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Introduction

Acyl-CoAdehydrogenasescatalyzethea,ß-desaturationofacyl-CoAsubstrates,areaction
initiatedbyabstractionofthea-hydrogenbyanactivesitebase[1].Thisfunctionalgrouphas

been'identifiedasGlu376inmaturemediumchainacyl-CoAdehydrogenase(MCADH,[2,3]
seealso[1]inthisbookforareview).Asequencealignmentofacyl-CoAdehydrogenasesand

oxidases[1]showsthataGluispresentatacorrespondingpositioninmostenzymes..
However,inlong-chainacyl-CoAdehydrogenase(LCADH)andisovaleryl-C9A
dehydrogenase(IVDH)atthepositioncorrespondingto376,locatedtowardstheendofthe0.

helixK,thereisaGlyorAlaresidue.Thisraisesthequestionabouttheidentityofthebase
whichabstractstheprotoninthelasttwoenzymes.Crystallographicdatafrom1.-1.Kimand
coworkers[4]suggestedthatinLCADH,andbyanalogyalsoinIVDH,aGluresiduemight
belocatedat.apositioncorrespondingtoMCADH-pos.255,whichison.thea-helixGofthe
protein.Thisa-helixisparalleltotheKhelixandformspartoftheactivesitecavity[4].The
hypothesishasthusbeenputforward,thatGlu261inLCADHandGlu254inIVDHarethe

baseshavingtheroleofGlu376inMCADHandtheothermembersofthisfamily.

ThisisintriguingsincethedifferentlocationoftheGluresiduesmightbeinvolvedin
determiningthechainlengthspecificityofacyl~CoAdehydrogenases.Wehavethus

constructedtheGlu376Gly+Thr255Glu-MCADHdoublemutantandwereportonsomeof
thepropertiesofthepurifiedrecombinantproteinexpressedinE.coli.

Resuits

TheplasmidusedtoexpressthedoublemutantMCADH(tobecalledmedium-Iong-chain
acyl-CoAdehydrogenaseorMLCADH)asweIlasthepurificationprocedurewillbedescribed

indetaileIsewhere[5].MLCADHisastableflavoproteinwhichisisolatedasatetramer

containing4FAD,i.e.onepersubunit.Theenzymehasthetypicalflavinspectrumshownin

Figure1andac450similartothatofMCADH.

FlavinsandFlavoproteins1993
©1994WalterdeGruyter&Co.,Berlin.NewYork-PrintedinGermany

LONG-CHAIN SPECIFIC ENZYME FROM MEDIUM-CHAIN ACYL-COA
DEHYDROGENASE

A. Nandy, :;CP. Bross, F. Kräutle, I. Rasched and S. Ghisla

Faculty of Biology of the University, D-78434 Konstanz and

:;CDepartment of Clinical Chemistry, Molecular Genetic Laboratory, Skejby Sygehus,

DK-8200 Ärhus-N

Introduction

Acyl-CoA dehydrogenases catalyze the a,ß-desaturation of acyl-CoA substrates, areaction
initiated by abstraction of the a-hydrogen by an active site base [1]. This functional group has

been' identified as Glu376 in mature medium chain acyl-CoA dehydrogenase (MCADH, [2,3]
see also [1] in this book for a review). A sequence alignment of acyl-CoA dehydrogenases and
oxidases [1] shows that a Glu is present at a corresponding position in most enzymes.
However, in long-chain acyl-CoA dehydrogenase (LCADH) and isovaleryl-C9A
dehydrogenase (IVDH) at the position corresponding to 376, located towards the end of the (I

helix K, there is a Gly or Ala residue. This raises the question about the identity of the base

which abstracts the proton in the last two enzymes. Crystallographic data from 1.-1. Kim and
coworkers [4] suggested that in LCADH, and by analogy also in IVDH, a Glu residue might
be located at a position corresponding to MCADH-pos. 255 , which is on .the a-helix G of the
protein. This a-helix is parallel to the K helix and forms part of the active site cavity [4]. The
hypothesis has thus been put forward, that Glu 261 in LCADH and Glu 254 in IVDH are the

bases having the role of Glu376 in MCADH and the other members of this family.

