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l3B4AlUr Cultures of Chlamydc~nas t. do not express ths gene for 
s phosphataaewheniaorgaaicphosphsteisintheredirn; 
however, the enzyme is present when+glycerophosphate is 6dd6d. 
The carbon sour6epl6ys snimportat roleinthe synthesi8ofthe 
phosphatase; in foot, the acetate functions as a co-inducer of a 
series of structurel gems. 

The greenalgae &glenagracilis, C~~onasllniplraaml 

CU~omnasr, synthesise two distimt aldolawts (14). IWsellMd 

Gibbs showed thatwhenaculture ofChl&~nasrmurdoaais shifted fra 

Co2 to acetate au a carbon source, Aldolase II replaces Aldolase 1 (5). 

In Chlawdomonas 5 the situation is different because it is possible to 

synthesise either Aldolase I or both proteins (6). In fact, algae grown 

&8 hours, with alternating periods of light and dark, in the presence of 

adrture of air and 5%CO2 containo~Aldol.ase I. However, the same 

culture after five dogs containsbothenoymss, despite the facfthatthe 

carbon source has not been changed (6). 

The discovery that carbon source and metabolic conditions spy 

rsgulatethe synthesis of at least twoproteinsin Cmaonasf. led 

us to study another en%yme, alJmline phosphatase, to see if it behaved 

in a similar way. Zhisp~rdrronstra~sthsEabstenw,of~aUrallas 

%ecipient of an E.W.B.O. Fellotiship, 1961970. 
mPremnt Address0 DepaWnt of Biological Sciences 

University of Montreal, Mcntreal, Cened6. 
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phosphataae in Chlsswdomouas 2 aud describes the mode of appearanae of 

this proteinuMervariou8 growth conditions. 

MAmALs AND METHODS 

Growth medium was prepared according to Sager aud Grahick (7); the 

illolination was U&6GO foot candles, tenperaturs 25O. Chlauydomonas fi 

was a kind gift &w Dr. R. Sager. Streptaaycin sulfatewaspurehased 

fron Lepetit S.P.A., Milsno, andfi-glycerophosphate was purchased frar 

sigma co., st. Louis, Moo. Cells were broken with a Sonifier oell diss- 

ruptor, ModelM l&3D, Heat Syfh?m Ultrasonic, Inc., Melville, B. P. and 

ensymatic activity was measured in a Gilford Spectrophotabter Model 2OCO. 

Assays for alkaline phoaphatase (8) were carried out in the following 

way: aliquots of 10’ cells were collected b centrifugation, resuspended 

in 10 ml of 0.091 Tris-HCl, pH 7.5 and sonieated at O-&o for lminute. 

The yield of disrupted cells was about 75-80$. The crude extract was 

olarified by centrifugation and by Strep-in precipitation and then 

tested for presence of alkaline phosphatase using p-nitrophenylphosphats 

at PH 8.5 a8 subdzate. menwith cnltures containing young, snail cells, 

alkaliae phosphatase uaa usually detected under these conditions by adding 

to the subrtrate amounts of extract mu=ying frum 2 to 50 1. When no 

poaitd.re response was detected in this range, the amount of added extract 

watt iacrea8ed to 100 or 200 1. 

RESULTS AND DISCU~OH 

~ncalt~rofChlrJrdoronosfl.,grrwinglogarithio~in~ 

presenoe of air amI 5% CO2 ia a routine redi= containing inorganic 

phosphate, were trsnsferred into a -dim where the phosphate required 

for growth had been substituted with the no quantity ofp-glgcero- 

phosphate, a diauxy-type phenomenon (9) was observed (Pig. lb). After 

aresidual exponential growth, a 2hhour lagperiodwas observed, after 

which the oells enteredalogaritWcphase, therate ofwhichwas 

related to the concentration of thej-glycerophonphate. Subcultures of 
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these cells in a Ireah)<-glycerophosphte ndiu continued to grow 

without showing pay diAUXptyp0 phenomenon (Fig. la). 

Assays for alkaline phosphatase shoued that no Activity na@ 

dote&able in the control culture (Fig. la); enzyme activity, however, 

WAS found At L8 houra, (About four generation-times), Af%er tramfor 

into glyCOrOphOsphAte (Fig. lb), and, Of Course, in the EiubOult~e as 

described in Fig. lc. 

