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SUMMARY OF PROJECT  
 
The long-chain fatty acid elongases (ELOVL) catalyse the first rate-limiting step in the two carbon elongation 
of the acyl chains of fatty acids (FAs) greater than 12 carbons in length (1). Defects in these ELOVL elongases 
cause severe genetic diseases, such as Stargardt disease-3 and several ataxias, and knockout studies suggest 
roles in insulin resistance and hepatic steatosis (2). This TEP provides the first structural information for this 
family of enzymes which, coupled with mutagenesis and biophysical studies, demonstrates how substrates 
and products bind within the active site. 

 

https://www.ncbi.nlm.nih.gov/gene/79993
https://www.uniprot.org/uniprot/A1L3X0
https://enzyme.expasy.org/EC/2.3.1.199
https://www.targetvalidation.org/target/ENSG00000164181/associations
https://omim.org/entry/614451
https://www.mousephenotype.org/data/genes/MGI:1921809
https://cansarblack.icr.ac.uk/target/A1L3X0/synopsis/ligandability
https://www.genecards.org/cgi-bin/carddisp.pl?gene=ELOVL7
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SCIENTIFIC BACKGROUND  
 
Long chain FAs (LCFA; 12-20 carbons in length) and very long chain FAs (VLCFA; more than 20 carbons) are 
the precursors for synthesis of ceramides, sphingolipids and sphingolipid signalling molecules. Sphingolipids 
derived from VLCFAs are essential for membrane stability and play important roles in the myelin sheaths of 
nerves, formation of the skin permeability barrier, and in brain, retina and liver function (2). 
 
FAs up to 16 carbons in length are synthesised by the well-characterised fatty acid synthase system. Longer 
FAs are either obtained from the diet or produced in the endoplasmic reticulum (ER) by the FA elongation 
cycle (2,3), which comprises four distinct membrane-embedded enzymes that perform sequential reactions 
to extend the acyl chain of fatty acids by two carbon units per cycle (Fig 1). The first rate-limiting step of this 
cycle is a condensation reaction between an acyl-CoA and malonyl-CoA (the two-carbon donor) to form a 3-
keto acyl-CoA. This initial reaction is catalysed by the long-chain fatty acid elongases (ELOVLs) (also known 
as 3-keto acyl-CoA synthases). 
 
In humans, there are seven ELOVL enzymes (ELOVL1-7), sharing 24-57 % sequence identity, which have 
different acyl-CoA substrate specificities with distinct preferences for acyl chain length and degrees of FA 
unsaturation (3,4). The 3-keto acyl-CoA product of this first reaction is further processed by the other three 
ER-resident enzymes in the cycle (Fig 1A) resulting in an acyl-CoA that can be further extended up to a 
maximum chain length of about ca. 38 carbons. ELOVL7 elongates C16-C20 acyl-CoAs with higher activity 
towards C18 acyl-CoAs, in particular C18:3(n-3) and C18:3(n-6) acyl-CoAs (5). 
 

 
Figure 1. (A) Fatty acid elongation cycle. The cycle comprises four ER-resident integral membrane enzymes - an elongase 
(ELOVL), 3-keto acyl-CoA reductase (KAR), 3-hydroxy acyl-CoA dehydratases and trans-2,3-enoyl-CoA reductase (TER) - 
carry out sequential reactions that extends the acyl chain. (B) Schematic representation of ELOVL catalysed condensation 
reaction. 

 
Defects in FA elongation have serious downstream effects for lipid synthesis and function. Mutations in the 
ELOVL4 gene cause Stargardt disease-3 (juvenile macular degeneration), ichthyosis (skin condition), 
intellectual disability, spastic quadriplegia and spinocerebellar ataxia 34 (SCA34) (6). ELOVL5 mutations 
cause spinocerebellar ataxia 38 (SCA38) (7). Elovl3 knockout mice suffer severely from hair loss and have an 
imbalance in the lipid species of the sebum (8); and mouse knockout studies of elovl5 and elovl6 suggest 
associations with hepatic steatosis and obesity-induced insulin resistance (9,10). ELOVL7, the most recently 
discovered member of the family , is associated with prostate (11,12), gynaecological cancer and early onset 
Parkinson’s disease (13). ELOVL7 knockdown reduces cell death and membrane permeabilization during 
necroptosis, a form of programmed cell death (14). 
 
