

heterogeneity

s not receivi

sed as the so

the stalked p

-mCherry f

kA-eYFP a

can accumu

es to the stal

phase contra

ing plasmid 

y of the low 

ing the CckA

ole copy from

pole in each

functions as

ccumulation

ulate only at t

lk in addition

st alone. Cck

for each con

copy replica

A-eYFP plas

m its native p

image.  Scal

 

s a polar ma

ns. A subcel

the stalked p

n to the cell 

kA-eYFP wa

nstruct, with 

ating plasmi

smid, as in th

promoter on

le bar shown

arker for de

llular localiz

pole of the c

body, can b

as expressed

the chromos

id segregatio

he top right c

n the chromo

n in eYFP pa

efinitive 

zation assay 

ell. The stalk

etter illustra

d from its na

somal copy 

on leads to a 

cell.  StpX-

osome. White

anel, 2 m, s

2

k 

ate 

ative 

of 

e 

same 



 

Supplem

localizat

for polar 

CckA is 

eYFP wa

construct

the propo

single foc

Deletion 

totally ab

deviation

 

mentary Figu

tion. (A) A s

accumulatio

shown with 

as expressed 

t.  White arro

ortion of cell

cus at the sta

of PAS-B re

brogated sub

n of three rep

ure 3. CckA

subcellular lo

on in vivo. A

its N-termin

from its nat

owheads ind

ls in which C

alked pole (g

esulted in a s

bcellular accu

presentative 

A-eYFP requ

ocalization a

A cartoon rep

nal transmem

tive promote

dicate the sta

CckA-eYFP 

gray bar), or

shift toward

umulation at

fields of cel

uires its PA

assay shows 

presentation 

mbrane tether

er on a low-c

alked pole in

localized to

r remained di

s stalked pol

t the poles.  E

lls (N > 400 

AS domains 

that CckA’s

the domain 

r and a C-ter

copy replicat

n the eYFP im

o both cell po

iffuse over t

le localizatio

Error bars re

cells for eac

for proper 

s PAS doma

architecture

rminal eYFP

ting plasmid

mage.  (B) Q

oles (black b

the membran

on, while de

epresent the 

ch construct)

subcellular 

in A is nece

e of full-leng

P label.  Cck

d for each 

Quantitation 

bar), formed 

ne (white bar

letion of PA

standard 

). 

3

 

ssary 

gth 

kA-

of 

a 

r).  

AS-A 



 

 

Supplem

localizat

mark eve

CckA co

predictio

predictio

defines P

partial, b

contain a

 

 

mentary Figu

tion element

ery ten residu

don sequenc

n for each re

n shows that

PAS domains

ut incomple

a polar locali

ure 4. The c

t. The predic

ues, with cod

ce, the secon

esidue is ma

t residues 15

s.  Previous 

te, disruptio

ization elem

central beta

cted seconda

don numberi

ndary structu

rked.  The c

52-180 are p

observations

n of polar lo

ent. 

a-sheet of PA

ary structure 

ing based on

ure PSIPRED

onfidence is

predicted to p

s showed tha

ocalization2, 

AS-A may c

for PAS-A 

n the full-len

D1 alpha-heli

s scored from

participate in

at deletion o

indicating th

contain a cri

is shown.  V

ngth protein.

ix (H) or bet

m 0 to 9.  Th

n the central 

of residues 80

hat this beta

itical polar 

Vertical bars 

  Below the 

ta-sheet (E) 

he structure 

beta-sheet t

0-149 led to

-sheet may 

4

 

that 

 



 

Supplem

qPCR ass

expressio

promoter

cycles (C

biologica

 

 

 

mentary Figu

says of the e

on of Rho re

r lacking a C

CT) for Rho b

al replicates,

ure 5.  Expr

expression of

mains consi

CtrA-binding

between stra

 each compo

 

ression of R

f the transcri

stent betwee

g motif. Expr

ains. Error ba

osed of at lea

Rho is consis

iption termin

en CckA-eY

ression was 

ars represent

ast two techn

 

stent across 

nating gene 

YFP variant s

quantified b

t the standar

nical replica

CckA-eYF

Rho show th

strains, consi

by comparing

rd deviation o

ates. 

