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Glucose Oxidation and It’s Oxidative Enzyme Systems in Dunaliella tertiolecta.(I)

Oxidation of *C-glucose in Whole Cells and Cell-free Systems.
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ABSTRACT

Dunaliella tertiolecta did not show any increase in respiration rate when supplied with
glucose, glycerol, sucrose, L-alanine, acetate, pyruvate and succinate. This was in contrast
to Chlorella pyrenoidosa, which, under identical conditions, showed significant increase
when supplied with glucose or acetate but not with the other compounds.

Production of #CO, from added ™C-glucose in D. tertiolecta was lower than the
other 14C-labelled substrates: L-alnine, glycerol, succinate, but higher than “C-sucrose
addition. And it was also lower than C. pyrenoidosa experiments which were added
UC-glucose as a substrate.

Light reduced amounts of labelled carbon dioxide from 4C-glucose or “C-acetate and
increased incorporation of 1C from the substrates to cell materials in either D. fertiolecta
or C. pyrenoidosa.

The contribution of MC from C-glucose to 14CO, in cell-free system of D. tertiolecta
were much higher than in whole cell suspension. It was contrast to C. pyrencidesa
which were showed reduction of 4CO, production in cell-free systems than whole cell
Suspensions.

when cell-free systems of D. rtertiolecta and C. pyrenoidosa were supplied with ATP,
NAD, NADP or/and hexokinase, it was remarkably inereased production of “CQO, from
the substrates than the control.

It was concluded that the low ability of D. tertiolecta to metabolize glucose were caused
by the impermeability of the cell membrane to glucose and were not due to deficiencies of
enzyme systems concerning glucose metabolism. In the cell-free systems, it seemed to be
more active pentose phosphate pathway than glycolytic pathway in D. tertiolecta.
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BE 4 gvh 2= o WS FIBREd T HEY B8 9E 2 ot (Danforth, 1962),

Sloan & Strickland(1966)= phytoplankton -2 it Ekel A Cydotelle & #HFES Wrikst E{b7E
Wy BB Qo] Thalessiosira = T8 ELT L-glutamate 2 ¥ 4 A RICHAst=, Skeleton-
ema 9} Coccolithus = 7§25%5, acetate @ L-glutamate 2 £5 A8 WIKF(EsIA =82 <ol Ugdo.
North & Stephens(1967)% Platymonas 7v o}m| =gl glycine & {EHEr(5x107 M)l {EHko] A = KK
BHY ¢ J2s R

Tatewaki & Provasoli (1963)%= Anthithamnion o] ] Elwl-L Wikd 4 9= #35] v]E=l B v £E

W T

NEEEE HES WELS B or], Kuender (1965)% Chlorella & | $% o] A BT & glucose6-
phosphate B 43Ee] FHE}= ate Dundliella = 23 FFEss 2 59

Taylor (1959)+ Scenedesmus 71 #5482 HIKE @ 2o 2 FElwl &iFstE Ao opl3) EEH
Byel WlfeRd = RENE Helgtx sz, BYMiEdA E B B BBRBCt FETE W
b, 22w NO; 5! NO, o hREIEAR CO; & #igehe E{tfEme] =35 (BEsl<
Dunaliella & /53 #fel A R Grant (1968)€ CO, 9 #HEH.C=A4 HEEe L acetate 5
R = ZRREERY (REHRs £ 5 gdvz .

Hunter & Provasoli (1955)= “zcetate flagellate” = ey #EESo] acetater} o ol 7 LIS
FEEEY EEE REFLESY £RY g Yo Mg AT Zdhed 2 B #EE
of Mg MRS ¥ B HEE 23 BRDE FRSHA g e Felwt et oh. & Jacobi(1957)
= RSl AIIEEY) A hexokinase, aldolase, W dehydrogenase 59 FEEME A=, &
Ad A" DTS FlES EERSY RS FeAsH kg

Casselton & Syrett (1962)+ “C-glucose & {F A3} Chloreila 9 FHMLBES FHES] 47
f#o] pentose phosphate shunt & glycolysis &) % MRS AA BHB{ER S 9],

oA 7FA] 8 B PR ime] —iigEd BIRR ERelgle], WA e BEMEEGS FR
RAEE EENIS] MPREEY] Fhfksle R, =% BAMERRY EEqo s AT £¥ ¢tz S

aE ety RER A v Dunaliellz 9] whole cell 37 cell-free systems o {3 A FERgEs
FEstx, By EEne = §iEst Belelsle Chlorells 8 TTRE Wiiste] o159 RS LB
Breestsl vt