ELOVL elongases are potential therapeutic targets for conditions arising from the accumulation of VLCFAs. 
For example, in X-linked adrenoleukodystrophy (X-ALD) defects in the transporter that targets VLCFAs for 
degradation in the peroxisomes results in the build-up of C24 and C26 VLCFAs in plasma and tissues. 
Increased levels of VLCFA-CoAs are substrates for further elongation. Modulation of ELOVL1 activity, the 
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isoenzyme mainly responsible for production of saturated C26:0 VLCFAs, may help to reduce synthesis of 
this fatty acid, and counteract its harmful effects in X-ALD (15). 
 
Understanding the structure-function relationship of the family of ELOVLs is key for advancing target and 
therapeutic discovery. To date, however, very little is known about the molecular mechanisms underlying 
this key step in FA synthesis by the ELOVLs. In this TEP, we have developed methods for protein expression 
and purification of ELOVL7 as well as solving its structure in complex with a fortuitously-bound, co-purified 
product analogue. Our data allow us to begin to understand how substrates and products bind to the 
enzyme and provides insights into the elongation reaction mechanism. 

 

RESULTS – THE TEP 

 

Proteins purified 
Human ELOVL7 is 281 amino acids in length and predicted to have seven transmembrane (TM) segments. 
We have expressed full-length ELOVL7 with a C-terminal TEV-10His-Flag tag in both insect (Sf9) and 
mammalian (Expi293F) cells. ELOVL7 is purified in octyl glucose neopentyl glycol (OGNG) supplemented with 
cholesteryl hemisuccinate (CHS) and can be concentrated to 10-25 mg/ml in this detergent/lipid 
combination. Heterologously-expressed ELOVL7 is a mixture of unmodified WT protein and protein 
covalently-bound to a 3-keto acyl-CoA (+1074Da mass adduct), as revealed by intact mass spectrometry (see 
Fig 3C in next section). The covalently modified species is more stable as it represents over 90% of the final 
purified protein. 
 

Structural data 
We have crystallised and solved the structure of ELOVL7 to a resolution of 2.6 Å [PDB: 6Y7F]. Overall ELOVL7 
has seven TM helices (TM1-TM7) which adopt a novel fold with TM2-7 forming a six TM inverted barrel 
surrounding a narrow tunnel (Fig 2). Each side of the barrel is formed by three helices (TM2-4 and TM5-7) 
that are arranged in an antiparallel fashion (Fig 2C, D). These two helical units are assembled as an inverted 
repeat around the central tunnel with TM1 lying against TM3/4, outside the barrel. ELOVL7 crystallises as a 
head-to-tail dimer (Fig 2E). This arrangement is consistent with size-exclusion chromatography with multi-
angle light scattering (SEC-MALS) analysis in solution. The dimer interface has a small and unconserved 
interaction surface. 
 

http://www.rcsb.org/structure/6y7f
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Figure 2. (A) Structure of human ELOVL7 [PDB: 6Y7F]. (B) Molecular surface representation of the central tunnel running 
the entire length of the protein. (C) Inverted barrel topology. TM helices 2-4 (blue) and 5-7 (orange) form either side of 
the barrel that surrounds the central tunnel. (D) TM helix topology. The locations of the disulphide bridge (S-S) 
connecting the TM2/3 and TM6/7 loops and the conserved active site histidines (H) are highlighted. (E) ELOVL head-to-
tail dimer arrangement in the crystal. The bound product (magenta) is shown in stick and surface representation. 