P variants. 

hat total 

istent with it

g the thresho

of three 

5

RT-

ts 

old 



 

Supplem

increasin

and 4.2 

was assay

quenched

Example

 

Supplem

kinase ac

deletion m

minutes. 

correspon

mentary Figu

ng CckA su

Ci [32P] A

yed during t

d into SDS s

 data is show

mentary Figu

ctivity is hig

mutants was

 All four co

nd to the ran

ure 6.  CckA

rface densit

ATP at diffe

the initial, lin

sample buffe

wn for CckA

ure 7.  CckA

ghly sensitiv

s assayed for

nstructs wer

nge of two ex

A autophosp

ty. Purified 5

rent CckA s

near phase o

er, blotted on

A at 800 (blu

A PAS dom

ve to ionic s

r kinase activ

re functional

xperiments. 

phorylation

5 M CckA 

urface densi

of the reactio

nto nitrocellu

e) and 200 (

ain deletion

trength. (A)

vity in soluti

l and capable

(B) WT Cck

n initial velo

WT was inc

ities on lipos

on (0.5, 1, 2, 

ulose and fol

(red) CckA m

ns are active

) A panel of

ion for a rea

e of autopho

kA kinase ac

ocity increas

cubated with

somes.  Auto

3 minutes). 

llowed by ph

molecules pe

 

e in solution

f purified Cc

action period

osphorylation

ctivity is hig

ses with 

h 0.5 mM AT

ophosphoryl

 Samples w

hosphorimag

er liposome.

n, and CckA

ckA domain 

d of three 

n. Error bars

gher in low sa

6

TP 

lation 

ere 

ging.  

A 

s 

alt 



 

solutions

concentra

addition 

sample b

phosphor

 

 

Supplem

was incu

presence 

to c-di-G

buffer, bl

standard 

 

 

s than in high

ations of KC

of [32P] A

buffer and su

rimaging.  

mentary Figu

bated in the 

of potential

GMP (c-di-A

lotted onto n

deviation of

h salt solutio

Cl in solution

ATP.  After a

ubjected to ge

ure 8. Inhib

presence of 

l cytosolic sm

MP and othe

nitrocellulose

f three exper

ons.  Purified

n for 10 minu

a reaction per

el electropho

bition of Cck

f 0.5 mM AT

mall molecul

ers), each at 

e and follow

riments. 

d WT CckA 

utes, and aut

riod of 8 min

oresis.  Auto

 

kA is specifi

TP and 4.2 

les (NADH,

250 M. Sa

wed by phosp

at 3 M wa

tophosphory

nutes, sampl

ophosphoryla

fic for c-di-G

Ci [32P] A

 ppGpp) and

amples were 

phorimaging

as incubated 

ylation was i

les were que

ation was m

GMP.  Purif

ATP for 15 m

d chemically

quenched in

g.  Error bars

with differen

initiated by t

enched into S

measured by 

fied CckA 5 

minutes in th

y related spe

nto SDS sam

s represent th

7

nt 

the 

SDS 

M 

he 

cies 

mple 

he 



 

 

 

 

Supplem

GMP inh

incubated

autophos

minutes)

followed

provided

 

mentary Figu

hibits CckA k

d with [32P

sphorylation 

.  Samples w

d by phospho

d are from on

ure 9.  C-di-

kinase activi

P] ATP and 

was assayed

were quenche

orimaging. A

ne experimen

-GMP inhib

ity in an init

increasing c

d during the 

ed into SDS 

Activity is no

nt. 

 

bits CckA a

tial rate assay

concentration

initial, linea

sample buff

ormalized to 

autophospho

y.  Purified 5

ns of c-di-GM

ar phase of th

fer, blotted o

the zero c-d

orylation in

5 M CckA 

MP, and 

he reaction (

onto nitrocel

di-GMP cond

itial rate.  C

WT was 

(0.5, 1, 1.5, 2

llulose and 

dition.  The 

8

C-di-

2, 3 

data 



 

 

Supplem

in kinase

200 M c

was then

buffer, bl

nitrocellu

activity, 

potency o

 

 

 

 

mentary Figu

e buffer was 

c-di-GMP fo

 incubated w

lotted onto n

ulose membr

increasing M

of c-di-GMP

ure 10.  C-d

allowed to p

or 15 minute

with [32P] A

nitrocellulose

rane capture

Mg2+ past 1 m

P inhibition. 

di-GMP inh

pre-incubate 

es. The final 

ATP for 8 m

e and follow

e assay is sho

mM resulted

 The data pr

ibition of C

with MgCl2

concentratio

minutes.  Sam

wed by phosp

own.  While 

d in decrease

rovided are f

CckA is mag

2 and with (g

on of CckA 

mples were q

phorimaging

Mg2+ was n

ed kinase act

from a single

 

gnesium-dep

gray) or with

in solution w

quenched int

g.  Raw data 

necessary for

tivity but als

e experimen

pendent. Cck

hout (black b

was 5 M.  C

to SDS samp

from the 

r CckA kinas

o increased 

nt. 

