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A~atstabledl~a~fasegenewassh~clanedfrcm 

Bacillus licheniformis KPOl into Bacillus sktilis. 

Pestricticmendcmuclease analysis of the reombinantplasmid 

revealed a mapwhicfiwas identical to a previcll~ly cl-d 

alpha amylase frcmB. 1imenifomi.s ~02 andverysimilarto 

the restrictian imp of a hiqh tmipzrature amJ1as.e fran 

Bacillus coaqulans. !he therm&ability andtenperature 

qti.mmofthe clcm?? al&a amylasewasrreasuzaably 

differentfmthose of the-pretimslyreparted cloned 

alpha amylases. 

The degradatimof starch intosiqler,mreutilisable sqar 

moieties has beama an increasingly iqm-tant im%strial 

prccess in recut years (e.g. the glucose syrup industry). 

ahere are tw stages defined in the degradative pathway (3): 

First qelatinisatim, bhereby an aqueous solutia3 of star& is 

hxted above 7OOC. T?-e ixqxrature required for canplete 

qelatinisatim depends an the smrce of starch, but gmerally 

110 - 115O C is sufficient. The s-d stage is the 

liquefactim or hydrolysis of the gelatinised starch slurry. 
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Hydrocfiloric acid was the traditional agent used in the acid 

ligwfactim poxess but acid hydrolysis can lead to the 

fonmtim of mdesireable by-products, e.g. 5-hydro~thyl 

2-furfuraldehyae (4). The inclusim ofbacterialmylases as 

sole liquefying agents or in cmjunctimwith acidhydrolysis 

has elkninatedthe pr&knofby-product formtim and the 

thermstabilityof sure of the alphaamylases,cparticularly 

those of BacilFx licheniformis (7) has the added advantage 

of being ~10s to the oqratikmal taiiratxres of the ;xooass. 

In this reFrtwz ckscribeh~the gene coding for an 

extremaly he&stable a&ha anylase (E. C. 3.2.1.1.) fran 

s lichenifomiswas shotgun clued intoBacillus stitilis 

usingthemztcx@64andthemathodofplasmidhumlogy 

assist (6). Rastricticnendmuclease analysis of the 

~inrmtp~~dsh~ittobeidenticdltoaclcned 

alphamylase fkananother strainofi&li&enifom&s(8)and 

verysimi.Lartoacla-&heatstable alphaamylase fromBacillus 

amgu.larls (1) ~,tkthem0stabilityandtemperaturec@imm 

ofaur cluied al.@la ~la5ewasITeasuxeablydifferentfmthose 

of the previously cloned al&a amylases. 

l'hebacterialstrains andplamids used in this study are 

listed in Table 1. EcoBIcut&.mms~CNA(l2ug)frcm - 

g, lichenifomis Rpol was ligated to =RI cut pBD64 (2.5ug) 

and transfomfad into B. subtilis SO103 using the mathcd of 

plasmid assist (2). D~?~wasisolated using a rapid 

miniscreen prooadure francme-+ transfonrmtand used to 

transfom 2. subtilis SO113 to ckkain s+ transfomants without 

pUB110. These transfomants ware selected on chlorarqkenicol 

(cm) and s- for the presenaa m absence of pm110. After 
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Table 1 Bacterial Strains and Plasmids 

Strain Relevant Csnoty? Source/Reference 

B. licheniformis RPOl wild type this study 

B. subtilis JF211 trDC2 53 (pRP1) - this study 

B. subtilis SO103 his met amv3 (PuBllO) -- - S.A. Ortlepp 

B. Subtilis SO113 - QC2amy3 S.A. Ortlepp 

Plasmids Marker. 

p'vB110 

pBD64 

PRpl 

Kanamycin. 

Chloramphenicol, Kanamycin 

Chioranphenicol, Kar,amycin,aiiy+. 

Several rounds of retiansfmticn mlmieswhichwre~+,Onr 

and Kantin resistant (Km=) and hi& did not mntain pUE3110 

(as cktemiinedbyvisual emninatimofethidimnbrcmide 

stained agarose gels) ware isolatced. CMe clcx-be designated 

JRllwascJlosen for further St*. 

Plasmid mwas prepared fran B. subtilis JF2ll by-rxniicatim 

cn a Caesium chlcride g-radient (5). when this plasnid, 

designated pFP1,wasretmnsfotiintotwoamylasznegative 

sixains of B. subtilis, SO103 and SO113, Ice% of the Qn= - 

trzmsfoImaIts ware aTtJ+. whenJRllwasamdofpRP1by 

selectlcnafanscol~iesfol~ggrawthintheabsenceaf 

c?rqthestrainre~toan~-~Mg. Bothofthese 

resultsindicated~tp~1carriedthe~~gdlFtra~lase. 

Initial restrictim endcnu=le~ analysis of Prrpl revealed 

that a 3,5- fragmznthadbeen clued into the EmlU site of - 

m4. ?&is fragmzntuas similar in size to the clcned al* 

aq-lase fragx& fxxn B. licher>ormis m in the reca+inantplasmid - 
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Fig. 1 *strictian endmuclease cleava9 analysis of recmbinmt 

mylase plasnids. Caesim chloride qradie* purified 

plasmid IXA'SW inmbated with endcnuclease -%01as - 

described p?miously (8) 

The resultantrestrictim frzqxmtsm 

separatedcn a 6% Polyaa-ylamide Gel rmdvistiizedby w 

$mtography of the EthicliunExrmick stained gel. Lane A, 

@D64; Lane B, pW1; Lane C, piA33; Lane D, p110. 

