
 

SUPPORTING INFORMATION 

 

Alanyl-Phosphatidylglycerol Synthase: 

Mechanism of Substrate Recognition during tRNA-dependent Lipid 

Modification in Pseudomonas aeruginosa 

Stefanie Hebecker
1
, Wiebke Arendt

1
, Ilka U. Heinemann

2
, Jana H. J. Tiefenau

1
, 

Manfred Nimtz
3
, Manfred Rohde

4
, Dieter Söll

2
, and Jürgen Moser

1*
 

1
 Institute of Microbiology, Technische Universität Braunschweig, 38106 Braunschweig, Germany 

2
 Department of Molecular Biophysics and Biochemistry, Yale University, New Haven, CT 06520-8114, USA 

3
 Helmholtz Centre for Infection Research, Department of Structural Biology, 38124 Braunschweig, Germany  

4 
Helmholtz Centre for Infection Research, Microbial Pathogenesis, 38124 Braunschweig, Germany 

 

 

 

*
 For correspondence. 

Dr. Jürgen Moser 

Phone: +49 531 391 5808, Fax: +49 531 391 5854 

E-mail: j.moser@tu-bs.de 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 



Supplemental Table S1 

TABLE S1. Enzymatic activity of A-PGS543-881 after chemical modification or treatment with chelating 

agents under in vitro and modified in vitro (using Ala-tRNA
Ala

) conditions. 

A-PGS was purified in the absence of reducing agents and subsequently modified with phenylmethylsulfonyl 

fluoride, diisopropylfluorophosphate and p-hydroxyphenylglyoxal, respectively. After an extensive dialysis step 

proteins were subjected to the standard in vitro and modified in vitro A-PGS543-881 assays as described under 

“Experimental Procedures”. Ethylenediaminetetraacetic acid and 1,10-phenanthroline, respectively, were added 

directly to the assays. The relative in vitro activity and activity in modified in vitro assays of the corresponding 

unmodified A-PGS543-881 was set as 100 %, and all other values were related to this value. Assays were 

performed in duplicate, standard deviation ± 10 %. n.t. = not tested. 

 

 

 

 

 

 

 

 

Modifying / chelating agent Concentration 

[mM] 

Relative activity in  

in vitro assays [%] 

Relative activity in 

modified  in vitro 

assays [%] 

phenylmethylsulfonyl fluoride 0.1 100 n.t. 

 1 100 n.t. 

diisopropylfluorophosphate 0.1 100 n.t. 

 1 100 n.t. 

p-hydroxyphenylglyoxal 0.5 90 n.t. 

 1 90 100 

 5 60 n.t. 

 10 60 100 

ethylenediaminetetraacetic acid 3 100 100 

 10 100 100 

 20 n.t. 100 

1,10-phenanthroline 1 100 n.t. 

 3 n.t. 100 

 5 n.t. 75 

 10 45 35 

 20 n.t. 20 



Supplemental Table S2 

TABLE S2. Determination of metal ion content of purified A-PGS543-881. 

Purified GST-A-PGS543-881 protein was concentrated (10.5 mg/ml – 161 µM) and subjected to inductively 

coupled plasma - mass spectrometry (ICP-MS) experiments. In parallel the sole GST protein (4 mg/ml – 154 

µM) was analyzed to determine the background level of the employed purification strategy. Experiments were 

performed in duplicate. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Metal ion 

 

Concentration of metal 

ion in GST-A-PGS543-881 

[µM] 

Concentration of metal 

ion in GST 

[µM] 

Fe
2+

 4.3 1.6 

Ni
2+

 0.2 0.2 

Cu
2+

 0.3 0.2 

Mg
2+

 18.8 1.2 

Mn
2+

 0.4 0.02 

Zn
2+

 0.9 0.2 



Supplemental Table S3 

 
TABLE S3. Primers used in this study. 

The sequence for T7 promoter is underlined; restriction sites are shown in italics. Exchanged nucleotides for 

mutagenesis of P. aeruginosa A-PGS are in bold. 