9

kA 

bars) 

CckA 

ple 

se 



 

Supplem

CckA~P 

purificati

liposome

quenchin

liposome

nitrocellu

by fitting

unchange

molecule

density.  

 

 

 

 

mentary Figu

half-life wa

ion away fro

es, creating a

ng samples in

es.  Extent of

ulose and the

g the data to 

ed over a 19

es per liposom

The data pro

ure 11.  Cck

as assayed by

om ATP.  Cc

a range of Cc

n SDS samp

f phosphoryl

e blot was m

a single exp

-fold CckA 

me, with a p

ovided are fr

kA surface d

y allowing th

ckA~P was t

ckA~P surfa

le buffer at t

lation was as

measured by p

ponential dec

surface dens

potentially m

rom a single

density effec

he protein to

then titrated 

ace densities

time points f

ssayed by bl

phosphorim

cay.  CckA~P

sity range fro

mild linear in

e experiment

 

cts on CckA

o phosphoryl

at 5 mM ont

.  Dephosph

from 0 to 70

lotting the qu

aging.  CckA

P half-life w

om approxim

ncrease from 

t. 

A~P half-life

late in soluti

to increasing

horylation wa

0 minutes aft

uenched reac

A half-lives 

was approxim

mately 50 to 

m 23 to 28 mi

e are minim

on prior to 

g amounts o

as monitored

ter addition t

ctions onto 

were measu

mately 

950 CckA 

inutes at low

10

mal.  

f 

d by 

to the 

ured 

w 



 11

Supplementary table 1 Plasmids and strains used in this study. 
Plasmid	 Description	 Reference	
pET‐28b(+)	 bacterial	expression	vector Novagen	
pTEV5	 bacterial	expression	vector 3	
pJAB27	 pET‐28b(+)	CckA(70‐691)	expression	vector 4	
pJAB41	 pET‐28b(+)	CckA(70‐295) expression	vector This	Study	
pJAB42	 pET‐28b(+)	CckA(70‐378) expression	vector This	Study	
pJAB43	 pET‐28b(+)	CckA(70‐544) expression	vector This	Study	
pJAB44	 pET‐28b(+)	CckA(197‐544) expression	vector This	Study	
pJAB45	 pET‐28b(+)	CckA(294‐544) expression	vector This	Study	
pJAB46	 pET‐28b(+)	CckA(197‐691) expression	vector This	Study	
pJAB47	 pET‐28b(+)	CckA(294‐691) expression	vector This	Study	
pTM19	 pTEV5‐CckA(70‐182;	fused	to	296‐691) expression	vector This	Study	
pTM38	 pTEV5‐CckA(70‐182;296‐544) expression	vector This	Study	
pWSC30	 pET‐28b(+)	PleC(310‐842) expression	vector 5	
pAP433	 pTEV5‐DivJ(188‐595)	 expression	vector Perez	et	al.,	in	

preparation	
pAP500	 pCHYC‐2	stpX	 Perez	et	al.,	in	

preparation	
pRVYFPC‐6	 Low	copy,	replicating,	C‐terminal	eyfp	fusion	vector 6	
pTM28	 pRVYFPC‐6	CckA(1‐691) This	Study	
pTM31	 pRVYFPC‐6	CckA(1‐69;	fused	to	197‐691) This	Study	
pTM32	 pRVYFPC‐6	CckA(1‐69;	fused	to	294‐691) This	Study	
pTM33	 pRVYFPC‐6	CckA(1‐182;	fused	to	296‐691) This	Study	
	 	 	