 
The central tunnel is 35 Å long and has a narrow (8-10 Å wide) opening on the cytoplasmic face of the protein 
(Fig 2B). The tunnel spans the entire membrane bilayer and is sealed at its ER lumen end by the short 
membrane-embedded loop between TM4-5, which connects the two halves of the barrel. The structure 
revealed that a covalently-bound product analogue had copurified with the enzyme (Fig 3). This C20 3-keto 
acyl-CoA spans the entire length of the tunnel with the CoA portion bound at the cytoplasmic entrance and 
the acyl chain is buried at the occluded ER end of the tunnel (Fig 3B). The acyl chain binding pocket is kinked 
presumably allowing unsaturated acyl-CoAs to bind. 
 
The active site lies at the midway point of the membrane and includes the conserved canonical ELOVL 
147HxxHH151 ‘histidine-box’ sequence. The 3-keto acyl-CoA is covalently bound to two histidines (H150 & 
H181) within the active site (Fig 3B, inset). His150 is the second histidine in the HxxHH motif on TM4 and 
His181 is located on TM5 in another conserved cluster of residues that have been shown to be critical for 
elongase function (16). 

http://www.rcsb.org/structure/6y7f
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Figure 3. (A) Electron density for covalently bound acyl-CoA [PDB: 6Y7F]. (B) Sliced molecular surface view highlighting 
extent on central active site tunnel and (inset) electron density for acyl-CoA covalently bound to active site histidines. 
The refined 2mFo-DFc (blue mesh, contoured at 1 sigma) and omit mFo-DFc (green mesh, contoured at 2.5 sigma) 
electron density maps are shown overlaid on the final model. (C) Denaturing intact mass spectrometry analysis of 
purified protein shows that the modified enzyme (E*) represents the major species after SEC purification. 
 
The structure suggests that the ELOVL elongation reaction most likely proceeds via a ping-pong type, two-
step mechanism (Fig 4A) as the active site tunnel is too narrow to accommodate both acyl-CoA substrates 
simultaneously. In the first transacylation step, the acyl-CoA binds and its acyl chain is transferred to His150 
via a C-N linkage resulting in an acyl-imidazole intermediate (Fig 4C, left). The CoA portion can then 
dissociate prior to the binding of the second substrate, the two-carbon donor malonyl-CoA (Fig 4C, middle). 
We hypothesise that in the second condensation step, malonyl-CoA undergoes decarboxylation to provide 
a nucleophilic enolate that can then react with the acyl-enzyme intermediate to produce the final product 
(Fig 4C, right). We have been able to detect the formation of an acyl-enzyme intermediate on incubation 
with the first acyl-CoA substrate via mass spectrometry (see next section). 
 

 
 

http://www.rcsb.org/structure/6y7f
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Figure 4 (A) Proposed ELOVL ping-pong type reaction mechanism. (B) View of active site around conserved HxxHH motif 
[PDB: 6Y7F]. (C) Structural models for steps in catalysis - (left-to-right) acyl-CoA binding, acyl-enzyme formation and 
malonyl-CoA (MLC) binding prior to decarboxylation and product formation. (D) Detection of an acyl-enzyme 
intermediate using mass spectrometry. Enzyme was incubated with either first substrate (middle; C18:0-CoA) or both 
substrates (bottom; C18:0-CoA & malonyl-CoA). Incubation with substrate produced a new species consistent with an 
acyl-enzyme intermediate (+266.5Da) (black/grey circles indicate background species present in starting apoenzyme 
sample). 
 

Assays 
We monitored the ELOVL7 reaction using intact mass spectrometry and demonstrated that FA chain 
elongation by ELOVLs proceeds via a stable acyl-imidazole intermediate (Fig 4D). We monitored acyl-enzyme 
formation using the small proportion of active, unmodified protein. Incubation of the enzyme with the first 
substrate C18:0 acyl-CoA gave rise to an additional peak, compared to the apo-enzyme, corresponding to 
an enzyme adduct with the expected mass addition for the C18:0 acyl chain (+266.47 Da) (Fig 4D, top & 
middle). Incubation with both substrates (C18:0 acyl-CoA and malonyl-CoA) greatly reduced accumulation 
of the adduct intermediate, consistent with the reaction having gone to completion (Fig 4D, bottom). The 
formation of this intermediate is not affected by either EDTA or EGTA (data not shown; see ref (17)) 
suggesting that, despite the large number of histidines in the active site, the elongation reaction does not 
appear to be zinc/metal-dependent. No adduct formation was observed on incubation of a His150Ala 
mutant with C18:0 acyl-CoA demonstrating that the second histidine in the conserved HxxHH ELOVL 
histidine box is the site of transacylation. 
 