(=]
AL

pa

B IR
MR " 5558 Dunaliella tertiolecte (Butcher) 9} Chiorella pyrencidose & fbiteno] fhsle] 7Lgus)
A ekehSS MR T, 517749 Haffkine flask o 279] 55548 w12 oj7)d fmkesislolch,
Dunaliella o] B2 EERS BES BKE RS = (BE @ 28~30(%) 950ml) of 7] ;

KNO, 75 mg Zn80,+7 H,0 M ong
NaH,PO,-2 H;O 10 mg CoCl,-56 H,O 20 pg
Fe-Citrate 1.5mg CoS0,+5H,0 . 19 pg
Citric acid 1.5mg Biotine 1pg
MnS0,-4 H,0 360 g Vitamine B, 1pz
Thiamine-HCI 200 pg

S InEktg, FEKE 11E =59 (Grant, 1968)
Chlorella & -3+
KH,PO, 7.768 MgS0,-7 H,O 400 mg
K,HPO, 2.32¢g Ca(NOy), 60 mg
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KNO, 1.25¢ "FeCl; 8.7mg

L 11 FRad B EEIH

RS S fask EZmEAA 400 }5’3 ro & sty w, BEE 22°R1°CE ERErEA 5%
CO, & W& ERE A% ERAYEA 2 BE EEsit

Whole cell o #fE; i%%ge] £y Dunaliella ) WS mikslel LEES W= % ALK
(-bicarbonate) = Fils, iEikstel ATH#uK(PH 7.5)¢] ik whole cell = i3}

Chlorella o) A% *ﬂﬁ]oi} 3 w2 0,05 M phosphate buffer(pH. 7.502 Wi, Fibetd,
2] phosphate bufferf'r MHREE-S -2 g T

Cell-free systems o] HU%; L»L\ﬁ»‘ﬁﬁﬂ“‘q o megE 0,1 M(Tris-hydroxymethyl amino-methane) —
HCI buffer(pH. 7. G)E ;‘-JE;{(E}CE]-J_, thA] [k buffer 2 SRS wlEo Qé'-ﬁ#'-[IEl French pressure
cell of JEIRAIA A MBS phasted Mz . ﬁﬂ%ﬂ French pressure cell & (i 2.5cm, 7B
3°C %08, 22,000 psi 1 Bre WRSEY. MEE BR @ERI adl sl =% g

& FEiie 2 mRetd o, 248 4£°CE BiFss

1132 WiElsE; Whole cell 8] BRIsEE S Warburg ﬁﬁ%&fﬁgjﬁyﬁq} ke o5 UC—{LaiEme] kit
UCO, o £ERERE M—3 HEoE 4

Hrafgee] HRE;  FPIREBERE @dsleE CO, 9 frddfiEe, Warburg flask 8] CO, 3 1M hyamine
hydroside off el 5% ol Al A, o]AL 10ml tOILCIlC phospher(Davidson, 1962)<f @] Liquid Sci-
ntillation counter 2 FJEs G o, MMM Faste *C R WELS oLt 2l Warburg ﬂaskﬁq
o] A incubation ¢] Zi- whole cell o ST, 0.1M Y SERGHERE] @aY ATHEK =i pho-
sphate buffer = —[EJEMst] &2 MIHS 70% ol BH52 ML o (Hatley & Beevers, 1963) - of £}
SIS B toluene PhOSPhOT of ¥4, MR- 1M hyamine hydroxide = #4171 1% =
9 HafeEs AlREshd <.

PIERZS 18041717 £55te] Channel ratios % (Bush, 1963)2 2 cpm £ dpm o T sl on,
i MC-Benzoic acid S {RE}Y £459 RIREES &grsldn,

%Eﬂﬂ EE; BMEY EAHEAEL Newell & Dal Pont (1964)¢l] {3 Kiedahl izt o 2 sazs
REE EESE Aozt EHEES ffEsH
mn% L'-lj %&

FREHE g 78 YE) Dunaliclla &) TS BinA7 AL 2389 01l (Table. 1) s
=} acetate 3= Chlorella & 1 FIGFS FEZESLA iﬂﬂﬂ}]ﬁ:} 5] FEVEY) Bd 78 ARG ol =H A
= g% 4 252 TRES WA Z . Meyer (1947), Syreit, etal. (1963)8) ¢ wEh| A T EEES
Chlorella & WHE-& $mA 3 2, acetate &t Chlorella & TRRASHNE 7172 Syrett, et al (1964)9)
RS —FE . ol dhe] —HERC HE WA Kpge] h=A el A =l endogenecus respi-
ration 9] R §otw wA

