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Materials included: 
 
Table S1. Predicted energetic contribution of individual amino acids at the protomer interface to the 
binding free energy. 
 
Figure S1. Alignment of sequences of members of the BCCT family. 
 
Figure S2. Simulation of distance distributions between labeled sites in CaiT trimer with the rotamer 
library approach and computation of corresponding DEER form factors using the multi-spin system 
formalism. 
 
Figure S3. Precision of distance distributions computed from the Q-band DEER data as estimated with 
the Validation Tool (DeerAnalysis). 
 
Figure S4. Intensity normalized Q-band DEER time traces after background correction (DEER form 
factors). 
 
Figure S5. Impact of given amino acid substitutions in CaiT on the growth stimulatory effect of L-
carnitine. 
 
Figure	S6.	Western	blot	analysis	of	CaiT	with	given	amino	acid	replacements	in	E.	coli	 JW0039	
membranes.	
 
Figure S7. The stability of CaiT and given variants in membranes of E. coli. 
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Table S1. Predicted energetic contribution of individual amino acids at the protomer interface to the 
binding free energy. An in silico alanine scanning mutagenesis was performed using the Robetta 
server1,2. Calculations were performed on the structure of CaiT of E. coli3. The amino acids with the 
highest predicted contributions were listed. In addition, T304 was included since the corresponding 
amino acid (T351) was previously shown to contribute to destabilization of the BetP trimer4. Amino 
acids replaced in this investigation were highlighted in bold. 

Amino acid Location DDDDGbind  

[kcal mol-1] 

