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ABSTRACT

These studies were undertaken to elucidate the reasons for the low productivity of gin-
seng by comparing the rate of CO,~fixation and photorespiration, variation in the amounts
of intermediates and enzyme activities of glycolate oxidase and catalase in ginseng with
those of potato.

The ability of CO,-fixation in ginseng was found to be one half of that of potato and
there were significant differences between those two plants in the rate of "C incorporated
into glutamate, aspartate, malate and 3-PGA, but little differences in P-glycolate, glycolate,
serine and glycine. The ratio of photorespiration to dark respiration and the activities of
glycolate oxidase and catalase in the two species were about same, but ginseng showed higher
ratio in photerespiration to total COp-fixation than petato did.

These results indicated that the low productivity of ginseng may resulted from the low
CO.-fixation ability and high rate of photorespiration,

ol & (Panax ginseng C.A. Meyer)-& © 2-u| U} B flel] £al= £4E4 HEho g, = A6
F17ke] Az AL #a L dojste] HEEE T gdldl RelA A AstE 53 4F4 =
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28 A FP4 AH ex 15°Coln (Park, 1979), #34 2ldl  Seko] 0.175¢-
CO;-m~*h~*(Proctor, 1980)¢] 2t AFA A7 v1g o glch oldf <ol ad9 AFAEL o
(3.0~3.5g -CO,-m™2h~t, Evans et'al., 1975)0]} &5 (3.3g-CO,-m~*hr™?, Shibles, 1975)
of vzl 2m ol 4L Coplante] Hls < 1/20 A2 @& T35S ez 9o
“6]-11 9149l 9] greening # o w23 chlorophyll-protein complex &4 okAbo] v} (Park ef
, 1982) &4 It we CO, mg FkA(Lee ef al., 1982)2 th= Cy-plant &b §A} 8
% wel Fx gk 2 4] o2 Ce-plantel w&] wlf v A48 4x dald
daids 29s g7 2ask o B AddAs Jd4e] Ade fifEstd 345 2
% &3 o) B F7 A AEE kA AgQl Al slmale o] F AE Aol
%8 Qo] BHE Coplante] W8} 2 4ee 25 92 Folnzd Fech,
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AR AzEr dutmq Ad 270 A A g a4 A (Panax ginseng C.A. Meyer)
9 RIS sty o, d2F2E 77 (Solanum tuberosum 1.)8) B3 A48k e,

4CO, feeding 2 riAtAtEo] £&. MCO, = 50 wel NaH™CO;(59. 7 mei/m mole)2 20umole
o] 5% & cold NaHCO, & Z-¢3te] Zelitch (1965)2] 98¢ 98] mAAd. =4 A7t
& 7414, 34, 105e=s st9 2 23A37 & A4 70% ethylalcohol 100mlo] 35
] 5o tHA P FA AR g 304 b4 o2 38 A A8l ske] labelled components £
gatgah QA4S gAY CO, 35 Fo1$29¢ 2F E3d 1mld A4 liquid
scintilation counter(Beckman Inst, LT-260) 5 2:4¢ cpm gtat A7 A6 o8 S22
A ¥ A9 cpm Hg T AR g

Cocktail solution & ppo 4.125g, popop 0.175g & toluene: triton X-100=2:1¢ =&
- 2ol 1000 mle] =¢q] & o] Sl ethanolz 1:1 2 E¥3td 10mlA ApL-abedvh.

A =ZtM2e| 24, Ethanol &8-S 2782 Y8 40°C o] slo] A rotary evaporator
2 BEA ¥ Dovve*c—soxz(H+ type) ¥t Dowex-1X8(Cl™ type)& Ap&3te] ofr|:al,
74 2 BHE 2IAA

a]—u] 2Ae paper chromatography o o) Bdalds. 15 A5 £o]= phenol: water

1(v/v)_4 gl g, 2 A7 2] 2= n-butanol: acetic acid : water=9: 1 : 3(w/
WH g2 gt A Fol GRS AEAA lem'4 Fgale vialo] el
liquid scmtﬂa’mon counteri 4 &9 ).