This is intriguing since the different location of the Glu residues might be involved in
determining the chain length specificity of acyl-CoA dehydrogenases. We have thus

constructed the Glu376Gly + Thr255Glu-MCADH double mutant and we report on some of

the properties of the purified recombinant protein expressed in E.coli.

Results

The plasmid used to express the double mutant MCADH (to be called medium-long-chain

acyl-CoA dehydrogenase or MLCADH) as weIl as the purification procedure will be described

in detail elsewhere [5]. MLCADH is a stable flavoprotein which is isolated as a tetramer

containing 4 FAD, i.e. one per subunit. The enzyme has the typical flavin spectrum shown in

Figure 1 and a c450 similar to that of MCADH.
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Figure1.AbsorbancespectraofMLCADH.Thespectrumoftheoxidizedenzyme,::=2.10-5M
in0.1MphosphatebufferpH7.6isshownbycurve(1).Aerobicadditionof0.1mMn
dodecanoyl-CoAleadstocurve(2)andof0.1mMmyristoyl-CoAtocurve(3)within1minute
uponmixing.After30minallofthesubstratehasbeenconsumedwhereuponthespectrumof
(re)oxidizedenzymereappears(cwve4).

Aerobicadditionofa5-foldexcessofeithern-dodecanoyl-CoAormyristoyl-CoAleadsto

bleachingoftheoxidizedflavinspectrumandtoformationofalongwavelengthband(Figure

1).Withinsome10minutes,however~thespectrumofoxidizedenzymeisreformed.Thisis

attributedtotumoverofsubstrateandindicatessomeoxidaseactivityofMLCADH.

MostinterestingisthechainlengthdependanceoftheactivityofMLCADH,whichisdepicted

inFigure2.FromthiscomparisonitisapparentthatMLCADHhasaspecificityintennediate

betweenthatofMCADHandofLCADHwithamaximumatC12.Noteworthyisalsothe

relativelynarrowactivityprofile~whichindicatesthatMLCADHismorespecifictoitsbest

substratesascomparedtob9thMCADHorLCADH.NotethatMCADHhaspreviouslybeen

called"general"acyl-CoAdehydrogenaseduetoitsbroadchainlengthspecificity[6].The

specificactivityofMLCADHwithdodecanoyl-CoAandmyristoyl-CoA,whilesmallerthan

thatofMCADH,isindeedhigherthanthatofLCADH.WhilethevaluesforhUlnanLCADH

stillneedtobedeterminedaccurately,itisclearthatthespecificactivitiesofLCADHand

MLCADHaresimilar.

800700400
o
300

328

0.4

450
0.3 I

Q) ©u
c
ctS
.0
'- 0.20
cn
.0
«

0.1

500 600

Wavelength (nm)
Figure 1. Absorbance spectra of MLCADH. The spectrurn of the oxidized enzyme, z2-10-5M
in 0.1 M phosphate buffer pH 7.6 is shown by curve (1). Aerobic addition of 0.1 mM n
dodecanoyl-CoA leads to curve (2) and of 0.1 mM myristoyl-CoA to curve (3) within 1 minute
upon mixing. After 30 min all of the substrate has been consumed whereupon the spectrum of
(re)oxidized enzyme reappears (cUIVe 4).

Aerobic addition of a 5-fold excess of either n-dodecanoyl-CoA or myristoyl-CoA leads to

bleaching of the oxidized flavin spectrum and to formation of a long wavelength band (Figure

1). Within some 10 minutes, however, the spectrum of oxidized enzyme is reformed. This is

attributed to tumover of substrate and indicates some oxidase activity of MLCADH.

