Comunicaciones

Respiration in the mature embryos of
coffee*

Sumuario.  Se estudiaron el consume de axigeno {GO:)
y el cociente respiratorio [RQ} en los embriones de 15 1i-
pos de café  Llos volores QO mestraron una relacién in-
verse o suz pesos  los valores RQ mas alte que se regis-
traron pueden ser debidos a lo inteivencién de productos
intermedios del cicle TCA como substratos respiratorios
los datos oblenidos eliminan o la fermentacion come un
evento natural en lo respirccidn del embridn

Lezpiratory studies on embryos is meagre (1, 7)
Though Kandler (3) and Massast and de Ketelere
(5) have studied respiration employing embryos of
different plants, no work has been done on those
of coffec The present study attempts to fill this lacuna

Method

About 7 month old fruits of some coffee species,
varicties and hybrids formed the materials of this in
vestigation {Refer Table 1 for details) The fruits
were hand picked prior to experimentation. Embryos
were excised by cutting open the fruits [ongitudinally
with a scalpel Of the two embryos thus removed from
each fruit, one was used for the measurement of res-
piration (QO,) and the other for the determination
of respiratory quotients {RQ). They were immediately
weighed and transferred to 15 ml Warburg vessels
Water was added to the flasks so that a final volums
of 3 ml was maintained. The central well of each flask
contained a fluted filter paper (2 x 2 cm) placed either
in 02 ml of water or an equal volume of 10 KOH
The flasks weie shaken at the rate of 100 excursions
per miaute in a Braun apparatus They were equili-
biated for 10 minutes at 28 == 1°C before the readings
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vare recorded  Two thermobarometers were run for
cach experiment  When it was designed to study
substiate oxidations, a sodium salt of the substeate
(10 pM) neutealized to pH 7 was tipped from the side
arm at an appropriate time No sparker acid was used

Results

Table 1 shows the dry weights, QO. and RQ
values of the coffee embryos studied. C congensis and
C. excelsa gave the highest and lowest dry weights per
embryo respectively. C excelia recorded the highest
QO, whereas it was lowest in €. arabica § 288 The
materials chosen for this study showed RQ values
ranging from 12751 (C canephora § 274) to t 7485
(C. salvatriv) and were thus consistently higher than
unity

Table 2 lists the QO, as well as the RQ values of
C canephora § 274 under two different conditions:
one, conditions conducive to aerobic respiration (216
0,) and two, conditions causing fermentation (5%
0,). The QO. and RQ values under oxypen tension
were tespectively 34.929 and 188.79% of the controls
In another experiment where several Krebs cycle inter-
mediates and fructose diphosphate were supplied exo-
genously, the values of QO, and RQ were Interesting
{Table 3) With the exception of succinate, all the
cxogenously added substrates produced QO. values
much lower than the centrols Succinate showed the
highest secorded QO, (24898) and Ilowest RQ
(0.6983) in contiast to oxaloacetate with which a
QO, of 14362 and RQ of t 5865 have been recorded
The RQ of fructose diphosphate was near unity
(1.0340)

Dircrrsion

The QO, values obtained with different coffee
types seem to be no more significant than bringing out
a rough inverse relationship between the respiratory
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Table 1 —QO, and RQ values and dry weights of thz mature embryos of some coffee species. — (mean of

4 replications)

Spucivs mg diy wt Jembryo QO: RQ
1 C exvelss 02912 = 00106 17677 £ 01923 16235 %= 00980
2 C cnyemiolides 03900 = 00209 22331 £ 0.0806 1.67G5 3 (10359
3 C stenepnily 0.5524 = adzio 20403 F 00223 16108 & 00181
4 € vanephora 8. 27 05042 £ 00309 19973 = 00965 F275% % 0071
5 € saliarrix 03308 * 00166 1.7598 == 0313 17485 = 00320
6 ¢ arabica Kents 05712 = o401 16351 & 01868 14840 = 01213
7. €. hongalensis 0.4758 = 0.0035 1.3869 = 00838 15871 £ 00590
8 € wabita 5§ 795 06775 = 0.0086 13690 & 00650 13033 & Qo762
9 Hihrido de Timor 0.7720 = (L0200 1.3214 = 00660 14552 2 00552
0. € arabicd Szn Ramon’ 07558 £ 00150 13053 = o212 1509 % 00071
11 Robusta X arithica (7329 = 00154 1.202:4 &= 00265 1.3105 = 00050
12 Devamachy N87H = 0023 1.1588 £ 0.0725 14819 = 00384
13 € rougensis 11108 = (0220 11030 = 00799 16398 = 00780
14 C arabica Cioccie 1.0929 * 00122 1.058% £ 00359 10570 % 00914
15. € arabica 'S 288 ng220 £ 00117 09352 = 0027 13847 = 00274

rates and embryo weights (Table 1) The respiratory
quotient also showed variation from 12751 to 1 7485
with the materials studied. This is in accordance with
the earlier work of Kandler (3) and Massart and de
Ketelaere (5) who recorded RQ values of 1.2 and
1 5 in other embryos

The sigaificance of this work lies in that the RQ
values are considerably higher than unity. This indi-
cates that the metabolism of emibryos is not characte-
rized by cither hexose monophosphate shuat or glyoxy-
late bypass because these pathways would result in
lowsred RQ values of 10 and 0.67 respectively (8)
1t foliows that in the respiration of these embryos,
either substrates of higher oxidation like TCA cycle
intermediates are involved or carbondioxide is anaero-
bically generated (8) If there had been anaerobic

Table 2 —Respiratory behaviour in the embryos of .
canephora °S. 274" under normal and low
oxygen supply.