H7] 42 Zelitch(1965)9) Wb o2 B & slg] 0] resin bed & 1xldem . A28 .
FAd §7) a2 Stark ef al. (1969)8] whie] e F<oldt o2 1mlAd & sle] liquid scin-
tilation counter 2 = a} ¢ v},

T EHER 4F resine] FAHA g FEFEL AV o SAstgch

Bsgge| 7. FIEEFEL Zelitch(1968)9] w2 o] &3t Sgshgivt. ofw AE3r
Warburg vessel 8] volume £ 20cm® G o™, NaH“CO; = 5 umole(20 pci) g = leaf diskse]
A AL 1emyrt. Warburg vessel °] CO, & % AAZ Fd “CO,E zAXNZFHoH
o} £xi=30°C, Fx& 2000 ft.C & x| stgch. FaFel & W& “CO, &= mono-



September 1982 Lee ef al.: Photosynthesis and Photorespiration in Ginseng 107

ethanolamine : Ethyleneglycolmonoethyl ether==2 :1 @] 104 7R o3 EF5A# 1lml

A #3 g cocktail solution 5ml 2} &a-5}¢] liquid scintilation counter £ &4 39t}
FE5EE FAT Folv F4E AAS] A Dt MC0 98 o8 2 WiHe
2 547 ,«i
F3FH TEFY v Fo] gy A gle A 10404 304 Abe)
$EHT 4005 Fom ALIAL
ﬁ%ﬁ ko] &M, J‘ELM,\ Fzal e 200mM Tris-HCl buffer (pH 7.5), 10mM MgCl,,
0.2mM EDTA 8 zHoa A&3tavt. 2~3g9 A] 24 FE9 0mlE el vha A

7 the 8729 gauze = of 3ste] 600g oA 1047k A 2Eleled cell debris & A A3t
Grh AR E o 4RO E A 60008 1A 30{‘ 7k fAEE sl 7oAl Eela]
ARAE Ba A SR ALHQE. o9 BE L 0~47Cold LA sg.
Glycolate oxidase(E.C. 1.1.3.1)¢] &S De Jong(1973)9] #4 3 o] &3] 24 3t9irh.
sl.god 2 90 mM Tris-HCl buffer (pH 8)o] horseradish peroxidase (1 mg/ml) 100 ¢l, 1.6
mM o-dianisidine 200 ¢, =2 shsko] 1mg/ml<el MEFHRW 2004 & A7E F 0.2M
Na-glycolate 200 4l & o] & F H-47 b 2.7 ml 7k = A s
Hl2 2 Na-glycolate 2o 2 fnste s A &= o] 460 nm el o-dianisidine & 4str % &
A soie
Catalase(E.C.1.11.1.6)= Chance and Maehly (1955)¢] Wy o=z Zxguged, =4
gare Lowry et al. (19512 #hgell wheb &4 34l

gl 4 ol CO, & 2+ 1

W, 14rgdel COp, A 58 #Apde] oF 1/2
A ey (Fig. D, 289 =23
10702 A73A71= 24 99 COy =

1. 08 10° cpm ©] § 2 kAl A o 4 %= 1. 50X 10° V.
cpm o= heh qlatel €O, wA Bl 143 . /

3 5ol wlel Eebl A
/ e P msen
P—— S tuberosum
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o)Al A9 ¥Cel Magg 29 qlabel A 49.1%, 42.3% 9 33.7%= vieht 7R
42.1%, 31.1% = 18.3%¢]] v}z @ F-8o] of $ irh. Amino acids 8] ] 2o = o] Ake] 20.
=

4%, 24.6% % 18.4%= vrelyrw bR 33.19%, 22.8%5 B 18.1%E Vel T A E 7L
A gkgkoh, =W 14 24 A Z & wlel &= glal Bt ZhAle A

18] Aol 7k 7] A ZA ¢
amino acid 2 % =& “Cr getA=zl, =A A 7k .7_‘017‘10} ubz] o].Ae]l amino acid o
A MC o] AR Fol@eh. o|F Folk BARGE ol del Fel4 organic acid

L\.

gl amino acld 7} A7 489l sugar & insoluble material £ A 3d = HFEr) =8 Ao
A-ratetz Az e

Table 1. Proportion of *C incorporated into components for 1,3 and 10 min. photosynthesis
(percentage of total *C incorporated)