Primer  

1 5pGPaBamf GTAGGATCCCGCGCGGCACC 

2 6pGPaXhor GATCTCGAGTCAGCGTTTCACCAATC 

3 QCA856NSTOPfw CTACCTGGCCGTGCCAAACTAGGGCTCGACCCGCTGGTG 

4 QCA856NSTOPrv CACCAGCGGGTCGAGCCCTAGTTTGGCACGGCCAGGTAG 

5 27alaSNdeIfw ATAGCCATATGAAAAGCGCTGAAATCCG 

6 28alaSBclIrv ATAGCTGATCATCAGAGCCCTTGCTCGAC 

7 D579Afw GCCCTGACCGGCGCTAAGGCCCTGCTC 

8 D579Arv GAGCAGGGCCTTAGCGCCGGTCAGGGC 

9 D579Nfw GCCCTGACCGGCAACAAGGCCCTGCTC 

10 D579Nrv GAGCAGGGCCTTGTTGCCGGTCAGGGC 

11 K580Sfw CCCTGACCGGCGACTCTGCCCTGCTCTTCC 

12 K580Srev GGAAGAGCAGGGCAGAGTCGCCGGTCAGGG 

13 K580Qfw CTGACCGGCGACCAGGCCCTGCTCTTC 

14 K580Qrev GAAGAGCAGGGCCTGGTCGCCGGTCAG 

15 Y635Afw CCCGCCCGGTGTTCGCTCAGGTGCGTGCCG 

16 Y635Arev CGGCACGCACCTGAGCGAACACCGGGCGGG 

17 K654Sfw GGCCTGACCGCCCTCTCTCTCGGCGAAGAAGC 

18 K654Srev GCTTCTTCGCCGAGAGAGAGGGCGGTCAGGCC 

19 K654Qfw CTGACCGCCCTCCAGCTCGGCGAAGAAG 

20 K654Qrev CTTCTTCGCCGAGCTGGAGGGCGGTCAG 

21 E657Dfw CTCAAGCTCGGCGACGAAGCGCGAGTC 

22 E657Drv GACTCGCGCTTCGTCGCCGAGCTTGAG 

23 E657Qfw CCTCAAGCTCGGCCAGGAAGCGCGAGTCG 

24 E657Qrv CGACTCGCGCTTCCTGGCCGAGCTTGAGG 

25 E658Dfw CAAGCTCGGCGAAGACGCGCGAGTCGAC 

26 E658Drv GTCGACTCGCGCGTCTTCGCCGAGCTTG 

27 E658Qfw    CTCAAGCTCGGCGAACAGGCGCGAGTCGACC 

28 E658Qrv   GGTCGACTCGCGCCTGTTCGCCGAGCTTGAG 

29 S709Afw GAGCTGAAGGCGATAGCTGACGCCTGGCTG 

30 S709Arv  CAGCCAGGCGTCAGCTATCGCCTTCAGCTC 

31 S709Nfw GAGCTGAAGGCGATAAACGACGCCTGGCTGGGC 

32 S709Nrv GCCCAGCCAGGCGTCGTTTATCGCCTTCAGCTC 

33 D710Afw GAAGGCGATATCGGCTGCCTGGCTGGGCGG 

34 D710Arv CCGCCCAGCCAGGCAGCCGATATCGCCTTC 

35 D710Nfw CTGAAGGCGATATCGAACGCCTGGCTGGGC 

36 D710Nrv GCCCAGCCAGGCGTTCGATATCGCCTTCAG 

37 E720Qfw GCAAGCAGGTGCGCCAGAAAGGCTTCTCCC 

38 E720Qrv GGGAGAAGCCTTTCTGGCGCACCTGCTTGC 

39 S724Afw CGCGAGAAAGGCTTCGCTCTGGGCCGCTTCAC 



40 S724Arv GTGAAGCGGCCCAGAGCGAAGCCTTTCTCGCG 

41 S724Nfw CGCGAGAAAGGCTTCAACCTGGGCCGCTTCACC 

42 S724Nrv GGTGAAGCGGCCCAGGTTGAAGCCTTTCTCGCG 

43 Y732Afw CCGCTTCACCCCGGCGGCTCTGAACTTCTTCCGC 

