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Sumimary. Photosy nthetic oxygen evolution per milligramii of chlorophyll in Chl/orcil'
vIlq(IriSd varies \\ ith the age of the ctiltuire. T'lhe rate of oxygen evoluition is lo\\ in the
stalrting, cells, it rises to a iiiaximumiii after 24 hlorl- of growth anid thell (leclines to tlle i
Lial low valuce after, 2 to (90 hoturs. 'I'he.ie changes in pl)otosynlthetic compl)tence of chloro-
1l1 in C11b1i-ll(a are parallele(l h! changes in a-linlolenate p)er milligranm of chlorophyll.

In general the imiagitude of the photos\-nthetic competence of chlorophyll is directly pro-
portionlal to thie mlagnittude of the ratio of a-liiioleiate to chloro)hvll,1 regardlless of whether
highl r-atios are (Iele to high a-linolelates or low chlorophyll values. 'T'hiis relatioinship
holds whien the cuiltuires are -rown eitlher inii(der- contilnuiolus or intermiiittenit illtumination.

'[hat htl(I-poIi)ists ()f p)hotosynithetic organismls
lieui produce ( ) have a iigh lilpid coliteit is lno\\

wt ell established. SisAkvan and Slitirnov (14 ) foullnd(
tlhat higher fattv acids Compo1wse '( to (0%f of the
als ltite dlrx weihlit of the lipid fraction of cliloro-
Idlasts frol ii lglh l)lailts. They al so rei)ort that.
isolate(l chloroplasts are aile to synithesize ain( o.xi(dize
fattv aIcids of the C anid C1, ty pes. Cromlhie (2).
Workiii- \\ith (rieeniing. etiolated leave- : xA ell a-I
wt iti xt hite al(l green tissue of \ arie-atedl ilalats.
coiiclut(e(i tii:t the fat forme(d at the san' e timile as
chlmophyllvl i.i highly unsattirated ind is cllhar-acterized
bv a high pr)11l)ortioml (f 1inolenic :cid. n ai recelnt
review\ l'-HeV soln ( I ') stimmllrizced eriticail- i tucli of tile
work 0i1 chlm op1last lipids. Th'lec evidence lie pre-
enite(l clearly indicates that tile l)re(lolpiiiint fatty

alci(i of chlor-oplasts is liiiolieic ail(l that it )cctilrs mri-
niarilv as the -,-dtictoipiids. m nlo -ldacto lvI (liliiioleiiili
aiid dlicaliactw'vl diliiiolen iin. T1iere ix thitis -eneral
agrreement that (a.ctoilluliate'Oitaiiili ga li )idi
are' (tluantitatively the IilosX impll)ortalit lil)i(ls of cliloro-
plast: as to tlhe ftilictioni of these lipids tlher-e is 10o ac-
Cel)tel viex\.

(romil)ie ( 2 ) aii(l \\' dlf et al. ( 15 ) speculate that
lilioleilic aci(l mllav liave a soecific ftliictioni ill )lloto-
Svnlthesis. l,rxt innlld Uo 1I ( 4 ) cite somiie ilnterest-
illg exPerimental findiiig- poilntilig to a (lirest relatiOll-
shi) betxweeii the ahility to lil)erate 0)., and a-linoleii-
ate ( ois-9. l 2. 15 o-tctadecat riei'lliccaci(l ) coiitenit of
phlotosslythetic cells or tis-ties. '[hieyvIosttllate that
a-linioleniate ( and l)erhlal)s -alactoiii(l ) is a necessary
lipid colu)ollenlt lnot for photosylnthesis per se hut for
one or more of the stel)s that leadi to O., evolution
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Itirin, lpllotosvitllesis. IIleilson ( I )oo the_ other
hlad, spl)ectliates that lilioleliic aci(d svntlesis ali(l ac-
cttliailatioli in chloroplasts ar-e conise(qtlenices of plloto-
synithietic activ itv. lel)ostulates t hat liiiolelic acidl
is probl)al)ly dlerived froiii the iil(ore satti' tedi acids
xucil as oleic. anldl that the (lesaturatioln prroce ila
.soniie ( ).,-re( tiring stel)s.