Most interesting is the chain length dependance of the activity of MLCADH, which is depicted

in Figure 2. From this comparison it is apparent that MLCADH has a specificity intennediate

between that of MCADH and of LCADH with a maximum at C12. Noteworthy is also the

relatively narrow activity profile, which indicates that MLCADH is more specific to its best

substrates as compared to both MCADH or LCADH. Note that MCADH has previously been

called "general" acyl-CoA dehydrogenase due to its broad chain length specificity [6]. The

specific activity of MLCADH with dodecanoyl-CoA and myristoyl-CoA, while smaller than

that of MCADH, is indeed higher than that of LCADH. While the values for hUlnan LCADH

still need to be determined accurately, it is clear that the specific activities of LCADH and

MLCADH are similar.
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Figure2.ChainlengthdependanceoftheactivityofMCADH,MLCADH,LCADH(all
human),andratLCADH.TheactivityofratLCADHwasmeasuredwiththeDCPIP[8],all
otherswiththeferriceniumassay[7].ForspecificactivitiesseeTable1.

TheKmvaluesfortheC12andC14substratesare~4J..1.Mand~5J..1.M,respectively,andthus

essentiallythesameasforMCADH(=4J..1.MforC12);valuesforLCADHarenotyetavailable.
Isovaleryl-CoAisnotasubstrateforMLCADH.

Table1.Comparisonofchainlengthdependanceofactivitiesof"humanMLCADH",human

MCADH,humanLCADHexpressedinE.coli,andratliverLCADH.

Acyl-CoAMLCADHMCADHLCADHLCADH

~SubstrateHumana)Humana)Humana)Ratb)

J
(min-i)(min-I)(min-I)(U/mg)

C4-CoA050000
C6-CoA3851430
C8-CoA61101560.7
C10-CoA126651191.5
C12-CoA2036131481.8
C14-CoA158259932.1
C16-CoA34116692.0
C18-CoA30471.6
C20-CoA30130.9

a)FerriceniumassayinO.lMphosphatebufferpH7.6[7]
b)Datafrom[8],PMS/DCPIPassay.
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Figure 2. Chain length dependance of the activity of MCADH, MLCADH, LCADH (all
human), and rat LCADH. The activity of rat LCADH was measured with the DCPIP [8], all
others with the ferricenium assay [7]. For specific activities see Table 1.

The Km values for the C12 and C14 substrates are ~ 4J.lM and ~ 5 J.lM, respectively, and thus

essentially the same as for MCADH (~4J.lM for C12); values for LCADH are not yet available.
Isovaleryl-CoA is not a substrate for MLCADH.

Table 1. Comparison of chain length dependance of activities of "human MLCADH", human

MCADH, human LCADH expressed in E.coli, and rat liver LCADH.

Acyl-CoA MLCADH MCADH LCADH LCADH
Substrate Hurnana) Humana) Humana) Ratb)

(min- i ) (min- i ) (min- i ) (U/mg)

C4-CoA 0 500 0 0
C6-CoA 3 851 43 0
C8-CoA 6 1101 56 0.7
C10-CoA 12 665 119 1.5
C12-CoA 203 613 148 1.8
C14-CoA 158 259 93 2.1
C16-CoA 34 116 69 2.0
C18-CoA 3 0 47 1.6
C20-CoA 3 0 13 0.9

a) Ferricenium assay in O.lM phosphate buffer pH 7.6 [7]
b) Data frorn [8], PMS/DCPIP assay.
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HumanMCADHandthecOITespondingenzymesfrompigorbeefhaveacharacteristiepH

dependenceoftheiractivity,whichret1ectspKavaluesbetween7and8.5dependingonthe

substrate[1].ThepHdependenceoftheacrivityofMLCADHdeterminedusingdodecanoyl

CoAshowsapKa==8,,whichisclearlyinthesamerangeasthatfoundwithMCADH(pK==

8.2,[1]).Thisindicatesthatthefactorsattheenzymeactivesite,whichinfluencebasicityof

functionalgroups,havenotbeenalteredsignificantlybythedoublemutation.