44 Y732Arev GCGGAAGAAGTTCAGAGCCGCCGGGGTGAAGCGG 

45 S763Afw GCCGCGAACTGGCGGCTCTCGACCTGATGCGC 

46 S763Arv GCGCATCAGGTCGAGAGCCGCCAGTTCGCGGC 

47 S763Nfw CGCGAACTGGCGAACCTCGACCTGATGC 

48 S763Nrv GCATCAGGTCGAGGTTCGCCAGTTCGCG 

49 D765Afw GAACTGGCGAGCCTCGCTCTGATGCGCGTG 

50 D765Arev CACGCGCATCAGAGCGAGGCTCGCCAGTTC 

51 D765Nfw CTGGCGAGCCTCAACCTGATGCGCG 

52 D765Nrev CGCGCATCAGGTTGAGGCTCGCCAG 

53 R768Sfw GAGCCTCGACCTGATGTCTGTGCACCCGGACGCG 

54 R768Srev CGCGTCCGGGTGCACAGACATCAGGTCGAGGCTC 

55 R768Qfw CCTCGACCTGATGCAGGTGCACCCGGACG 

56 R768Qrev CGTCCGGGTGCACCTGCATCAGGTCGAGG 

57 M778Afw CGCGCCGAAGCTGACCGCTGAGTTCCTCATGCTC 

58 M778Arev GAGCATGAGGAACTCAGCGGTCAGCTTCGGCGCG 

59 Y831Afw GCGGGGCGAACAGTTCGCTAATTTCCAGGGGCTGC 

60 Y831Arev GCAGCCCCTGGAAATTAGCGAACTGTTCGCCCCGC 

61 R837Sfw CTACAATTTCCAGGGGCTGTCTCGCTTCAAGGACAAGTTCC 

62 R837Srev GGAACTTGTCCTTGAAGCGAGACAGCCCCTGGAAATTGTAG 

63 R837Qfw CTACAATTTCCAGGGGCTGCAGCGCTTCAAGGACAAGTTC 

64 R837Qrev GAACTTGTCCTTGAAGCGCTGCAGCCCCTGGAAATTGTAG 

65 K840Sfw CAGGGGCTGCGACGCTTCTCTGACAAGTTCCAGCCC 

66 K840Srev GGGCTGGAACTTGTCAGAGAAGCGTCGCAGCCCCTG 

67 K840Qfw GCTGCGACGCTTCCAGGACAAGTTCCAGC 

68 K840Qrev GCTGGAACTTGTCCTGGAAGCGTCGCAGC 

69 K842Sfw CTGCGACGCTTCAAGGACTCTTTCCAGCCCGACTGGG 

70 K842Srev CCCAGTCGGGCTGGAAAGAGTCCTTGAAGCGTCGCAG 

71 K842Qfw GACGCTTCAAGGACCAGTTCCAGCCCGAC 

72 K842Qrev GTCGGGCTGGAACTGGTCCTTGAAGCGTC 

73 alatRNA1fw AATTCTAATACGACTCACTATAGGGGCCATAGCTCAGCTGGGAGAGCGCCTG

CTTTGCACGCAGGAGGTCAGGAGTTCGATCCTCCTTGGCTCCACCAG 

74 alatRNA1rv GATCCTGGTGGAGCCAAGGAGGATCGAACTCCTGACCTCCTGCGTGCAAAG

CAGGCGCTCTCCCAGCTGAGCTATGGCCCCTATAGTGAGTCGTATTAG 

75 alatRNA2fw AATTCTAATACGACTCACTATAGGGGCTATAGCTCAGCTGGGAGAGCGCTTG

CATGGCATGCAAGAGGTCGACGGTTCGATCCCGTCTAGCTCCACCAG 

76 alatRNA2rv GATCCTGGTGGAGCTAGACGGGATCGAACCGTCGACCTCTTGCATGCCATGC

AAGCGCTCTCCCAGCTGAGCTATAGCCCCTATAGTGAGTCGTATTAG 

 

 

 

 

 



Supplemental Table S4 

TABLE S4. E. coli strains and plasmids used in this study. 