Strain	 Description	 Reference	
C.	crescentus	
NA1000	

Laboratory	Caulobacter	crescentus	strain 5 

E.	coli	DH5α	 Bacterial	cloning	strain Invitrogen	
E.	coli	
Rosetta(DE3)pLysS	

Bacterial	expression	strain Novagen	

E.	coli	BL21	 Bacterial	expression	strain Novagen	
LS3382	 NA1000	cckA::gent	+	pMR10‐cckA 7	
WSC229	 pET‐28b(+)	PleC	expression	vector 5	
AP434	 BL21	pTEV5	DivJ(188‐595) Perez	et	al.,	in	

preparation	
AP501	 NA1000	stpX::stpX‐mCherry Perez	et	al.,	in	

preparation	
JAB70	 Rosetta	pET‐28b(+)	CckA(70‐691)	expression	vector 4	
JAB97	 Rosetta	pET‐28b(+)	CckA(70‐295) expression	vector This	Study	
JAB98	 Rosetta	pET‐28b(+)	CckA(70‐378) expression	vector This	Study	
JAB99	 Rosetta	pET‐28b(+)	CckA(70‐544) expression	vector This	Study	
JAB100	 Rosetta	pET‐28b(+)	CckA(197‐544) expression	vector This	Study	
JAB101	 Rosetta	pET‐28b(+)	CckA(294‐544)	expression	vector This	Study	
WSC282	 Rosetta	pET‐28b(+)	CckA(197‐691)	expression	vector This	Study	
WSC283	 Rosetta	pET‐28b(+)	CckA(294‐691)	expression	vector This	Study	
THM48	 BL21	pTEV5‐CckA(70‐182;	fused	to	296‐691)	expression	

vector	
This	Study	

THM68	 BL21	pTEV5‐CckA(70‐182; fused	to	296‐544)	expression	
vector	

This	Study	

AP434	 BL21	pTEV5‐DivJ(188‐595)	 expression	vector Perez	et	al.,	in	
preparation	

THM60	 NA1000	+	pRVYFPC‐6	CckA(1‐691) This	Study	
THM72	 NA1000	+	pRVYFPC‐6	CckA(1‐69;	fused	to	197‐691) This	Study	
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Supplementary table 2. Gibson cloning strategy to generate constructs. 
Plasmid# Strain# Assembly 

method 
Vector 
backbone 

Restriction 
enzyme(s) 

Vector 
insert(s) 

Forward 
primer 

Reverse 
primer 

Note 

pTM19 THM48 Gibson pTEV5 NheI CckA(70-182) tmp56 tmp57  
     CckA(296-

691) 
tmp58 tmp59  

pTM38 THM68 Gibson pTEV5 NheI CckA(70-182; 
fused to 296-
544) 

tmp56 tmp119 * 

pTM28 THM60 Gibson pRVYFPC-6 SacI, 
HindIII 

CckA 
promoter 

tmp81 tmp75 ** 

     CckA(1-691) tmp74 tmp75  
pTM31 THM72 Gibson pRVYFPC-6 SacI, 

HindIII 
CckA 
promoter + (1-
69) 

tmp81 tmp90 ** 

     CckA (197-
691) 

tmp91 tmp80  

pTM32 THM74 Gibson pRVYFPC-6 SacI, 
HindIII 

CckA 
promoter + (1-
69) 

tmp81 tmp92 ** 

     CckA (294-
691) 

tmp93 tmp75  

pTM33 THM70 Gibson pRVYFPC-6 SacI, 
HindIII 

CckA 
Promoter + (1-
182) 

tmp81 tmp94 ** 

     CckA (296-
691) 

tmp58 tmp75  

 
* The PCR template was pTM19. 

 
** The vanillate region was removed via double digest and CckA was expressed under its native 

promoter. 

 
 
 
 
 
 
 

THM74	 NA1000	+	pRVYFPC‐6	CckA(1‐69;	fused	to	294‐691) This	Study	
THM70	 NA1000	+	pRVYFPC‐6	CckA(1‐182;	fused	to	296‐691) This	Study	
THM114	 THM60	+	cckA::gent	transduction This	Study	
THM115	 THM70	+	cckA::gent	transduction This	Study	
THM116	 THM72	+	cckA::gent	transduction This	Study	
THM125	 THM115	+	stpX::stpX‐mCherry	transduction This	Study	
THM126	 THM116	+	stpX::stpX‐mCherry	transduction This	Study	
THM127	 THM114	+	stpX::stpX‐mCherry	transduction This	Study	
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Supplementary table 3. DNA oligonucleotides used in this study. 
Oligo Plasmid(s) Description Site Sequence 5’-3’ (Restriction site is underlined.) 
JABp64 pJAB27 