Chemical Matter 
The structure reveals the identity of the 1074Da adduct observed in MS analysis. We have modelled a 3-
keto eicosanoyl (C20)-CoA (Fig 5, product 2) bound via its C2 and C5 carbons to His181 and His150 
respectively (Fig 4B). We hypothesise that the observed adduct is formed when heterologously expressed 
material reacts irreversibly in vivo to form a dead-end complex with a trans-enoyl-CoA formed either as an 
intermediate in the elongation cycle or due to VLCFA degradation. 

 
 
 
Figure 5 Chemical structure of examples of ELOVL7’s acyl-CoA substrates and products. 
 
IMPORTANT: Please note that the existence of small molecules within this TEP indicates only that chemical matter might bind to 
the protein in potentially functionally relevant locations. The small molecule ligands are intended to be used as the basis for future 
chemistry optimisation to increase potency and selectivity and yield a chemical probe or lead series. As such, the molecules within 
this TEP should not be used as tools for functional studies of the protein, unless otherwise stated, as they are not sufficiently 
potent or well-characterised to be used in cellular studies.  

 
 

 

CONCLUSION  
 
The acyl-CoA-bound crystal structure of ELOVL7 presented in this TEP represents the first example for the 
elongase family and provides the foundation for understanding the molecular basis of this key step in FA 
synthesis. The unusual architecture, active site arrangement and chemistry revealed by our structure 
provides exciting new avenues for design of modulators of ELOVL activity. Such compounds may be 

http://www.rcsb.org/structure/6y7f
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beneficial in the treatment of patients with X-linked adrenoleukodystrophy (X-ALD), an inherited metabolic 
disorder in which patients are unable to breakdown VLCFAs due to defects in the peroxisomal FA 
degradation pathway. VLCFA accumulation leads to demyelination and damage to the adrenal cortex 
resulting in adrenocortical insufficiency and progressive loss of physical and mental function. Knockdown of 
ELOVL1, which is responsible for the production of C24-C26 VLCFAs that accumulate in X-ALD patients, 
partially restores the FA profile in X-ALD patient-derived fibroblasts (15). Furthermore, Lorenzo’s oil, a 
dietary treatment for X-ALD patients (18), has effects on the activity (19) and expression of several ELOVLs 
(20). The design of specific ELOVL elongase inhibitors may offer a route to reduction of accumulating VLCFAs, 
thus providing a novel approach to therapy for this devastating disease. 
 

Next steps 
 Structural studies of the apo-enzyme / mutants with defined substrates are planned to further 

understand the elongation mechanism. Apo-enzyme will require stabilization, possibly through 
addition of substrates, such as malonyl-CoA, during purification. Mutants of His150/181, as well as 
at residues in the putative decarboxylation pocket, also warrant further structural characterization. 

 Further assay development to allow product quantitation using intact mass spectrometry, similar to 
that described in (21), will allow monitoring of the full elongation reaction and enable us to 
characterise experimental and disease variants. 
 

TEP IMPACT 
 

Publications arising from this work: 

This work has been written up for publication and is available as a preprint Nie et al. (2020) (17).  
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ADDITIONAL INFORMATION 
 
Structure Files 

PDB ID Structure Details 

6Y7F ELOVL7 crystal structure with covalently bound 3-keto-eicosanoyl-CoA 

 

Materials and Methods  
 
Protein Expression and Purification  
Vector: pFB-CT10HF-LIC (available from The Addgene Nonprofit Plasmid Repository) 

Cell line: DH10Bac, Sf9 cells, Expi293F 

Tags and additions: C-terminal TEV protease site, followed by 10x His and FLAG tags 