P. ginseng S. tuberosum
1 min 3 min 10 min 1 min 3 min 10 min
Amino acid 29. 4 24.6 18. 4 33.1 22.8 18.1
Organic acid 49.1 42.3 33.7 42.1 31.1 18.3
Sugar 11.2 20.7 32.6 13.8 33.1 44.4
Residue 10.3 14.4 15.3 11.0 13.0 19.2

Table 2. Proportion of MC incorporated into individual components of organic acid for 1.3
and 10 min. photosynthesis (percentage of total “C incorporated)

P, ginseng S. tuberosum
1 min 3 min 10 min 1 rmin 3 min 10 min
Glycolate 4.8 4.2 2.2 1.7 4.5 2.1
Glycerate 7.5 6.6 7.1 5.7 3.9 1.9
Malate 5.3 5.1 4.9 4.5 2.9 1.4
Citrate 10. 4 8.9 3.2 13.1 9.4 10. 2
p-Glycolate 4.0 3.2 3.0 5.6 3.9 1.1
3-PGA 10.8 10.4 6.3 9 3.4 .9
Other 6.3 3.9 2.0 6 3.1 .7
Total 49.1 42.3 33.7 42.1 3.1 18.3

Organic acid &) 7+ 28 Sof ekt "0 8 &2 2-PGA, glycerate, malate S-of 4]
A gt Aol & vlERar gl (Table 2). Wilson and Calyin(1955)9] Zxof &3hd 3 PGA
9 BEE A7 00,9 Fiel FH& wivh 3 9759 C0, 5= Fas ribulose-
1, 5-diphosphate (RuDP) &l i 43 Z718l= wlde] 3-PCA S »ri

geh QA AL CO,mASe] FE F AF T AY vessel f5 #C0, FEAE 2
S £ 4RAFE 99 w2 QAPe. =¢ 3-PGAEL RuDPR¥ AWSAd, %
5 & F7baEel glycerate £ BB glycerate kinase o] 2] g-A1= o} (Slack el al., 1969).
welA] ¢l Aol A 3-PGA & glycerate of “C o] vl md thoj incorporated 5l 718 zl=}o]

Tt
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Table 3. Proportion of “C incorporated into individual components of amino acid for 1,3 and
10 min. photosynthesis(percentage of total *C incorporated)

P. ginseng S. luberosum
1 min 3 min 10 min 1 min 3 min 10 min
Aspartate 3.4 2.2 1.8 2.7 1.5 1.2
Glutamate 1.9 2.9 2.5 4.5 2.8 1.8
Glycine 9.5 6. 2 5.0 10.3 G- 2 4.5
Serine ] 6.2 5.1 3.3 7.6 5.6 3.3
QOther 2.4 8.2 5.8 8.0 6.7 7.3
Total 29.4 24.6 18.4 33.1 22.8 18. 1
Table 4. Amount of 4CO, released from ginseng and potato leaves in light and dark
B 1t 1 14 i
Total #C(cpm) *Residues incgéﬁ eased mcg);ﬂl;eledscd .
A1 N
fixed (epm/mg-{r-wi/min.)
P. ginseng 8. 943 10° 3.7 10° 2. 1X10° 1.2X10% 1.8

S. tuberosum 14. 3108 16. 543 10° 1. 16X 10° 0.53>{10° 2.1

* Residues are the extracts of 8095 ethanol and insoluble compounds.
**Lt/Dk is the ratio of photorespiration to dark-respiration.

Hla] CO, 27 Fo] g b (Fig. 1, Table 4) 33 Ffo] 7418k v &4 $30]7) (Fig. 2.
Table 4) wjZo] &} Al 5% o},

¢l 43t 7FAke] amino acid o incorporated ¥l MC 9] u] -8 Zh7h 29,49, 24.6%, 18.4%
5’1— 33.1%, 22.8%, 18.1%= viebylc) (Table 1). ©]% glutamate &= 7HA el 4] 4.5%, 2.3%,