Bacterial strain or 

plasmid  

Genotype or phenotype Reference 

 

E. coli   

 BL21 (λDE3) B F
-
 dcm ompT hsdS(rB

-
 mB

-
) gal λ(DE3) Stratagene, La 

Jolla, USA 

 Rosetta (DE3) 

pLysS 

F
–
 ompT hsdSB(rB

–
 mB

–
) gal dcm (DE3) pLysSRARE

2
 (Cam

r
) Novagen, 

Darmstadt,  

Germany 

 TOP10 F- mcrA Δ(mrr-hsdRMS-mcrBC) Φ80lacZΔ M15 ΔlacX74 

recA1 ara Δ139 Δ(ara-leu)7697 galU galK rpsL (Str
r
) endA1 

nupG 

Invitrogen (Grant 

et al., 1990) 

 K-12, strain AG1, 

clone JW2667 

recA1 endA1 gyrA96 thi-1 hsdR17(rK
– 
mK

+
) supE44 relA1 

carrying plasmid pCA24N which encodes for AlaRS from E. coli, 

Cam
r
 

(Kitagawa et al., 

2005) 

 K-12, strain AG1, 

clone JW2498 

recA1 endA1 gyrA96 thi-1 hsdR17(rK
– 
mK

+
) supE44 relA1 

carrying plasmid pCA24N which encodes for HisRS from E. coli, 

Cam
r
 

(Kitagawa et al., 

2005) 

Plasmids   

 pBADmyc-His-A/   

PA0920  

pBADmyc-His-A containing PA0920 gene fused to the sequence for 

C-terminal His6-tag cloned between HindIII and NcoI sites, Ap
r
 

(Klein et al., 2009) 

 pBAD-His-A/     

PA0920 

pBAD-His-A containing the PA0920 gene fused to the sequence for 

N-terminal His6-tag cloned between XhoI and HindIII sites, Ap
r
 

(Klein et al., 2009) 

 pBAD-His-A/    

PA09201-855N 

pBAD-His-A/PA0920-derivative, deletion of amino acids 857 – 

881, amino acid exchange alanine 856 to asparagine 
This work 

 pGEX-6P-1/     

PA0920Δaa1-542 

Expression vector for E. coli carrying base pairs 1627 - 2643 of 

ORF PA0920 cloned into BamHI/XhoI sites, tac-promoter, 

sequence for an N-terminal GST-tag with specific restriction site 

for PreScission™ Protease, Ap
r
 

This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

D579A  

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

aspartate 579 to alanine 
This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

D579N  

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

aspartate 579 to asparagine 
This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

K580S 

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

lysine 580 to serine 

This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

K580Q 

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

lysine 580 to glutamine 

This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

Y635A 

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

tyrosine 635 to alanine 

This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

K654S 

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

lysine 654 to serine 

This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

K654Q 

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

lysine 654 to glutamine 

This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

E657D  

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

glutamate 657 to aspartate 
This work 



 pGEX-6P-1/ 

PA0920Δaa1-542 

E657Q  

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

glutamate 657 to glutamine 
This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

E658D  

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

glutamate 658 to aspartate 
This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

E658Q  

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

glutamate 658 to glutamine 
This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

S709A  

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

serine 709 to alanine 
This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

S709N  

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

serine 709 to asparagine 
This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

D710A  

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

aspartate 710 to alanine 
This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

D710N  

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

aspartate 710 to asparagine 
This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

E720Q  

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

glutamate 720 to glutamine 
This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

S724A  

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

serine 724 to alanine 
This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

S724N  

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

serine 724 to asparagine 
This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

Y732A 

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

tyrosine 732 to alanine 
This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

S763A  

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

serine 763 to alanine 
This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

S763N  

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

serine 763 to asparagine 
This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