Construct sequence: Residues 1 – 281  

MAFSDLTSRTVHLYDNWIKDADPRVEDWLLMSSPLPQTILLGFYVYFVTSLGPKLMENRKPFELKKAMITYNFFIVLFSVYMC
YEFVMSGWGIGYSFRCDIVDYSRSPTALRMARTCWLYYFSKFIELLDTIFFVLRKKNSQVTFLHVFHHTIMPWTWWFGVKFA
AGGLGTFHALLNTAVHVVMYSYYGLSALGPAYQKYLWWKKYLTSLQLVQFVIVAIHISQFFFMEDCKYQFPVFACIIMSYSF
MFLLLFLHFWYRAYTKGQRLPKTVKNGTCKNKDNAENLYFQSHHHHHHHHHHDYKDDDDK 

(underlined sequence contains vector encoded TEV protease cleavage site, His and FLAG tag) 

http://www.rcsb.org/structure/6y7f
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Expression 
The human ELOVL7 gene (HGNC:26292; Gene ID 6505), which encodes the ELOVL7 protein (ELOVL fatty acid 
elongase 7; residues Met1 to Asn281), was subcloned into the pFB-CT10HF-LIC vector and baculovirus was 
generated using the Bac-to-Bac system. Briefly, this was performed by transforming into the Escherichia coli 
strain DH10Bac, to generate bacmid DNA, which was then used to transfect Spodoptera frugiperda (Sf9) insect 
cells, from which recombinant baculovirus were obtained. Large scale grow-ups of Sf9 cells were infected with 
baculovirus and incubated for 72 h at 27 °C in shaker flasks. Cells were harvested by centrifugation at 900 g 
for 10 min. The cell pellets were resuspended in PBS and pelleted again by centrifugation at 900 g for 20 min, 
then flash-frozen in liquid nitrogen and stored at -80 °C. 

For mammalian expression, the same construct was also cloned into the pHTBV1.1-LIC baculovirus transfer 
vector (The BacMam vector backbone (pHTBV1.1), which was kindly provided by Professor Frederick Boyce, 
Massachusetts General Hospital, Cambridge, MA and adapted for ligation independent cloning in house) for 
expression in Expi293F cells (Thermo-Fisher Scientific, Cat. No. A14527). This vector also adds a TEV cleavable 
His10-FLAG tag to the C-terminus of the protein. For expression, 1 L of Expi293F cell cultures (2 x 106 cells/ml) 
in Freestyle 293TM Expression Medium (Thermo-Fisher) were transduced with 30 ml of P3 baculovirus (third 
passage) in the presence of 5 mM sodium butyrate in a 2 L roller bottle (Biofil). Cells were grown in a humidity 
controlled orbital shaker for 48 hours at 37 °C with 8% CO2 before being harvested using the same process as 
for Sf9 cells. 
 

Cell Lysis and detergent extraction of membrane proteins 
Extraction Buffer (EXB): 50 mM HEPES-NaOH, pH 7.5, 500 mM NaCl, 5% v/v glycerol, 1 mM TCEP-NaOH, 
Roche protease inhibitor cocktail EDTA-free (1 tablet was used for 40 ml resuspended cells, dissolved in 1 ml 
Extraction buffer per tablet by vortexing prior to addition to the cell pellets). 

Cell pellets were resuspended in EXB buffer (50 mM HEPES-NaOH, pH 7.5, 500 mM NaCl, 5% v/v glycerol, 1 
mM TCEP-NaOH, Roche protease inhibitor cocktail EDTA-free) at the ratio of 50 ml per litre of equivalent 
original cell culture. The resuspension was then passed twice through an EmulsiFlex-C5 homogenizer (Avestin 
Inc.) at 10000 psi. Membrane proteins were extracted from the cell lysate with 1% w/v octyl glucose neopentyl 
glycol (OGNG; Generon, Cat. No. NG311) / 0.1% cholesteryl hemisuccinate tris salt (CHS; Sigma-Aldrich, Cat. 
No. C6512) and rotated for 2 h. Cell debris was removed by centrifugation at 35,000 x g for 1 h at 4 oC. 