“C oz fEHE EEY ﬁuﬁﬁ% 275 Dunaliella = #5898 pyruvate, acetate T succinate 2 “CO,
z iﬁz.ﬂﬁz‘ 5 AR o} MREFES Chlorella 9 K =) (acetate) = BL g3] D =% o
= o Bb= 1REURA T A quks 3 Zekeh. Sucrose & Dunalielle o) FELHEIZ F R
e %i«:/;l Zox, glycerol & Hfe] WA F ¥ B kel BirHe YWCO,2 T = 9k &
L fme] wrelet, Dunalielle & 3_"”' A EEEYC] glycerol o) 2} 4T (Craigie & McLachlan, 1954.,
Craigie, et al. 1966) 2 w o JEHES] glycorol & HERYe] BT 4+ gL A ERET. EEL

= = ZAo=
Dundlidlo 9 S [B61717) F5h, —IHTERE FBNZ 988 4 + 9% (Tabie 2)

Lo
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Table. 1. Respiration in the presence of added substrates
Oxygen uptake in ;al Vie: f‘zg protein
Time(min.) D, tertiolecta l C. pyrencidosa
60 | 120 | 18 | a0 | e | 10 | 180 | 20

Addition

None 18.9 31.5 41.7 50.7 16.4 29.6 39.0 50.4
Glucose 20.7 34.2 45.0 55.1 17.5 44.0 67.6 91.2
Glycerol 18.2 30.4 40.3 48.1 14.6 29.1 38.6 48.2
Sucrose 18.8 31.0 40.5 50.2 14.3 28.7 39.4 48.2
DL-alanine 18.8 31.6 41.7 50.4 15.4 29.5 39.4 49.2
Acetate 17.3 25.4 39.0 47.0 15.6 35.9 56.3 80.1
Pyruvate 18.9 32.5 28.6 52.8 15.2 29.3 38.7 46.4
Succinate 18.7 | 32.9 39.6 53.3 13.5 27,9 35.3 44.3

Each vessel contained 2.0ml of incubation mixture at 25°C. which contained phosphate buffer (pH 7.5)
120 pmole. Where substrate was at the rate of 10 gmole/ml. The center well contained 0.2ml of 20% KOH.
The cells contained between 4-7mg protein.

ZE ) WEEEY) RIRBES Chlorella 9b Feisha o
sucrose &) A 2B A Fw= AL

L-alanine ] FjfH-2

o 'T‘Q} ‘L]]

o8] e, vhE BEY Aed HEEE
g el ot
2 “C0 9 Lt M{k7l pyruvate 9

48to g mlRo] Nakamura,
et. al. (1968)9] i&Ret Z&o| Dunaliella <] A =, transaminase 7} L-alanine F|f<] fEfetz o2 o

ETQH-insol

137

20

324

+ QA
Table. 2. Incorporation of 14C labelled substrates into CO, and cell materlals
dpm/mg protcm
D. tertiolecta C. pyrenoidosa
Fraction cO, EiOH-s01  EtOH-insol CO. EtOH-sol

Time (min) 60 | 120 | 60 | 120 | 60 | 120 | 60 | 120 | 60 | 120 | 60 | 120
Glucose 6 11 47 52 13 9 81 255 560 1,523’ 46
Glycerol 220 44 219 168 20 22— -4~ |
Sucrose 1 2 48] 162 4 4 29| 44 192 188 17
L-alanine 41 42 52 48 42 43 — s — —S —
Acetate 144 182 141 143 141 146 854| 1,316] 1,252 1,454, 192
Pyruvate 263 3600 70 66 39 46 — — — —} -
Succinate 176‘ 134 40] 47 12; 10 = — — —| |

Each vessel-contained in 2.0ml; 0.2 peuries of “C from each substrate in 10 gmole.

All substrates were

uniformily labelled except succinic acid were labelled in the 1, 4-position. The suspending medium was
buffered by the addition of 60 pmole phosphate buffer pH 7.5 and CO; was absorbed on 1 M hyamine hydro-
xide in the methanol in the center well. CO; retained in the suspending medium was released at the completion
of the experiment by the addition of 0.1 ml of 10 N M,80, from a side arm. The cell contained between-

6-10 mg protein.