D765A 

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

aspartate 765 to alanine 

This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

D765N 

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

aspartate 765 to asparagine 

This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

R768S 

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

arginine 768 to serine 

This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

R768Q 

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

arginine 768 to glutamine 

This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

M778A 

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

methionin 768 to alanine 

This work 

 



 pGEX-6P-1/ 

PA0920Δaa1-542 

Y831A 

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

tyrosine 831 to alanine 

This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

R837S 

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

arginine 837 to serine 

This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

R837Q 

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

arginine 837 to glutamine 

This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

K840S 

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

lysine 840 to serine 

This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

K840Q 

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

lysine 840 to glutamine 

This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

K842S 

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

lysine 842 to serine 

This work 

 pGEX-6P-1/ 

PA0920Δaa1-542 

K842Q 

pGEX-6P-1/PA0920Δaa1-542-derivative, amino acid exchange 

lysine 842 to glutamine 

This work 

 pGEX-6P-1/ 

A-PGS543-855N 

pGEX-6P-1/PA0920Δaa1-542-derivative, deletion of amino acids 

857 – 881, amino acid exchange alanine 856 to asparagine 
This work 

 pET28b(+)PA0903 Expression vector for E. coli carrying the gene encoding alanyl-

tRNA-synthetase (ORF PA0903) cloned into NdeI/BamHI sites, 

T7-promoter, sequence for an N-terminal His-tag, Kan
r
 

This work 

 pUC18tRNA
Ala1

 pUC18 containing ORF PA4280.3 (coding for tRNA
Ala1

) from P. 

aeruginosa cloned into the EcoRI and BamHI restriction sites of 

the MCS under control of a T7 promoter and with a 3’ BstNI 

restriction site, Ap
r
 

This work 

 pUC119tRNA
Ala2

 pUC119 containing ORF PA3133.2 (coding for tRNA
Ala2

) from 

P. aeruginosa cloned into the EcoRI and BamHI restriction sites 

of the MCS under control of a T7 promoter and with a 3’ BstNI 

restriction site, Ap
r
 

This work 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplemental Figure S1 

FIG. S1. Sequence alignment of orthologous aa-PGS proteins. 

Homologous aa-PGS proteins from Listeria monocytogenes (Lm), Listeria innocua (Li), Clostridium perfringens 

MprF2 (Cp2), Staphylococcus aureus (Sa), Staphylococcus epidermis (Se), Staphylococcus xylosus (Sx), 

Bacillus cereus (Bc), Bacillus anthracis (Ba), Bacillus subtilis (Bs), Clostridium perfringens MprF1 (Cp1) and 

Pseudomonas aeruginosa (Pa). Partially conserved positions are boxed in gray, completely conserved positions 

in black. The first amino acid of the soluble A-PGS543-881 variant from P. aeruginosa is highlighted in red. The 

proposed C-terminal helix is underlined. Amino acid positions that have been mutagenized by site-directed 

mutagenesis and point mutations that have been analyzed in the present study are indicated. 

 