III a r-ecciit paper fr' 'mii tlis laboiratorx(y 1 it
was showX ni that Chilor l, cells ii a !llolls\nllchllolnlou,
cuiltuire in i(jtli(l Ille(litllii go throtugh11 a chlaracteristie
'eries of physiological changes. dieiendliing on the age
of tile ctilttire uise(i as a starter aiid tile eliviromlieiltal
conditions. F'or thie purpose of tlis paper ve nieedd
miitCition onilv tile chilan-e ill plhotoslitiletic 0. evolt -

tioni. 'lie rate of (). ev-oluitioni per ti(it of total

chllorophlyill is very lowt ill tile old stLarting cells. I t
tilcreases and reaches a maxinulm. roughlyv 3 timels as
high as the iniitial rate, ili al)proxilllatelv 24 liours,
all(l tilell declines to tile illitial lo\\ value at ahout
72 t(o 96 hours., de)ependinhg ill tile agre otf thIe starting
cells.

'T'hiis paper replorts on experiments in w hlichl tle
clila-es in the lipii( compilos-itionl thl1t parallel tllose inI
ihotosvuithetic 0., cv Altiton ill nrTOW il- (Ch' /rcl(la
cultures were stl(icie(i.

Materials and Methods

Cilorell/hi 'tdgris. 'rigili(allvo)tainie(l froil I )r. S
(;ranuick of the Rockefeller Ilostittute. wx as lised( in all
exp)erimllenlts. 'I'lle Il etlhod of growvinig the algae ani
all the methods for thie various determillations lot
slpecifically imentionied lierec aire (lescrlibe(l ill a lprevi
Otis publicatioln (13).

All cultuires vere started s0 tilat the illitial coii
celitration was 0.5 ml of packed cells (PC) per liter
of stispensioin. At predetermined plerio(ls samlll)les of
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suspensions were harvested, and PC concenitrations
determined. Then the cells were centrifuged and
washed once with a fresh culture solution. The
washed cells were made up to the desired concentra-
tion and aliquots were taken for the determinations
of photosynthesis. respiration, total chlorophyll, ni-
trogen and cell counts. An aliquot equivalent to 200
mm3 of PC was taken for lipid determination. This
aliquot was centrifuged and resuspended in 6 ml of
cold distilled water, and delivered quantitatively into
a precooled X-press (3). The frozen plug of broken
cells was delivered directly from the X-press into 60
ml of cold extraction solvent consisting of chloro-
form: methanol 2: 1. The extraction was hastened
by mixing the solvent and broken cells for about 15
minutes with a nmagnetic stirrer in an atmosphere of
N2. The extract was filtered on a sintered glass
filter and the residue was washed on the filter with
5 ml solvent and finally with 10 ml of methanol. All
above operations were carried out in a cold room
(0-5). The extract was reduced to a small volume
in vacuo on a rotary evaporator (at 00) and trans-
ferred to a small pyrex tube having a teflon-lined
screw cap. The extract was reduced to dryness in
the tube by blowing dry N2 over it.

Preparation of Methyl Esters. The lipid residue
in the tube was dissolved in 4 ml of 4 % anhydrous
HCI in methanol and heated for 6 hours at 80 to 900
in the closed tube. The reaction mixture was then
reduced to a small volume on a water bath under a
gentle stream of nitrogen and the methyl esters were
taken up in 10 ml of n-pentane. The pentane solu-
tion of the methyl esters was washed several times
with 5 ml portions of water, dried over anhvdrous
MgSO4 and filtered. The crude methyl esters thus
obtained were then chromatographed on 1 g of silicic
acid (Unisil, 100-200 mesh obtained from the Clark-
son Chemical Company, Inc.). Hydrocarbons were
eluted with 15 ml of n-pentane. The methyl esters
were then eluted with 10 ml of 4 % ethyl ether in n-
pentane. More polar materials such as hydroxy
esters, alcohols, and chlorophyll are left on the col-
umn in this procedure (6). The methyl esters, thus
purified, were weighed and then dissolved in benzene
(2 % solution) for gas chromatographic analysis.