pJAB41 
pJAB42 
pJAB43 

CckA70-691 
forward  

NdeI 
GGCCTTGTCCATATGCGCGGCTCAGCGCTTTC
CGG 
 

JABp66 pJAB27 
pJAB46 
pJAB47 

CckA70-691 
reverse 

SacI 
ACTGCGGAGCTCCTACGCCGCCTGCAGCTGCT
G 

JABp99 pJAB44 
pJAB46 

CckA 197 
forward 

NdeI 
ACCCCATATGCTGGACGCCTTCGC 

JABp100 pJAB41 CckA 295 
reverse 

SacI 
ATCTGGAGCTCCTaGGACACGTCGATCATG 

JABp101 pJAB45 
pJAB47 

CckA 294 
forward 

NdeI 
ACATGCATATGGTGTCCGAGCAGAAGCAGAT
CG 

JABp102 pJAB42 cckA 70-378 
reverse 

SacI 
ACGAGCTCCTaCACGGTCTGCTTGCGCGA 

JABp104 pJAB43 
pJAB44 
pJAB45 

CckA70-544 
reverse 

SacI 
CCGAGCTCCtATTCATAGACCGGCAGG 

tmp56 pTM19 
pTM38 

CckA 70 
forward 

 CCAACTAGTGAAAACCTGTATTTTCAGGGCGC
TCGCGGCTCAGCGCTTTCC 

tmp57 pTM19 CckA 182 
reverse 

 TCTGCTTCTGCTCCGACGCGTCTTCCACAACC 

tmp58 pTM19 
pTM33 

CckA 296 
forward 

 GGAAGACGCGTCGGAGCAGAAGCAGATCGAG
CTG 

tmp59 pTM19 CckA 691 
reverse 

 GCTCGAGAATTCCATGGCCATATGGCTTTACG
CCGCCTGCAGCTG 

tmp73 pTM28 PcckA 
reverse 

 GCAAGTCGGCCATCGGCGAGGTTGTACCTTTC
TTACGGC 

tmp74 pTM28 CckA 1 
forward 

 TACAACCTCGCCGATGGCCGACTTGCAGCTCC
AGG 

tmp75 pTM28 
pTM32 
pTM33 

CckA 691 
reverse 

 CGCGTAACGTTCGAATTCTCCGGAGCCGCCGC
CTGCAGCTGCTGC 

tmp80 pTM31 CckA 691 
reverse 

 CGCGTAACGTTCGAATTCTCCGGAGCCGCCGC
CTGCAGCTGCTG 

tmp81 pTM28 
pTM31 
pTM32 
pTM33 

PcckA 
forward 

 GCTTAATGAATTACAACAGTTTTTATATAAGC
TTTCATTCTCCAGAAAACTGACCTAGCCTCC 

tmp90 pTM31 CckA 69 
reverse 

 CGAAGGCGTCCAGAATGGCGACAAGGCCCAA
CACA 

tmp91 pTM31 CckA 197 
forward 

 CCTTGTCGCCATTCTGGACGCCTTCGCCGGAG
C 

     
tmp92 pTM32 CckA 69 

reverse 
 GCTTCTGCTCGGACACAATGGCGACAAGGCC

CAACACA 
tmp93 pTM32 CckA 294 

forward 
 CCTTGTCGCCATTGTGTCCGAGCAGAAGCAGA

TCGAGC 
tmp94 pTM33 CckA 182 rev  CGATCTGCTTCTGCTCCGACGCGTCTTCCACA

ACCGG 
tmp119 pTM38 CckA 544 rev  GCTCGAGAATTCCATGGCCATATGGCTCTATT

CATAGACCGGCAGGAAGATGC 
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oap125 pAP433 DivJ 188 
forward 