CLUSTAL 2.0.12 multiple sequence alignment 
 

Lm              HLWLVGFVGVFIAVVSLVIIYIYLSTTKEKLGSPFEAVKVREHLAKWG-GNEVSHTMFLR 546 

Li              HLWLVGFVGVFIAVVSLVIIYIYLSTTKEKLGSPFEAVKVREHLAKWG-GNEVSHTMFLR 546 

Cp2             KFGFIAFALVTVIYVAIYFLNIRRKIPVKTFDQCSEYIEK--IIEEYK-GDSLTHLVFLK 539 

Sa              VLRYYFWLTILIIAIIIGMIAWLFDYQFSKVRISSKIEDCEEIINQYG-GNYLSHLIYSG 545 

Se              LLRYYFWITILIVILIVGLIAWLFDYKFERPHRMTDVSICESIIHEYG-GNYLSHLVYSG 545 

Sx              ILRYYFWITILLVAIIVGVIVWWFEYRYRSSNSRDNIATCESIIDKYN-GNYLSHLMYSG 545 

Bc              VKRSALAAAFFVPTFLLIGSLIANRYRNEFPGQPANDKRLQNFLDEHG-GNVLSHLGFLG 563 

Ba              VKRSALAAAFFVPTFLLIGSLIANRYRNEFPGQPANDKRLQNFLDEHG-GNVLSHLGFLG 563 

Bs              ITHATIMAIIIVPLFFLIFTVVYHK-RTKPIGEKADPERLAAFLNEKG-GNALSHLGFLG 556 

Cp1             YLRIALFTYISFIIFVIIWYLTMPKIEDDERYMDADLEKVSKFFKEIDYGTIFSHLVYLK 265 

Pa              ALRAALGSCLLLLALALGWLLRAAPPAIREPN-AEELQRAARIIRHSD--QPDGGLALTG 578 

 

Lm              DKLLFWAAEGEVLFSYRIIADKMVIMGEPTGNMDKMEAAIEEVMMNADRFGYRPVFYEVR 606 

Li              DKLLFWAANGEVLFSYRIIADKMVIMGEPTGNMEKMEDAIEEVMTNADRFGYRPVFYEVR 606 

Cp2             DKYIYLNEDKDLFIQYEVYGDKLFVLGNPVGNNENLFREIEKFCEYADNYGYTPVFYQVN 599 

Sa              DKQFFTNENKTAFLMYRYKASSLVVLGDPLGDENAFDELLEAFYNYAEYLGYDVIFYQVT 605 

Se              DKDCFIDENEKAFLMYRYKSNTLVVLGDPIGDPNTFESLLEKFYQFAEYRGYNIIFYQIS 605 

Sx              DKKFFINDNKDAFVMYRYHNNTYIILGDPIGNSESFYSLLEAFYKEAEYLGYDIIFYQVT 605 

Bc              DKQFFFSSDGKALLLFSITGKRLVVLGDPIGDPSSYRTVLQEFLAEADRFGYICVFYQIE 623 

Ba              DKQFFFSSDGKALLLFSITGKRLVVLGDPIGDPSSYRTVLQEFLAEADRFGYICVFYQIE 623 

Bs              DKRFYFSSDGNALLLFGKIARRLVVLGDPSGQRESFPLVLEEFLNEAHQKGFSVLFYQIE 616 

Cp1             DKKVFWANEGESLIMYSKYKDKIIVLGDPIATKENLYSCIEEFQAFTNLYGYDVVFYEIE 325 

Pa              DKALLFHESDDAFLMYARRGRSMIALYDPIGPAMQRAELIWQFRDLCDLHHARPVFYQVR 638 

                       D579 -> D579A, D579N 
           K580 -> K580S, K580Q      Y635 -> Y635A 
 
 
Lm              GTMIPYLHDHGFDFIKLGEEGFVDVQNFTMS--GKKKKGERALMNKLEREGYTFEIIEPP 664 

Li              GTMIPYLHDHGFDFIKLGEEGFVDVQNFTMS--GKKKKGERALMNKLDREGYTFEIIQPP 664 

Cp2             EEMISYLHSNGYDFMKIGEEAKVDVKEFKVV--GNKMKSLKTSRSKVTKEGYTFHMVEPP 657 

Sa              DQHMPLYHNFGNQFFKLGEEAIIDLTQFSTS--GKKRRGFRATLNKFDELNISFEIIEPP 663 

Se              DRHMPLYHNFGNQFFKLGEEAIIDLTTFTTS--GKKRRGFRATLNKIEDLNISFEIIEPP 663 

Sx              DKYMSLYHSFGNQFFKLGEEAVINLTSFTTS--GKKKRGLRATLNKLDDLGYSFEVLEPP 663 

Bc              SKWMSLYHDFGYNFFKLGEEAVVDLNTFTIT--GKKRAGMRATFNRFEREGYTFSIHQPP 681 

Ba              SKWMSLYHDFGYNFFKLGEEAVVDLNTFTIT--GKKRAGMRATFNRFEREGYTFSIHQPP 681 

Bs              REDMALYHDFGYNFFKLGEEAYVDLNTFTLT--GKKKAGLRAINNRFEREEYTFHVDHPP 674 

Cp1             EKNFSTYHDAGYYFFKLGEEARIDLEEFNLI--GSKKSAFRNTLRRVEREGYNFSIIEPP 383 

Pa              AENLPFYMDIGLTALKLGEEARVDLLRFDLENKGKEMKDLRYTWNRGQRDGLALEFHEP- 697 

                                  E657 -> E657D, E657Q 
       E658 -> E658D, E658Q 
                K654 -> K654S, K654Q 
 
 
 