{Mean of duplicate experiments)

Conditions of the Experiment QO: RQ

i
. |
1 216 Oxvgen {air) 210610 (100%6) { 1.1636 {1009}

&)

56F Oxygen -+

95% Nitrogen 06032 ( 35%) | 21968 {(1896F)

tespiration and a consequent oxidation of the accumu-
lated fermentation products, then oxygen debt and Pas-
teur effect would have bezen evident (9). But no
such oxygen debt was observed when the system equi-
llibrated with the ambient atmosphere (Fig. 1)

Table 3 —Effect of some Krebs cycle intermediates and
fructose diphosphate on respiration of the
mature embryos of C cawephora "S 274
{Mean of duplicate experiments).

Substrate added Qo: nbs[ig%-::d cs;li}c?c'd*
I None 2 E677 121036 e
2 Citrate 1 G899 13024 135
3. Cis-aconitate 16303 1.3647 133
4. lsocitrate 16756 153670 133
5. Oxoglutasate 20476 1 1894 125
6. Succinute 2 4898 0 GI83 T
7 Fumarate 16129 1.3326 133
8 Malate 16206 10128 133
9. Oxaloacetate 1.-i362 1 5465 1.60
10 Fructose diphosphate 1 8499 I 0340 100

From M. Thuomas (8)
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When the respiratory behaviour of embryos under
conditions of normal air (219 0,) and low oxygen
(5% O.) was studied, the respiratory intensity under
the latter condition was one third of the contzol and
the RQ showed o two-fold increase (Table 2). In
both low and normal oxygen supply, the values of
RQ should remain the same if a process like fermen-
tation which has no requirement of oxygen had taken
place The fact that the oxygen level influenced the
RQ shows that the embryos develop the faculty to
ferment if conditions peculiar to this are imposed. In
the light of this, the natural process of respiration in
these organs appears to be the one with molecular
oxypen as a final electron acceptor rather than fer-
mentation.

If fermentation would not explain the high RQ
vilues obtained, the possibility of TCA cycle inter-
mediates playing 2 part arises Table 3 shows a broad
agreement between the theoretical and observed values
of RQ for some TCA cycle intermediates and fructose
diphosphate. This indicates that the embeyos are capable
of complete oxidation of added substrates requiring
molccular oxygen as a final electron acceptor. In rvive
studies concerning the complete oxidation of organic
acids are pot extensive Keebs and Eggleston (4) re-
corded RQ values very close to the theoretical value
of 12 in the pigeon breast muscle fed with pyruvate.
Millerd of af (6) obtained a value of 14 for a
mixture of malate and pyruvate The mitochondria
exteacted from Arem macwlatnnr gave RQ values of

£12 for malate-sparked pyruvate oxidation, 130 for
citrate, 1.15 for ovoglutarate and 0.38 for succinate
oxidation (2). The data summarized in Table 3
vividly cxpose the dominant role these acids have in
the respiration of coffee embryos in general and the
clevated RQ values in particular More work in this
direction is necessary to obtain a full picture of th:
espiratory metabolism of these embryos.

Samurany

Oxygen consumption and RQ values in the embryos
of 15 coffee types were studied. The QO, values
showed an inverse relation to their weigts. Higher
RQ values recorded might be due to the involvement
of TCA cycle intermediates as respiratory substrates.
The datz obtained rule out fermentation as a natural
event in the embryo respiration

November Sth, 1976

G. SUDHAKARA RAO*
D. VENKATARAMANARN**
K N RAO’

i){:{mrtmum af Biology D G Vaishnas College Muadeas 600019
India

5 Department of Plant Physiology. CORT. CAS Past Kuaenstaks
579117 Tadia

REFERENCES

1 GODDARD, DD, R. and DONNER, W. D. Cellular Respiration,
I Steward F. € wd. Plang Physiology: A Treat’se.  Aczdemic
Press 1966 Vol TA  pp. 209-382

[N

HACKETT, I3, P, and SIMON E W. Oxidative activity af par.
ticles prepared From the spadix of clrem macalicnm ™ Nature
tHaomndenY 173 162-E63 195

g

KANDLER, Q. Ober den syathetischea Wirkungsurad jn tinn
kultivierter Embryonce, Wurzeln und Sprosse  Zeitschrlft fues
Naturforschung 86: 109-117. 1953

i KREBS H. A and EGGLESTON, 1. V., The axidat on of pyru
vate in pigeon breast muscle Biochemical Journal 360 002 59
1940

5. MASSART. L. and e KETELAERE. ¥. La respination ot fe
queticnt respirataire des embrions isolés dlorge. Archives of
Internatianal Physiolesy 631 264 1955,

6 MILLERD A, BONNER, ., ARELIOD, B and BANDURSKI,

Guidation and phospharylative act'vity of plant mitochun.

dria. Dreoceedings of National Academy of Sciences (USA) 37:
855862 1951,

1 STILES W Respiration in sead germination and seediing develap.
ment, Jao Rubland, W, ed. Enc clopedia of Plant Physiolony
Berlin Springes-Verdag 1960 Vel X2 pp 65592

8 THOMAS, M. The auotient of the respiratery gas eschinge {Res.
pirators quutient).  fn- Rubland, W.. ed. Encxclopedin of
Plant Physiology  Beeling Springer-Verlzg 1960 Vol XIE2
rp 122

¢ TURNER, I 8. Fermentaton in hipher plams. its relation to
respitation, the Pasteur cffect, Joo Ruhland, W, cd. Encyelo-
pedia of Plant Physiology, Berlip Springer-Verlag 19600 Val
XIE2 pp 287,

100 UMBRIE¥, W, W., BURRIES R. H., and STAULFLR, I. F.
Manometric techniques  dth ed  Minnezpolis. Burgess Publishing
1964, 305 p



