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Abstract: T h e  a m i n o  acids of  t e rmina l  roo t  galls  caused  by  Longidorus aJricanus on bur  
mar igo ld  (Bidens tripartita L.)  and  grapevine  (Vitis vini[era L. )  were s tudied.  The  gal led 
roots  of  bur  mar igo ld  conta ined  73% m o r e  cell-wall prote in  and  184% m o r e  free a m i n o  
acids. T h e  m a i n  changes  a m o n g  the free a m i n o  acids  o f  the  gal led t issue were a large increase  
( 1 9 0 0 % )  in prol ine  and  a decrease  in aspar t ic  acid ( 5 6 % )  c o m p a r e d  with the respect ive 
check  t issue.  H y d r o x y p r o l i n e  decreased  in the wall  prote in  f rac t ion  f r o m  5.6% in the  hea l t hy  
t issue to 3 .6% in the  infected t issue.  

Percen t  o f  hyd roxypro l ine  in total  a m i n o  acids  o f  the  wall  p ro te in  f rac t ion  o f  grapevine  
roots  decreased  f r o m  0 .7% in the  hea l thy  t issue to 0 .3% in the  gal led t issue,  and  total  
p ro te ins  of  this  f rac t ion  decreased  f r o m  9.5 m g  to 4.5 rag, respectively.  To ta l  prote in  in the  
p ro top l a smi c  f rac t ion  also decreased  f r o m  3.0 m g  in hea l thy  to 1.0 m g  in infected roots.  
N o  change  was  not iced in total  p ro te ins  in the  f ree  a m i n o  acids f rac t ion  but  f ree  prol ine  
decreased  4 0 %  in the  infected roots.  

T h e  re la t ionship  o f  these  d i f fe rences  to the  specif ic reac t ions  of  the  hos ts  to n e m a t o d e  
feed ing  is discussed.  Key Words: Proline,  Hydroxypro l ine ,  Aspar t i c  acid, G l u t a m i c  acid. 

Studies of physiological activities in root 
galls caused by nematodes have been con- 
fined to those incited by endoparasites, 
particularly Meloidogyne spp. Unfortu- 
nately interpretations of results have been 
complicated by the presence of living seden- 
tary nematodes (14). Similar research on 
root galls caused by ectoparasitic nematodes 
has not appeared, primarily because it has 
been difficult to culture the nematodes in a 
controlled system. Recently, however, cul- 
ture techniques were developed for certain 
Longidorus spp. (4, 5), a genus which 
caused terminal swellings of host roots (3) 
which, however, are generally smaller than 
Meloidogyne galls (Fig. 1A, B). In pre- 
liminary studies on the physiology of termi- 
nal root galls caused by the ectoparasitic 
nematode, L. africanus Merny, unusually 
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large quantities of amino acids were found 
in the galled tissues. This paper reports 
results of investigations on the kinds of 
amino acids found in such galled roots. 

MATERIALS  AND M E T H O D S  

Longidorus africanus was selected for its 
relatively short life cycle and ease of culture 
(4). An herbaceous host, bur marigold 
(Bidens tripartita L.), and a woody host, 
grapevine (Vitis vinifera L.) were used. 
Both plants are good hosts of the nematode 
(4) although their etiologies differ (6). 
Hand-picked specimens of L. africanus were 
reared on the host plants maintained at 
21-24 C, alongside non-inoculated check 
plants, as previously described (4, 5). 

Preliminary experiments with bur mari- 
gold showed that 30 days after inoculation 
the total free amino acids reach a maximum 
and symptoms were easily visible. Accord- 
ingly, 30-day-old infected and check plants 
of this host were used. After harvest, 
representative galled and healthy root tips 
(up to l cm) were excised and freeze-dried, 
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FIG. 1. Root galling of Bidens tripartita (bur marigold) by Longidorus africanus. A. Entire root 
system ( × 3 ) ;  B. Closeup of single gall ()<50). 

and 1 g of each extracted. The proteins 
were fractionated by the method of Olson 
(12)  (Fig. 2) .  Amino acids were analyzed 
by a single-column accelerated method in a 
BC-200 (BioCal) amino acid analyzer. 
Hydroxyproline was determined separately 
on the same column at 30 C. The total 
amino acid content was calculated by sum- 
ming the amino acids measured on the 
analyzer. Grapevines were harvested three 
months after rooted cuttings were inocu- 
lated, and root tip samples were taken and 
treated in the manner described above. 
Amino acids in the grapevine-root extracts 
were determined colorimetrically; total 
amino acids by the method of Baxter (2 ) ,  
proline by the method of Ough (13)  and 
hydroxyproline according to Hutterer and 
Singer (9) .  