Fig. 

a 

1. Oronth profiles of Chl 
~~~~ec&~~~~~2~0 gX'OUi.ngAtlOgAl-it 

times by oentrifugation And then inoculated nto fresh medio 
at the concentration of Approximately 1 x 10 I cell/nl. 
la) Control,curve: mediu aontatang zoo mg of inorganic 
phosphte ACCOZ'di~ to ref. (7). lb) Same AS before but 
equP1ro~~tofpho~~~Assodim~lg~~~phk 
h~sbeen~dded (470 mg/l) instead oftheinorganic phoapphte. 
lo) An ~liquott~ken frcmtheeulturelb grouingate%poaea- 
tid rate (96haors)UaS plACedin Afreshnedi~oodrriaiag 
%-glperopho8phate. 
In Additiomto the number of aellE/dl, olorai 8ad opened 
oirele6imiiorte rerpeati*lypreaenoe 0rAbreme of alkaline 
pho@ataae. Clo8edAndopenarrow~iadicAtera8peetiv~ly 
precrenoe or Abssnce of dne pho8phAtAm in the eAr3.y 
OdhreS in which A oorreet detemirution of mmber of cells 
WAS not oarried out. 
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These data mggest that, uader standard growth conditiona with 

inorganic phosphate-containing nedim, the phosphtese gem fe not 

OXplWSWd. In this phenomenon, which her been ehcnm to occur in maay 

other orgaaiems, theJJ-glycerophoephate appears to act as an inducer of 

phosphetaw synthesis, themby pelmitting ntilixation of the ~-gl.ycem- 

phosphate. 

Fig. 2% dawribes the growth of a clrlture in a medium (7) eontaising 

0.3% sodium acetate imrtead of a mixture of tir and 5% CO2. When, in 

this culture, inorganic phosphate was replaced uithfj-glycerophosphate, 

the growth curve (Fig. 2b), which extrapolates to time tero, indicating 

that there was not a detect&le lag in cell divirion, did not thou cury 

diauxy-type phemmenon; and, furthermore, the alkaline phosphataee wae 

a b 

1Xd PI 1 I I I I I 
0 as6144 0 40s6144 0 aa 

HOURS 

Fig. 2. 
fr2 ~f&~F& 2 ZZZ tiiZFaZ%E?&r 
MdCO wasperfonnedand 3g/lofaodiumaoetatewere added 
in&e Ai. 20) Control curve: mediua containing 200 mg/l 
inorganic phosphate. Zb) Same as in 2a but the inorganic - - 
phosphate b.6 been replaced by equal molar amount Ofp -glpCelW- 
phosphpte (470 u&l). 20) Culture grown in presftnoe of 
acetate (3 g/l)8 b -glycerophosphate (470 41); 2 Q& 
inorganic phosphate. -01s aa in Fig. 1. 

561 



Vol. 42, No. 3, 1971 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

present at the earliest time measured (12 h). 

Fig. 2c describes the growth of a culture in the presence of 

acetate,fi-glyoerophosphate and an amount of inorganic phosphate (2 as/l), 

which would have been limiting for standard growth conditions. The growth 

curve and enzyme assay indicate that the cells preferentially use up the 

inorganic phosphate. They in fact reach a stationary phase at a density 

of oells proportional to the inorgmic phosphate concentration and much 

lower than the control. Up to this point no phosphatase activity could 

be detected. A second exponential growth followed, with the utilisation 

of the p-glycerophosphate present in the medim as indicated by the 

simltaneous appearance of the alkaline phosphatase. 

These results confirm the preeenoe of au alkaline phosphatase in 

Chlamydosumas c and that the inorganic phosphate regulates the appearanoe 

of this ensyme. In fact, there is enzymatic activity only when there is 

no inorganic phosphate in the culture medium, (Fig. lc), or after the 

exhaustion of residual or limiting phosphate (Figs. lb ami 20). 

Furthermore, the carbon source does play an important role in the 

synthesis of the alkaline phosphatase. Camparison between Figs. lb and 

2b clearly indicates that the algae behave in two different ways. The 

culture grown in the presence of CC2 shows a diauq-type phenomenon and 

the ensyme appears only after &6 hours. The culture grown in the presence 

of acetate does not show this phenaeenon and the alkaline phosphatase 

appears rapidly (12 h). 

It is known that in orgardsms that can utilise either one of these 

carbon sources, growth in aoetate irplies sc%e metabolic pathways that 

are different from those utilited when growth occurs in the presence of 

Co29 This notion could acootmt for the immediate response to induction 

byp-glyoerophosphate andeonse~ntlythelack ofadiatuy-type of 

curve in acetate-grown ceUr. 

On the other hand, it is also possible to postulate that the 
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acetate fbnctions as a oo-iaducer of 8 8eries of stmctural genes 

(aldolase II (6) end alkaline phosphatase), which could be switched 

on by its presence in the system. 

Experiments are in progress to test these hypotheses. 
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