Quantitative Analyses of Methyl Esters. Gas

chromatographic analyses of the methyl esters were
performed with a Barber-Colman Model 10 instru-
ment equipped with a 40 inch ethylene glycol succin-
ate polyester column as described by Rodegker and
Nevenzel (11). The percentage conmposition was
determined fromn the areas under each peak (11).
MIinor componeints (less than 0.5 % by weight) were
ignored in order to simplify the calculations.

Determiiinatiom of the Structre of UTntsatuirated
Fattf4Acids. Methyl esters obtained by pooling the
samples obtained from olne experiment were separated
into 5 fractions (saturated, mono-, di-, tri- and tet-
raenoic esters) by chromatography of the mercuric
acetate adducts on silicic acid as described by Erwin
and Bloch (5). The individual fractions were theni
analyzed by gas chromatography. In this manner
both the chain length and number of double bonds
could be determined for each component. The posi-
tions of the double bonds were determined by gas
chromatographic isolation of individual peaks (9)
followed by permanganate-periodate cleavage of the
double bonds (12) and analysis of the mono- and
dicarboxylic acids thus obtained by gas chromatog-
raphv of the methyl esters (7,8).

Results and Discussion

Table I gives the results of an experiment which
wvas started from a 3-day-old cultture which had a cell
concentration of 9.2 ml per liter. The illumination
was continuous at 750 ft-c from incandescent bulbs.
The culture temperature was maintained at 27 ± 10.

It is evident that growth starts of f at a rapid
rate. The increase in the first 12 hours is 235 %.
In the samiie period chlorophyll increases only 45 %
and total lipids 180 %. a-Linolenate. however, in-
creases more rapidly than cell volume; its increase is
310 %. If we look at the composition of the cells,
i.e. constituents per unit cell volume, we see that due
to the initial rapid rate of growth and the slower rates
of chlorophyll and total lipid synthesis. the amounts
of both chlorophyll and total lipids per unit of cell
volume suffer a marked decrease during the first
24 hours of growth. After that, the growth rate
decreases while the rates of chlorophyll and total lipid
svnthesis increase. As a result, the concentrations of

Table I. Growth. (Clorophyll Content, Iotal Lipids, a-Linolenat, antd Photosn thesis as a
Function of Time (Continuous Illumination)

Chlorophyll miig per

Irme

hrs

.C'.* mil/liter
of suspension

0 0.5
12 1.68

24 3.40
48 6.80

72 9.67
* P.C. = packed cells

mll P.C.

18.65
8.10
8.55
17.00
19.05

Liter of
susp.

9.33
13.60
29.10
115.50
118.50

a-Linolenate Imlg per

ILiter of mg of
ml 1.C susj). chlor.

4.96
6.08
7.20
6.72
4.48

2.48
10.20
24.50
45.70
43.40

0.266
0.751
0.842
0.395
0.235

-AL of
O., per-
mg chlor
per min

43.7
71.3
81.6
45.5
37.8
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1)oth chlorophlyll anid total lil)i(ds ini the cells ilncrease
tintil at albout 72 hours when both of these substancecs
have again1 reached conicelntration s app)roximating
those of the starting cells.

The situation with respect to a-hilnoleniate is just
the opposite to that of chlorophyll. lt- iniitial coni-
ceintrationi in the startilln, cells is los hut its initial
rate of inicrease i- even liorie rapid thian the initial
growthi rate, and it reaches its niaxinuni)ii concentra-
tion in the cells at approximately the saimle timile that
the chlorophyll concentration is at its miini m.
This rapi(d increase in linclenic aci(l is -tenerally ac-
companied by a percentage decrease in the milore
sattirate(d C fatty acidsl. 'T'his is evident from the
percent coml)osition of the lipids (tables 11. IN". V1.
VIII). It is tempting to speculate that the linolenlic
acid is lproducedl by (lesaturatioll of the more satur-ate(d
acids. However, the suggestion of Crombie (2) that
the fatty acids svnthesizeci along with the chlorophyll1
are largelv lilolenic is equdlly tenable. TIhe increase
in total lipids per liter of suspenlsion ( tables I. III.
V. VII) is more thani stufficient to accoimmiiiodate the
possibility that all thie linoleniic aci(d is inewly synthe-
sized. The data available at present Lare not stuffi-
cien,t to indicate the synthetic pathway of linolenate.
'I'his phase of the p)roblem mlay be profitablv sttudied
with the use of isotopic tracers. This wiav also i

some clue as to wlhat ilapp)ens to linolelnic atcid in verv
old cells which show an absoltute loss of linolenate per
cell volutme as s-ell as per liter of suspension.