Purification 
Wash Buffer: 50 mM HEPES-NaOH, pH 7.5, 500 mM NaCl, 1 mM TCEP-NaOH, 0.12% w/v OGNG / 0.012% w/v 
CHS and 20 mM imidazole pH 8.0 

Elution Buffer: 50 mM HEPES-NaOH, pH 7.5, 500 mM NaCl, 1 mM TCEP-NaOH, 0.12% w/v OGNG / 0.012% w/v 
CHS and 250 mM imidazole pH 8.0 

PD10 Buffer: 50 mM HEPES-NaOH, pH 7.5, 500 mM NaCl, 1 mM TCEP-NaOH, 0.15% w/v OGNG / 0.015% w/v 
CHS 

Size exclusion buffer (SEC) Buffer: 20 mM HEPES-NaOH, pH 7.5, 200 mM NaCl, 1 mM TCEP-NaOH, 0.08% w/v 
OGNG/ 0.008% w/v CHS 

Column 1: Co2+ TALON resin 
The detergent-extracted supernatant was supplemented with 5 mM imidazole pH 8.0 before incubation with 
Co2+ charged TALON resin (Clontech) for 1 h on a rotator at 4 oC (1 ml resin slurry per L original culture 
volume). The Talon resin was collected by centrifugation at 700 x g for 5 mins and washed with 30 column 
volumes of wash buffer before the target protein was eluted with elution buffer. Peak fractions were 
combined and passed through PD10 columns, pre-equilibrated with four column volumes of PD10 buffer. 

TEV protease cleavage and reverse purification 
TEV protease was added at a ratio of 10:1 (ELOVL7:enzyme, wt:wt) and incubated at 4 oC overnight. For each 
litre of initial cell culture volume, 0.25 ml of a 50% slurry of TALON resin (pre-equilibrated as above) was 
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added and the sample was rotated at 4 oC for 1 hour. The sample was transferred to a gravity column and 
the flow-through was collected. 

Column 2: Superdex 200 Increase 10/300 GL column (GE Healthcare) 
The protein sample was concentrated in a 100 kDa MWCO Vivaspin 20 centrifugal concentrator (pre-
equilibrated in SEC buffer without detergent) at 3,000 g, with mixing every 5 min, to a final volume of < 1 ml. 
After centrifugation at 21,000 g for 20 min at 4o C, the sample was subjected to size exclusion 
chromatography  

Iodoacetamide modification 
For structural studies, the flow through from the reverse Talon step was incubated with 50 mM 
iodoacetamide (IAM) (Merck Millipore) for 20 mins at room temperature. IAM was removed by passing the 
reaction mixture down a PD-10 desalting column prior to concentration. After SEC, fractions containing the 
highest concentration of ELOVL7 were pooled and concentrated to 12-25 mg/ml using a 100 kDa MWCO 
Vivaspin 20 centrifugal concentrator. 
 

Crystallisation 
Initial protein crystals were grown at 4 °C in condition E10 of the MemGold2-ECO Screen (Molecular 

Dimensions; 0.05 M Na-acetate pH 4.5, 0.23 M NaCl, 33 % v/v polyethylene glycol (PEG) 400) in 3-well sitting-

drop crystallisation plates (SwissCi) with 150 nl drops and 2:1 and 1:1 protein to reservoir ratios. Crystals 

appeared after 4-7 days and grew to full size within 3-4 weeks. Two microlitre hanging drops were set up in 

24-well XRL plates (Molecular Dimensions) at protein to reservoir ratios of 2.5:1, 2:1 and 1.5:1. The best 

crystals grew in 0.1 M Na-acetate pH 4.5, 0.23 M NaCl, 34-38% v/v PEG400 using the IAM-modified protein at 

a concentration of 5-8 mg/ml and were harvested after 12-14 days. Prior to vitrification, crystals were 

sequentially transferred to mother liquor solutions with an increasing amount of PEG400 to a final 

concentration of PEG400 of 46% v/v over 10-15 mins. For heavy atom derivatisation, crystals were looped into 

drops containing reservoir solution supplemented with 10 mM mercury chloride and soaked for 10 mins. Hg-

soaked crystals were then treated to the same PEG400 escalation strategy using Hg-free solutions before being 

vitrified in liquid nitrogen. Diffraction data were collected at the I24 microfocus beamline at Diamond Light 

Source. 