 
 
 
 
 



Lm              FNHDTWTTLRAVSDEWLDGR--EEKGFSLGFFDTYYLEQAPIAIAKNGE-GTIVGFASMM 721 

Li              FNNEMWKTLRAVSDEWLDGR--EEKGFSLGFFDTYYLEQADIALAKNAD-GTVVGFASMM 721 

Cp2             FSREFLDYLKEISDEWLDGR--KEKGFSVGFFDEDYLNKAPIAILRDRE-GEIKAFANIM 714 

Sa              FSTEFINELQHVSDLWLDNR--QEMHFSVGEFNEEYLSKAPIGVMRNEE-NEVIAFCSLM 720 

Se              FSQDFFNELKYVSDRWLDGR--DEMHFSVGQFTQPYLSKAPIGVMRDQY-GKMIAFCSLM 720 

Sx              FSQQMITDLKAISDDWLADK--NEMHFSVGSFDEHYISQAPIGVLKDNE-QSVIAFCTLM 720 

Bc              FSDELFEELRKVSDAWLGGK--KEKSFSLGYFDREYISRAPIATLSDAD-GKIIAFTTFM 738 

Ba              FSNELFEELRKVSDAWLGGK--KEKSFSLGYFDHEYISRAPIATLSDAD-GKIIAFTTFM 738 

Bs              FSDAFLEELKQISDEWLGSK--KEKGFSLGFFDPSYLQKAPIAYMKNAE-GEIVAFANVM 731 

Cp1             FNNEVVSQLKEISDKWLGDR--KEKGFSLGWFSEDYIQRSPIAILKNEEENKIMGFVTIM 441 

Pa              -GQAPLDELKAISDAWLGGKQVREKGFSLGRFTPAYLNFFRIAIVRHQG--KPVAFANLL 754 

      S709 -> S709A, S709N           Y732 -> Y732A  
           D710 -> D710A, D710N 
               E720 -> E720Q 
       S724 -> S724A, S724N 
 
Lm              PSYTDE-MTSIDLMRYSKEAPSGIMDFLFINLFEKAKEDGFQTFNAGMAPLANVGESKYA 780 

Li              PSYTDE-MTSIDLMRYSKEAPSGIMDFLFINLFEKAKEDGFQTFNAGMAPLANVGESKYA 780 

Cp2             YMYDDE-SFSVDLMRFSKNTPRGVMDFMFINLIEYGKEKGYEIFNMGMAPLANVGLSKYA 773 

Sa              PTYFND-AISVDLIRWLPELDLPLMDGLYLHMLLWSKEQGYTKFNMGMATLSNVGQLHYS 779 

Se              PTHFND-AISVDLIRWLPELDLPLMDGLYLHMLLWGQEKGYKAFNMGMATLSNVGQLHYS 779 

Sx              PTYYNG-VISVDLIRWKQDIELPLMDSLYLNMLLWSKDNNYEHFNMGMATLSNVGQIPYS 779 

Bc              PVYQDG-SLSVDLMRYYPDAPSGIMDAIFIHLFQWAKENEYHSFNIGMAPLSNVGLSTQS 797 

Ba              PVYQDG-SLSVDLMRYYPDAPSGIMDAIFIHLFQWAKENEYHSFNIGMAPLSNVGLSTQS 797 

Bs              PMYQEG-EISVDLMRYRGDAPNGIMDALFIRMFLWAKEEGCTSFNMGMAPLANVGTAFTS 790 

Cp1             DANDGGETVAIDLMRIDKDAPNASMDYLMLNLFLTFKEKGYKYFSLGEAPLSNVGFNTHS 501 

Pa              ETDSRE-LASLDLMRVHPDAPKLTMEFLMLGLILHYKAQGHARFSLGMVPLAGLQPRRGA 813 

´                   S763 -> S763A, S763N 
       D765 -> D765A, D765N 
              R768 -> R768S, R768Q 
                  M778 -> M778A 
 