T'urinig our atteiition to the photosyintlhetic ac-
tivitv of the cells we see (table I) that photosynuthetic
O., evoltItioin comiputed per unIlit of chlorophyll, as has
been observed previously (1,). is low in the starting
cells and rises to a mlaximumil at ab)out 24 lhoulrs when
the chlorophyll per unlit cell volumle is at a mllinimiluiml
and the a-linlolenate is at its highest concentratioin
per unit PC as well as per unlit of chlorophyll. Fig-
tire IA shows graphically the parallelisil of photo-
synthetic efficiency of chlorophyll and a-linolenate
per tunit of chlorophyll.

Sinice in this experiment tlle cells were grown
under conlitnuous illuminaiiatioin, it was of ilnterest to see
the relationslhips of the various components of the
photosylnthetic system und(er- intermittent illunmination.
Iable 1IIT presents the results of an experimeint in
wN'hich all conditions xere the same as in the l)reviouIs
epleriment witlh the exception that the cultulres were
alternately illuminated for 12 lhours and kept inldark-
ness for 12 hours. The starting cells were from a 96-
hlour-old cutltuire which had a cell concentration of
11.3 nil/liter and which was growin uinlder continuous
illumiinationi. TIhle sanliles were takeni at the end ()f
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ic,. 1. Changes in chlorophyll- -mg/ml P.C. X 10, a-linolenate-./-mg-./mg chl X 50 and 0. evolution-Q-
,uI/mg chl /miinutte cvring the growth of Clhlorella vullgaris. A, continilou, illuiniilationi. B, inlterimlitteIlt illumiinatioin.
(, miutanit conitinuiiotus illlinlatioin after 70 hours of cla-k growth. 1), 70 flours dark theni continuous illuminiationl.

TIable 11. 1ercti CoplO Siti(oi (of I atty .Acids (as Mlecthyl Estcrs) in Chlorella ais a
FInction ofT7imic (I)ata from Ex.rpcrimien-It in Table I)

Tin.e Tfotal i'ethyl
firs esters mg/ml P.C. 16: 0

Fatty acids ( carbon atomlis : (louble boInds)
16:1 16:2 18:1 18:2 18 3

0 31.20 17.05 1.07 16.97 4.31 44.70 15.90
12 26.05 22.46 1.28 8.7.3 16.32 27.82 23.35
24 18.82 22.75 1.60 5.30 10.91 21.24 38.20
48 28.65 19.34 1.35 14.15 6.62 35.12 23.42
72: 28.16 16.12 1.00 12.85 5.41 48.62 16.00
May have been a slight loss of methyl esters from this sample clue to prolonged solvent removal uinder N.,
This would tend to lower the C1G esters relative to the less volatile C18 esters

W~ ~ ~~ ~~._ . _. I_I., _.LI., I
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each period so that they would reflect the effects of
light or darkness as the case may be.

The overall relationships, as may he seen from
table III and figure 1B, are similar to those of the
experiment under continuous illumination. The ef-
fects of the dark periods are of interest to examine.
During the first dark period chlorophyll per liter of
suspension increases by 30%. There is no increase in
total lipids but a-linolenate increases by 50 %. In
the subsequent dark periods neither chlorophyll nor
lipids are synthesized. While chlorophyll remains

unchanged, total lipids as well as linolenic acid show
a slight loss. It appears that some factor or condition
is produced during the first light period which permits
the synthesis of a-linolenate in the subsequent dark
period. However, during the second dark period
there is no further synthesis of either total lipids or
a-linolenate. Actually there is a slight decrease in
total lipids per liter of suspension as well as per unit
of packed cells. It seems that once a certain density
of cells is attained in the culture there is actually a
loss of a-linolenate even though lipid synthesis still

Table III. Growth, Chlo-rophyll Content, Total Lipids, a-Linolenate and PhotosYnthesis as a
Functioni of Time (Interni ittec t Illuminaotion)

P.C.* ml/liter-
of susp.