RESULTS 

The total free amino acid content of the 
galled tissue of bur marigold exceeded that 

of the respective check tissue by 184% 
(Table 1 ). Proline was the most prominent 
amino acid in the infected tissue and showed 
an increase of 1900% over proline in the 
healthy tissue. Glutamic acid concentration 
increased by 270% in the infected roots. 
However, on the basis of percentage com- 
position of the total amino acids, glutamic 
acid is 8.9% and 6.8% in healthy and in- 
fected roots, respectively, which was not a 
large difference. Asparfic acid was the only 
free amino acid which decreased ( 5 6 % )  in 
the infected roots. 

In the protoplasmic protein fraction 
(Table 2) differences between healthy and 
infected tissues were small, both in total 
protein and individual amino acids. The 
cell-wall fraction of the galled tissue, on the 
other hand, showed an increase ( 7 3 % )  of 
protein content (Table 3).  The largest in- 
creases among the wall protein amino acids 
were in methionine ( 1 6 7 % ) ,  isoleucine 
(137%),  leucine (127%) and tyrosine 
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Fro. 2. S c h e m e  f o r  e x t r a c t i o n  a n d  f r a c t i o n a t i o n  o f  p r o t e i n  a n d  f r e e  a m i n o  ac ids  f r o m  roots .  

Tissue homogenized 3X in 
0.0IM Tris-HCl buffer, pH 8.3 with an Ultra-Turrax 

I 
Centrifuge 24,000 X g (5 min) 

I 
I I 

Cell-wall fraction Cytoplasmic fraction 

Remove adhered amino acids with Equal volume of 40% TCA 
0.2 N HCI at 90 C for 30 min I 

I Centrifuge, 24,000 × g (5 min) 
Centrifuge, 24,000 X g (5 rain) I 

I I 1 I 
Pellets Supernatant TCA-insoluble TCA-soluble 

$ (add to TCA-soluble) $ $ 
Wash 2× with Remove adhered amino Elute free amino 
0,2N HC1 and 2X with water acids with 0.2N HC1 acids on Dowex 

at 90 C for 30 min 50 (H÷) column (21) 

Grind 6× in 1N NaOH I 
with an Ultra Turrax Centrifuge, 24,000 X g Determine amino 

(5 min) acids with an 
Neutralize with conc. HCI I amino acid analyzer 

$ ~ I 
Pellets Supernatant Precipitate proteins 

with 25% ammonium sulfate ~, (add to TCA-soluble) 
[ Wash 3X with 

Centrifuge 24,000 X g (5 min) cold 10% TCA, 
[ followed by 3X 

[ I with ethanol and 
Supernatant Pellets 2X ethanol : ether (1:1) 

(discard) I 
[ __> Resuspend in water and dialyze 

against water overnight 
$ 

Evaporate to dryness with a flash 
evaporator at 45 C. Take residue with 6N 
HCI and hydrolyze in sealed, evacuated 
ampules at 110 C for 18 hr. 

$ 
Evaporate with a flash evaporator at 
45 C. Take with 80% ethanol and elute 
on Dowex 50 (H ÷) colunm (21). 

$ 
Determine amino acids with an amino 
acid analyzer. 

(130% ), and the smallest in hydroxyproline 
(19%).  But on a basis of percent of total 
amino acids only methionine showed an in- 
crease (from 0.3 to 0.5% ), while hydroxy- 
proline decreased (from 5.5% in healthy 
tissue to 3.6% in infected tissue). 

In grapevine (Table 4) the total protein 
decreased in the protoplasmic and cell-wall 
fractions of the infected tissue, but the 
amount of free amino acids remained un- 
changed. The quantity of proline in the free 
amino acid fraction, both in the healthy and 
infected tissue, was small and a decrease in 

all three fractions was detected in the in- 
fected tissue. However, on the basis of per- 
cent of total, proline increased from 3.0% 
to 5.2% in the protoplasmic fraction of the 
infected roots and only slightly decreased 
(from 1.0 to 0.6% ) in the wall fraction. 
There was much less hydroxyproline 
( -84%) in the cell-wall protein of the 
galled tissue. 