Structure Determination 
ELOVL7 crystallises in monoclinic space group P21 with two copies of the enzyme in each asymmetric unit. All 
diffraction data were highly anisotropic and limited to between 3.4 - 4.5 Å resolution in the worse direction 
and 2.05 – 3 Å in the best direction. Phasing was carried out in PHENIX (22) using SIRAS with the Hg-peak data 
and a 3Å isomorphous lower resolution native dataset. Two Hg2+ sites were located with phenix.hyss using 
data to 4.5 Å (23). The resulting 3 Å phased electron density map had clear protein density allowing the 
identification of the NCS relationship between the two ELOVL7 molecules in the asymmetric unit. After two-
fold averaging using RESOLVE, the resultant map was of sufficient quality to manually model all the TM helices. 
Initial phases were further improved by cross-crystal averaging with a non-isomorphous, less anisotropic and 
slightly higher resolution dataset using DMMULTI (24). The resultant map was of excellent quality and the 
majority of the structure could be built automatically with BUCCANEER (25). Model completion was carried 
out manually in COOT (26) and the structure was refined with BUSTER (27) using all data to 2.05 Å. The final 
model comprises residues 16-269 (chain B, 14-269), a covalently bound 3-keto-CoA acyl lipid, four OGNG 
detergent molecules and 112 solvent molecules. 
 

Mass spectrometry 
The denaturing intact mass spectrometry measurements were performed using an Agilent 1290 Infinity LC 
System in-line with an Agilent 6530 Accurate-Mass Q-TOF LC/MS (Agilent Technologies Inc.). The solvent 
system was consisted of 0.1% OptimaTM LC/MS grade formic acid (Fisher Chemical) in HPLC electrochemical 
grade water (Fisher Chemical) (solvent A) and 0.1% formic acid in OptimaTM LC/MS grade methanol (Fisher 
Chemical) (solvent B). Typically, 1-2 µg of protein sample was diluted to 60 µl with 30% methanol in 0.1% 
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formic acid. 60 µl of sample was injected onto a ZORBAX StableBond 300 C3 column (Agilent Technologies Inc.) 
by an auto sampler. The flowrate of the LC system was set to 0.5 ml/min. 30% of solvent B was applied in the 
beginning and the sample elution was initiated by a linear gradient from 30% to 95% of solvent B over 7 min. 
95% B was then applied for 2 min, followed by 2 min equilibration with 30% B. The mass spectrometer was in 
positive ion, 2 GHz detector mode and spectra were recorded with capillary, fragmentor and collision cell 
voltages of 4000 V, 250 V and 0 V, respectively. The drying gas was supplied at 350°C with flow rate of 12 l/min 
and nebulizer at 60 psi. The data was acquired from 100-3200 m/z. Data analysis was performed using 
MassHunter Qualitative Analysis Version B.07.00 (Agilent) software. 
In order to trap the covalent acyl-enzyme intermediate, the purified, tagged, wild-type ELOVL7 protein at 1.5 
mg/mL (obtained after the desalting step that followed IMAC elution) was incubated with 100 μM C18:0-CoA 
(Avanti Polar Lipids, Cat. No. 870718) for 2 hours at 37 oC, in the presence and absence of 1 mM EDTA, 1 mM 
EGTA, or 100 μM Malonyl CoA (Sigma-Aldrich, Cat. No. M4263). The reaction was terminated by dilution into 
30% methanol in 0.1% formic acid, as described above. Covalent acyl-enzyme intermediate formation was 
identified by monitoring the presence of a mass shift upon incubation with the substrate, corresponding to 
the addition of the substrate acyl chain through attachment of the histidine imidazole to the thioester 
carbonyl, resulting in thioester cleavage and loss of CoA (predicted +266.47 Da upon reaction with C18:0-CoA). 
The site of covalent modification was probed by carrying out this experiment with the His150Ala and His181Ala 
mutants, which allowed identification of His150 as the nucleophile involved in covalent intermediate 
formation. 
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