W53 periplasmic end 
TMD 2 1.78 

W57 periplasmic end 
TMD 2 1.86 

E132 loop 3 connecting 
TMDs 3 and 4 1.23 

T287 helix 7 1.42 

D288 helix 7 2.23 

M295 helix 7 1.22 

R299 helix 7 3.58 

F302 helix 7 2.00 

T304 helix 7 0.44 

I307 loop 7 connecting 
helix 7 with TMD8 2.06 
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Figure S1. Alignment of sequences of members of the BCCT family. The alignment of the complete 
amino acid sequences was performed with CLUSTAL Omega5. Shown are the regions around TMDs 1 
to 2 and TMDs 7 to 9. Amino acids involved in inter-protomer interactions based on the crystal structures 
of BetP4 and CaiT3 are colored. Interacting sites have the same color. Sites experimentally shown to be 
important for trimer stability [BetP4; CaiT, this investigation] are in bold. The amino acid proposed to 
be cause of the substrate-induced change in tryptophan fluorescence (W323)3 is highlighted in white on 
black background. EcCaiT, CaiT of Escherichia coli (P31553); PmCaiT, CaiT of Proteus mirabilis 
(B4EY22); CgEctP, EctP of Corynebacterium glutamicum (Q79VE0); PsBetT, BetT of Pseudomonas 
syringae (Q4ZLW8); EcBetT, BetT of E. coli (P0ABC9); CgBetP, BetP of C. glutamicum (P54582); 
SmBetS, BetS of Sinorhizobium meliloti (Q92WM0); BsOpuD, OpuD of Bacillus subtilis (P54417). 
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Figure S2. Simulation of distance distributions between labeled sites in CaiT trimer with the rotamer 
library approach6 and computation of corresponding DEER form factors using the multi-spin system 
formalism7,8. (a) Interspin distance distributions in CaiT trimer computed using the following pdb 
template structures: 2WSX (left), 3HFX (middle) and 3HFX – carnitine removed (right). Distance 
distributions corresponding to a trimer (red curves) were obtained by summing up all (three) pairwise 
distance distributions (blue, cyan and green curves). (b) Simulated DEER form factors corresponding 
to a trimer (i.e. between all three labeled sites, red curves) in comparison to summed form factors 
stemming from pairwise distance distributions. Computed for a total modulation depth of D = 0.4. 
Differences between the two form factors are negligible. (c) The same as in (b) computed for a total 
modulation depth of D = 0.6. Differences between the two form factors increased and are well seen. 
Rotamer library R1A_298K_UFF_216_CASD as implemented into an open-source package MMM 
(version 2018.1) was used for all simulations. 
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Figure S3. Precision of distance distributions computed from the Q-band DEER data as estimated with 
the Validation Tool (DeerAnalysis). The analysis was performed using primary DEER data for 
respective mutant shown in Figs. 4 and 5. During the validation procedure, distance extraction with 
chosen initial number of background decay models (trials) was performed for each case (given below). 
For more realistic error estimation, ensembles of trials were pruned to keep only those models whose 
r.m.s.d. was lying within 1.15*r.m.s.dmin (default value). In every panel: grey-shaded areas indicate the 
full variation of the probability of a given distance over all trials; solid black line corresponds to a 
distance distribution for which the background fit has the lowest r.m.s.d.; red and blue lines denote a 
lower and an upper error estimates (the mean value plus/minus two times the standard deviation) for a 
given distance respectively. (a). CaiT(∆C)-R1118 trimer in proteoliposomes (left, 2160 trials, primary 
data are in Fig. 4a) and detergent (right, 4312 trials). (b). CaiT(∆C)-R118/D288A mutant in 
proteoliposomes (left, 2340 trials) and detergent (right, 3960 trials). (c). CaiT(∆C)-R118/D288R mutant 
in proteoliposomes (left, 4212 trials) and detergent (right, 3630 trials). (d). CaiT(∆C)-R1118 trimer in 
proteoliposomes at the absence (left, 4368 trials) and the presence of carnitine (right, 4368 trials), 
primary data are in Fig. 4c. 
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Figure S4. Intensity normalized Q-band DEER time traces after background correction (DEER form 
factors). (a) CaiT(∆C)-R1118 trimer reconstituted into proteoliposomes (black) and detergent solubilized 
(grey). (b) CaiT(∆C)-R1118 trimer reconstituted into proteoliposomes prepared at the presence (magenta) 
and absence (black) of carnitine. Inset shows form-factors scaled to the same modulation depth for better 
direct comparison. (c) CaiT(∆C)-R118/D288A (red) and CaiT(∆C)-R118/D288R (blue) mutants in 
comparison to CaiT(∆C)-R1118 trimer – all reconstituted into proteoliposomes. (d) CaiT(∆C)-
R118/D288A (red) and CaiT(∆C)-R118/D288R (blue) mutants in comparison to CaiT(∆C)-R1118 trimer – 
all detergent-solubilized. Green traces throughout represent fits to experimental DEER form factors. 
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Figure S5. Impact of given amino acid substitutions in CaiT on the growth stimulatory effect of L-
carnitine. E. coli JW0039 (DcaiT) was transformed with plasmid pT7-5/caiT(wild-type), pT7-5/caiT-
D288A, pT7-5/caiT-D288R, or pT7-5 without caiT. Cells were grown in LB medium supplemented 
with 100 µg/mL ampicillin under anaerobic conditions (15 mL glass tubes completely filled with 
medium and tightly sealed) at 37oC. Growth was analyzed in the presence and absence of 50 mM L-
carnitine by measuring the optical density at 420 nm (OD420). Starting at an OD420 of 0.03, cells were 
cultivated for 6 h (middle of exponential growth phase). The ratio of OD420(6h)(+L-carnitine)/ OD420(6h)(-
L-carnitine) was taken as measure of the growth stimulating effect of L-carnitine. Error bars represent 
standard deviations calculated from four biological repeats of the experiment. 
  



	 S-8	

 
 
Figure S6. Western blot analysis of CaiT with given amino acid replacements in E. coli JW0039 
membranes. HRP-linked mouse anti-His IgG was used to detect CaiT. PageRuler™ Prestained Protein 
Ladder was used for molecular size estimation. The figure is a composite of two images of one blot 
recorded with the Fusion FX imaging system (Vilber): a white light image to detect the prestained 
protein standard, and a luminescence image. Relative molecular masses are indicated in kDa. The blot 
corresponds to Fig. 6a. 
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Figure S7. The stability of CaiT and given variants in membranes of E. coli. The stability was tested 
in a pulse-chase experiment. For this purpose cells were incubated with [35S]methionine at 30°C for 10 
min before removal of the zero-time point aliquot and addition of an excess of unlabeled methionine 
(2 mg/mL final concentration). Further aliquots were taken at given time points of incubation. Cells 
were disrupted by sonication, membranes were prepared and subjected to SDS-PAGE (12.5%). 
Radioactivity was detected with a Phosphor imager after drying the gel. The gels corresponds to Fig. 
9c. 
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