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THIN-LAYER CHROtiATOGRAPHiC ASSAY METHOD FOR CYCLO- 
PROPANE SYN-I-HETASE 

A method using thin-her chrornato~r~~phc-~~~~ has been developed fy>r the assx~ 
of cyclopropane synthetase. The procedure contbines specificity of product identiii- 
cation with the convenience rzecessary for routine asstty work. The method has been 
used to nssay cyzloproparre s_vntltetasc from Lnt-rohacilltts plmrtrrrnrr ( ATCC SO ILc)_ 
The enzymatic reaction was found to be linear with respect to both time and protein 
concentration. 

INTROI>UCTION 

The presence of cycfopropane synthetasc has been implicated in a number of 
dilkent bacterial species’-‘_ Tflis enzyme catalyzes the transfer of a ntetftyfene group 
front S-adettos~fmetf~ionine to the double bond of an unsaturated pftospltoglyceride 
fatty acid to f-ornt a cycfopropane ring-containing t>tt_v acid. Depending upon the 
particular bacterial species and the conditions of growth. cvclopropane thty acids 
may constitute the majority of membrane phosplmfipid fhty acids’. The functions 
that these thy acids fultif in bllcteria are not known. 

Two methods for the assay of q&propane syntftetase have been reported in 
the literature_ Both methods use radioactive S-adenosyfn~etf~ionine labeled in the 
active methyl group. Tf?e more specitic method’ involves separation of the reaction 
products bv as cltroma~ogr~tpfty: the radioactivitv of each thy acid species is then - _ 
measured wit11 a scintillation counter. Error may be introduced by incomplete re- 
covery of the esters from the chromrttographic colun~~ and the residual rndioacticity 
of the column itsef!“_ In addition, tfte procedure is quite lengthy l-or use in routine 
:1ssays_ 

The second reported assay involves countin, cr the radioactivity of products 
precipitated onto filter paper disks with trichforoacetic acidh_ This procedure is hster 
than the gas cltro~xttographic method, but may present difficulties in certain cases. 
The scintillatfon counting efficiency of the dtsks is reduced by more than 5076 for 
lipids labeled with 3H: counting efficiencies are also reduced for ‘%I and 3zP_ Perhaps 
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a more serious disadvantage is that this method n~tx~sures rrtdioactk-ity of any species 
that is insoluble in trichloroscetic acid and in xatcr. ConqAicationr cm arise. thcre- 
fore, when radioactivity is incorporated into lipid moieties other than the cyclo- 
propane ring- Such incorporation does occur in certain bacterial species’ tind ma_\: be 
cspected in plant and tmimal systems which synthesize phosphatidyl choline li-om 
phosphatidyl ethanolamine. 

Thin-layer chromatography (TLC) provides an assay method which is specific 

for radioactivity incorporated into fktty acids, and which is faster than the gas chro- 
matographic method. The method reported herein requires only one cstraction step, 
no liquid transt‘trs from the reaction vessel_ and no esteriiications. Scintillation count- 
ing is maintained at new normal elkicncy. 

The radioactive substrate used was [“H]meth~l-S-urlertos?;lmsthioninc (New 
England Nuclear, Boston, Mass., U_S_A., specilicactivity : S-02 Ci~mniole). Unlabcleil 
S-adenosylmethionine \\‘;Ls obtained tiom Sigma Chemical Company (St_ Louis. 
Mo., U.S.&)_ Lipid substrate WBS obtained from cultures ot‘ Lctcidwcilltt~ plrttt~ot-ttttt 
(ATCC SO14) collected during the early log phrtsc of ~ *‘rox\ tl:. The lipid \vtts e.strxted 
and washed by the method of Folch C’I cr/_‘_ No attempt \\;ts made to separate the in- 
dividual lipid components_ Lipid dispersions were prepared in t!w presence ofsodi~m~ 
dodecyl sulkte’ by sonic oscillation under a nitroyx atmosphere. T!IC dispcr~icws 
were stored under nitrogen at 5 in the dark. 

Crude enz_vme \v;ts obtained from cell-free estrxts 01‘ L. p/mrttt-ttttr. Late 
loparithmie cells 11.ere suspended in twicr their \olume of-O. 1 :I I pot:issium phosphate 
bufkr at pH 7.0. The cells were disrupted in a Braun Model MSK mechanicrti ccl1 
homoenizer using rrlass beads ofO_lO-0.1 1 mm dirm~etcr ( BranGll. Rochester. N_\‘.. 
U.S.A.)_ After centrifugation at 20,OOOg to remove cell debris, the supcrnatant so- 
lution was adjusted to pH 7.0 and stored in small xlicluots at -40 _ 

TLC was performed on Eastman Chromagrrrm silica -_ 4 plates;. Pre-:uXiv:ktian 
of the plates by heating was not necessary- Hwnilton microsyringe~ (50 rrl capacity) 
\\ere used to apply measured volumes of liquid to the thin-layer plates. The chromato- 
graphic solvent xvas petroleum ether (60-!IO~ )-dieth~l ether-&kGal :tcetic acid (9O:lO: 