Lm              FLGERLAGLVYRYSQGFYGFKGLRNFKSKYVTEWEQKFVAFRKRSSIAFTMLQLMILVGK 840 

Li              FLGERLAGLVYRYSQGFYGFKGLRNFKSKYVTEWEQKFVAFRKRSSIAFTMLQLMILVGK 840 

Cp2             FWNEKLALQFYENGQALYSFKGLRRFKEKFSHNWEYKYIAYRRNTSILITVIQAAIVCSR 833 

Sa              YLRERLAGRVFEHFNGLYRFQGLRRYKSKYNPNWEPRFLVYRKDNSLWESLSKVMRVIRH 839 

Se              YLRERLAGRVFEHFNGLYRFQGLRRYKEKYGPNWEPRFLVYRKDSSLWESMLKVMRVIRH 839 

Sx              FYGERIAGRVFEHFNGLYRFQGLRRYKEKFNPKWEPRFLVYRKHQSLWVSMLKVMRVIRK 839 

Bc              FWSERVAAAIFNNVRYTYSFSGLRHFKEKYKPAWSGKYLAFRKNHSLPITMLSVTKLIGK 857 

Ba              FWSERVAAAIFNNVRYTYSFSGLRHFKEKYKPAWSGKYLAFRKNHSLPITMLSVTKLIGK 857 

Bs              FWSERFAAVIFNNVRYMYSFSGLRAFKEKYKPEWRGKYLAYRKNRSLSVTMFLVTRLIGK 850 

Cp1             HLQEKLARLVYNSGNIFYSFDGLRRYKSKFSPIWQPRYLAYPKFMSLPEVFINLCLLIAN 561 

Pa              PLTQRLGALVFRRGEQFYNFQGLRRFKDKFQPDWEPRYLAVPAGLDPLVALADTAALIAG 873 

           Y831 -> Y831A 
                R837 -> R837S, R837Q 
     K840 -> K840S, K840Q 
         K842 -> K842S, K842Q  
 

Lm              KRPLANSQVVLDFPLEEETKKPDSE 865 

Li              KRPLANNQVVLDFPLNEEIEKPDSE 865 

Cp2             NRNVDESIVVRNLKSLIK------- 851 

Sa              K------------------------ 840 

Se              K------------------------ 840 

Sx              NN----------------------- 841 

Bc              RKNS--------------------- 861 

Ba              RKNS--------------------- 861 

Bs              SKKDSV------------------- 856 

Cp1             SKERVEKK----------------- 569 

Pa              GLTGLVKR----------------- 881 

                                          

 
 
 

    

 

 

 

 



Supplemental Figure S2 

FIG. S2. Activity of mutant A-PGS proteins under in vivo conditions. 

Separation of polar membrane lipids by 2D-TLC and detection by 5% (w/v) molybdatophosphoric acid staining 

is shown. Lipids were extracted from E. coli BL21 (λDE3) cells overproducing different A-PGS543-881 mutants. 

Positions of phosphatidylethanolamine (PE), phosphatidylglycerol (PG) and diphosphatidylglycerol (DPG) are 

shown. A-PG is indicated by an arrow.  

A-PG formation by the wild type A-PGS543-881 protein is shown in panel A. A-PG formation by the mutant 

enzymes in the in vivo assay were classified as:  +++, activity comparable to wild type enzyme (mutant protein 

K654S, panel B); +, decreased activity when compared to wild type enzyme (mutant protein Y732A, panel C); -, 

no detectable A-PGS activity (mutant protein D765N, panel D). 
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