D I S C U S S I O N  

The outstanding feature of L. aIricanus- 
parasitized roots of Bidens tripartita is the 
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TABLE 1. Free amino acids in terminal galls caused by Longidorus africanus and in healthy root tips of 
bur marigold 0zg/g dry weight). 

Healthy 
Galls Root Tips 

Amino Acids % of total /zg/g % of total p,g/g 

Increase 
or Decrease 

(%) 

Aspartic acid 3.1 133 20.3 306 -56 
Glutamic acid 8.9 382 6.8 103 271 
Proline 43.0 1,840 6.1 92 1,900 
Glycine 4.4 187 8.0 120 56 
Alanine 14.4 614 17.7 267 130 
Valine 6.3 269 10.1 152 77 
Methionine 1.0 45 1.3 19 130 
Isoleucine 2.8 118 4. I 62 91 
Leucine 4.3 183 7.8 118 55 
Tyrosine 4.2 181 9.0 136 33 
Lysine 3.4 196 3.3 50 190 
Histidine 2.5 108 3.1 46 133 
Arginine 1.6 70 2.3 35 100 

Total 4,276 mg 1,506 mg 184 

large amoun t  of free proline they conta in  

(Tab le  1). Free  prol ine in substantial  

quanti t ies was also reported after infection 

by the nematode  Radopholus similis in 

grapefruit  seedlings ( 8 ) ,  and by Meloi- 
dogyne spp. in  tomato ( 1 4 ) ,  in  alfalfa 

tissue galled by Agrobacterium tumefaciens 
( 1 7 ) ,  in  water-deficient  wheat ( 7 ) ,  Lad ino  

clover (16)  and Bermuda  grass (1 ) .  
The s imul taneous decrease of aspartic 

acid and increase of proline (Table  1 ) sug- 

gests a correlat ion between them. Work  on 

TABLE 2. Amino acids in protoplasm in protein hydrolyzate of terminal galls caused by Longidorus 
africanus and in healthy root tips of bur marigold (ug/g dry weight). 

Healthy 
Galls Root Tips 

Amino Acids % of total /~g/g % of total /zg/g 

Increase 
or Decrease 

(%) 

Hydroxyproline 2.5 34 2.5 26 31 
Aspartic acid 10.8 147 10.2 107 38 
Threonine 6.3 86 5.5 57 51 
Serine 6.2 84 5.7 59 42 
Glutamic acid 11.6 158 11.9 124 27 
Proline 3.7 51 4.3 45 13 
Glycine 5.9 80 5.8 60 33 
Alanine 6.5 88 6.5 67 31 
Valine 6.6 89 5.7 60 48 
Methionine 1.2 17 1.6 17 0 
Isoleucine 6.3 85 6.1 64 33 
Leucine 9.7 132 9.2 96 37 
Tyrosine 2.3 31 3.7 39 -20 
Phenylalanine 5.9 80 5.9 62 29 
Lysine 7.8 106 8.9 93 14 
Arginine 6.4 87 6.2 65 34 

Total 1,355 mg 1,041 mg 30 
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TABLE 3. Amino acids in cell-wall protein hydrolyzate of terminal galls caused by Longidoru5 
africanus and in healthy root tips of bur marigold (ug/g dry weight). 

Healthy 
Galls Root Tips 

Increase 
Amino Acids % of total /zg/g % of total /zg/g (%) 

Hyd roxyproline 3.6 85 5.5 71 19 
Aspartic acid 11.4 265 12.4 161 65 
Threonine 5.9 137 6.2 80 71 
Serine 6.1 143 7.1 91 57 
Glutamic acid 12.0 281 12.3 159 71 
Proline 4.4 103 4.7 61 69 
Glycine 6,4 150 6.4 83 81 
Alanine 6.4 150 6.4 83 80 
Valine 6.7 157 6.0 77 103 
Methionine 0.5 12 0.3 4 167 
lsoleucine 5.7 133 4.3 56 137 
Leucine 9.8 228 7.8 100 127 
Tyrosine 3.5 83 2.8 36 130 
Phenylalanine 7.4 172 7.8 100 71 
Lysine 5.8 136 5.5 71 91 
Arginine 4.2 98 4.2 55 78 