I)- 

Enzyme incubations and assays were con\-cniently carried out in I-dram glass 
shell vials supplied with tightly fitting pulyeth~lerie caps_ A typic:il assay misture had 
a total volume ok-O_ 1 ml, and contained 0.1 to 1 .O 111~ of protein cstmct_ 70 log of lipid 
extract, 20 nmoies of sodium dodec?;l sull\~te, 50 nmoles (0.5 ,Ki) of [‘H]methyl- 
S-adenosylmethionine, and 63 :tmoles of potassium phosphate butl-er at pH 7_0_ 
After incubation for 30 min at 30”, the reaction was terminated by addition 01‘ an 
equal volume of tt saturated NaOH-methrmol solution_ 3%~ misture \vas snponi:ied 
by heatins for I5 min at 60’_ The contents x\ere then acidified to pH 1 b_\; the addition 
of 50,1rl of 3 X HCl, and 400 ,~l of methylene chloride \I:;IS then added_ The t\vo re- 
sulting phases \vere intimately mixed f;,)r 2 min on ;t Vortes miser and centrifuged 
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briefy to obtain complete separation of the two layers_ The vials werti then cooled in 
ice and kept cold throughout the spotting procedure to prevent evaporative losses_ 
A total of 200 141 from each assay vial was applied in a narrow streak to a thin-layer 
plate and then overlaid with stearic acid_ This spottin g required aboilt 4 min per vial I 

nn~cb less liquid can be applied provided there has been suificient radioactive incorpo- 
ration to be counted. 

The plates were chromatograpl~ecl for about 15 rnin at rOOIII temperature ami 
then \vere developed in iodine vapors. Neither choline, a possible radioactive product, 
nor mctbioninc. a possible mdioxtke degradation product of S-ndenosyl~~~ctkiaiiicc. 
migrate from the baseline in the solvent used. Atier the vapors had evaporated iiom 
the plates, the spots correspondin g to Fatty acids were cut out. placed in scintillation 
vials. and counted Ihr radioactive incorporation usin g a Beckman liquid scintillation 

sxsteni (Fullerror!. Calit, U.S.A.). The thin-layer plates were lice of rndioactivit~ in 
tile regions surrounding the 13ty acid spots. The counting &kiency for tritium-l:~l~elecl 
fkty acids on the thin-la_ver plate mxs about OO’.!;, that 1-w the I’itty acids dissolved in 
the scintillrition fluid. 
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determine the completeness of fatty a&&extraction in a two-phase solvent system. 
Methylene chloride was chosen for the organic solvent because it forms the lower 
layer in the presence of water, and thus:minimizes evaporation of the organic phase_ 

The best mixing procedure \\-a~ determined by measuring the completeness of 
fatty acid extraction after Vortex mixing for 30 set, 1 min, and 2 min. After the organic 
phase was spotted on a plate, additional methylene chloride was added to the assay 
vial ar.d rhe mixing procedure repeated until no additional radioactivity was extracted 
into the organic phase_ The results are shown in Table I. When the procedure out- 
lined in :ller/iotl.s \vas follo\\ed, the first extraction consistently removed 90-1007:, of 
the fatty acids into the or?rtnic phase after 2 min of Vortex mixing_. 

To determine thar radioactivity was incorporated only into cyclopropane 
fatty acid, the Fatty acids \vere extracted from the thin-layer spot, esterified”‘, and 
collected in U-tubes from a Loenco Model 2300 gas chromatograph (Mountain View, 
Calif-, US-A_) using a column of 15% diethylene glyxl succinate on Chromosorb W 
at ISO’_ Virtually all of the radioactivit_v present in the fatty acid mixture was found 
incorporated into the cyclopropane fatty acid (lactobacillic acid)_ No significant 
radioactivity was found in any other fatty acid. 

The assay method was subsequently used to determine the linearity of the 
enzymatic reaction \vith time (Fig. 1). It was also determined that the amount of 

product formed is linear v. ith protein concentration (Fig_ 2). 
Thin-layer chromatography has been shonn to be applicable to the assay of 

cyclopropane synthetase in a bacteria1 system. The method should be of parricular 
value for studying this enzyme in systems capable of transferring the active methyl 
group from S-adenosvlmethionine to the nitrogen atom of phosphatidyl ethanol- 
amine_ In these-cases, the thin-layer assay otks the needed speciticity of product 
separation alon% with sreater speed than is obtained vcith gas chromatographic 
methods_ 

Fis_ I_ TLC assay of cyclopropanr fatty acid production w~-.w~s incubation time_ The incubation 
misture contained 02 mg protein, 70 _q lipid. 10 nmoles sodium dodrcyl sulfate. 50 nnIoks 
[JHlmeth~I-S-adenos_vlmethionine (O-5 .Ki), and 6-S I ~rmoks porassium phospharc butk. pH 7.0. 
The rotal volume of the reaction misture was 0.1 ml_ Incubation w;1s carried out at 30 _ Estraction. 
chron?litogmphic and counting procedures are described in the ;W~rlruds section. 

Fig_ 1_ TLC assay of cydopropanc fatty acid produced rw.s~~s protein concentration. The incubation 
mixture contained 14O_ag lipid. 40 nmoks sodium dodrcyl sulfate. and GO nmoles [‘H]me:hyl- 
S-adenosylmethionine (0.5 ;rCi)_ Crude enzyme was added as approprinw The \-olumr was brought 
up tu 0.1 ml by addilion of 0.1 111 potassium phosphate butfrr, pH 7.0_ Incubation ~~1s carried out 
at 30- for I5 min. Extraction. chromatographic and counting procedures are decribed in the ~~f~~rirds 
section_ 
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