0.5

1.26

1.26

.3.05

3.05

5.25

5.25

=- packed cells.

Chlorophyll mg per

Liter of
ml P.C.

18.68

8.24

10.68

13.08

13.02

15.54

17.44

susp.

9.34

10.40

13.50

40.00

39.75

81.50

91.60

a-Linolenate mg per

Liter of mg of
fill P.C. suisp. chlor.

3.35 1.68

6.90

10.35

8.65

8.30

6.05

6.20

8.70

12.93

26.36

25.30

31.80

32.50

0.179

0.848

0.969

0.661

0.637

0.415

0.355

Table IV. Percent Conmposition of Fatty Acids ((as Methyl Esters) in Chliorella as a
Function of Timtie (Data from Experitnent in 7able III)

Total methyl
esters mg/ml P.C.

32.0
31.5
32.5
26.0
25.0
27.0
25.0

Table \. Growth

Fatty acids (carbon atoms: double bonds)
16:0

16.93
23.25
21.98
22.05
20.84
16.95
18.72

16:1

0.97

1.42
1.55
1.28
1.36
1.18

16:2

20.10
10.54
8.50
10.22
12.65
22.83
15.50

18:1

2.89
15.90
12.32
8.40
7.77
5.42
5.24

18:2

48.80
26.78
23.92
24.50
24.30
31.05
34.50

18:3

10.30
21.95
31.85
33.30
33.15
22.40
24.86

Chlorophyll C(ontent. Total Lipids, a-Linoleniate ond Photosynthesis (IS
Fuinction of Tim1e in Chlorella (YV Mutant)

Chlorophyll mg per

Liter of
IIl P.C. susp.

0.97
2.56
4.80
5.54
5.06
4.95

6.30
17.92
40.0
66.5
83.5
92.8

a-Linolenate mg per

ml P.C.

3.8
4.7
5.9
3.75
3.45
2.9

Liter of mg
susp. chlor.

24.7
32.9
49.1
45.0
56.9
54.4

3.93
1.84
1.23
0.68
0.68
0.59

Time
hrs

0
Light
12

Dark
24

Light
36

D)ark
48

Light
60

Dark
72

P. C.

,ul of
O., per
mg chlor
per min

38.2

66.0

78.8

61.8

56.7

53.0

41.9

Time
hrs

0
12
24
36
48
60
72

TIime after

illum. hrs

0

10
22
51

70

P.C. ml/liter

of susp.

6.5
7.0)
8.33

12.0
16.5
18.75

,lA per O..
mg chlor
per min

192
166
107
66
66
62
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conitinuties at a reasonable rate. 'I'lhis takes l)lace re-
,gar(lless of whetlher the cells aire illtuiniatedi or kept
ill (larkiless.

The restilts so far iii(licate that the highest photo-
s! nthetic comlpetence is attain(l w\hen chlorophyll
colitenit p)er uinit of cell volume is at or near the
minimiuimiii. 'T'hiis coinicd(les with the timie hleni the
ratio of liniolenate to chlorophyll is at its maximtium.
In view of these observations it was (lecide(l to obtain
cells with as low -. chlorophyll conltelnt as possible
for further experimnits. Fortunately we have in our
algae collection a Clilorc1lla muititant, which we origin
allv obtained fron 1 )r. S. Granick. along with the
\wild( ty-)e J hliClh w\Te uised( in the above experiments.
h'l'is nimitait. referredl to as Y, b)\ Granick, is in-
di.stingulishalble fromii the wild tv pe henl grown on

iniorganiic imie(liuinii in the light. But when grown in
(larkness on inorganiic mediuii plus all available car-
hon source, it grow-\s well, btit illike the wil(l tvpe it
does niot syinthesize chlorophlNIl. However, like etiol-
aited higher plants it synthesizes some xanthophvll
andl thtus appears yellow.