Conclusions

Thepreliminaryresultspresentedinthisreportclearlydemonstratethatthehypothesis

accordingtowhichinLCADHandIVDHGlu261andGlu254respectivelyhavethesame

catalyticroleasG1u376inMCADHistenable.ThesimilarvelocityoftumoverofMLC.A.DH

ascomparedwithLCADHindicatethattheorientationofGlu255withrespecttothesubstrate

andtheflavinc~factormustbeverysimilartothatassumedtobepresentattheactivecenterof

LCADH[4].ThefindingofKmvaluescomparabletothoseoftheotherMCADHindicates

thatsubstratebindingalsomustbeverysimilar.Themostinteresting,andperhaps

unexpected,findingisthechainlengthdependenceoftheactivity,whichissurprisingly

narrow,butwhichisclearlyclosertothatofLCADHthanthatofhumanMCADH(Figure2).

Thereforeweconcludethatthepositionoftheprotonabstractingbaseaffectstheinteractionof

acyl-CoAdehydrogenaseswithsubstratesi.e.,thechainlengthspecificity.Crystallographic

studiescurrentlycarriedoutincollaborationwithDr.1.1.Kimmighthelpclarifythispoint.
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Human MCADH and the cOITesponding enzymes from pig or beef have a characteristie pH

dependence of their activity, which retlects pKa values between 7 and 8.5 depending on the

substrate [1]. The pH dependence of the acrivity of MLCADH determined using dodecanoyl

CoA shows a pKa == 8, which is clearly in the same range as that found with MCADH (pK ==

8.2, [1]). This indicates that the factors at the enzyme active site, which influence basicity of

functional groups, have not been altered significantly by the double mutation.

Conclusions

The preliminary results presented in this report clearly demonstrate that the hypothesis

according to which in LCADH and IVDH Glu261 and Glu254 respectively have the same

catalytic role as G1u376 in MCADH is tenable. The similar velocity of tumover of MLC.A.DH

as compared with LCADH indicate that the orientation of Glu255 with respect to the substrate

and the flavin cofactor must be very similar to that assumed to be present at the active center of

LCADH [4]. The finding of Km values comparable to those of the other MCADH indicates

that substrate binding also must be very similar. The most interesting, and perhaps

unexpected, finding is the chain length dependence of the activity, which is surprisingly

nan'ow, but which is clearly closer to that of LCADH than that of human MCADH (Figure 2).

Therefore we conclude that the position of the proton abstracting base affects the interaction of

acyl-CoA dehydrogenases with substrates i.e., the chain length specificity. Crystallographic

studies currently carried out in collaboration with Dr. 1.1. Kim might help clarify this point.

Acknowledgements:

This work was supported by grant Gh 2/4-7 from the Deutsche Forschungsgemeinschaft.

References

1. Ghisla, S., S. Engst, P. Vock, V. Kieweg, P. Bross, A. Nandy, 1. Rasched, A.. W.

Strauss. 1994. This volume
2. Powell, P.J. and C. Thorpe. 1988. Biochemistry 27, 8022-8028
3. Bross, P., S. Engst, A.W. Strauss, D.P. Kelly, I. Rasched, S. Ghisla. 1990. J Biol

Chenl 265, 7116-71 19
4. Kiln, J.-J.P. and 1. Wu. 1988. Proc. Natl. Acad. Sei. USA-85, 6677-6681
5. Nandy, A., P. Bross, I. Rasched and S. Ghisla. In preparation
6. Thorpe, C., R.G. Matthews and C.H. Williams. 1979. Biochemistry 18,331-337.
7. Lehlllan, T.C., D.E. HaIe, A. Bhala and C. Thorpe. ll)l)(). Anal. Bioehern. 186,

280-284
8. Ikeda, Y., K. Okarnura-Ikeda and K. Tanaka. 19X5. 1.BioI.Chern. 260,1311-1325


	Text29: First publ. in: Flavins and flavoproteins : proceedings of the eleventh International Symposium Nagoya (Japan), July 27 - 31, 1993, pp. 327-330
	Text30: 
	Text31: Konstanzer Online-Publikations-System (KOPS)URL: http://www.ub.uni-konstanz.de/kops/volltexte/2008/5275/URN: http://nbn-resolving.de/urn:nbn:de:bsz:352-opus-52757


