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Both alkaline phosphatase (Malady and Horecker, 1961) and ribo- 

nuclease (Neu and Heppel, 1964) Ikom E. ham been recently 

located in the periplasm(Kltchell,1~1)between the cellmembrane 

and cell wall; these enzymes are liberated by lysozyme-EDTA conversion 

of cells into spheroplasts. In contrast, two ribomacleases (Nishimwa 

and Nomum, lW), cr-anprlase (Nosara et al., 19$), and proteinase 

(Matmibara et al., 1958) from g. subtilis are exo-enzymm, that is, 

they are excreted by nomal cells. Inboth organisms,these enzymes 

mast be secreted as such, or as subunits, through the cell membrane. 

Since to ourknowledge no excretionof enzymes through the cellwall 

has been observed in & coli, it appeared likely that the difference 

between peri-ens-s and exo-enzymes is due to a difference in the 

cell walls of Ir_. arid& subtills ratherthanadifference in the 

ensyiws themselves. !f!bis hypothesis predicts that peri-enzymes in 

should be exo-enzymes In g. subtilis and vice versa. 

!Che present paper shows, WetI, that alkaline phosphatase is 

excreted from intact cells of g. subtilis foUowing derepression by 

phoqhate starvation. 

Eaterial and Methods 

B, subtilis strain = 60-009, prototraph. 

Nedia: For logarithmic growth, SoUtmPitrate x -0, 1 g; (lVE4)$304, 

541 



Vol. 16, No. 6, 1964 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

2 g; ~gso~~71i20, 0.25 g; 0.125 M K2m’04 + m2p04, PH 6.8; distilled 

II20 to 1 liter. For growth in limiting phosphate 1 x low4 M phosphate, 

0.05 M tris, pH 6.8, and 7.5 g/l KC3, replace the potassium phosphate. 

*ia = trie(h@roxywthyl)aminondhane, “Triznm Ewe” fmm Sigm Chem- 

ical co. 

Conditions for growth inlimitingphosphater Bacteria, logarithmical& 

growingvithvigorousaerationat370C, were centrUuged,whentheir 

CB6oo reached 0.45, and washed twice with an equal volume of 0.05 M 

tris, pH 6.8. !Phe pellet was resuspended in limiting phosphate medium 

at CBm = 0.15. Duringgrowth,samplesweretakenforOD600and 

enzyme determinations. 

Alkaline phosphatase asssgs (Echols et al.., 1961) were perfo& on 

samples of the growing culture, on centrifmgal supernatante of such 

samples and on lysosyae-DMaae (Worthington) lysates of the pellets 

that had been wash4 twice with 0.05 M tris, pH 8.0. 

Dehydrogenaseassays (Freese and Costerwyk,lg63)were perfonaed on 

both the aspernatantand twicewashedand lysedpellets of samples. 

Substrateswere removedbypafmgethroughSephadexG25 coltmms. 

Specific activitie8 are given by 1000 times the change of OD410 or CB3& 

thstwouldhsvebeenproducedperlninutebyacPltmreofbacteria~~ing 

an CD- of 1.00 before lysie or centrifugation. 

Results aad Discussion 

Albdinephosphrtasedidnotappearuntilatlurstthreehaprs 

incubation in the limiting phosphate nrediwm. After this time increasing 

enzyme activ-ilq was observe& in samples of either the culture directly 

or in the centrifugal supernatant, but to only a minor extent in 

washedcells (F&l). About&homs later the synthesis of alkaline 

~~~~estcrpped,pres~blJbeca~eallthephosphaterss~e4~. 

lbomthistiple onthe specific activi* ofwashedcells decreased, 

apparen~becausetheremdningensymuas excreted. After five 
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Figure 1. Specific enzyme activities and ODGOO readings of samples 

taken from a culture during incubation in limiting phosphate medium. 

ODboO readings are plotted as 1000 times the observed value. No 

centrifugal supernatant samples contained detectable lactic dehydrog- 

enase or alanine dehydrogenase activity (A). 

hours In liarLti.ng phosphate, 93s of the total enzyme activity appeared 

in the sagewataat and only 7$ remained in the rrsshea cell extract. 

Throqfh0u-t this period of talkdine phosphatase excretion, the cell.8 

rembed Mact, as is lpdlcated by the absence of Wine dehjdrog- 

ewe activity in the slxpematanteveIlthopgbthis~ymewa8alao 
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derepressed by phosphate starvation (Freese and Oosteruyk, 1963). 

Jactic dehydrogenase served a8 an additional control since this enzyme 

was neither derepressed nor found in the supernatant. 

This experimxtald~nstrationofthe quantitative excretion of 

alkaline phosphatase from growing cells is in contrast to 15s 8pon- 

taneous release in& ~(!Porriani,1960). 

Mostbacterialexo-enzyme systems are characterizedbyavery 

low proportion of activity bound.to cells. An exception is induced 

penicillinase from& subtilis (Pollock,lg61), 85$ofwhich isbound 

to the cellmenibrane &aringthe firstthreehours; onlyafterthis 

tiae the enzyme is fotud inthe supernatsnt. 

In conclusion, it appears l&at the cell wall of g. coli confines 

peri-plasm& enzypes,whereas the ceU.uaJl ofz. subtilisallows the 

exitofs~enzyaresvhicharetherefore excreted. Since ingenerd. 

exo-enzynm predod3del.y occur in gram positive organisms (PoUoek, 

ww, itWUJ.be interestingt& seewhether the corresponding enzynm 

in graa negative organisms are also located in the periplasm, as they 
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