The experimental procedulre followed was to gro\-
a cuilture in complete darkness on inorganlic medlitiin
lus 0.5 % glucose. After approximately 70 hlours
the cells grew to a conicenitratioll of 5 to 7 ml PC
per liter. 'rhe cells were centrifilged. washed wvith
sterile ctilttire soluition, anid resuspended in the orig-
inial volume of fresh ctilture soluition but without
-lucose alid exposed to continuous illumination. Ali-
qtlots of cells were takeni at stated intervalls andi(I
g-rowth, photosynthetic 0., evolution. chlorophyll anid
lipid content were deteriniiie(l.

Table VII. Per-cent C oa Positioni of Fatty Acidis (as Mefcthy!l Esters) inl Chilorella
(1IlMtanit) (s a Fitiection of Tine (1)(at(a froii Ix.rpri,nt iMn Ta/ic 1')

Fatty acids, carbon atoms: double bonds'Pimie Total methlvl
lhrs esters mg/nil P.C. 14( 6) :0 16: 1 4- 16: 2 18:0 18: 1 18:2 18:3

0 23.0 0.84 24.7 1.35 4.02 3.45 22.15 27.52 16.50
5 21.0 0.8(1 23.46 2.18 3.34 3.42 16.80 27.08 22.92

10 18.5 0.76 19.95 2.78 3.30 1.46 1 1.52) 28.41 31.80
22 13.5 1.31 24.91 3.10 4.16 1.04 7.68 30.00 27.85
51 12.0 1.31 24.92 2.93 5.58 0.40 4.79 31.50 28.57
70 12.0 1.16 22.95 3.63 7.11 0.31 3.89 36.60 24.32

Tl'able VII. (;rozcth, Chlorophyll Con tent. 'aotal Lipids. rj-I-biolcnieatc andi PlotosyaWthesis as a
Flunictiont of Time in Chllorella (Y1Y Mllutant)

Chlorophyll mg per a-Linolenate mig per
,ul per O.,

Timie. P.C. ml/liter Liter of Liter of mig mg chlor
lhrs of suspeimsioni mIl P'.C. susp. ilml P.C. susp. cllor. permin
0* 0.5 13.14 6.57 3.90 1.95 0.291 49.0

45 3.3 1.90 6.27 .75 9.08 1.45 101.8
70 4.8 0.995 4.77 2.15 10.32 2.16 194.0
75 5.3 1.85 10.73 2.15 11.40 1.16 153.5
8( 6.0 3.45 20.70 3.40 20.40 0.985 125.3
93 8.8 7.24 63.70 3.75 33.00 0.518 80.2
117 14.8 10.90 161.50 3.90 1.95 0.291 49.0

-Fromii 0 to 70 hours in the dark;: after that in con1tiInuouis illumiliniationi.

Table VIII. Percet- Cam Positionl of Fatty .-lcids (as .1lctyll Estcrs in Chlorella (O .11Mutant)
as a(1 111tCtiOnl otf 7 iilc (Data from .I peri;nent in Table 17 II)

T'otal methyl
esters mg/mIl P.C.

23.5

24.5

29.5
21.0

19.5

18.5

19.0

Fatty acids, carbon atomiis: (louble bonds

14: 1

1.48
0.67
(0.84
1.04
0.92
1.00
1.03

16:0 16:1 + ?

27.76 2.00
26.65 2.03
28.18 2.93
34.25 2.59
30.88 2.61
33.20 2.74
27.21 1.81

16:2

10.89
4.63
3.95
3.14
3.06
5.10

10.16

18:0 18: 1 18:2 18:3

trace
2.91
2.80
3.14
2.58
1.11
0.33

5.88
26.80
28.40
21.81
15.35
11.22
4.93

35.40
25.20
25.65
23.80
27.00
25.30
38.10

16.62

11.12

7.23

10.22

17.55
20.30
16.41

8 From 0 to 70 hours in the dark: after that in continuous illuminationi.
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Timie
hrs

0*-!
45
70
75
80
93
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Tl'he results of this experiment are given in tables
V and VI. The sample taken just before the dark
grown cells were illuminated had the lowest chloro-
phyll contenit and the highest a--linolenate per mg of
chlorophyll. As expected, it had also the highest
photosynthetic competence. As the illumiiinationi con-
tinuties chlorophyll is synthesized at a miiore rapid rate
than liniolenate. the ratio of linolenate to chlorophyll
decreases and so does the photosynthetic competence.