14C-glucose ¢} HC-acetate F| ol

w2 s ARE ¥

lielle = ol f&ste] 1CO, 9 ko] 39 % ETH=Z,

= (Tabl. 3) #A HAEEAEAA Duna-

aﬁ‘?(lﬁl’f DEL 26% LERSYen, Chlorels
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ol A¥E MCO, T4l 3% Bz, BANEL 45% & sty v, Tanner, et al. (1965)7} el
A= Chlorella 8] 7525k (A Ee] E@hmatet sty oh. 28 23 REEA A Dunaliella = Yoo &
& HEoL o 2 Blysh e Bk SREER =y SR FEEAETRD dv Ad
b =Evh. Acetate JERE S ¥=  Dunaliella 5| A “CO, HEEL o] &3l 36% KT3Iz, #
RES 50% Einstd k. Chlorella o A& “CO, £l 10% Bidstz, @REe] 23% BRI}
acetate & 7%, 9 Rl Dunaliella o] A v Z &9, o|AE& HTolA acetater} Mgl glol.
E#EMAE 4 9z 3 Goulding & Merrett (1966)=} Syreit, et al. (19642 &R —FKIelz &
B3 2 giov)h, AT acetate 7l &4 MR EENEREEEA "Ae BEE rEA, =
T ETAA £FEE CO Ba £@E CO, 7t Bk Bhdx fg n2s] #&d Table 39 #HEL
BEEAE T o 3EZA FEE T 3 Polot. F HaEe] XHTAA Dunaliella o R
K=ol mhE = drke S ¢ § 9& Folth

Bl R EEER (Table, 2 and 3) 23-8] Dunaliclla 7} 7k BRERILE + & 48z, =2
BILE Chlorella & HB3NE 7.4% % ¥& kg deldlr] A 2 BRE KHSHZA cellfree
systems of 3l 79454 BR{LS- SEEEEl vl (Table, 4). ATP, NAD(x=% NADP)® Hins HCO,
o o) =A #fpstedl et E W Bk SlolA mMEIREC EET 2R T ¢ F 8

Table. 3. Effects of light on the 14C-assimilation of C-acetate.

o Radioactivity incorporation/hr/mg protem*_ o
D, tertiolecta C. pyrenoidosa )
Dark Light Dark Light
Substrates CO, Cells i CQO, Cells CO, Cells - CO, Cells
Glucose 100 100 61 126 100 100 27 454
Acetate 100 100 64 150 100 100 90 123

Values are given in relative units as in each pair of light and dark experiments, in triplicate, the amount
of cell material 2nd the specific activity of substrate varied. All cells were incubated for 30 min and 90 min
period in 0.05 M phosphate buffer, pH 7.5, containing 10 pmole of substrate per ml. When light was
supplied it was from incandecent lamps at 2000 f.c. measured at the surface of the Aask.

. Dundliella |4 ATP+NADP [f@¢] “CO, % ATP+NAD ] 650l kol Hated, Chlorella
A AE il 2 el . 27 2 hexokinase o] FRin=E CO, #io] w3 {Rifgdld Chiorella of A
= 10% e @inshd Dunaliella ol A & 31500 {B£% zle2 ¥olx, ATP, NADP 7 Hinsl cell-
free systems of A F§EGEMR(L ¥4 & /1A 2 FRE Dunaliella &) 73 % hexokinase ¢l 7 2},
Casselton & Syrett (1961)¢] Chlorella ¢| hexose monophosphate shunt 7} 7E#dl=, Ciferii (1962)
7% Chlorella &) —f80. 2. B3 Prototheca zopfii ¢l glycolytic pathway ¢} pentose phosphate pathway
4 25 fele detm 9ot mdl HES AT HA el Evl, NAD & glycolytic pathway &, z
2]z NADP & pentose phosphate pathway 2 &% {2 oz £B8Y . I8 22 Dunalielle o A
NADP &| #57} Chlorella & r#stw] NAD ¥t} #idss] =vhe AL 30E4kE A pentose phosphate
shunt 8] HAEE & £ A5E ol glycolytic pathway B} H4 wdk EiEkg eld oz szl
Fig 28 44 2& 7]—7§- EESG BERL Dunaliella 9] cell-free system o] CO, T #FHe 4+ ¢
gapr7l Whole cell B2} svl AHeolrh, F whole cell 9 799 gdpmld] v] 3 o] cell free systems
oA (HEE)E 21dpm o] st 2 & vEl g, — e E MR BiEAGdS A5 £8%E
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HERE. RS s Aoy wl e CO, 9 HMAE Chlordlz o] AL} o] o358 (LT U3
%)E = Ao EY Aotk =B W Dunalielle 8] #A-$¢ @jns 9= AL whole cell Broll o] w3l B
HE aEs WARERRS B2 5 de Bt Adde Ao med  goH, ek T
el FHEol=td, FHES MK Sk e ses £85d

