
Structural basis of 
lovastatin biosynthesis
LovB PKS and the LovB-LovC complex



Synthesis of mevalonate, the precursor of cholesterol



Role of statins: HMG-CoA reductase inhibitors



Structure of HMG-
CoA reductase with 
substrates or statins

Statins are competitive 
inhibitors of substrate
HMG-CoA, not of NADPH 



Biosynthesis of statins: 
lovastatin is produced by 
Aspergillus terreus

LovB is an iterative and 
permutative PKS with KS-
MAT-DH-CMeT-KR-ACP-
CON domains
LovC is an enoyl-reductase



Biosynthesis of lovastatin



Biosynthesis of lovastatin
Role of LovB and LovC: 

synthesis of the nonaketide dihydromonacolin L
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Methodology

• Recombinant expression of LovB (His-tag) in a S. cerevisiae strain expressing
A. terreus npgA (4-PP transferase)
• 6 mg protein from 50 gr cells

• Recombinant expression of LovC (His-tag) in E. coli BL21(DE3)
• 3 mg protein from 5 gr cells

• Purification with Ni-NTA resin
• Enzyme activity assays

• Synthesis of DML, NADPH consumption

• Determination of the structure of LovB and of the LovB-LovC complex by 
cryoEM

• Identification and analysis of the LovB_MAT-LovC interaction interface



From optical microscopy to cryoEM

Refraction (or Dispersion)
Change of propagation rate in a different medium 
causes a change in the incident angle (Snell law) 

Resolution increases as radiation wavelength
employed decreases
The resolution limit of the optical microscope is
linked to the wavelength of the radiation employed
[l PHOTONS = 400-600 nm] 

The discovery that electrons are endowed with very-low
wavelength radiation [l ELECTRONS = tens of 
picometers] suggested the possibility to use electron 
beams to obtain much higher resolution



CryoEM methodology

CryoEM: resolution limit 1-10 nm

Optical microscopy: resolution
limit 1 µm 



CryoEM methodology

• Penetration power of the electron beam is
limited → thin sections (50-500 nm)

• The lower the wavelength of electromagnetic
radiation, the higher the energy that is
transferred to the sample → radiation damage

• Water in living matter is highly conducive →
dried sample

• The biological sample is deposited on a metal 
grid and it is rapidly frozen

• Analysis is performed at cryogenic
temperature (77 K, -196° C)



CryoEM methodology
The biological sample is analyzed at cryogenic
temperature (77 K ->  -196° C) 

ADVANTAGES
• Reduction of background of the biologic matrix

(reduced molecular vibrations because of low
temperature) 

• Stabilization of the sample 
• Stability of macromolecular structures
• Heterogeneity of orientation of the sample with 

respect to the electron beam
• Reduction of amount of sample 

ACHIEVABLE RISULTS
• Electron tomography of cellular organelles at

resolution <40 Å
• Analysis of SINGLE macromolecular complexes at

resolution <5 Å
• Determination of the structure of membrane 

proteins



CryoEM methodology: single particle
analysis

3. reconstruct 3D structure from 2D images



Methodology

• Preparation of the LovB-LovC complex: stabilization with DSS 
and purification by gel-filtration chromatography on 
Superose 6 (molecular weight of LovB 250 kDa, LovC 40 kDa)

DSS cross-linker



CryoEM micrographs of the LovB-LovC complex

Cofactors!!!
NADPH
SAM
Malonyl-CoA

Immediately prior to specimen preparation, 
Tween 20 (10%) was added to the freshly purified
LovBC complex to a final concentration of 0.1%, 
which improved the quality of vitreous ice in the 
specimen. Four microliter aliquots of specimen at
~8 mg/ml were applied to glow-discharged holey
carbon grids (Quantifoil Cu, R1.2/1.3, 200 mesh) 
for 60 s of incubation and then blotted for 2.5 s
and plunge-frozen into liquid ethane precooled
by liquid nitrogen using a Vitrobot Mark IV (FEI) 
operated at approximately 100% humidity and 22 
°C. Cryo-EM images were collected with a Titan
Krios electron microscope (FEI) operated at 300 
kV and equipped with a K2 Summit direct
electron detector (Gatan). 



cryoEM data 
analysis



Molecular
architecture of 
LovB and the 
LovB-LovC complex

• LovB is an X-shaped dimer
• LovC is associated to the 

MAT domain of LovB
• LovB ACP and CON domains

are not resolved in the 
structure

• Two L-shaped catalytic
chambers are formed by KS-
MAT from one subunit and 
DH-CMeT-KR from the other
subunit



Structures of LovB domains:
‘substrate tunnel ‘and active sites



Interaction
LovB_MAT-LovC

MAT-LovC interaction is essential
for the synthesis of DML
• In silico and experimental

analyses: identification of the 
interaction interface

• Mutant LovC (T271L, R272I, 
K273G, M274A) is active but
unable to interact with MAT (gel-
filtration chromatography)

• No DML formation is observed in 
the in vitro reaction LovB-LovCmut

NOTE: the thioesterase LovG is
added for product release



Interaction LovB_MAT-LovC

MAT-LovC interaction is essential for the synthesis of DML
• Experimental analyses: identification of the interaction interface
• Mutant MAT mut1 (E747A, D748A, E749A, S750A) is active but unable to interact with 

LovC (gel-filtration chromatography)



Mechanism of transfer 
of the substrate
between LovB domains
and LovC mediated by 
the ACP domain