Total 2,333 mg 1,288 mg 73 

the metabolism of radioactive proline in 
leaves showed that proline was converted 
to asparagine or glutamine (18) or to 
aspartic acid and glutamic acid probably 
via the tricarboxylic acid cycle (21). 
Stewart et al. similarly explained the ac- 

cumulation of proline in wilting leaves 
(19), postulating a net synthesis from sugars 
via glutamic acid, and that proline serves 
as a readily-available storage compound in 
the moisture-deficient tissue. Gusev and 
Gordon (7), however, suggested that proline 

TABLE 4. Free and protein-bound amino acids from different fractions of Longidorus africanus- 
infected and healthy grapevine roots (ug/g dry weight). 

Proline Hydroxyproline 
Total 
amino % of Decrease % of Decrease 

Fraction acids (mg) /.tg/g total (%) /zg/g total (%) 

Protoplasm 
infected 1.0 52.0 5.2 17.5 1.7 

Protoplasm -42 -81 
healthy 3.0 90.0 3.0 40.0 1.3 

Cell-wall 
infected 4.5 27.5 0.6 12.5 0.3 

Cell-wall -70 -84 
healthy 9.5 92.5 1.0 67.5 0.7 

Free amino 
acids, infected 0.85 15.0 1.8 0 0 

Free amino --40 0 
acids, healthy 0.80 25.0 3.1 0 0 
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accumulation during drought is a result of 
protein hydrolysis. Since the water solubility 
of proline is greater than that of other amino 
acids, its accumulation enables osmotically- 
bound water to increase, which, in turn, 
enables water conservation during drought. 
The fact that in our work the protoplasmic 
protein content of galled and healthy tissues 
were similar (Table 2), whereas the cell- 
wall fraction of the galled tissue contained 
much more protein than the corresponding 
extract fraction of healthy tissue (Table 3), 
supports the hypothesis of Stewart, et al. (19) 
That is, that protein synthesis was stimulated 
in the infected tissue and that the amino 
acids were not simply released during 
hydrolysis of existing proteins. 

Proline is a known precursor of hydroxy- 
proline, an important constituent of the cell- 
wall protein (extensin) (10, 11). Enzyme 
inhibition in the pathway of extensin 
synthesis or a change in the rate of cell-wall 
formation might lead to proline accumula- 
tion. Our finding that hydroxyproline de- 
creased in the wall fraction while free proline 
increased in the galls suggests that nema- 
tode activity may have interfered with the 
biosynthesis of the root cell walls. 

Roberts and Baba (15) observed that 
coleus stem segments treated with proline 
after pretreatment with indole-3-acetic acid 
showed increased formation of xylem ele- 
ments. They suggested that proline might 
act as a "xylogenic factor" that is immedi- 
ately released by the ruptured vascular 
bundles when an intact plant is wounded. 
Cohn and Orion (6) found xylem elements 
scattered in galled tissue from Longidorus- 
infected plants. These observations, coupled 
with our finding that L. africanus-parasitized 
roots also contain more proline, support the 
contention that proline might play a role in 
xylogenesis. 

The amino acid pattern of grapevine 
roots differed qualitatively and quantitatively 
from those of bur marigold. These differ- 

ences are probably a result of the specific 
reactions of the two hosts to the feeding of 
the nematode. Cohn and Orion (6) ob- 
served that whereas Longidorus completely 
stopped growth in bur marigold and 
rendered the meristem non-functional, in 
grapevine the meristem continued to divide 
and produce a new apex. It appears, there- 
fore, that in roots of grapevine the free 
amino acids may have been used for new 
growth, whereas in bur marigold these 
amino acids accumulated in the galls. Never- 
theless, as in bur marigold, the concentration 
of hydroxyproline in the cell-wall protein of 
the infected grapevine roots was lower than 
in cell-wall protein of healthy roots. Thus, 
it appears likely that the nematode may 
interfere with proline metabolism and cell- 
wall biosynthesis in both host plants. 