pS433(9)and when wz ampared pRPlwith @A33 that had been cleaved 

with.?bI we fmdmtisible differenaz Setweenthe restriction - 

pkztem cf k&h reccmbinant plazmids (Fig. 1). Further 

e3ckmuclease analysis of the 3,5X@ fragn-entofpWlreveal~ 

a~Ifiysicdl~~chwasidenticdltothecl~insertcd~~3 

thatca-k&nstheB.li&en.ifcznisFD32 alphaanylase. The sites - 

far the restriction enzyrresE&I,ClaI,HbdIII andHi.mIIwithin -- 

t'le 3,5C&p framt of pl ma@ to positicns close to, 

ifnotidfmticalwith the uxres*in~ site mthe 3,5Wbp 

insert of FsA_33 (-Fig. 2). l3x-tmx-e the#xysic.almaps ofthe 

cia-ld inserts ofprnlrmd @A33 are very similar to the 

restrictionmapof~ (1) forthe restrictimen~sPstI, 
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pAMI 

(3.3 kb) 

Fig. 2 F&strictian endcnuclease clea\-c maps of the cloned qlase 

insertswitFLinthep~ds pFPl,pSA33andw. ?he 

harizmtal lines represent the clcned EcoRl framtstithin - 

the three recabinan: plasmids Ldcated. The reported 

~kcd~~?ight~ (i7k-ilh~~~-pG.r~) of these EcoRl Oawts - 

aregiveninparenthesis. The rzq pxiticn of each of the 

JXSti&im enzym2 sites shcwn ~25 plotted as a fraction of 

the total insert size. No reskiction endmuclease rqqing 

inforxaticn for the e pyres Qlarmlis available for 

FW. 

5hm beneath these #ysica.l naps is the appnxb-ate locatim 

and the direction oftranscriptim of the hight~ature 

arrylase qere (8,l a-d unpublish~? observatlm) 

KincII, and Hind.III (Fig. 2). This cbservatim ikiicatzs a - 

highde-grwofgeneticazr~ervaticnwitkin~structure 

ofthehigh~atureal~aaqlasegmeanmgdiffermt 

Baci1u. 

We have ckerm.3 ~D+SZ.K t!!tthe anylaseproteins encoded 

by these genes display fmctionalhe+,~lrcqeneity. B. lichen- 

iforks ~lprodu&anal~ar~~lasewithaterrperature 
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Fig. 3 Tenperatixe profile of pFP1 enmded al* my?ase activity. 

Bacterial cultures were gwn to stationary #me and assayed 

far mlase activity as desczAbed previxly (3). 

B. su!kilis 168 -~ 

(O-o), B. lichmifcxmis RPOl (m-m) and_B. subtilis JF2l.l 

(A-A). 

cptinnrm of at least Ia3OC which ontrasts sharply with 

the alfia amylase of g. subtilis 168 which has a temperature 

optimlml between 4o" and 5o"c (Fig. 3). when assayed over 

the temperature range 40°C to lcO°C the al&a arnylases of 

E. li&en.ifomis RF01 and B. subtilis JT211 had nearly 

identical profiles Wig. 3) whid-~ indicat&that theplasmid 

pfiplmckd for the& li&&fomis WOlal~aamylase. 

TMsenzymhadahic$ertmperatmeoptimmthanthemylase 

en& by @A33 whid! ha.5 a temperature optimum of 93OC (8) 

~telminedbyatleastfceu:inde~dant~~~ts. ?he 

themoresistanm of the al@a mylaseenaAedbypIP1was 

rremuxdby assayingthe activity at 5o°Cbefore andafter 

heating the enzyme at 80°C for 10 mimtes. TheJTesultsofthis 
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Table2 ?hentnresistamxoftheal&azmylasesenaxkdbytheplamids 

!m,@AJ3andwa 

Plasmid Activity Before Activity After % Residual 

ffeating Ifeating Activity 
uniix/ml. units/ml 

Pm1 142.5 153.5 107.4 

pSn33 106 102.5 96.6 

pnuY2 35.8 33.4 93.2 

Cultxre saparnatants prepared as described (8) wzre incaba'~ at 

BO"C for 10 miri&es. ~kseactititieswaredeteminedat50°C 

(8) prior to and skmquenttothisheattreatmznt. 

a. Taken frmRef.l. 

experiment (Table 2) shod that the activity of the cloned 

alphaamylaseisin a-eased by 7% follming heat treatment. 

a-Lisresultwasin~trasttothechangeinactivitydisplayedbythe 

pSA33enccded al#aaqlase. As shum in Table 2 this enzyre 

decreases after heating by 3.5%. ll-&decrease in activity is similar 

tothe results cbtakxzd for the clonedBacillus axqulms alphaamylase 

(1) md included in Table 2 for anrprative pnposes. -llYJitheal* 

~1asesK~~byt~sec~genes~neasureablydifferentin 

tmprature optim aid in resistance tD inabticn at elevated 

bTTup?rature. 

Extensive restxictimekkmuckase analysisof~twoclmes 

hasshcmthattheDNAregicnseno&ingtheheatstableal@a 

axylasesarehighlyazSe?xd. 7kisleadsustospxulatethat 

adiffermce uf only a few amino acid residues cim accmmt for 

the cbserveddifference in themresistanoe and temperature optima 

cf tkse two heat stable al&a myIa.ses. IndeedPerutzhas 

s!! (9) for +he ferredoxins frcmtkmmsqkile clostridia, that 
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tk? reDlam' ,. of two bbase pairs can charge a heat labile Frotein 

to a heat s*&le one. hk arenckJdeterminingthenucle&ide 

seqxrce of the amylase ailing reqicns of both pRPlandpSA33 

axdthis seqznmz infonxticn sh&d allwus topredict the amino 

acid residLles that aaxmt for this heterogeneity. It will '&en 

Ze interesting to test tiese nredictians directly by sits-sscific 

nrrtaqaasis. 
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