In order to see wvhat happens during the dark
period anl experimeint was carried out similar in all
respects to the previous one except that one sample
for aniallysis wvas taken during the dark period. The
resuilts are given in tables VII and VIII.

During 45 hours of dark growth the cell volume
increased almost 7-fold, lno new chlorophyll was syn-
thesized but linoleniate inicreased almost 6-fold. thus
linoleniate per nmg of chlorophyll increased 5-fold.
Here again the photosynthetic 02. evolution per mg
of chlorophyll doubled. In another 25 hours of dark
growtlh chlorophyll w-as further reduced, the ratio of
a-linolenate to chlorophyll increased and photosyn-
thetic efficienicv per unit of chloroplhyll doubled againi.

Once the dark growni ctultures were exposed to
light chlorophyll was synthesized at a miiore rapid
rate thani a-linoleniate, resultinlg in a lowver a-Iinoleni-
ate/chlorophyll ratio and a much sloNver rate of 0,
evolution l)er uniit of chlorophyll. Figure 1C and 1D
show that, as in the previotus experiments, the clhanges
in 0., evolutioni per mng of chlorophyll parallel those
for a-linoleniate per miig of chlorophyll. This cor-
relationi holds for all the experiments which we per-
formiied on Clilorcila. These results lend support to
the view-s of Erwin and Bloch that a-linolenate is in
some way related to the photosynthetic 0( evolving
systemii of green cells.

It is clear from the data that in all cases the
highest photosynthetic competence of chlorophyll oc-
cturs when the a--linolenate per unit chlorophyll is
hiighest. This is so regardless of whether the high
ratio is due to a low chlorophyll or a high a-linolen-
ate conitenit. It is also apparent (tables III, VI) that
light is nlot reqtuired for the synitlhesis of a-linolenic
acid. It is of course possible that there is a light re-
quiireiment for synthesis of the galactolinolenates,
which are the complex glycolipids in which the a-
linolenic acid occurs in the chloroplasts.

It is evidenit frolmi tables II, IV, VI and VIII
that lipid components other than a-linolenic acid
experienice large quantitative chaniges durinig the
growth of a culture. We have been uniable, so far,
to correlate these changes with aniy physiological
function. There is unidoubte(dly a relationship be-
tween different lipid fractioins. I'ut it will require
more sophisticated experiments to study these com-
plex relationships.

We are examiniing other planits and other systems
for the relationiship between a-linolenate and photo-
synthetic efficiency. So far we have found one
photoautotropllic organiism, Ana(icystis nidulans, that
hias 11o linoleniic acid and Ino polvynnsaturated lipids

(18). However, alnother blue-green alga, Antabaenia
vautiabilis, is similar to Clilor-ella in its a-liniolenate-
photosynthesis relationislhip. Aniacystis differs in
many respects fronm other blue-green algae. It is
therefore not surprising that it differs also in respect
to lipids. It does n-evertheless raise the questioln of
v-hat substanice takes the I)lace of a-linolenic acid in

its supposed role in °2 evolutioni.
WVe are very much interested now in inivestigatilng

the factors that control the synlthesis of a-linoleniic
acid. \V'hat is it that triggers its rapid synthesis as
we start a culture and what stops its synthesis wheni
the culture is 2 to 3 days old? Wt e have eliminated
the possibility of nutrient deficiency or toxic secre-
tionls by aseptically cenitrifuging aln old culture (PC-
12 ml/liter) and reinoculating the clear supernatant
with the old cells, but to a dilution of 0.5 ml. The cells
behave exactly as they do in a fresh solutioni. Light
does niot seemii to be a direct factor since linolenate
is synthesized in the dark. Population density is a
possible factor. How it would act in preventing
synthesis of a-linlolenate is not known.

In sumlmiary. we think that our results, anid the
reports fromii Bloch's laboratory (4), constitute good
presumptive evidence for the concept that a-linolen-
ate particip)ates in photosynthesis. To establish the
validity of this colncept will require miiuch mnore vork.
\We feel that the consistency of the correlationi wve
founid stronigly suggests that further wvork oIn these
lipids would be fruitful in enlhanicing our kiowvledge
of the photosynthetic process.
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