LITERATURE CITED 

1. BARNETT, N. M., AND A. W. NAYLOR. 1966. 
Amino acids and protein metabolism in 
bermuda grass during water stress. Plant 
Physiol. 41 : 1222-1230. 

2. BAXTER, P. 1965. A simple and rapid test, 
using the ninhydrin method, for the de- 
termination of the nitrogen status of fruit 
trees. J. Hort. Sci. 40:1-12. 

3. COHN, E. 1970. Observations on the feed- 
ing and symptomology of Xiphinema and 
Longidorus on selected host roots. J. 
Nematol. 2: 167-173. 

4. COHN, E. AND M. MORDECHAI. 1969. In- 
vestigations on the life cycles and host 
preferences of some species of Xiphinema 
and Longidorus under controlled condi- 
tions. Nematologica 15:295-302. 

5. COHN, E. AND M. MORDECHAL 1970. The 
Influence of some environmental and 
cultural conditions on rearing populations 
of Xiphinema and Longidorus. Nemato- 
logica 16:85-93. 

6. COHN, E. AND D. ORION. 1970. The 
pathological effect of representative spe- 
cies of Xiphinema and Longidorus. Nema- 
tologica 16:423-428. 

7. GosEv, N. A. AND L. KH. GOROON. 1968. 
Possible reasons for accumulation of pro- 
line in plants during drought. FisioL 
Vodoobmena Ustoich. Rast. 1:47-52. 
(Russ.). 



340 Journal o/ Nematology, Vol. 3, No. 4, October 1971 

8. HANKS, R. W. AND A. W. FELDMAN. 1963. 
Comparison of free amino acids and 
amides in roots of healthy and Radopholus 
similis-infected grapefruit  seedlings. Phy- 
topathology 53:419--422. 

9. HUTTERER, F. ANn E. J. SINGER. 1960. A 
modified method for  hydroxyproline de- 
termination.  Anal  Chem. 32:556-558. 

10. LAMPORT, T. A. 1965. The protein com- 
ponent  of pr imary cell walls. Advan. Bot. 
Res. 2:151-218.  

I I .  LAMPORT, T. A. 1970. Cell wall metab- 
olism. Annu. Rev. Plant  Physiol. 21: 
235-270. 

12. OLSON, A. C. 1964. Proteins and plant  
cell walls. Proline to hydroxyproline in 
tobacco suspension cultures. Plant Physiol. 
39: 543-550. 

13. OUGH, C . S .  1969. Rapid determination of 
proline in grapes and wine. J. Food Sci. 
34:228-230. 

14. OWENS, R. G. AND H. N. SPECHT. 1966. 
Biochemical alterations induced in host 
tissues by root-knot nematodes. Contrib. 
Boyce Thompson Inst. Plant Res. 23 :181-  
198. 

15. ROBERTS, L. W. AND S. BABA. 1968. Effect 

of proline on wound vessel member  forma- 
tion. Plant  Cell Physiol. 9:353-360.  

16. ROIJTLEY, D. G. 1966. Proline accumula- 
tion in wilted Ladino clover. Crop Sci. 
6:358-361.  

17. SEITZ, E. W. AND R. M. HOCHTER. 1964. 
Free proline in normal  and crown-gall 
tumor  tissue of tomato and tobacco. Life 
Sci. 3: 1033-1037. 

18. STEWARD, F. C. AND R. G. S. BIDWELL. 
1962. The free nitrogen compounds in 
plants considered in relation to metabo- 
lism, growth and development, p. 667-  
695. In: Holden, J. T. (ed.) Amino 
Acid Pools. Elsvier Publishing Co., New 
York 815 pp + xi. 

19. STEWART, C. R., C. J. MORRIS, AND J. F. 
THOMPSON. 1966. Changes in amino 
acids content of excised leaves during in- 
cubation. II. Role of sugar in the accumula- 
tion of proline in wilted leaves. Plant  
Physiol. 41 : 1585-1590. 

20. WANG, D. 1960. An ion-exchange resin 
method for  the fract ionation of alcoholic 
plant  extracts. Nature  186:326-327. 

21. WANG, D. 1968. Metabolism of C14-pro - 
line in higher plants. Contrib. Boyce 
Thompson Inst. Plant  Res. 24:117-122.  


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

	7156_335: 
	pdf: 