8%% &dtE 4GS Hel F vl a §
’el'o% Ae Ad 24 FEE FAST A o
gvb. Glutamate = a-ketoglutarate o] A @& 5ol Light | Dark
A=z, Co,nA 274 727 olatrch *
glutamate 8] ¥C Z 2 §0] =l #1.2 3-PGA 501 //,/
o] # 2% incorporated ® “C < A &e] w= _ L
2 Yu|dle}. o] aspartate &) #H ST 1) 401 ' /’/
25t AaE Ne Fz 919w (Table 3). //
W PR 08 FsF AR A | S .
$251% MC e Fig 29 Table 4] vieba | </
sheh 2o $3Fe] A wEse 400, 9 :
G2 A4 delAl  2.1x10°cpm/min-mg-fr- (g}
wtolz 7+ak Aol A= 1. 16X 10%cpm/min-mg
frwt2 qlatel A9 18w A & :'L* 0 10 206 30 020 30
T8 2o ¥ dagd g9 ¢ Fig. 2. Comparison of #COQ, released in the'

E UCO, 9 HE 94 go] 1.2x10° cpm/mln light and dark by ginseng and potato leaf.
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smeg-fr-wt 2 Z+= 99 0.53:X10% cpm/min-mg-{r-w - 9l 4te] 1i/Dk = 1.8,

A< Lt/Dk = 2.1 2 vk} elalg
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AARTE 2F ¢

A FEEel ek R5 59 ¥l g

oreh, of# AFAEL 9l do] FZA g AY v FEEES il‘ﬁ*%" 8] =) g
HB5H F7 fﬂ A AbFoll e MOyl FFH e enzyme GEES YL O F
ALgE A e ol F Jé'iig- 7k A AEQl p-glycolate o lycolate of) A1 ]

A A HCO, feeding o] & HC L 282 ol4bollA]l 4.09%. 3.2%, 3.09%%} 4.8%, 4.2%,

~B
o
i

2% % Ve A8 5.6%, 3.9 1% 4.7%, 4.5%, 2.1%¢] @28 AL el
¢l o} (Table 2). St amino acid & # 3 H 7 4 4E2 A A== glycine 7} serine
Q5 F AEzkd 5938 Ao 7b gledrt(Table 3). Glycolate oxidase &) catalase 8] 34
T ol A 1.15 4A/min.mg-protein, 4.804A/min-mg.protein o] 311 zr 2] o 4= 1.33
AA/min-mg.protein, 5.504A/min-mg-protein ¢ 2 Vhebylch(Table 5). o] & vz FIE4
A9 glycolate oxidase T catalase 8] &A1 T 7} 1.50 AA/mln-mq-protem, 7.54A/min-mg-
protein (Lee and Kang, 1981)%0o] ulms] xe] vli ¥ Aoz ekyleh, v

o1& ZhAl o] eF 859% ofAlg] enzyme activities 2 ®eof F¢l k.

Table 5. Activities of glycolate oxidase and catalase in ginseng and potato leaves

Protein Glycolate oxidase Catalase
(mg/g-[r-wt) (4A/min-mg - protein)
Ponax ginseng 5.90 1.15 4.80

Solanwum tuberosum 8. 49 1.33 5.50
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o, olr

; ] s =& Cpplant 9] 50~60%¢] 3}
B, ”sz.-% 78 vl FEolet AH’LEM 14 AAge] B2 AL dAH 22 o
f.ozelul @1ate] total CO, 27 o] B Hold EATH F2

FAe) Fel tig AAG AT o FAAL FL & A& Aol

wm =

(Punax ginseng C.A. Meyer)9] IEiEige] 22 &lad rg3l7] sk 42 CO:
129 ##1l gl glycolate oxidase 2l catalase 2] JE{LEE Z=F(So-
ol =

I R G
2R %F, FEFEF o) T TAHAAL
lanum tuberosym 1)} ] = = A8t A%
ARE9) CO, mA 5o zt=le] 1/27 xe]=, glutamate, malate. aspartate o} 3-PGA T 4 oA
L2-o] incorporated = MC &) 7AA gl kA2 T AE Aold A G ol gl e BE
F71e) A A+E<] p-glycolate, glycolate, serine @ glycine o] A & ol 4=} 77} Aole] AL Aol st

gk o4 2o A5E  AxERL A 43 A Ao, & COmAo] A FEFo) FAALE
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