 AAACCTGTATTTTCAGGGCGCTAGCGCCAGCG
AGATCATCGGTCTG 
 

oap127 pAP433 DivJ 595 
reverse 

 GAGAATTCCATGGCCATATGGCTAGCCTAGC
GCGGCGCAAAGGC 

WSCp114 pWSC30 PleC 310 
forward 

NheI AAAAGCTAGCGTCGCCCATCGCGAGTTCATC
G 

WSCp115 pWSC30 PleC 842 
reverse 

SacI AAAAGAGCTCCCTCAGGCCGCCACGAAGTC 

tmp189  qpcr_ccrM1  GCCGACCGTGATCGAGCCG 
tmp190  qpcr_ccrM2  GGCACCATCGTCGAGGC 
tmp197  qpcr_divK1  GCAGGCGCTTGATGGTC 
tmp198  qpcr_divK2  GGAGCGCATCCGCGAG 
tmp201  qpcr_sciP1  GGTCTGCTCTCGCTCGA 
tmp202  qpcr_sciP2  GCCAGGCCGTGCCGA 
mdm306	 	 qpcr_rho1*8	 GTCGAGAACGCCAACTCCAT	
mdm307	 	 qpcr_rho2	 CGAGGGTCTTCAGGATCGC
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Supplementary note  1.  Calculation of the number of CckA molecules per liposome and the 

density of CckA per unit area. 

 

To calculate the number of binding sites for CckA on a liposome, we can start by computing the 

total surface area of the liposome.  Extrusion of DOPG liposomes through 100 nm pores yields 

liposomes with vesicle diameters of 97-106 nm9, approximated here as 100 nm. 

100 nm diameter sphere – radius = 500 Å 

Surface area (SA) of a sphere = 4πr2 

SA = 3.14 * 106 Å2 

The surface area occupied by each lipid headgroup varies by headgroup identity, acyl chain 

length, and temperature10.  For 18:1 cis-DOPG, comprising 90% of the lipid mass of the 

liposomes presented in this study, each headgroup occupies 69.4 Å2 at 20oC and 70.8 Å2 at 

30oC11.   

To calculate the lipids on the outer layer, we will assume similar area on average per (69.5 Å2) 

lipid despite 10% NTA lipid incorporation. 

# lipids outer membrane = SA / (area per lipid headgroup)  

# lipids = 3.14 * 106 Å2  / (69.5 Å2/lipid) = 4.52 * 104 lipids.  

There are approximately 45,000 on the outer layer.  Of these, 10% (4,500) are DGS-NTA sites 

for possible CckA attachment. 

CckA loading onto liposomes could be limited by either the number of NTA sites or by the total 

surface area of the liposome. 

Calctool.org estimates a 622-residue protein (WT CckA) at 5.9 nm diameter.  This calculation 

assumes that the protein is spherical.   
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Projecting the sphere down onto the surface of the liposome, we can calculate the surface area of 

one molecule of CckA as a circle of radius ~3 nm. 

Area of circle (A) = πr2 

A = 2,800 Å2 – this is the area on the liposome surface that the protein occupies. 

SA liposome / Aprotein = number of proteins that can fit. 

3.14 * 106 Å2 / 2,800 Å2 = 1100 proteins 

Given that 1,100 proteins can fit by the surface area calculation and there are 4,500 NTA sites 

available, protein loading on the liposome is surface-area limited. 

To determine the molar ratio between CckA molecules and liposome particles, we need to 

compute the mass of a single liposome.  The mass of the lipids in the liposome will be equal to 

the sum of the inner and outer sheets of the bilayer. 

Bilayer thickness = 3.6 nm 

Inner diameter of liposome = ~96 nm. 

Lipids on inner layer: 

Inner SA 
 / 69.5 Å2 = 4.2 * 104 lipids on inner layer 

Total lipid molecules (TL) = #lipids inner + #lipids outer layer 

TL = (4.2 + 4.5) * 104 = 8.7 * 104 lipids/liposome 

We used 10% DGS-NTA lipids and 90% DOPG lipids by mass.  The molecular weights of the 

lipids are similar, so here we use their mass ratios as a proxy for their molar ratios. 

Mass of liposome = (mass NTA lipids) * (#NTA) + (mass DOPG) * (#DOPG) 

8.7 * 103 NTA lipids, 1057 g/mol   1.53 * 10-17 g/liposome 

7.9*104 DOPG lipids, 797 g/mol  1.05*10-16 g/liposome 

Total mass of one liposome = 1.20 * 10-16 g/liposome 
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For a 5 μM CckA sample in a 25 μL volume, we use 8.5 μg protein. 

If we add an equal mass of lipid to protein, we reach approximately maximum loading capacity. 

#Liposomes = total mass liposomes / mass per liposome 

#Liposomes in reaction = 8.5 * 10-6 g liposomes / (1.2 * 10—16) g/liposome = 7.1*1010 liposomes 

#CckA molecules in the reaction = 7.5 * 10^13 

CckA molecules per liposome = 1100 (maximum number of CckA sites by surface area). 
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