Table. 4. Production of ¥CQO, from “C-lgucose by cell free systems.

dpm/hr/mg protein
D. tertzalecm i C. pyrenoidosa

Addition

None . 21 35
ATP 88 o1
ATP & NAD 98 229
ATP & NADP 571 464
ATP, NAD & Hexokinase 144 193
ATP, NADP & Hexckinase 1,769 ) 516

Each vessel contained in 2.0 ml; 0.2 geuries C in 10 gmole glucose; tris-ECl buffer, pH 7.5, 100 gmole;
MgClz 10 pmole; Protein 7-8 mg. Where indicated the following additions were made, ATP, 10 umole; NAD,
1.44 pmole; NADP, 1.24 pmole; yeast hexokinase, 15.9 units., The center well contaired 0.2 ml. of 1 M
hyamine hydroxide in methanol, and CODy retained in buffer was released by the addition of 0.1 ml. 10 N
sulfuric acid.

Dunaliella &) A ¥3=(Table 2) sucrose & o FFHEFS] )JI[“ oSt A cell-free system of (&3}
YC-sucrose o BE{LE- FAZSES o, (Table 5). Table 2 8} Table 59 HRE KT wldx CO,9 4
o] cell-free systems o] 4] whole cell = o} 3:{7':,‘-”-1—]- wkolAlwl, ATP, NAD, NADP 4 hexokinase & %j

Table 2. Production of #CO, from C-sucrose by Cell-free syste*ns of D. tertiolecta.

Addition \ dpm/hr/mg protein ’ Addition [ dpm/hr/mg protein

none(sucrose only) [ 3 ATP, herokinase & NAD 14
ATP & hexokinase } 12 ATP, hexokinase & NADP 48

Experimental conditfons as for Table 4. except that sucrose substitute for glucose.

7t Table 4 9 Higsl A =3 D& Aoz vof EAZES #AY%E swrose: JEES EA
A Zeted gow, v E Dunaliella 7} JAREYE &S sucrose & 1557l & 81} (Craigie et
al. 1966) o & WKW = WiEET A9 23 YA @97 mE HESSZ SR 29 Eike] o
5] Bt S e

AF7A 8 FEREAE Dunaliella 7} 183 S5 FEEe BHAEYE BREFET ¢ 1eg &
F A o[ B ERVE RN EREEE A HHEED &8 REddEdE & 4+ 4o s
TiEES RERFoR o EEEEY RET 24 Bihsld Ee9o. CREFE) (Chlorella °] 7
A—fEtl A E5sHA BEI A9

e E S BEE 7. Duncliclla 7t #5EkES %’JFEI’E‘%@] shel o BES: #5) HeR L
HEERA L ST BEERY REE A B2 MRESE Ao o) g B9 Ampam
o] RERE: 9}1- Zole, REREEL) A Dundiclla cell-free systems 2] pentose phosphate shunt <]
fEike] glycolytic pathway o} #&slciz 7).

...._1‘2—
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= #

Dunalizlla tertiolecte &) 79254F | AL FEs =2 = BEZ Chlordla pyrencidosa oF HEal gl vh.

1) 7HES w) REle] sucrose, acetate, glycerol, L-zlanine, pyruvate @ succinate & MIEEE=Z 35
2w Dunaliella-2) FER-S {R#A]7] =] 2 .o}, Chlorella o) A FEgIET) acetate o] (K3 REBEE
o mme 2.

9) Dunaliela o] 4| WC-glucose 9] F|fFEEE  “C-glycerol, 14C-1-alanine, UC-acctate, 1C-pyruvate -l
UC-guccinate ¥.oh wkolz, YC-sucrose sLvh =olvl. v} Chlorella o) 7 -2xvhe A4 2okt

3) “C-glucose g MC-acetate 2 ¥ 8] 8] 1CO, HEREe] ke feile ETHIT, MCo Mijkie] i&@jnsh
A,

4) Cell-free systems ¢] &35 MC-glucose & Bk whole celle] A S mr} =ol:w], Chlorella oA
o KT #Higs] = BiRe| o

5) ATP, NAD, NADP ] {ka]4 WC-glucose 8] Bfkst (R385t =v], Dunaliellz o) A+ NADP &
mEA A4 A, -

o 2 Dunalilla | A 22 HiEe 2 FAEE Bk —3F BRRY TEE =2 BEZd
HEe] glede] olhlEl waEd &3 e REiEkke] 9= Aok, 283 Dunaliella cell free
systems o] 4] & EHEEHE e 1% pentose phosphate shunt 2 Azl =A o,
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